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1 Description

1. Description

A31G32x lines are 32-bit general purpose microcontrollers with up to 128 Kbytes of flash memory. They

are powerful microcontrollers which provide effective solutions to various electrical appliances which

require both low power consumption and high performance.

11

Device overview

In this section, features of A31G32x and peripheral counts are introduced.

Table 1. A31G324 and A31G323 Device Features and Peripheral Counts

Peripherals

Description

Core

CPU

High Performance Low-Power Cortex-M0+ Core
32-bit ARM Cortex-M0+ CPU

Interrupt

NVIC (Nested-Vectored Interrupt Controller)
Up to 32 peripheral interrupts supported.

Memory

Code flash

A31G324: 128Kbytes code flash memory
A31G323: 64Kbytes code flash memory
Flash access wait

0 clock wait: up to 20MHz

1 clock wait: up to 40MHz

2 clock wait: up to 48MHz

SRAM

16 Kbytes SRAM (0 wait)

Endurance

10,000 times at room temperature
Retention for 10 years

System
Control
(SCUL)

Unit

Operating frequency

Up to 48 MHz

Clock

High speed internal oscillator (HSI)
48MHz (3% @-40°C to +85°C)
Low speed internal oscillator (LSI)
750KHz (+20% @-40°C to +85°C)

40KHz (£50% @-40°C to +85°C)
External main oscillator (HSE): 2MHz to 16MHz
External sub-oscillator (LSE): 32.768KHz

Phase-locked loop (PLL) frequency generator generates a
high-speed clock (up to 144MHz)

Clock monitoring

System Fail-Safe function by Clock Monitoring
External main oscillator(HSE)

External sub oscillator(LSE)

Main system clock (MCLK)
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Table 1. A31G324 and A31G323 Device Features and Peripheral Counts (continued)

Peripherals

Description

Operating
mode

RUN mode

SLEEP mode

STOP mode
STANDBY mode
Backup Power mode

Reset

NRESET pin reset

Core reset

Software reset

POR (Power On Reset)

LVR (Low Voltage Reset)

WDTR (Watch Dog Timer Reset)
Reset due to clock oscillating error

General Purpose /O (GPIO)

51 Ports (PA[15:0], PB[15:0], PC[15:0], PF[2:0]): 64-Pin
37 Ports (PA[15:0], PB[15:0], PC[15:13], PF[1:0]): 48-Pin

Direct Memory Access
Controller (DMA)

4-ch direct memory access (DMA) support peripherals

SPI20, SPI21, USART10, USART11, USART12, USART13,
CRC, ADC

Watch Timer (WT)

14-bit divider with extended 12-bit counter 1-ch

Watchdog Timer (WDT)

24-bit down counter timer: 1-ch
Reset and periodic interrupts are supported

TIMER Timer1x 16bit: 4-ch
Periodic timer mode, One-shot timer mode, PWM pulse mode,
Capture mode
Timer2x 32bit : 2-ch
Periodic timer mode, One-shot timer mode, PWM pulse mode,
Capture mode
Timer40 16bit : 1-ch
Periodic timer mode, One-shot timer mode, PWM pulse mode, 3-
Phase Capture mode
PWM Timer30 16bit : 6-ch
Periodic timer mode, Back-to-Back mode, Capture mode
20 \BO\
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Table 1. A31G324 and A31G323 Device Features and Peripheral Counts (continued)

Peripherals Description
Communication | USART 4-ch
function SPI 2-ch
12C 2-ch
uUSB Full speed 2.0 device
12-bit ADC : 1Msps
ADC 64-pin : 16-ch
48-pin : 10-ch

10-bit DAC 1-ch

DA
c PA4, PA5: output pin
External Bus Interface (EBI) 20-bit address size, 16-bit multiplexed address/data bus
CRC calculator (CRC) CRC-CCITT, CRC-16
8-ch reference input
Comparator 2-ch output comparator
Window mode
Operating Voltage 1.8V to 5.5V
Operating temperature Commercial grade (-40°C to +85°C)
Three types of package options
48-pin QFN
Pack
ackage 48-pin LQFP
64-pin LQFP
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1. Description

1.2

Block diagram

A31G32x User’s manual

In this section, A31G32x devices with peripherals are described in block diagram.

BOIOT VDIDA VBIAT
v v v
SWCLK
SWDIO Debug Interface 2K-Bytes POR Power VDD
BOOT ROM LVR VSS
ARM Control D RESET
Cortex-MO+ LVi < n
" : Flash Memory PDR
SysTick Timer (64/128K-Bytes) 16K-Bytes
NVIC SRAM
| AHB-Lite Bus |
[ oma || EB | USB 2.0 < USBDP
Full Speed Device USBDM
| APB Bus |
PAO-PA15«—>| Port A k=st=] Port C lel—>pco-pcis
PBO-P815<—->| Port B |c=c c=o| Port F |<——>PFO—PF2
»USARTLN_TXD
| Watch-Dog Timer |c=c UART USART1n_RXD
USARTN USART1n_MISOn

Watch Timer

N
4

Z
S

N
V

(n=10,11,12,13)

SPI

USART1n_MOSIn

»USARTI1n_SCK

< USART1Nn_SS
TinOUT T
TINCAP 16-bit Timer 1n R »SPIn_MISO
EC1n (n=0,1,2,3) | PN SPIn SPIn_MOSI
— (n=20, 21) »SPIn_SCK
SPIn_SS
T2nouT 32-bit Timer 2n PN
T2nCAP > (n=0,1) st | N 12Cn < I2Cn_SCL
EC2n i — 0.1
(n=0,1) < 12Cn_SDAN
PWM30AA. < CPn_NO
PWM30AB < cpg_Nl
Pwmgggé ) ) e Comparator n CPn_N2
pwmgggﬁ 16-bit PWM/Timer 30 K==)|[¥ Y (n=0,1) € CPn_PO
EC3B CPn_OUT
BLNK30 >
T400UT " N
EC40 > — RTC
T40CAP_CH1 16-bit Timer 40 $ D
T40CAP_CH?2
T40CAP_CH3 &= System Control Unit
ANO-AN15 > 12-bit 1Msps o
AVDD q ADC 16-ch N P .
< V) Temp Sensor
DAC_OUTO . PR
DAC_OUT1< 12-bit DAC —

PLL

IRC |

i

AN
Z

Clock Control

SXOUT
SXIN
XOouT
XIN

SubOSC
MainOSC
CLKO
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Figure 1. A31G32x Block diagram
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2.

Pinouts and pin descriptions

2. Pinouts and pin descriptions

In this chapter, A31G32x devices’ pinouts and pin descriptions are introduced.

2.1

211

Pinouts

A31G323RLN, A31G324RLN (64 LQFP)

USART11_TXD/USART11_MOSI/SWCLK/PA14 ]
ALE/USART13_SS/SPI20_SS/USART11_RXD/USART11_MISO/PA15 ]
LDS/USART13_MOSI/USART12_MOSI/USART12_TXD/USART13_TXD/PC10 ]
RD/USART13_MISO/USART 12_MISO/USART 13_RXD/USART12_RXD/PC11 (]
CS2/USART13_SCK/USART12_SCK/PC12 [}

CS1/USART12_SS/PF2 [

AD02/SPI20_SCK/PB3 ]

ADO01/SPI120_MISO/PB4 [}

AD00/SPI20_MOSI/PB5 [}
LWR/USART10_TXD/USART10_MOSI/12C0_SCL/PB6 ]
CS0/USART10_RXD/USART10_MISO/I2C0_SDA/PB7 []

BOOTO ]

12C0_scL/PB8 [}

SPI21_88/12C0_SDA/PB9 [}

Vss ]

VDD :‘

LWR/CPO_P1/AN10/PCO
ADO00/CP1_P1/AN11/PC1
ADO1/SPI21_MISO/AN12/PC2

ADO02/SPI21_MOSI/AN13/PC3

USART13_MISO/USART11_SS/USART13_RXD/CP0_P!

USART13_MOSI/USART13_TXD/CP0O_OUT/CP0O_N2/ANi

USART11_TXD/USART11_MOSI/CP1_OUT/CP1_N2/AN2/PA2

@
2
[=]
© o <
%]
8 8 § o,
< < o
o o< Al
O g E 3
o =ge] < og
: O‘ = N - 3
xsvo 223
g3ce 558
00X E (2} |
S<ab 2o
£53%3 5398
2282% 285%
2BXES E
225K 9 2992
EE o O 1
2D - O« =0 0w
900K E R
et L AT
§ 8663328855556 5¢%
S425iis353585:20
e R e R IO NS e RE RS
2599399359 8385883 3
1 2 [ vop
50 Y =1
51 30 [3PB1112C1_SDAUSARTI2_RXDIUSART12_MISO/AD12
52 29 |7 PB10/2C1_SCLIUSART12_ TXDIUSART12_MOSI/AD13
5 28 1 PB2/AD14
5 A31G323RLN 27 |1 PB1/ANO/USART12_SS/AD15
55 A31G324RLN 26 |1 PBO/ANBIUSART12_SCK/AT6
5 64-LQFP 25 1 PC5/AN15/USART12_RXD/USART12_MISO/A17
57 - 24 1 PC4/AN14/USART12_TXD/USART12_MOSI/A18
58 10X10 (0.5mm pitch) 23 |1 PAT/AN7ICP1_OUT/SPI20_MOSI/A19
59 22 |1 PAG/ANGICPO_OUT/SPI20_MISOIRD
60 21 [ PAS/ANSICPO_N1/CP1_N1/DAC_OUT2/SPI20_SCK
61 20 [F1PA4/AN4ICPO_NO/CP1_NO/DAC_OUT1/USART11_SCKISPI20_SS
) 19 f3voD
63 PY 18 fFvss
64 17 [0 PA3IANS/CP 1_POIUSART11_RXD/USART11_MISO
\Pmnvmonwmezﬁﬂgﬁﬁ
E®Ywo~ k- < <29
L T S L 0o <<
OO0 0aa a o
fegasc% 2853
£5x3 Z
P g QX S
[ 3 I o I

Figure 2. LQFP 64 Pinouts
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2. Pinouts and pin descriptions

2.1.2

A31G323CLN, A31G324CLN (48 LQFP)

A31G32x User’s manual

USART11_TXD/USART11_MOSI/SWCLK/PA14
ALE/USART13_SS/SPI20_SS/USART11_RXD/USART11_MISO/PA1S
AD02/SPI20_SCK/PB3

ADO1/SPI20_MISO/PB4

ADOO/SPI20_MOSI/PB5
LWR/USART10_TXD/USART10_MOSI/I2C0_SCL/PB6
CSO/USART10_RXD/USART10_MISO/12C0_SDA/PB7
BOOTO

12C0_SCL/PB8

SPI21_S5/12C0_SDA/PBY

Vss

VDD

qoogooonann

36 1 vDDIO2

35 I vss

27 [0 PB14/12C1_SDA/SPI21_MISO/USART12_SS/AD09

33 PA12/CP1_OUT/USBDP/USART10_SS/AD03
26 [T PB13/12C1_SCL/SPI21_SCK/AD10

32 7] PA11/CPO_OUT/USBDM/ADO4
31 ] PA10/USART10_RXD/USART10_MISO/ADOS

30 71 PA9/USART10_TXD/USART10_MOSI/AD06
29 1 PA8/USART10_SCK/ADO7
28 [ PB15/SPI21_MOSI/AD0O8

34 PA13/SWDIO

25 ] PB12/SPI21_SS/USART12_SCK/AD11

A31G323CLN
A31G324CLN
48-LQFP
7X7(0.5mm pitch)

gutiruruoto

VBAT 1

pc13 [ 2

SXIN/PC14 3
SXOUT/PC15 4

NRST [} 7
VssA ] 8
VDDA [ 9

/USART13_TXD/CPO_OUT/CPO_N2/ANO/PA0 ] 10
/USART11_SS/USART13_RXD/CPO_PO/AN1/PA1 [ 11

XOUT/PF1 6

CLKO/XIN/PFO ] 5

USART13_MOSI,
USART13_MISO,

/USART11_MOSI/CP1_OUT/CP1_N2/AN2/PA2 ] 12

USART11_TXD,

VDD
vss

PB11/12C1_SDA/USART12_RXD/USART12_MISO/AD12
PB10/12C1_SCL/USART12_TXD/USART12_MOSI/SPI21_SCK/AD13
PB2/AD14

PB1/AN9/USART12_SS/AD1S

PBO/ANS/USART12_SCK/A16
PA7/AN7/CP1_OUT/SPI20_MOSI/A19
PA6/AN6/CPO_OUT/SPI20_MISO/RD
PAS/ANS5/CPO_N1/CP1_N1/DAC_OUT2/SPI20_SCK
PA4/AN4/CPO_NO/CP1_NO/DAC_OUT1/USART11_SCK/SPI20_SS
PA3/AN3/CP1_PO/USART11_RXD/USART11_MISO

24

Figure 3. LQFP 48 Pinouts
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A31G32x User’s manual 2. Pinouts and pin descriptions

2.1.3 A31G323CUN, A31G324CUN (48 QFN)

PA14/SWCLK/USART11_MOSI/USART11_TXD

PB6/12C0_SCL/USART10_MOSI/USART 10_TXD/LWR

PA15/USART11_MISO/USART11_RXD/SPI20_SS/USART13_SS/ALE

PB7/12C0_SDA/USART10_MISO/USART10_RXD/CSO

] -
4 g3
~ <2<8
I <2
7 @ Q > |
25 3oz
22 2 2 2 Bottom PAD
o o 'o'2 Q]
ss8e 555
0. =S5 L8 Qg
ag88&0 83 R
> > o o oM a a o
2T ELLIIITITLIIIN
VBAT] 1 ° 36 CJvDDIO2
IGEY mm R R i E = 3
sxnpcial s | I | 3¢ fpA13/swpio
| |
sourpcs 1 4| | A31G323CUN | |32 JPAI2/CP1 OUT/USBDR/USARTIO S5/ADO3
cwoxin/prof s | | |32 pawycro_out/useom/apos
xourpri 3 6| 1 A31G324CUN | |31 feato/usarTio_RXD/USARTIO_MISO/ADOS
| |
NeSTET 7| 48-QFN | | 20 CJPAS/USARTIO_TXD/USART10_MOSI/ADOG
vssaf 1 s [ || 2 fpas/usarTio_sc/apo7
vDDA |3 9 | 5X5 (0.557) | | 28 CpB15/SPI21_MOSI/ADO8
USART13_MOSI/USART13_TXD/CPO_OUT/CPO_N2/ANO/PAO | 10 } I | 27 CPB14/12C1_SDA/SPI21_MISO/USART12_SS/ADO9
USART13_MISO/USARTL1_SS/USART13_RXD/CPO_PO/ANY/PAL T 11| —— ——— —— — — — — I | 26 CPB13/12C1_SCL/SPI21_SCK/AD10
USART11_TXD/USART11_MOS}/CP1_OUT/CP1_N2/AN2/PA2 | 12 25 [JPBL2/SPI21_SS/USART12_SCK/AD11
T3
¥

AD14/PB2] 20

AD13/SPI21_SCK/USART12_MOSI/USART12_TXD/I2C1_SCL/PB1Of] 21

RD/SP120_MISO/CPO_OUT/AN6/PAG] 16

A19/SPI20_MOSI/CP1_OUT/AN7/PA7f] 17
A16/USART12_SCK/ANg/PBOJT] 18

/USART11_RXD/CP1_PO/AN3/PA3F] 13
AD15/USART12_SS/AN9/PB1 ] 19

SPI20_SS/USART11_SCK/DAC_OUT1/CP1_NO/CPO_NO/AN4/PA4R] 14

SPI20_SCK/DAC_OUT2/CP1_N1/CPO_N1/AN5/PASE] 15

USART11_MISO,
AD12/USART12_MISO/USART12_RXD/I2C1_SDA/PB11f] 22

NOTE
1. Bottom PAD is Floating. (Connectable to VSS)

Figure 4. QFN 48 Pinouts
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2. Pinouts and pin descriptions A31G32x User’s manual

2.2 Pin description

Pin configuration information in Table 2 contains two pairs of power/ground and other dedicated pins.
These multi-function pins have up to ten selections of functions including GPIO. Configuration including
pin ordering can be changed without notice.

Table 2. Pin Description

Pin no. Pin name Type Description Remark
64-pin 48-pin
1 1 VBAT P Backup Power Supply
2 2 PC13* IOUDS PORT C Bit 13 Input/Output
RTC_TAMP1 | RTC TimeStamp Input
RTC_OUT o] RTC Output
3 3 PC14* IOUDS PORT C Bit 14 Input/Output
SXIN | Sub Oscillator Input
4 4 PC15* IOUDS PORT C Bit 15 Input/Output
SXOUT O Sub Oscillator Output
5 5 PFO* IOUDS PORT F Bit 0 Input/Output
XIN | Main Oscillator Input
CLKO O Clock Output
6 6 PF1* IOUDS PORT F Bit 1 Input/Output
XOouT O Main Oscillator Output
7 nReset U Reset Pin Pull-up
_ PCO* IOUDS PORT C Bit 0 Input/Output
AN10 IA ADC Input 10
LWR (0] EBI Lower byte write signal
CPO_P1 IA Comparator 0 Positive 1 Input
9 _ PC1* IOUDS PORT C Bit 1 Input/Output
AN11 IA ADC Input 11
ADOO I/0 EBI Address/Data bus bit 0
CP1_P1 IA Comparator 1 Positive 1 Input
10 _ pC2* IOUDS PORT C Bit 2 Input/Output
SPI21_MISO 1/0 SPI Channel 21 Master Input/Slave Output
AN12 IA ADC Input 12
ADO1 110 EBI Address/Data bus bit 1
11 _ PC3* IOUDS PORT C Bit 3 Input/Output
SPI21_MOSI I/0 SPI Channel 21 Master Out / Slave In
AN13 IA ADC Input 13
ADO2 110 EBI Address/Data bus bit 2
EC13 | Timer 13 Event Count Input
T13CAP | Timer 13 Capture Input
T130UT (0] Timer 13 Output
12 8 AVSS P Power supply for ADC, DAC, Comparator
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2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin
13 9 AVDD P Power supply for ADC, DAC, Comparator
14 10 PAO* IOUDS PORT A Bit 0 Input/Output
CP0_OUT (0] Comparator 0 Output
USART13_TXD o] USART Channel 13 TXD Output
USART13_MOSI I/0 USART Channel 13 Master Out / Slave In
ANO IA ADC Input 0
CP0O_N2 IA Comparator 0 Negative 2 Input
RTC_TAMP2 | RTC TimeStamp Input
EC20 | Timer 20 External Clock Input
15 11 PA1* IOUDS PORT A Bit 1 Input/Output
USART11_SS I/0 USART Channel 11 Slave Select Signal
USART13_RXD I USART Channel 13 RXD Input
USART13_MISO 1/0 USART Channel 13 Master Input/Slave Output
AN1 IA ADC Input 1
CP0O_PO IA Comparator 0 Positive 0 Input
T200UT O Timer 20 Output
T20CAP | Timer 20 Capture Input
T130UT O Timer 13 Output
T13CAP | Timer 13 Capture Input
EC13 | Timer 13 External Clock Input
16 12 PA2* IOUDS PORT A Bit 2 Input/Output
USART11_TXD O USART Channel 11 TXD Output
USART11_MOSI 1/0 USART Channel 11 Master Output/Slave Input
CP1_OUT O Comparator 1 Output
AN2 IA ADC Input 2
CP1_N2 IA Comparator 1 Negative 2 Input
T200UT O Timer 20 Output
T20CAP | Timer 20 Capture Input
T100UT O Timer 10 Output
T10CAP | Timer 10 Capture Input
EC10 | Timer 10 External Clock Input
17 13 PA3* IOUDS PORT A Bit 3 Input/Output
USART11_RXD I USART Channel 11 RXD Input
USART11_MISO 1/0 USART Channel 11 Master Input/Slave Output
AN3 IA ADC Input 3
CP1_PO IA Comparator 1 Positive 0 Input
T200UT (0] Timer 20 Output
T20CAP | Timer 20 Capture Input
T100UT (0] Timer 10 Output
T10CAP | Timer 10 Capture Input
EC10 | Timer 10 External Clock Input
\BO\ 27
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark

64-pin 48-pin

18 _ VSS P VSS

19 _ VDD P VDD

20 14 PA4* IOUDS PORT A Bit 4 Input/Output
SPI20_SS I/0 SPI Channel 20 Slave Select Signal
CPO_NO 1A Comparator 0 Negative 0 Input
CP1_NO 1A Comparator 1 Negative 0 Input
AN4 IA ADC Input 4
USART11_SCK I/0 USART Channel 11 Clock Input/Output
DAC_OUT1 o] DAC Output

21 15 PA5* IOUDS PORT A Bit 5 Input/Output
SPI20_SCK I/0 SPI Channel 20 Clock Input/Output
CPO_N1 IA Comparator 0 Negative 1 Input
CP1_N1 1A Comparator 1 Negative 1 Input
AN5 IA ADC Input 5
EC20 | Timer 20 External Clock Input
DAC_OUT2 O DAC Output

22 16 PAG* IOUDS PORT A Bit 6 Input/Output
SPI20_MISO 1/0 SPI Channel 20 Master-Input/Slave-Output
CPO_OUT O Comparator 0 Output
ANG IA ADC Input 6
BLNK30 | External Sync Signal Input for T30 PWM
T400UT (0] Timer 40 Output
T40CAP_CH1 | Timer 40 CH1 Capture Input
T110OUT (o] Timer 11 Output
T11CAP | Timer 11 Capture Input
EC11 | Timer 11 External Clock Input
RD (0] EBI Read signal

23 17 PAT* IOUDS PORT A Bit 7 Input/Output
SPI20_MOSI 1/0 SPI Channel 20 Master Out / Slave In
CP1_OUT (0] Comparator 1 Output
AN7 IA ADC Input 7
PWM30AB O Timer 30 PWM Output
T400UT O Timer 40 Output
T40CAP_CH2 | Timer 40 CH2 Capture Input
T120UT O Timer 12 Output
T12CAP | Timer 12 Capture Input
EC12 | Timer 12 External Clock Input
A19 (0] EBI Address 19 bus signal
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2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin
24 _ pPC4* IOUDS PORT C Bit 4 Input/Output
USART12_TXD o] USART Channel 12 TXD Input
USART12_MOSI I/0 USART Channel 12 Master Output/Slave Input
AN14 IA ADC Input 14
EC40 | Timer 40 External Clock Input
A18 O EBI Address 18 bus signal
25 _ pPC5* IOUDS PORT C Bit 5 Input/Output
USART12_RXD I USART Channel 12 RXD Input
USART12_MISO 1/0 USART Channel 12 Master Input/Slave Output
AN15 IA ADC Input 15
T21CAP | Timer 21 Capture Input
T210UT O Timer 21 Output
A17 (0] EBI Address 17 bus signal
26 18 PBO* IOUDS PORT B Bit 0 Input/Output
AN8 IA ADC Input 8
PWM30BB O Timer 30 PWM Output
T21CAP | Timer 21 Capture Input
T210UT (o] Timer 21 Output
T400UT (6] Timer 40 Output
T40CAP_CH3 | Timer 40 CH3 Capture Input
USART12_SCK 1/0 USART Channel 12 Clock Input/Output
A16 (0] EBI Address 16 bus signal
27 19 PB1* IOUDS PORT B Bit 1 Input/Output
AN9 IA ADC Input 9
PWM30CB (0] Timer 30 PWM Output
USART12_SS 1/0 USART Channel 12 Slave Select Signal
T130UT O Timer 13 Output
T13CAP | Timer 13 Capture Input
EC13 | Timer 13 External Clock Input
AD15 1/0 EBI Address or Data 15 bus signal
28 20 PB2* IOUDS PORT B Bit 2 Input/Output
T130UT O Timer 13 Output
T13CAP | Timer 13 Capture Input
EC13 | Timer 13 External Clock Input
AD14 1/0 EBI Address or Data 14 bus signal
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark

64-pin 48-pin

29 21 PB10* IOUDS PORT B Bit 10 Input/Qutput
SPI21_SCK I/0 SPI Channel 21 Clock Input/Output
I12C1_SCL I/0 12C Channel 1 SCL In/Output
USART12_TXD o] USART Channel 12 TXD Input
USART12_MOSI I/0 USART Channel 12 Master Output/Slave Input
T200UT O Timer 20 Output
T20CAP | Timer 20 Capture Input
AD13 1/0 EBI Address or Data 13 bus signal

30 22 PB11* IOUDS PORT B Bit 11 Input/Output
USART12_RXD I USART Channel 12 RXD Input
USART12_MISO 1/0 USART Channel 12 Master Input/Slave Output
12C1_SDA 1/0 12C Channel 1 SDA In/Output
T200UT O Timer 20 Output
T20CAP | Timer 20 Capture Input
AD12 1/0 EBI Address or Data 12 bus signal

31 23 VSS P VSS

32 24 VDD P VDD

33 25 PB12* IOUDS PORT B Bit 12 Input/Output
SPI21_SS I/0 SPI Channel 21 Slave Select Signal
BLNK30 | External Sync Signal Input for T30 PWM
USART12_SCK 1/0 USART Channel 12 Clock Input/Output
EC13 | Timer 13 External Clock Input
T13CAP | Timer 13 Capture Input
T130UT O Timer 13 Output
AD11 1/0 EBI Address or Data 11 bus signal

34 26 PB13* IOUDS PORT B Bit 13 Input/Output
SPI21_SCK 1/0 SPI Channel 21 Clock Input/Output
12C1_SCL I/0 12C Channel 1 SCL In/Output
PWM30AB O Timer 30 PWM Output
AD10 1/0 EBI Address or Data 10 bus signal

35 27 PB14* IOUDS PORT B Bit 14 Input/Output
SPI21_MISO 1/0 SPI Channel 21 Master-Input/Slave-Output
12C1_SDA 1/0 12C Channel 1 SDA In/Output
PWM30BB (0] Timer 30 PWM Output
T100UT (0] Timer 10 Output
T10CAP | Timer 10 Capture Input
EC10 | Timer 10 External Clock Input
USART12_SS 1/0 USART Channel 12 Slave Select Signal
AD09 I/0 EBI Address or Data 9 bus signal
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2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin
36 28 PB15* IOUDS PORT B Bit 15 Input/Output
SPI21_MOSI I/0 SPI Channel 21 Master Out / Slave In
PWM30CB o] Timer 30 PWM Output
T100UT O Timer 10 Output
T10CAP | Timer 10 Capture Input
EC10 | Timer 10 External Clock Input
T21CAP | Timer 21 Capture Input
T210UT O Timer 21 Output
ADO08 1/0 EBI Address or Data 8 bus signal
37 _ PC6* IOUDS PORT C Bit 6 Input/Output
T21CAP | Timer 21 Capture Input
T210UT O Timer 21 Output
T400UT O Timer 40 Output
T40CAP_CH1 | Timer 40 CH1 Capture Input
nWAIT (6] EBI External Wait signal
38 _ pC7* IOUDS PORT C Bit 7 Input/Output
T400UT (6] Timer 40 Output
T40CAP_CH2 | Timer 40 CH2 Capture Input
ubs (6] EBI Upper Data select signal
39 _ pCs8* IOUDS PORT C Bit 8 Input/Output
T400UT O Timer 40 Output
T40CAP_CH3 | Timer 40 CH3 Capture Input
UWR (0] EBI Upper Byte write signal
40 _ PC9* IOUDS PORT C Bit 9 Input/Output
EC40 | Timer 40 External Clock Input
CS3 (0] EBI memory selection signal 3
41 29 PA8* IOUDS PORT A Bit 8 Input/Output
USART10_SCK 110 USART Channel 10 Clock Input/Output
PWM30AA O Timer 30 PWM Output
ADO7 1/0 EBI Address or Data 7 bus signal
42 30 PA9* IOUDS PORT A Bit 9 Input/Output
USART10_TXD (o] USART Channel 10 TXD Input
USART10_MOSI 1/0 USART Channel 10 Master Output/Slave Input
PWM30BA (0] Timer 30 PWM Output
ADO06 1/0 EBI Address or Data 6 bus signal
43 31 PA10* IOUDS PORT ABit 10 Input/Output
USART10_RXD I USART Channel 10 RXD Input
USART10_MISO 1/0 USART Channel 10 Master Input/Slave Output
PWMB30CA (0] Timer 30 PWM Output
EC21 | Timer 21 External Clock Input
ADO05 1/0 EBI Address or Data 5 bus signal
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin
44 32 PA11* IOUDS PORT A Bit 11 Input/Output
CP0_OUT (0] Comparator 0 Output
USBDM I/0 USB Data Line Minus
ADO04 I/0 EBI Address or Data 4 bus signal
45 33 PA12* IOUDS PORT A Bit 12 Input/Output
CP1_OUT (6] Comparator 2 Output
USBDP I/0 USB Data Line Plus
EC30 | Timer 30 External Clock Input
USART10_SS 1/0 USART Channel 10 Slave Select Signal
T30CAP | Timer 30 Capture Input
ADO03 I/0 EBI Address or Data 3 bus signal
46 34 PA13 IOUDS PORT ABit 13 Input/Output
SWDIO* 1/OU SWD Data Input/Output Pull-up
47 35 VSS P VSS
48 36 VDDIO2 P VDD
49 37 PA14 IOUDS PORT A Bit 14 Input/Output
USART11_TXD O USART Channel 11 TXD Output
USART11_MOSI I/0 USART Channel 11 Master Output/Slave Input
SWCLK* U SWD Clock Input Pull-up
50 38 PA15* IOUDS PORT A Bit 15 Input/Output
USART13_SS 1/0 USART Channel 13 Slave Select Signal
USART11_RXD I USART Channel 11 RXD Input
USART11_MISO 1/0 USART Channel 11 Master Input/Slave Output
SPI20_SS 1/0 SPI Channel 20 Slave Select Signal
EC21 | Timer 21 External Clock Input
ALE (0] EBI Address Latch signal
51 _ PC10* IOUDS PORT C Bit 10 Input/Output
USART12_TXD (o] USART Channel 12 TXD Output
USART12_MOSI 1/0 USART Channel 12 Master Output/Slave Input
USART13_TXD (o] USART Channel 13 TXD Output
USART13_MOSI 1/0 USART Channel 13 Master Output/Slave Input
LDS O EBI Lower Data select signal
52 _ PC11* IOUDS PORT C Bit 11 Input/Output
USART12_RXD I USART Channel 12 RXD Input
USART12_MISO 1/0 USART Channel 12 Master Input/Slave Output
USART13_RXD I USART Channel 13 RXD Input
USART13_MISO 1/0 USART Channel 13 Master Input/Slave Output
EC21 | Timer 21 External Clock Input
RD (0] EBI Read signal
22 \BO\
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2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin
53 _ PC12* IOUDS PORT C Bit 12 Input/Output
USART12_SCK I/0 USART Channel 12 Clock Input/Output
USART13_SCK 1/0 USART Channel 13 Clock Input/Output
CS2 (0] EBI memory selection signal 2
54 _ PF2* IOUDS PORT F Bit 2 Input/Output
USART12_SS I/0 USART Channel 12 Slave Select Signal
EC40 | Timer 40 External Clock Input
T21CAP | Timer 21 Capture Input
T210UT O Timer 21 Output
CS1 (0] EBI memory selection signal 1
55 39 PB3* IOUDS PORT B Bit 3 Input/Output
SPI20_SCK 1/0 SPI Channel 20 Clock Input/Output
T200UT O Timer 20 Output
T20CAP | Timer 20 Capture Input
ADO02 1/0 EBI Address or Data 2 bus signal
56 40 PB4* IOUDS PORT B Bit 4 Input/Output
SPI120_MISO 1/0 SPI Channel 20 Master-Input/Slave-Output
T400UT (6] Timer 40 Output
T40CAP_CH1 | Timer 40 CH1 Capture Input
ADO1 1/0 EBI Address or Data 1 bus signal
57 41 PB5* IOUDS PORT B Bit 5 Input/Output
SPI20_MOSI 1/0 SPI Channel 20 Master Out / Slave In
T400UT O Timer 40 Output
T40CAP_CH2 | Timer 40 CH2 Capture Input
T21CAP | Timer 21 Capture Input
T210UT (0] Timer 21 Output
ADOO 1/0 EBI Address or Data 0 bus signal
58 42 PB6* IOUDS PORT B Bit 6 Input/Output
12C0_SCL (e} 12C Channel 0 SCL In/Output
USART10_TXD (o] USART Channel 10 TXD Output
USART10_MOSI 1/0 USART Channel 10 Master Output/Slave Input
T1M1OUT O Timer 11 Output
T11CAP | Timer 11 Capture Input
EC11 | Timer 11 External Clock Input
T40CAP_CH3 | Timer 40 CH3 Capture Input
T400UT (0] Timer 40 Output
LWR (0] EBI Lower Byte Write signal
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin
59 43 PB7* IOUDS PORT B Bit 7 Input/Output
12C0_SDA I/0 12C Channel 0 SDA In/Output
USART10_RXD | USART Channel 10 RXD Input
USART10_MISO 1/0 USART Channel 10 Master Input/Slave Output
T120UT (o] Timer 12 Output
T12CAP | Timer 12 Capture Input
EC12 | Timer 12 External Clock Input
CSo (0] EBI memory selection signal 0
60 44 BOOTO U Boot Mode Selection Input Pull-up
61 45 PB8* IOUDS PORT B Bit 8 Input/Output Pull-up
12C0_SCL 1/0 12C Channel 0 SCL In/Output
T1M1OUT O Timer 11 Output
T11CAP | Timer 11 Capture Input
EC11 | Timer 11 External Clock Input
62 46 PB9* IOUDS PORT B Bit 9 Input/Output Pull-up
SPI21_SS I/0 SPI Channel 21 Slave Select Signal
I12C0_SDA I/0 12C Channel 0 SDA In/Output
T120UT (o] Timer 12 Output
T12CAP | Timer 12 Capture Input
EC12 | Timer 12 External Clock Input
63 47 VSS P VSS
64 48 VDD P VDD
NOTES:
1.  I=Input, O=Output, U=Pull-up, D=Pull-down, S=Schmitt-Trigger Input Type, C=CMOS Input Type, A=Analog, P=Power
2. The * means ‘selected pin function after reset condition’.
3. Pin order may be changed with revision notice.
4.  BOOTO, nRESET, PA13 (SWDIO), PA14 (SWCLK), PB8, and PB9 are the default pull-up pins.
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3. System and memory overview

3.1 System architecture

Main system of A31G32x series consists of the followings:

. ARM® Cortex® =MO+ core

*  General purpose DMA

e Internal SRAM

* Internal Flash memory

e  Two AHB buses

3.1.1 Cortex-M0+ Core

3. System and memory overview

The ARM® Cortex®-MO+ processor is the most energy-efficient ARM processor available. It builds on

the very successful Cortex-M0+ processor, retaining full instruction set and tool compatibility, while

further reducing energy consumption and increasing performance. Document “DDI 0484C” from ARM

provides detail information of Cortex-M0+.

3.1.2 Interrupt controller
Table 3. Interrupt Vector Map
Priority Vector Address Interrupt Source
-16 0x0000_0000 Stack Pointer
-15 0x0000_0004 Reset Address
-14 0x0000_0008 NMI Handler
-13 0x0000_000C Hard Fault Handler
-12 0x0000_0010 Reserved
-11 0x0000_0014
-10 0x0000_0018
-9 0x0000_001C
-8 0x0000_0020
-7 0x0000_0024
-6 0x0000_0028
-5 0x0000_002C SVCall Handler
-4 0x0000_0030 Reserved
-3 0x0000_0034
-2 0x0000_0038 PenSV Handler
-1 0x0000_003C SysTick Handler
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SEMICONDUCTOR

35




3. System and memory overview

A31G32x User’s manual

Table 3. Interrupt Vector Map (continued)

Priority Vector Address Interrupt Source
0 0x0000_0040 LVR
1 0x0000_0044 SYSCLKFAIL
2 0x0000_0048 WDT
3 0x0000_004C GPIOA, GPIOB
4 0x0000_0050 GPIOC, GPIOF
5 0x0000_0054 Reserved
6 0x0000_0058 Reserved
7 0x0000_005C TIMER10
8 0x0000_0060 TIMER11
9 0x0000_0064 TIMER12
10 0x0000_0068 12C0
1 0x0000_006C USART10
12 0x0000_0070 WT
13 0x0000_0074 TIMER30
14 0x0000_0078 12C1
15 0x0000_007C TIMER20
16 0x0000_0080 TIMER21
17 0x0000_0084 USART11
18 0x0000_0088 ADC
19 0x0000_008C SPI20
20 0x0000_0090 SPI21
21 0x0000_0094 TIMER13
22 0x0000_0098 TIMER40
23 0x0000_009C RTC
24 0x0000_00A0 Reserved
25 0x0000_00A4 Reserved
26 0x0000_00A8 USART12
27 0x0000_00AC USART13
28 0x0000_00B0 TEMP-Sensor
29 0x0000_00B4 COMP
30 0x0000_00B8 USB
31 0x0000_00BC CRC
NOTES:

1.

36

Each interrupt has an associated priority-level register. Each of them is 2 bits wide, occupying the two MSBs of the

Interrupt Priority Level Registers.
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Each Interrupt Priority Level Register occupies 1 byte (8 bits).NVIC registers in the Cortex-M0+ processor can only be
accessed using word-size transfers, so for each access, four Interrupt Priority Level Registers are accessed at the same

time.
** __ NVIC_PRIO_BITS =2

2. Figure 5 is a caution when using Peripheral Interrupts. Interrupt don’t work if only peripheral interrupts are enabled.
Enable the function in core to enable interrupt.
* __enable_irg > NVCI_EnableIRQ(Peripheral) > Each Peripheral Interrupt

__enable_irq()
__disable_irq()

*NVIC_SetPriority(Peripheral, priotiy)
NVIC_EnablelRQ(Peripheral)

Each Peripheral
Interrupt Enable

Figure 5. Interrupt Block Diagram
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3.2 Memory organization

Program memory, data memory, registers and /O ports are organized in the same address space.

3.21 Register boundary address

Table 4 gives the boundary addresses of peripherals in A31G32x series.

Table 4. A31G32x Memory Boundary Addresses

Boundary address Memory area
0x4000_0000 SCu
0x4000_5100 LVI/LVR
0x4000_1000/1100/1200/1500 PCU A/B/C/F
0x4000_0100 Flash controller
0x2000_0000 Internal SRAM
0x4000_0400/0410/0420/0430 DMACHO0/1/2/3
0x4000_6200 Static memory controller
0x4000_1A00 WDT
0x4000_2000 WT
0x4000_2100/2200/2300/2700 Timer 10/11/12/13
0x4000_2500/2600 Timer 20/21
0x4000_2400/2800 Timer 30/40
0x4000_3800/3900/3A00/3B00 USART 10/11/12/13
0x4000_4800/4900 12C 0/1
0x4000_4C00/4D00 SPI1 20/21
0x4000_3000 12-bit ADC
0x4000_3500 10-bit DAC
0x4000_3420 Comparator
0x4000_0300 CRC
0x5000_0000 usSB
0x4000_6100 RTC
0x4000_6300 Temp sensor

38
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Memory map

Figure 6 shows addressable memory space in memory map.

3. System

and memory overview

Address

0x4000_F100

0x4000_F000

0x4000_6400

0x4000_6300

0x4000_6200

0x4000_6100

0x4000_5200

0x4000_5100

0x4000_4E00

0x4000_4D00

0x4000_4C00

0x4000_4A00

0x4000_4900

0x4000_4800

0x4000_3C00

0x4000_3B00

0x4000_3A00

0x4000_3900

0x4000_3800

0x4000_3600

0x4000_3500

0x4000_3400

0x4000_3100

0x4000_3000

0x4000_2900

0x4000_2800

0x4000_2700

0x4000_2600

0x4000_2500

0x4000_2400

0x4000_2100

0x4000_2000

0x4000_1B00

0x4000_1A00

0x4000_1400

0x4000_1000

0x4000_0500

0x4000_0400

0x4000_0300

0x4000_0100

0x4000_0000

Peripherals mapped

REVISION NUMBER
CHIP ID
VENDOR ID

TEMP SENSOR

EBI

RTC

LVR, LVI

SPI21

SPI20

12C1

12Co

USART13 (UART + SPI)

USART12 (UART + SPI)

USART11 (UART + SPI)

USART10 (UART + SPI)

DAC

Comparator

ADC

TIMER40(16-bit)

TIMER13(16-bit)

TIMER21(32-bit)

TIMER20(32-bit)
TIMER30(16-bit)
(6-ch PWM)
TIMER12(16-bit)
TIMER11(16-bit)
TIMER10(16-bit)

wT

wDT
PORT(A,B,C,F)

DMAC(4-ch)

CRC16(APB)

FMC(11)

PMU(10)

Address
OXFFFF_FFFF

0xE010_0000

0xE004_0000

0xE000_0000

0xA000_0000

0x7000_0000

0x6000_0000

0x5000_1000

0x5000_0000

0x4001_0000

0x4000_FFFF
0x4000_0000

0x3F00_1000
0x3FO0_OFFF

0x3F00_0000

0x3002_07FF

0x3002_0000
0x3001_FFFF

0x3000_0000

0x2000_4000
0x2000_3FFF

0x2000_0000

Ox1FFF_0800
Ox1FFF_O7FF

Ox1FFF_0000

0xOF03_0200

0x0F00_0000
0x0001_FFFF

0x0000_0000

Peripherals mapped

Private Peripheral bus:
Debug/External

Private Peripheral bus:
Internal

External RAM(nCS0,1,2,3)

PERIPHERALS
(APB)

OTP mirror
(IFENX3, PROTX9, RED, LDT)

BOOT ROM ( 2K )
mirror

FLASH (128K
mirror

SRAM (16K )

BOOT ROM ( 2K))

oTP
(IFENx3, PROTx9, RED, LDT)

Address

0xEOOF_F000
0xE004_2000
0xE004_1000
_04£004_0000 _
0xE000_F000
0xE000_E000
0xE000_3000
0xE000_2000
0xE000_1000

0xE000_0000

CODE ROM

Peripherals mapped

ROM Table

External PPB

ETM

TPIU

SYSTEM CONTROL

DWT

™

CODE ROM(128KB)

CODE ROM(64KB)

Figure 6. Memory Map
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3.2.3 Embedded SRAM

A31G32x series have a block of 0-wait on-chip SRAM. The size of SRAM is 16KB and its base address
is 0x2000_0000.

SRAM memory area is usually used for data memory and stack memory. Sometimes the code is
dumped into the SRAM memory for fast operation or flash erase/programming operation. This device
does not support memory remap strategy. So jump and return are required to perform the code in SRAM
memory area.

3.24 Flash memory overview

A31G32x series provides internal 128KB code flash memory and its controller. This is enough to control
the general system. Self-programming is available and ISP and SWD programming is also supported
in boot or debugging mode.

Instruction and data cache buffer are present and overcome the low bandwidth flash memory. CPU can
access flash memory with one wait state up to 48MHz bus frequency.

3.25 Boot mode

Boot mode pins

A31G32x series has a boot mode option to program internal flash memory. Boot mode can be entered
by setting BOOT pin to ‘L’ at reset timing (Normal state is ‘H’).

Boot mode supports both of UART boot and 12C boot:
*  UART boot uses USART10_TXD/USART10_RXD port or USART11_TXD/USART11_RXD.
e |2C boot uses [2C0_SCL/I2C0_SDA1 port.

The pins for boot mode are listed in Table 5.

Table 5. Boot Mode Pin List

Block Pin Name Dir | Description
SYSTEM nRESET I Reset Input signal
nBOOT I ‘Low’ to enter Boot mode
UART mode of USART10 | USART10_RXD/PA10 I USART 10 Boot Receive Data
USART10_TXD/PA9 @) USART10 Boot Transmit Data
UART mode of USART11 | USART11_RXD/PA15 I USART11 Boot Receive Data
USART11_TXD/PA14 O USART11 Boot Transmit Data
12C 12C0_SDA/PB7 /0O | 12C0 Boot Data Input/Output
12C0_SCL/PB6 I 12C0 Boot Clock Input
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Boot mode connections

User can design a target board using any of boot mode ports such as 12C or UART mode of USART10,
USART11. Sample connection diagrams of boot mode are introduced in the following figures:

3.3~5V
HOST é s
VDD
vbD RESET
I i

Eom | " "B00T

A31G324

A31G323
TXD USART10_RXD
RXD USART10_TXD
GND GND

Figure 7. Connection Diagram of UART10 Boot

3.3~5V
HOST é Lok
VDD
VDD
, NRESET
RZS;T nBOOT
BOOT | —
A31G324
A31G323
XD USART11_RXD
RXD USART11_TXD
GND GND

Figure 8. Connection Diagram of UART11 Boot
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10kQ 3.3~5V
HOST % % %
VDD
vbD RESET
[ n
REOSOET I nBOOT
BOOT
A31G324
A31G323
SCL 12C0_SCL
SDA 12C0_SDA
GND GND

Figure 9. Connection Diagram of 12C Boot

SWD mode connections

A user can use SWD mode for writing with E-PGM+. This mode can be used for writing & debugging.

3.3~5V
E-PGM+ % % 10k
VDD
VDD
RESET [ nRESET
A31G324
A31G32
SWCLK SWCLK 316323
SWDIO SWDIO
GND GND

NOTES:
1. A31G32x series should not be connected to SWD mode in Boot Mode.
2.  SWCLK Pin is used in Boot Mode as USART11_TXD.

Figure 10. Connection Diagram of E-PGM+ and SWD Port
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4. System control unit

A31G32x series have a built-in intelligent power control block which manages system analog blocks
and operating modes. System control unit (SCU) block controls an internal reset and clock signals to
maintain optimize system performance and power dissipation.

Four pins in Table 6 are assigned for SCU block.

Table 6. SCU Pins

Pin name Type Description

nRESET I External Reset Input
XIN/XOUT 0OSsC External Crystal Oscillator
SXIN/SXOUT 0OSsC External sub-Crystal Oscillator
CLKO 0] Clock Output Monitoring Signal

4.1 SCU block diagram

In this subsection, SCU block diagram is introduced in Figure 11.

> SCU
SCU MODE
APEB BUS CONTROL
SCU CLOCK > HCLK
GENERATOR > MCLK
» PCLK
RESET < POWER DOWN
) WAKE UP WAKE UP
INTERRUPT < SOURCE
VDC / LVD / OSC VDC / LVD /
INTERRUPT < CONTROL 0sc

Figure 11. SCU Block diagram
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4.2 Clock system

A31G32x series have two main operating clocks. One is HCLK which produces a clock signal both for
CPU and AHB bus system. The other is PCLK which produces a clock signal for peripheral systems.

A user can keep the clock system variation under software control. Through Figure 12 and Table 7,
users learn about the clock system of A31G32x devices and clock sources.

WDTRC
LSIiON 750K/16 T CLKODIV[3:0]
SCU_CSCR i
LSI750K || N Clock Outout
(750 kHz) [T (N=1,2,4) e L ]cLko
MCLKSEL[1:0]
LSECON
SCU_CSCR > 9
SXIN o
N
LSE e woroa o1 | MCLK HCLK AHB, Core,
SxouT (N=12.4) p AHB. Core,
10 Memory and DMA
HSICON PLLCLKSEL | PCLK
PCERL2 > APB
¢ SCU_CSCR
N 00
SCU_PPCLKSR
(o [T ®=124, e—T 0 01 Tucems |
8,16,32) PLL |4
) i 1 SYSTICK
11
HSECON MECRIEN| |
T PCLK u Timer
SCU_CSCR X
XIN PLLPREDIV[1:0]
nse | dddgl wn ] SCU_MCCR MECRS)
xoUT (N=1,2,4) LSE M
— LSI750K WDTRC | x
000 -
LSE
011 Lsuok [
MCLK
—| 100 Clock | MMeRn.CLK Mccrs | Y wor
HSI48M — N X
101 Divider
HSE
110 + MCCR4 :lDBCLK
PLL 111 [7:01
LSI40K
= m
u RTC
M R
MeLK |, CCRS
HIS48M
=101
Reserved 110 ~ MEEED
_PLL 199 PCLK u usB
Reserved
— USBEXTCLKEN
HIS_I
00
MCLK
o MCCRS
HSE TSREF
—110
LSE
1
LSITS
LsITS 00
LSI750K
0 MCCRS
LS140K TSSENSE
LSI40K 10
HIS_I
-1

Figure 12. Clock Tree Configuration
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All multiplexers switching clock sources have a glitch-free circuit in each. So a clock can be switched
without glitch risks. When a user tries to change a clock mux control, both of clock sources must be
alive. If one of them is not alive, clock change operation is stopped and system will be halted and not
be recovered.

Table 7. Clock Sources

Clock name Frequency Description

HSE 2-16 MHz High Speed External Oscillator
LSE 32.768 kHz Low Speed External Oscillator
HSI 48 MHz High Speed Internal OSC
LSI750K 750 kHz Low Speed Internal OSC
LSI40K 40 kHz Low Speed Internal OSC
LSITS — Internal OSC for temp sensor

4.2.1 HCLK clock domain

HCLK clock feeds the clock to the CPU and the AHB bus. Cortex-M0+ CPU requires 2 clocks related
with FCLK and HCLK. FCLK is free running clock and it is always running except in power down mode.
HCLK can be stopped in SLEEP mode and power down mode.

BUS system and memory systems are operated by MCLK clock. Maximum bus operating clock speed
is 48MHz.

4.2.2 PCLK clock domain

PCLK is the master clock of all peripherals. Each peripheral clock is enabled by SCU_PCER1, and
SCU_PCER?2 registers can be used by each peripheral. Before enabling the PCLK input clock of each
block, it can’t be accessible even reading its registers. It can be stopped in power down mode.

4.2.3 Clock configuration procedure

After powering up, the default system clock is fed by LSI750K (750KHz) clock. By default LSI750K is
enabled at power up sequence. The other clock sources will be enabled by user controls with the
LSI750K system clock.

HSI48M (48MHz) clock can be enabled by SCU_CSCR register.

HSE (2-16MHz) clock can be enabled by SCU_CSCR register. Prior to enable the HSE block, the pin
mux configuration should be set for XIN, XOUT function. PFO and PF1 pins are shared with HSE’s XIN
and XOUT function — PF_MOD and PF_AFSRO registers should be configured properly. After enabling
the HSE block, you must wait for more than 2ms time to ensure stable operation of crystal oscillation.

LSE (32.768KHz) clock can be enabled by SCU_CSCR register. Prior to enable the LSE block, the pin
mux configuration should be set for SXIN, SXOUT function. PC14 and PC15 pins are shared with LSE’s
SXIN and SXOUT function — PC_MOD and PC_AFSR1 registers should be configured properly.
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After enabling the LSE block, you must wait for more than 2s time to ensure stable operation of crystal
oscillation. You can change an MCLK by using the SCU_SCCR register.

You can find an example flow chart configuring the system clock in Figure 13.

Power up
MCLK=LSI750K

v

FM.CFG.WAIT=Maximum wait
(Set Flash wait control)

¥

SCU.CSCR= Enable All Clock

PF.MOD[1:0]=+AF
PF.MOD [3:2]=+AF Wait for SCU_SCCR =HSE
PF.ASFR1[3:0]=XIN stabilizing (*MCLKSEL = 0x2)
PF.ASFR1[7:4]1=XOUT

Y
Y

LSE ?
(32.768KHz)

PC.MOD [29:28 ]=*AF
PC.MOD [31:30]=+AF W ait for SCU_SCCR = LSE
PC.ASFR2[27:24}=SXIN i’ stabilizing "l (*MCLKSEL = 0x1)
PC.ASFR2[31:281=SXOUT |

HS148 ? Y IR W ait for | SCU_SCCR = HSlI
(48MHz) " stabilizing "l (*MCLKSEL = 0x2)
N

SCU_SCCR
HSI or HSE?

Select *PLLINCLKSEL
for PLL Source B
(HS! or HSE)

Wait for stabilizing SCU_SCCR =PLL
& Lock (*MCLKSEL = 0x3)

A

SCU.CSCR=0xXXXX

(Disable unused clock source)

FM.CFG.WAIT=Suitable wait
(Set flash wait control)

v

e O

*AF : Alternative Function

* MCLKSEL : SCU_SCCRI[1:0](System clock select)

*PLL : When PLL use for System clock, recommend Max 48MHz
*PLLINCLKSEL : SCU_SCCR[2](Select PLL source)
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Figure 13. Clock Change Procedure
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When you speed up the system clock to the maximum operating frequency, you should check flash wait
control configuration. Flash read access time is one of limitation factor for performance. The wait control

recommendation is suggested in Table 8.

4. System control unit

Table 8. Flash Wait Control Recommendation

FM.CFG.WAIT FLASH Access Wait Available Max System clock frequency
00 0 clock wait ~20MHz
01 1 clock wait ~40MHz
10 2 clock wait ~48MHz

Figure 14 shows how to set the peripheral clock. Selecting a peripheral clock is a typical method of
MCCRn and PCLK. Exceptionally WT, WDT, RTC use other clocks besides MCCRn and PCLK. (n =1,

2,3,4,5and 6).

Enable Clock for MCCRn
&
Enable Clock for PCLK

Select clock for Peripheral
In SCU_PPCLKSR

Peripheral clock : MCCRn ?

Peripheral clock : PCLK
(Exception : WT, WDT, RTC)

* SCU_PPCLKSR : PCLK, MCCRnN
(Exception : WT, RTC, WDT)

Select MCCRn for the
Peripheral to use

*WT : LSE, WDTRC, LSI40kHz
*RTC : LSI40kHz
*WDT : LSI40kHz

o )
)

Figure 14. Peripheral Clock Select (n: 1, 2, 3, 4, 5, and 6)
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Table 9. Peripheral Clock Select

A31G32x User’s manual

Clock Selection

Peripheral
MCCRnN PCLK Another

Systick N/A N/A
MCCR1

Timer1in (0] N/A

Timer20 0] N/A
MCCR2

Timer30 0] N/A

WT N/A WDTRC, LSE, LSI40kHz
MCCR3

WDT N/A LSI40kHz

DBCLK MCCR4 N/A N/A

RTC N/A LSI40kHz

TSREF N/A N/A
MCCR5

TSSENSE N/A N/A

USB 0] N/A

Timer40 0] N/A
MCCR6

Timer21 (@] N/A

4.3 Power domain

A31G32x series have two VDCs supplying internal 1.5V power to digital circuit: one for VDD15 domain

and one for backup domain.

VDD is the main power supply and VBAT is the backup power supply. A power supply switch determines

which power is to be supplied (VPWRSW). In initial state, this switch selects VDD as power supply, so

it isn’t booted by VBAT but is booted only by VDD. To retain the contents of the backup domain when

VDD is off during operation, the power supply switch selects VBAT and uses the optional STANDBY

voltage provided by the battery or other source.

To improve conversion accuracy and to extend the supply flexibility, the ADC, the DAC and Comparator

have an independent power supply VDDA and VSSA which can be separately filtered and shielded from

noise on the PCB. The VDDA supply voltage must be greater or equal to VDD.

48
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VBAT VDD  VSS VDDA VSSA VDDIO2
]
VPWRSW
S 2, — vy _ |4
VDC | I VDC []Pci2 |
| | | [lpc11
[ ADC usB pcio |
vopats | | VDD15 DAC —lpc |
I LSI750K | | Comparator L_|PC8
| LSI40K | | {PC |
|Pc3 LSE —res |
PC13 | | “leaa |
[Pcia pcL4 | | | Hsuam SRAM lpc3
| PCL5 FLASH SPl e |
PC15 LVI I I
v Tempsensor 12C | |PC1 |
| LVR | | | HsE USART P
| PLL TIMER |pe1s |
\F;JLST | | | pa WT |pe14
PB13
I SCU(Partially) I | ig Core |pB12 |
| | | PF |_|pBl1 |
e e e e [|PB10O
Backup domain I L_PB9 |
| PB8 |
| VDD15 domain I
%HIMHHHHHIHIHHIMIHI——I
QAN M NONRIOOTOANMS N oo [¥a) ~
SERIFRIT33IIIIIITEPBILED
[ W = Wy = Wy o WY W Y

Figure 15. Power Domain Diagram

Another regulator VDC33 is embedded to supply 3.3V power to a USB. When power to the USB is
supplied from outside, output of the VDC33 must be floating. VDD33_PD of SCU_VDCCON register
must be set to 1 to make it floating.

4.4 Reset

A31G32x series have two system reset options. One is to cold reset that is effective during power up
or down sequence. The other is warm reset which is generated by several reset sources. A reset event
makes a chip to turn to an initial state. Reset sources of the cold reset and the warm reset are listed in
Table 10.

Table 10. Reset Sources of Cold Reset and Warm Reset

Cold reset Warm reset
Reset sources VPWRSW POR nRESET Pin

VDD15 POR WDT reset

LVR reset MCLK Fail reset

HSE Fail reset
S/W reset
CPU request reset
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4.4.1 Cold reset

Cold reset is an important feature of a chip when power is up. This characteristic will affect overall

system boot.

Internal VDC is enabled when VDD power is turn on. Internal POR trigger level is 1.2V of VDD voltage
out level. At this time, boot operation is started. The LSI750K clock is enabled and counts 2.73msec
time for internal VDC level stabilizing. In this time, VDD voltage level should be over than initial LVR
level (1.63V). After 2.73msec counting, the cold reset is released and counts 0.27msec time for warm
reset synchronizing. After releasing both cold and warm reset, BOOTROM and CPU are running.

Figure 16 shows power up sequence and internal reset waveforms.

VDDEXT

1.2v:-1.63V

pORR) |
LVR
CLENE D 9000000000000

< 2.73 msec >
COLD_RSTB Typical |
WARM_RSTB_CNT XOXOXOOKCK
: < 0:27 msec )
WARM_RSTB Typical |
SYS_RSTB : : |
BOOTROM : [ |
EXCUTION . 2.73 msec » 0:27 msec ' 2.4 msec
MAIN CODE START : Typical Typical Typical ,_

5.4 msec
Typical

Y.

‘A

Figure 16. Power up Procedure

The VDD15 POR in the cold reset source senses the VDC output voltage in the VDD15 domain and
generates a reset signal. The VDD15 POR reset signal initializes only the VDD15 domain. The backup
domain is initialized only by VPWRSW POR or LVR reset.

In STANDBY mode and BACKUP POWER mode, VDD15 domain VDC is turned off and VDD15 POR
occurs. Because core exists in VDD15 domain, wakeup in STANDBY mode or BACKUP POWER mode

will execute BOOTROM and jump to start address.
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442 Warm reset

Warm reset event has several reset sources and some parts of chip returns to an initial state when the
warm reset condition is occurred.

The warm reset source is controlled by SCU_RSER register and the status is appeared in SCU_RSSR
register. The reset for each peripheral blocks is controlled by SCU_PRER register. The reset can be

masked independently.

PIN_RSTB

WARM_RSTB_CNT XXX

< 0.27 msec .

WARM_RSTB Typical |

SYS_RSTB |

BOOTROM I
EXCUTION 0.27 msec 2.4 msec
MAIN CODE START Typical Typical :
P 2.67msec ;

Typical

Figure 17. Warm Reset Diagram

4.4.3 LVR reset

Voltage level of LVR is set by low voltage reset configuration register (SCULV_LVRCNFG). Reset status
of the LVR is shown in SCU_RSSR register. The LVR reset is controlled by SCULV_LVRCR register,
which is cleared to “0x00” by VPWRSW POR reset.

A

VDD
On LVR Level: 2.0V
LVR(R)=2.1V r—-———————————

LVR(F)=2.0V F—————————————
18VfF————————————— I —

LVR Reset

Figure 18. LVR Reset Timing Diagram
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4.4.4

Reset tree

A31G32x User’s manual

VBAT [

nRESET [

LVR

—»‘ 1.5V vDC H VDD15 POR

MOSC FAIL DETECTOR
MCLK FAIL DETECTOR

WDT RESET REQUEST
DETECTOR

SW RESET REQUEST
DETECTOR

NOTES:
1.
2.

PIN RESET DETECTOR

Cold Reset

CMO PORESETn

2.73 msec
Counter

SYSRESETn

—
CMO SYSRESETn

Warm Reset

0.27 msec
Counter

q

SCU.PRERT1[0] SCU.PER1[0]
[

SCU.PRER1[1] SCU.PER1[1]
q

SCU.PRER1[2] SCU.PERT[2]
[

SCU.PRER1[3] SCU.PER1[3]

SCU.PRER1[4] SCU.PER1[4]
[

SCU.PRER1[5] SCU.PERT[S]
q

SCU.PRER1[8] SCU.PERT(S]
[

SCU.PRER1[9] SCU.PER1[9]
L

SCU.PRER1[10] SCU.PER1[10]

.PRER1[1
s (3 SCU.PER1[13]

SCU.PRER1[16] SCU.PER1[16]

SCU.PRER1[17] SCU.PER1[17]

SCU.PRER1[18] SCU.PER1[18]

SCU.PRER1[19] SCU.PER1[19]

SCU.PRER1[20] SCU.PER1[20]

SCU-PRERT[24] SCU.PER1[24]

SCU.PRER1[25] SCU.PER1[25]

SCU-PRERTI26] SCU.PER1[26]

SCU.PRER1[31] SCU.PERT[31]

When cold reset occurs, WDT and RTC are

WDT and RTC are reset, only by LVR reset and VPWRSW POR.

» SYSRESETn

q
SCU.PRER2[2 PI20 RESET!
SCU RESETn 121 J— SPI20 RESETn
q
SCU.PRER2[3 PI21 RESET!
FMC RESETn Bl SCU.PER2L3] s SETn
q
| PRER2[4)
WDT RESETn scu 141 SCU.PER2IA] 120 RESETn
q
PCU RESETn SCU.PRER2[5] SCU.PER2LS] 12C1 RESETn
[
DMA RESETn SCU.PRER2[8 ART10 RESET!
18] SCU.PER2[8] USART10 RESETn
q
EBI RESETn X
SCU.PRER2[9] scu.pERZI9] USART11 RESETn
q
GPIOA RESETn | SCU.PRER2[10) USART12 RESETn

SCU.PER2[10]

[
SCU.PRER2[11] SCU.PER2[11]

SCU.PRER2[16

GPIOB RESETn USART13 RESETn

GPIOC RESETn USB RESETn

SCU.PER2[16]

[
SCU.PRER2[20] SCU.PER2[20]

GPIOF RESETn ADC RESETn

[
TIMER10 RESETn | scyy preR2[22] DAC RESETn

SCU.PER2[22]

[
TIMER11 RESETn SCU.PRER2[23] COMP RESETn

SCU.PER2[23]

[
TIMER12 RESETn SCU.PRER2[27] TSENSE RESETn

SCU.PER2[27]

[
TIMER13 RESETn | ¢\, ppeparoo) RTC RESETn

SCU.PER2[29]

[
TIMER40 RESETn

SCU.PRER2[31 CRC RESETn

SCU.PER2[31]

TIMER30 RESETn
TIMER20 RESETn
TIMER21 RESETn

WT RESETn

no reset in STANDBY mode or BACKUP POWER mode.
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Figure 19. Reset Tree Configuration
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4.5 Operation mode

INIT mode is an initial state of the chip when a reset is asserted. In RUN mode, CPU shows the
maximum performance with high-speed clock system. SLEEP mode and three Power Down modes
(STOP, STANDBY, and BACKUP POWER) can be used as a low power consumption mode. In the low
power consumption mode, power is effectively managed to reduce power consumption by halting
processor core and unused peripherals. Figure 20 describes transition between the operation modes.

POWER-ON POWER-ON
RESET

INITIALIZATIO

WAKE-UP

Power Down
(STOP)

WFI
SCB.SCR[2]* =0

WFI
SCB.SCR[2]* = 1
VDCCON[18] = 0

SLEEP MODE STOP MODE

POWER-ON POWER-ON
RESET RESET

INITIALIZATION INITIALIZATION

POWER DOWN
(STANDBY)

Power Down
(Backup Power)

VDD < PDR Level
PDRCON[7]=1

WFI
SCB.SCR[2]* =1
VDCCON[18] = 1

STANDBY MODE Backup Power MODE

*note) SCB.SCR is System Register in System Control Block

Figure 20. Transition between Operation Modes
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Table 11. Operation Mode

MODE Condition After Wake | After Reset
up Event Event
RUN POWER ON N/A INIT
SLEEP WEFI (Wait for Interrupt): SCB.SCR[2]*=0 RUN INIT
STOP WEFI (Wait for Interrupt): SCB.SCR[2]*=1 RUN INIT
STANDBY WFI (Wait for Interrupt): SCB.SCR[2]*=1, | INIT INIT
VDDCONJ[18]=1
BACKUP POWER VDD<PDR Level: PDRCONJ[7]=1 INIT INIT

45.1 RUN mode

In RUM mode, CPU and the peripheral hardware operate with a high-speed clock. After a reset followed
by INIT state, the system enters in the RUN mode.

452 SLEEP mode

Only CPU is stopped in this mode. Each peripheral function can be enabled by the function enable and
clock enable bit in the PER and PCER register.

SLEEP MODE
ENTER

SCB.SCR[2]* =0

|

WFI
(ENTER SLEEP MODE)

|

Wait for Interrupt signal

WAKE UP

v

C END )

NOTE: SCB.SCR is System Control Register in System Control Block

Figure 21. SLEEP Mode Operation Sequence
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453 Power-down mode

The A31G32x series have three power down modes: STOP mode, STANDBY mode, and BACKUP
POWER mode.

In STOP mode, 1.5V VDC is off and backup domain VDC is supplied to 1.5V domain. All peripherals in
the 1.5V domain are switched to STOP state and CPU goes under deepsleep state. In STANDBY mode,
1.5V VDC is off and power is not supplied to 1.5V domain. Therefore, all peripherals of the 1.5V domain
are initialized by VDD15 POR. In BACKUP POWER mode, VDD is turned off and the power switch
selects VBAT instead of VDD. 1.5V VDC is off and no power is supplied and initialized by VDD15 POR.

VBAT VDD VBAT

ﬂo\wﬁ? ﬂo\wﬁ?

LSI750K HSI48M LSI750K HSI48M of
LSI140K FLASH LSI40K FLASH off
LSE Tempsensor LSE T-sensor off
PC13 USB PC13 USB off
PC14 HSE PC14 HSE off
PC15 SRAM PLL PCIS <RAME PLL off
o Wor = ADC LvI e SPI ADC off
2C 2C
VR PMU TSART DAC VR Tt — DAC of
TRAER Comparator TRAER Comparator
WT PAPB,PCPF WT PAPB,PCPF
CPU CPU oft
Backup domain 1.5V domain Backup domain 1.5V domain
Run/Sleep Mode Stop Mode
VBAT VDD VBAT VDD
1 1
LSI750K HSI48M of f LSI750K HSI48M of f
LSI40K FLASH off LSI40K FLASH off
LSE T-sensor off LSE T-sensor off
PC13 USB off PC13 USB off
PC14 i HSE off PC14 i HSE off
PC15 SRAM PLL off PC1S SRAM PLL off
Y] RIC SPI ADC off i RTC SPL ADC off
R WOT 12C DAC off VR WDL 12C DAC off
PMU SART PMU SART
TIMER Comparator TIMER Comparator
WT PAPB,PCPF WT PAPB,PCPF
CPU off CPU off
Backup domain 1.5V domain Backup domain 1.5V domain

Standby Mode

Backup Power Mode

Figure 22. Power down Mode Block Diagram

LVI operates in STOP mode and STANDBY mode but is ignored in BACKUP POWER mode. LVR
operation is not recommended in STOP mode and STANDBY mode. To use it, set BGRAON = 1 in
SCU_SMR. LVR is not supported in BACKUP POWER mode. LVI and LVR are set using the
SCULV_LVRCNFIG, SCULV_LVRCR and SCULV_LVICR registers. Initially the LVR is on. When LVR

occurs, both backup domain and 1.5V domain are reset.
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In power down mode, LSE, and LSI40K can operate in backup domain. To operate the LSE in power

down mode, set SCU_CSCR [14] = 1. LSI40K does not turn off automatically in power down mode, so

if you want LSI40K not to work in power down mode, you have to turn it off before entering power down

mode.
Table 12. Oscillator Control in Power down Mode
Operation enable Power down operation
LSE SCU_CSCR[15] =1 If SCU_CSCR][14] = 1, RUN mode state is maintained
If SCU_CSCR[14] = 0, turned off.
LSI40K SCU_MCCR3[11] =1 RUN mode state is maintained.

Table 13 lists peripheral’s operation in each power down mode.

Table 13. Peripheral Operation in Power down Mode

Mode Stop mode Standby mode Backup power mode
HSI48M Stop Power off Power off
FLASH Stop Power off Power off
Tempsensor Stop Power off Power off
USB Stop Power off Power off
HSE Stop Power off Power off
PLL Stop Power off Power off
ADC Stop Power off Power off
DAC Stop Power off Power off
Comparator Operates Power off Power off
CPU Deepsleep Power off Power off
SRAM Retain Power off Power off
SPI20,21 Stop Power off Power off
12C0,1 Operates only slave | Power off Power off

mode
USART10,11,12,13 Operates as  only | Power off Power off

wakeup source
TIMER10,11,12,13 Operates only when the | Power off Power off
TIMER20,21,30,40 | TIMER ~ clock s

oscillates
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Table 13. Peripheral Operation in Power down Mode (continued)

WDT clock is oscillates

WDT clock is oscillates

Mode Stop mode Standby mode Backup power mode
WT Operates only when the | Power off Power off
WT clock is oscillates
PA,PB,PC,PF Retain Power off Power off
(except PC13, PC14,
PC15)
PC13 Retain GPIO or wakeup Pin GPIO or wakeup Pin
PC14 Retain GPIO or SXIN GPIO or SXIN
PC15 Retain GPIO or SXOUT GPIO or SXOUT
LSI750K Off Off Off
LSI40K Operates Operates Operates
LSE Operates Operates Operates
LVI Operates Operates Discard
LVR Operates Operates No support
RTC Operates only when the | Operates only when the | Operates only when the
RTC clock is oscillates | RTC clock is oscillates | RTC clock is oscillates
WDT Operates only when the | Operates only when the | Operates only when the

WDT clock is oscillates

SCU(Partially)

Operates

Operates

Operates

454 STOP mode

When the core goes under deepsleep state using WFI instruction, the chip enters in STOP mode. In

STOP mode, all peripherals of 1.5V domain are stopped. Once power is supplied, internal SRAM and

registers maintain their values.

The backup domain operates regardless of the STOP mode. To wake up in STOP mode, an interrupt

request must be generated and can be selected in the SCU_WUER register. Stabilization time is 2.73ms

after wakeup event occurs.

When entering in STOP mode, HSE is selected as the PLL input clock. These are maintained after

wakeup.
Table 14. STOP Mode Configuration
Mode Condition Wakeup source
STOP WFI Source included in WUER

SCB.SCR[2]* = 1
VDCCON[18] = 0
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C START )

STOP2

l

-SCU_LVRCR[7:0]=0x55 (LVD_DISABLE)
-SETUP WAKE UP SOURCE
-SCU_SMR[9:8] CONFIG

|

SCB.SCR[2]" = 1
VDCCON[18] = 0

< END >
NOTES:

1. SCB.SCRis System Control Register in System Control Block.

Figure 23. STOP Mode Sequence

WFI
y
STOP T —
LSI750K Enable
Analog IP Stop
1.5V VDC off ADC, DAC, Comparatof, HSI ’—’
Wakeup event ﬂ
Wakeup count YOO OO
" 2.73 msec »
Wakeup sequence
RUN Mode ‘ STOP Mode L RUN Mode o

Figure 24. STOP Mode Timing Diagram

58 \BO\

SEMICONDUCTOR



A31G32x User’s manual 4. System control unit

455 STANDBY mode

When the core goes under deepsleep state using WFI instruction with VDCCONJ[18] = 1, the chip enters
in STANDBY mode. In STANDBY mode, VDC is turned off in 1.5V domain and all peripherals of 1.5V
domain are in power off state. Therefore, the 1.5V domain is initialized as a whole by the VDD15 POR
in STANDBY mode. The backup domain operates regardless of the STANDBY mode.

When selected in the SCU_WUER register, the LVI, WDT, and RTC interrupt flags in the backup domain
can be used to wake up in STANDBY mode. If you set PC13 as wakeup pin by setting the RTCPFCR
register, the chip can wake up from STANDBY mode with rising edge of PC13. When a pin reset occurs
in STANDBY mode, the chip exits STANDBY mode. Pin reset can be enabled in SCU_RSER.
Stabilization time is 2.73ms after wakeup event occurs.

When entering in STANDBY mode, HSE is selected as the PLL input clock. These are maintained after

wake-up.
Table 15. STANDBY Mode Configuration
Mode Condition Wakeup source
STANDBY WFI RTC
SCB.SCR[2]* = 1 WDT
VDCCON][18] = 1 PC13 (Wakeup pin)
Pin reset
C START )
-SETUP WAKE UP SOURCE
-SCU_SMR[9:8] CONFIG
1
SCB.SCR[2]* = 1
VDCCONI[18] = 1
i
WFI
!
NOTES:
1. SCB.SCRis System Control Register in System Control Block

Figure 25. STANDBY Mode Sequence
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WFI
3
STANDBY .
LSI750K Enable \
Analog IP Stop
1.5V VDC off ADC, DAC, Comparat0|,/r-i5r.4f—’
Wakeup event ﬂ
Wakeup count XOCKOOOOCKX OO
" 2.73 msec »
Wakeup sequence
COLDRSTN [ [ 0.27 msec
-
WARM RSTN | |
RUN Mode P STANDBY Mode _INIT Mode : _ RUN Mode _

Figure 26. STANDBY Mode Timing Diagram

4.5.6 BACKUP POWER mode

By connecting the VBAT pin to an optional standby voltage from a battery or other source, you can
maintain the contents of the backup register and power the entire backup domain when VDD is turned
off.

BACKUP POWER mode can be entered from all operation modes (RUN, SLEEP and STOP, STANDBY).
If a PDR reset occurs when Power down reset (PDR) is enabled through the PDRCON register, the
chip enters in BACKUP POWER mode. In BACKUP POWER mode, 1.5V VDC is turned off and all
peripherals are in power off state. If VDD rises again and becomes higher than PDR, it exits BACKUP
POWER mode and 1.5V domain restarts in initial state. For more information about BACKUP POWER
mode, please refer to 4.3 Power domain.
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Table 16. BACKUP POWER Mode Configuration

Mode Condition Wakeup source
BACKUP PDRCON[7] =1 (VDD rising) > PDR
POWER

NOTE: It is recommended that VBAT is higher than PDR voltage.

PDR(Power down reset) enable

!

Run/Sleep/Stop/Standby -

VDD < PDR

Yes

A

Backup Power state

VDD > PDR

Yes

Wakeup from
backup power mode

}

e

Figure 27. BACKUP POWER Mode Sequence
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VDD

VPDR

LSI750K Enable

|
|
|
T
POREN | |
|
|
|
|

Analog IP Stop

1.5V VDC off ADC, DAC, Comparatofr, H}SI ’—’
|

Power Supply
Switch

Power supply : VDD -> VFAT

Wakeup count ‘ XOCKOOTOOOCIOKX

2.73 msec >
Wakeup sequence

COLD RSTN

\ 0.27 msec
-

RUN Mode Backup Power Mode INIT Mode RUN Mode

-+ Pt 4+

T
\
|
|
|
T
|
|
WARM RSTN } \
|
\
\
|
|
|

Figure 28. BACKUP POWER Mode Timing Diagram

4.6 Registers
Base address of SCU (chip configuration) and register map are introduced in the followings:

Table 17. Base Address of SCU (Chip Configuration)

Name Base address

SCU (Chip Configuration) 0x4000_F000

Table 18. SCU Register Map (Chip Configuration)

Name Offset | Type Description Reset value | Reference

SCUCC_VENDORID | 0x0000 | RONOTE | Vendor Identification | 0x4142_4F56 | 4.6.1
Register

SCUCC_CHIPID 0x0004 | RONOTE | Chip Identification | 0x4D31_A00x | 4.6.2
Reqgister.

SCUCC_REVNR 0x0008 | RONOTE | Revision Number | 0x0000_00xx | 4.6.3
Register

NOTE:

1. ‘RO’means ‘Read Only’.
Base address of SCU and register map are introduced in the followings:

62 \BO\

SEMICONDUCTOR



A31G32x User’s manual

Table 19. Base Address of SCU
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Name Base address
SCU 0x4000_0000
Table 20. SCU Register Map

Name Offset Type Description Reset value Reference

SCU_SMR 0x0004 | RW System Mode Register 0x0000_0000 | 4.6.4

SCU_SCR 0x0008 | RW System Control Register 0x0000_0000 | 4.6.5

SCU _WUER 0x0010 | RW Wake up source enable | 0x0000_0000 | 4.6.6
register

SCU _WUSR 0x0014 | RO Wake up source status | 0x0000_0000 | 4.6.7
register

SCU_RSER 0x0018 | RW Reset source enable register | 0x0000_0069 | 4.6.8

SCU_RSSR 0x001C | RW Reset source status register | 0x0000_0080 | 4.6.9

SCU_PRER1 0x0020 | RW Peripheral reset enable | Ox871F_273B | 4.6.10
register 1

SCU_PRER2 | 0x0024 | RW Peripheral reset enable | 0x88D1_0OF3C | 4.6.11
register 2

SCU_PER1 0x0028 | RW Peripheral enable register 1 0x0000_000OF | 4.6.12

SCU_PER2 0x002C | RW Peripheral enable register 2 0x2000_0000 | 4.6.13

SCU_PCER1 0x0030 | RW Peripheral  clock enable | 0x0000_000F | 4.6.14
register 1

SCU_PCER2 | 0x0034 | RW Peripheral clock enable | 0x2000_0000 | 4.6.15
register 2

SCU_PPCLKS | 0x0038 | RW Peripheral clock selection | 0x0000_0000 | 4.6.16

R register

SCU_CSCR 0x0040 | RW Clock Source Control register | 0x0000_0800 | 4.6.17

SCU_SCCR 0x0044 | RW System Clock Control register | 0x0000_0000 | 4.6.18

SCU_CMR 0x0048 | RW Clock Monitoring register 0x0000_0090 | 4.6.19

SCU_NMIR 0x004C | RW NMI control register 0x0000_0000 | 4.6.20

SCU_COR 0x0050 | RW Clock Output Control register | 0x0000_000F | 4.6.21

SCU_PLLCON | 0x0060 | RW PLL Control register 0x0000_0000 | 4.6.22
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Table 20. SCU Register Map (continued)

Name Offset | Type | Description Reset value Reference
SCU_VDCCON | 0x0064 | RW VDC Control register 0x0402_887F | 4.6.23
SCU_PDRCON | 0x0068 | RW PDR Control register 0x0000_0000 | 4.6.24
SCU_LSICON 0x006C | RW Internal Ring OSC Control | 0x0000_0001 4.6.25
Register
SCU_EOSCR 0x0080 | RW External Oscillator control | 0x0000_1014 | 4.6.26
register
SCU_EMODR 0x0084 | RW External mode pin read | 0x0000_0000 | 4.6.27
register
SCU_RSTDBC | 0x0088 | RW Pin Reset Debounce Control | 0x0000_0000 | 4.6.28
R Register
SCU_MCCR1 0x0090 | RW Misc. Clock Control register 1 | 0x0000_0000 4.6.29
SCU_MCCR2 0x0094 | RW Misc. Clock Control register 2 | 0x0000_0000 | 4.6.30
SCU_MCCR3 0x0098 | RW Misc. Clock Control register 3 | 0x0000_0000 | 4.6.31
SCU_MCCR4 0x009C | RW Misc. Clock Control register 4 | 0x0000_0000 | 4.6.32
SCU_MCCR5 0x00A0 | RW Misc. Clock Control register 5 | 0x0000_0000 | 4.6.33
SCU_MCCR®6 0x00A4 | RW Misc. Clock Control register 6 | 0x0000_0000 | 4.6.34
NOTES:
1. ‘RO’means ‘Read Only’.
2. ‘RW’ means ‘Read and Write'.
Base address of LVI/LVR unit and register map are introduced in the followings:
Table 21. Base Address of LVI/LVR
NAME BASE ADDRESS
SCULV(LVI/LVR) 0x4000_5100
Table 22. LVI/LVR Register Map
Name Offset Type Description Reset value Reference
SCULV_LVICR | 0x0000 | RW Low Voltage Indicator | 0x0000 0000 | 4.6.35
Control Register
SCULV_LVRCR | 0x0004 | RW Low Voltage Reset Control | 0x0000_0000 | 4.6.36
Register
SCULV_LVRCN | 0x0008 | RW Configuration  for  Low | 0x0000_000F | 4.6.37
FIG Voltage Reset
NOTES:

1. ‘RO’ means ‘Read Only’ and ‘RW’ means ‘Read and Write'.
2. ‘RC’means ‘Read and Write 1 Clear’.
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46.1 SCUCC_VENDORID: vendor ID register
SCUCC_VENDORID register shows the vendor identification information. This is a 32-bit read-only

register.

SCUCC_VENDORID=0x4000_F000
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

VENDID

0x4142_4F56
RO

31 VENDID Vendor Identification bits.
0 0x4142_4F56

4.6.2 SCUCC_CHIPID: chip ID register

SCUCC_CHIPID register shows chip identification information. This is a 32-bit read-only register.

SCUCC_CHIPID=0x4000_F004
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

CHIPID

0x4D31A006 or 0x4D31A007
RO

31 CHIPID Chip Identification bits.
0 0x4D31A006 128k bytes flash memory for program
0x4D31A007 64k bytes flash memory for program
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4.6.3 SCUCC_REVNR: revision number register

Revision Number register is a 32-bit read-only register. This Register is available at 32/16/8-bit access.

SCUCC_REVNR=0x4000_F008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8(7 6 5 4 3 2 1 O
Reserved REVNO
0x000000 XX
RO
7 REVNO Chip Revision Number. These bits are fixed by manufacturer.

4.6.4 SCU_SMR: system mode register

Current operating mode is shown in this SCU mode register. The previous operating mode will be saved
in this register after reset event. There is a VDC On/Off control bit in power down mode.

SCU_SMR=0x4000_0004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 14 13 1211 10 9 8|7 6 &5 4 3 2 10
w
Z|Z| o a
o|olg 9
Reserved 2 Sle 2 Reserved
(%]
O|lal o w
mn|>| X hd
o
- 0|10 - 00 -
- RW | RW RO -
9 BGRAON BGR Always on select bit in power down mode
0 BGR is automatically off entering power down mode
1 BGR isn’t automatically off entering power down mode
8 VDCAON VDC Always on select bit in power down mode
0 VDC is automatically off entering power down mode
1 VDC isn’t automatically off entering power down mode
6 PREVMODE Previous operating mode before current reset event
4 000 Previous operating mode was RUN mode
001 Previous operating mode was SLEEP mode
011 Previous operating mode was INIT mode
110 Previous operating mode was Back-up Power mode
111 Previous operating mode was Standby or Stop mode
NOTE:

1. Power down modes: STOP, STANDBY, and BACKUP POWER
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4.6.5 SCU_SCR: system control register

It is possible to reset MCU as SWRST bit set. System Mode Register is a 32-bit register.

SCU_SCR=0x4000_0008

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16{15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
|_
()
WTIDKY Reserved Dgf
w
0x0000 - 0
Wo - RW
31 WTIDKY Write Identification Key
16
On writes, write 0X9EB3 to these bits, otherwise the write is ignored.
0 SWRST Internal soft reset activation bit (check RSER[4] for reset)
0 Normal operation
1 Internal soft reset generated and auto cleared

4.6.6 SCU_WUER: wakeup source enable register

Enable wakeup source when the chip is in the Power Down mode. Wakeup sources which will be used
the source of chip wakeup should be enabled in each bit field. If the source is used as a wakeup source,
the corresponding bit should be written with ‘1’. If the source is not used as a wakeup source, the bit
should be written with ‘0’.

SCU_WUER=-0x4000_0010

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 121110 9 8|7 6 5 4 3 2 1 O
NEEMPEERREE
wiwi5 DD D38| oW LIJLULU
= HHEENERE HHEHHEE
Resened AEEEEEEEN EEREREEE
o oo o
ﬂﬁoéé%owmom%% =4
] ] (D
- ofojojojofjo0jo0|0f-|j0j0j0|0jO|O|O
RW | RW [ RW | RW | RW | RW | RW | RW RW | RW [ RW | RW | RW | RW | RW
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15 12C1WUE Enable wakeup source of 12C1 change event
0 Not used for wakeup source
1 Enable the wakeup event generation
14 12COWUE Enable wakeup source of 12C0 change event
0 Not used for wakeup source
1 Enable the wakeup event generation
13 GPIOFWUE Enable wakeup source of GPIOF port pin change event
0 Not used for wakeup source
1 Enable the wakeup event generation
12 USART13WUE Enable wakeup source of USART13 change event
0 Not used for wakeup source
1 Enable the wakeup event generation
11 USART12WUE Enable wakeup source of USART12 change event
0 Not used for wakeup source
1 Enable the wakeup event generation
10 GPIOCWUE Enable wakeup source of GPIOC port pin change event
0 Not used for wakeup source
1 Enable the wakeup event generation
9 GPIOBWUE Enable wakeup source of GPIOB port pin change event
0 Not used for wakeup source
1 Enable the wakeup event generation
8 GPIOAWUE Enable wakeup source of GPIOA port pin change event
0 Not used for wakeup source
1 Enable the wakeup event generation
6 COMPWUE Enable wakeup source of COMP change event
0 Not used for wakeup source
1 Enable the wakeup event generation
5 RTCWUE Enable wakeup source of RTC change event
0 Not used for wakeup source
1 Enable the wakeup event generation
4 USART11WUE Enable wakeup source of USART11 change event
0 Not used for wakeup source
1 Enable the wakeup event generation
3 USART10WUE Enable wakeup source of USART10 change event
0 Not used for wakeup source
1 Enable the wakeup event generation
2 WTWUE Enable wakeup source of watch timer event
0 Not used for wakeup source
1 Enable the wakeup event generation
1 WDTWUE Enable wakeup source of watchdog timer event
0 Not used for wakeup source
1 Enable the wakeup event generation
NOTE :

1.

RTCWUE, WDTWUE, LVRWUE are no reset in STANDBY mode and BACKUP POWER
mode.
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4.6.7 SCU_WUSR: wakeup source status register

When the system is waked up by any wakeup source, the wakeup source is identified by reading
SCU_WUSR register. When the bit is set to 1, the corresponding wakeup source issues the wake-up
signal to SCU. The bit will be cleared when the event source is cleared by the software.

SCU_WUSR=0x4000_0014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14131211 10 9 8|7 6 5 4 3 2 1 O
22 |2
EEEHEHHEEEEEHEEE
R iiu_v‘-oanqign_;“‘—;;;
eserved 2| o|lE|IE|0|0|o|2|S|0|E|EIEIE|l®
N HEEIEENEEEEEEEE
il e KGR I R I RCIRGIRC L K BB
oD oD
- o(ojojojojofo0|j0j0j0ofofjojojoj0f|o0
RO|RO[RO|{RO|RO|[RO|RO[RO|RO|RO|RO|RO|RO|RO|RO|RO
15 12C1wWU Status of wakeup source of 12C1 change event
0 No wakeup event
1 Wakeup event was generated
14 12CoOwWU Status of wakeup source of 12C0 change event
0 No wakeup event
1 Wakeup event was generated
13 GPIOFWU Status of wakeup source of GPIOF port pin change event
0 No wakeup event
1 Wakeup event was generated
12 USART13WU Status of wakeup source of USART13 change event
0 No wakeup event
1 Wakeup event was generated
11 USART12WU Status of wakeup source of USART12 change event
0 No wakeup event
1 Wakeup event was generated
10 GPIOCWU Status of wakeup source of GPIOC port pin change event
0 No wakeup event
1 Wakeup event was generated
9 GPIOBWU Status of wakeup source of GPIOB port pin change event
0 No wakeup event
1 Wakeup event was generated
8 GPIOAWU Status of wakeup source of GPIOA port pin change event
0 No wakeup event
1 Wakeup event was generated
7 PC13wWU Status of wakeup source of PC13 pin change event
(Only Standby Mode)
0 No wakeup event

1 Wakeup event was generated
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6 COMPWU Status of wakeup source of COMP change event
0 No wakeup event
1 Wakeup event was generated
5 RTCWU Status of wakeup source of RTC change event
0 No wakeup event
1 Wakeup event was generated
4 USART11WU Status of wakeup source of USART11 change event
0 No wakeup event
1 Wakeup event was generated
3 USART10WU Status of wakeup source of USART10 change event
0 No wakeup event
1 Wakeup event was generated
2 WTWU Status of wakeup source of watch timer event
0 No wakeup event
1 Wakeup event was generated
1 WDTWU Status of wakeup source of watchdog timer event
0 No wakeup event
1 Wakeup event was generated
0 LVRWU Status of wakeup source of LVR event

0 No wakeup event

1 Wakeup event was generated
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4.6.8 SCU_RSER: reset source enable register

A reset source to CPU can be selected by SCU_RSER register. When writing ‘1’ in the bit field of each
reset source, the reset source event will be transferred to reset generator. When writing ‘0’ in the bit
field of each reset source, the reset source event will be masked and not generate the reset event.

SCU_RSER=0x4000_0018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 121110 9 8|7 6 5 4 3 2 1 O
AAHAAEE
Reserved DZC:,%EL;u_%
|55z 2|
- 1(1]0]1(0]0 (1
RW | RW | RW [ RW | RW | RW | RW
6 PINRST External pin reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled
5 CPURST CPU request reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled
4 SWRST Software reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled
3 WDTRST Watchdog Timer reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled
2 MCKFRST MCLK Clock fail reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled
1 MOFRST HSE Clock fail reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled
0 LVRRST LVR reset enable bit
0 Reset from this event is masked
1 Reset from this event is enabled

NOTE:
1. PINRST, WDTRST, LVRRST are reset only by LVR reset and VPWRSW POR.
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4.6.9 SCU_RSSR: reset source status register

SCU_RSSR register shows reset source information when reset event is occurred. ‘1’ means reset
event was exist and ‘0’ means reset event is not exist for the corresponding reset source.

SCU_RSSR=0x4000_001C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 O
- =l Pl g

AL

Reserved eSS ICeILicd

oo |lQg|lwn = = S|4

- 1(0/0{0|0|0]0]|O

RW | RW [ RW | RW [ RW | RW | RW | RW

7 PORST Power on reset status bit
0 Read : Reset from this event was not exist
Write : no effect
1 Read : Reset from this event was occurred
Write : Clear the status
6 PINRST External pin reset status bit
0 Read : Reset from this event was not exist
Write : no effect
1 Read : Reset from this event was occurred
Write : Clear the status
5 CPURST CPU request reset status bit
0 Read : Reset from this event was not exist
Write : no effect
1 Read : Reset from this event was occurred
Write : Clear the status
4 SWRST Software reset status bit
0 Read : Reset from this event was not exist
Write : no effect
1 Read : Reset from this event was occurred
Write : Clear the status
3 WDTRST Watchdog Timer reset status bit
0 Read : Reset from this event was not exist
Write : no effect
1 Read : Reset from this event was occurred
Write : Clear the status
2 MCKFRST MCLK Clock fail reset status bit
0 Read : Reset from this event was not exist

Write : no effect

1 Read : Reset from this event was occurred
Write : Clear the status
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1 MOFRST HSE Clock fail reset status bit
0 Read : Reset from this event was not exist
Write : no effect
1 Read : Reset from this event was occurred
Write : Clear the status
0 LVRRST LVR reset status bit
0 Read : Reset from this event was not exist

Write : no effect

1 Read : Reset from this event was occurred
Write : Clear the status

NOTE: When reset source is founded, write ‘1’ into the corresponding bit to clear the reset status.

4.6.10 SCU_PRERH1: peripheral reset enable register 1

The reset of each peripheral by event reset, can be masked by user setting. SCU_PRER1/SCU_PRER2
register will control the enable of the event reset. If the corresponding bit is ‘1’, the peripheral

corresponded with this bit, accepts the reset event. Otherwise, the peripheral is protected from reset
event and maintain current operation.

SCU_PRER1=0x4000_0020

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
2 (3si3 B (8292 B x| B |o|u|<| B 3

sl 5 (BEE s |EEEEE 5851888 §las &
8 |z|z|z| & |=|z|zz|z| 8|5 & (5|53 & (Yo 8
14 FlF|F 14 FlF|F|IFIF| X 14 14 04

N
N
-
N

1
-
N
N
-
-
—_
N
—_

—_

—_

-

]

RW - RW | RW | RW - RW | RW [ RW [ RW | RW - RW - RW [ RW [ RW - RW | RW
31 WT WT reset mask
26 TIMER21 TIMER21 reset mask
25 TIMER20 TIMER20 reset mask
24 TIMER30 TIMER30 reset mask
20 TIMER40 TIMERA40 reset mask
19 TIMER13 TIMER13 reset mask
18 TIMER12 TIMER12 reset mask
17 TIMER11 TIMERL11 reset mask
16 TIMER10 TIMERZ10 reset mask
13 GPIOF GPIOF reset mask
10 GPIOC GPIOC reset mask
9 GPIOB GPIOB reset mask
8 GPIOA GPIOA reset mask
5 EBI EBI reset mask
4 DMA DMA reset mask
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4.6.11 SCU_PRERZ2: peripheral reset enable register 2
SCU_PRER?2 is a 32-bit register.

SCU_PRER2=0x4000_0024

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 1312110 9 8|7 6 5 4 3 2 1 0
B |8|Yl B 3 3 k3 2IE(=E2] B k3
olglolel2] & |%lolglo] & o 2 ElElEIEl 2 (51888 ¢
SI8x|8l% & (358 8 |3 & |3|35a 8 %(955] 8
14 |+ 14 14 14 [ D3| D] X o

1 0 1 - 111 1 1 - 111111 1111111 -
RW | - [RW RW RW{RW | - [RW - RW - RW | RW [ RW [ RW - RW | RW | RW | RW

31 CRC CRC reset mask

29 RTC RTC reset mask

27 TSENSE TSENSE reset mask

23 COMP COMP reset mask

22 DAC DAC reset mask

20 ADC ADC reset mask

16 UsB USB reset mask

11 USART13 USART13 reset mask

10 USART12 USART12 reset mask

9 USART11 USART11 reset mask

8 USART10 USART10 reset mask

5 12C1 I12C1 reset mask

4 12C0 12C0 reset mask

3 SPI21 SPI21 reset mask

2 SPI20 SPI20 reset mask
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4.6.12 SCU_PERT1: peripheral enable register1

Before using a peripheral unit, it must be activated by writing ‘1’ to a corresponding bit in SCU_PER1/
SCU_PER?2 register. Before the activation, the peripheral will stay in reset state.

All peripherals are enabled by default. To disable the peripheral unit, write ‘0’ to the corresponding bit
in the SCU_PER1/ SCU_PER2 register, and then the peripheral goes under reset state.

SCU_PER1=0x4000_0028

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
2 588 B Igi2iRizlel B u| B |olal<| B 3

s 5 (BEE s (BEEDE 5 ¢ 5888 5 a5l
8 |zz|z| & |=|z|z|z|z| 8|5 & 5|58 & (YD &
14 FlF|F 14 FlF|F|IF|F|] & 14 14 4

o
1
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
1

RW - RW | RW [ RW RW RW [ RW [ RW | RW | RW - RW - RW [ RW [ RW - RW | RW
31 WT WT function enable
26 TIMER21 TIMER21 function enable
25 TIMER20 TIMER20 function enable
24 TIMER30 TIMERSO function enable
20 TIMER40 TIMERA40 function enable
19 TIMER13 TIMERZ13 function enable
18 TIMER12 TIMER12 function enable
17 TIMER11 TIMER11 function enable
16 TIMER10 TIMERZ10 function enable
13 GPIOF GPIOF function enable
10 GPIOC GPIOC function enable
9 GPIOB GPIOB function enable
8 GPIOA GPIOA function enable
5 EBI EBI function enable
4 DMA DMA function enable
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4.6.13 SCU_PER2: peripheral enable register 2

Peripheral enable register 2 is a 32-bit register.

SCU_PER2=0x4000_002C

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
B |8yl B 3 3 3 [2[S|E|2l ® 3
olelofel2] & (39|21 = |m = clElElEl 2 |5/8lal& 2
o= 0| [} o <l olQ [0} n () <l <l <| < 3 Qx| g
Ol Xl 8w 3 ot < 3 > 3 olololagl 8 || =|olnl 8
¥ x|+ x 14 14 o DD DD X 14
0 1 0 0|0 0 - 0 0(0|0]0 0/0|0]0 -
RW| - [RW| - |RW - RW|RW| - [RW - RW - RWIRW|RWIRW| - |RW|RWRWRW| -
31 CRC CRC function enable
29 RTC RTC function enable
27 TSENSE TSENSE function enable
23 COMP COMP function enable
22 DAC DAC function enable
20 ADC ADC function enable
16 UsB USB function enable
11 USART13 USART13 function enable
10 USART12 USART12 function enable
9 USART11 USART11 function enable
8 USART10 USART10 function enable
5 12C1 I12C1 function enable
4 12C0 I12C0 function enable
3 SPI21 SPI21 function enable
2 SPI20 SPI20 function enable
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4.6.14 SCU_PCERH1: peripheral clock enable register 1

To use peripheral unit, its clock should be activated by writing ‘1’ to the corresponding bit in the
SCU_PCER1 register. Without enabling the clock, the peripheral won’t operate properly.

To stop the clock of the peripheral, write ‘0’ to the corresponding bit in the SCU_PCER1/ SCU_PCER2
register, then the clock will be stopped.

SCU_PCER1=0x4000_0030

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13 121110 9 8|7 6 5 4 3 2 1 0
2 558l B gi2ielzlel B |4l B olal<| B 3

sl & EEE 5 EEEEE sl¢ 5888 5 a5
8 |zz(z| & |=|z|z|z|z| 8|5 & |B|5|5] & V5] 8
14 FlF|F 14 FlF|F|F|IF| x 14 14 04

o
o
o
o
o
o
o
o
o
1
o
o
o
o
1
o
o
1

RW - RW | RW | RW - RW | RW [ RW [ RW | RW - RW - RW | RW | RW - RW | RW
31 WT WT clock enable
26 TIMER21 TIMER21 clock enable
25 TIMER20 TIMER20 clock enable
24 TIMER30 TIMERS3O clock enable
20 TIMER40 TIMERA40 clock enable
19 TIMER13 TIMERZ13 clock enable
18 TIMER12 TIMER12 clock enable
17 TIMER11 TIMER11 clock enable
16 TIMER10 TIMERZ10 clock enable
13 GPIOF GPIOF clock enable
10 GPIOC GPIOC clock enable
9 GPIOB GPIOB clock enable
8 GPIOA GPIOA clock enable
5 EBI EBI clock enable
4 DMA DMA clock enable
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To use peripheral unit, its clock should be activated by writing ‘1’ to the corresponding bit in the

SCU_PCER?2 register.

SCU_PCER2=0x4000_0034

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 121110 9 8|7 6 5 4 3 2 1 O
B |8yl B 3 3 3 (2[SEl] B 3
olelo|lel2| = [S|olg|g] = |a] = |ElE|EE = 5888 =
o= o [} o <l o| QO [0} n () < <|<| < o Qllala g
o138 X 8w 3 olP] 8| < 3 > 3 olo|lolol 8 |=|=|o|al 8
14 x|+ 14 o o o D DD xE 14
0 11-10 - 0(0|-1]0 - 0 - 0j10]|0]0 - 0(0|0]0 -
RW | - [RW RW . RW{RW| - [RW RW - RW [ RW [ RW | RW RW | RW | RW [ RW
31 CRC CRC clock enable
29 RTC RTC clock enable
27 TSENSE TSENSE clock enable
23 COMP COMP clock enable
22 DAC DAC clock enable
20 ADC ADC clock enable
16 UsB USB clock enable
11 USART13 USART13 clock enable
10 USART12 USART12 clock enable
9 USART11 USART11 clock enable
8 USART10 USART10 clock enable
5 12C1 I12C1 clock enable
4 12C0 I12C0 clock enable
3 SPI21 SPI21 clock enable
2 SPI20 SPI20 clock enable
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4.6.16 SCU_PPCLKSR: peripheral clock selection register

SCU_PPCLKSR register is a 32-bit register. This register is available at 32/16/8-bit access.

SCU_PPCLKSR=0x4000_0038

31 30 29 28 27 26 25 24|23

N
N
N
-_—
N
o
—
©
—
©
-_—
~
—
)

151413121110 9 8|7 6 56 4 3 2 1 0

3 x| 8| x|x|8|x|x 3 x| B x| ¢ | B X
& A1 IR=1R=) o M o o| E o
ha D
Q O NI N[ @O & Q 2] O El = Q
(14 Fle Fl-lel-F o o 14 (14 X |2

1
o
1
o
o
1
o
o
1
o
1
o
o
o
1
o

RW{ - [RW [RW RW | RW RW RW| RW RW
22 T1xCLK Timer 1x Clock Selection bit
0 SCU_MCCR1 Timerlx clock
1 PCLK clock
20 T20CLK Timer 20 Clock Selection bit
0 SCU_MCCR2 Timer20 clock
1 PCLK clock
19 T21CLK Timer 21 Clock Selection bit
0 SCU_MCCRS6 Timer21 clock
1 PCLK clock
17 T30CLK Timer 30 Clock Selection bit
0 SCU_MCCR2 Timer30 clock
1 PCLK clock
16 T40CLK Timer 40 Clock Selection bit
0 SCU_MCCRS6 Timer40 bit
1 PCLK clock
9 USBCLK USB Clock Selection bit
0 SCU_MCCRS5 USB clock
1 PCLK clock
5 RTCCLK RTC Clock Selection bit
0 LSI40K clock
1 SCU_MCCRS5 RTC clock
4 WTCLK Watch Timer Clock Selection bit
3 00 SCU_MCCR3 WT clock
01 LSE clock
10 WDTRC clock
11 LSI40K clock
NOTE: These bits should be changed during the WTEN bit of watch timer
control register (WTCR) is “0b”.
0 WDTCLK Watch-dog Timer Clock Selection bit
0 LSI40K clock
1 SCU_MCCR3 WDT clock
NOTE:

1. RTCCLK and WDTCLK can be reset only by LVR reset and VPWRSW POR.
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4.6.17 SCU_CSCR: clock source control register

A31G32x series have multiple clock sources to generate internal operating clocks. Each clock source
can be controlled by SCU_CSCR register.

SCU_CSCR=0x4000_0040

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0
WTIDKY LSECON LSICON HSICON HSECON
0x0000 0000 1000 0000 0000
Wo RW RW RW RW
31 WTIDKY Write Identification Key
16 On writes, write 0xA507 to these bits, otherwise the write is ignored.
15 LSECON External crystal sub oscillator control
12 O0XXX  Disable external sub crystal oscillator
1000 Enable external sub crystal oscillator
1001 Enable external sub crystal oscillator divide by 2
1010 Enable external sub crystal oscillator divide by 4
1100 Enable external sub crystal oscillator in Power Down mode
1101  Enable external sub crystal oscillator divide by 2
in Power Down mode
1110 Enable external sub crystal oscillator divide by 4
in Power Down mode
Other  Reserved
11 LSICON Low speed internal oscillator control
8 0XXX  Disable low speed internal oscillator
1000  Enable low speed internal oscillator
1001  Enable low speed internal oscillator divide by 2
1010  Enable low speed internal oscillator divide by 4
Other  Reserved
7 HSICON High speed internal oscillator control
4 0XXX  Disable high speed internal oscillator
1000 Enable high speed internal oscillator
1001  Enable high speed internal oscillator divide by 2
1010  Enable high speed internal oscillator divide by 4
1011  Enable high speed internal oscillator divide by 8
1100  Enable high speed internal oscillator divide by 16
1101  Enable high speed internal oscillator divide by 32
1111 Reserved
3 HSECON External crystal main oscillator control
0 OXXX  Disable external main crystal oscillator
1000 Enable external main crystal oscillator
1001 Enable external main crystal oscillator divide by 2
1010 Enable external main crystal oscillator divide by 4
Other  Reserved
NOTES:

1. SCU_CSCR[15:12] are reset only by LVR reset and VPWRSW POR.
2. Touse LSE in Power down Mode, Select 1100b’ in SCU_CSCR[15:12].
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4.6.18 SCU_SCCR: system clock control register

Selected system clock source in SCU_SCCR becomes MCLK. Before changing clock, clock sources
have to be alive by SCU_CSCR register.

SCU_SCCR=0x4000_0044

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 121110 9 8|7 6 5 4 3 2 1 O
I
X L
- ]
WTIDKY Reserved % X
= (@]
| =
o
0x0000 - 0| 00
Wo RW| RW
31 WTIDKY Write Identification Key
16
On writes, write Ox570A to these bits, otherwise the write is
ignored.
2 PLLINCLKSEL PLL input source select register

0 HSI clock is used as PLLINCLK clock
1 HSE clock is used as PLLINCLK clock
1 MCLKSEL System clock select register
0 00 Internal ring oscillator(750kHz)
01  LSE XTAL (32kHz)
10 PLL bypassed clock
11 PLL output clock

NOTE:

1.  When change MCLKSEL, both clock sources should be alive. Ex) Both of HSI and HSE
should be alive, otherwise the chip will malfunction.

4.6.19 SCU_CMR: clock monitoring register

Clock can be monitored by LSI for security purpose.

SCU_CMR=0x4000_0048

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 14 131211 10 9 8|7 6 &5 4 3 2 1 O
O — o = 20| |l o»

o A AT

Reserved X IReserved| Z |4 |15 | | & 3% %@ 6w w

%)

g a1-14|4 Q1=2/2|8 2ITI2|2

- 0 - o(ojojo0|1jo0j0(1(0j0j0]|O0

RW RW | RW | RC|RO|RW|RW|RC|RO|RW|RW|RC|RO
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15 MCLKREC MCLK fail auto recovery
0 MCLK is changed to LSI by default when MCLKFAIL issued
1 MCLK auto recovery is disabled
11 LSEMNT External sub oscillator monitoring enable
0 External sub oscillator monitoring disabled
1 External sub oscillator monitoring enabled
10 LSEIE External sub oscillator fail interrupt enable
0 External sub oscillator fail interrupt disabled
1 External sub oscillator fail interrupt enabled
9 LSEFAIL External sub oscillator fail interrupt
0 External sub oscillator fail interrupt not occurred
1 Read : External sub oscillator fail interrupt is pending
Write : Clear pending interrupt
8 LSESTS External sub oscillator status
0 Not oscillate
1 External sub oscillator is working normally
7 MCLKMNT MCLK monitoring enable
0 MCLK monitoring disabled
1 MCLK monitoring enabled
6 MCLKIE MCLK fail interrupt enable
0 MCLK fail interrupt disabled
1 MCLK fail interrupt enabled
5 MCLKFAIL MCLK fail interrupt
0 MCLK fail interrupt not occurred
1 Read : MCLK fail interrupt is pending
Write : Clear pending interrupt
4 MCLKSTS MCLK clock status
0 No clock is present on MCLK
1 Clock is present on MCLK
3 HSEMNT External main oscillator monitoring enable
0 External main oscillator monitoring disabled
1 External main oscillator monitoring enabled
2 HSEIE External main oscillator fail interrupt enable
0 External main oscillator fail interrupt disabled
1 External main oscillator fail interrupt enabled
1 HSEFAIL External main oscillator fail interrupt
0 External main oscillator fail interrupt not occurred
1 Read : External main oscillator fail interrupt is pending
Write : Clear pending interrupt
0 HSESTS External main oscillator status

0 Not oscillate

1 External main oscillator is working normally
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4.6.20 SCU_NMIR: NMI control register

SCU_NMIR is a non-maskable interrupt configuration register which can be set by software. There are
three types of interrupt sources from WDT and SCU.

It will jump to NMI handler if a selected NMI event occurred and it must check event status. For clearing
occurred status, it should clear the interrupt flags of that peripheral occurred.

Write access key is required 0xA32C on SCU_NMIR[31:16] when write register.

SCU_NMIR=0x4000_004C

31 30 29 28 27 26 25 24|23 22 21 2019 18 17 16|1514 131211 10 9 8|7 6 5 4 3 2 1 O
|2 z
5|3 AP

ACCESSCODE Reserved Zz| |2 Reserved é ; 4
NEIE 0|33
=|2 2|8

- - 0|00 - 0(0|0
Wo RO | RO | RO . RW | RW | RW
31 ACCESSCODE This field enables writing access to this register.
16 Writing OxA32C is to enable writing.
10 WDTINTSTS WDT Interrupt condition status bit
This bit can’t invoke NMI interrupt without enable bit
0 Not occurred
1 Event occurred
9 MCLKFAILSTS MCLK Fail condition status bit
This bit can’t invoke NMI interrupt without enable bit
0 Not occurred
1 Event occurred
8 LVRSTS LVR condition status bit
This bit can’t invoke NMI interrupt without enable bit
0 Not occurred
1 Event occurred
2 WDTINTEN WDT Interrupt condition enable for NMI interrupt
0 Disable
1 Enable
1 MCLKFAILEN MCLK Fail condition enable for NMI interrupt
0 Disable
1 Enable
0 LVREN LVR Fail condition enable for NMI interrupt
0 Disable
1 Enable
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4.6.21 SCU_COR: clock output register

A31G32x series can drive a clock from internal MCLK clock with a dedicated post divider. To use CLKO

output function, it should be set as CLKO that has output mode in PFO Pin Mux. SCU_COR register is
an 8-bit register.

SCU_COR=0x4000_0050

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O
z
|
Reserved 2| cLkobIv
&
- 0 1111
RW RW
4 CLKOEN Clock output enable
0 CLKO is disabled and stay “L” output
1 CLKO Is enabled
3 CLKODIV Clock output divider value
0
CLKO=MCLK  (CLKODIV = 0)
MCLK
CLKO=——————  (CLKODIV > 0)

2+ (CLKODIV + 1)
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4.6.22 SCU_PLLCON: PLL control register

Integrated PLL will synthesize high speed clock for extremely high performance of CPU. The PLL is
controlled by setting the register. PLL Control Register is 32-bit register.

SCU_PLLCON=0x4000_0060

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|11514 13121110 9 8|7 6 5 4 3 2 1 O
S P8 B
S Reserved AETE: 5 | PREDIV POSTRIV POSTDIV2 | OUTDIV
o E| %l &
0 - 0|00 - 000 00000000 0000 0000
RO RW | RW | RW RW RW RW RW
31 PLLLOCK PLLLOCK status
0 PLL is not locked
1 PLL is locked
23 PLLRSTB PLL reset
0 PLL reset is asserted
1 PLL reset is negated
22 PLLEN PLL enable
0 PLL is disabled
1 PLL is enabled
21 BYPASSB PLLINCLK bypass
0 FOUT is bypassed as PLLINCLK
1 FOUT is PLL output
18 PREDIV PLLINCLK predivider (R)

16 0~7 PLLINCLK divided by (PREDIV + 1), (PLLINCLK/1 to

PLLINCLK/8)
15 POSTDIV1 Feedback control 1 (N1)

8 0x00  N1=0(NL1+1)
OXFF N1 =255 (N1+1)
7 POSTDIV2 Feedback control 2 (N2)
4 0x0 N2 =0 (N2 + 1)
OXF N2 =15 (N2 + 1)
3 OuUTDIV Output divider control (P)
0 0x0 P =0 (P+1)
OXF P =15 (P+1)
NOTES:

Bit 20 of PLLCON must be kept at 0.
When PLLEN is set to '1', PLLRSTB is set to '1' and PLL Divider count after at least 1us.
Wait more than 190us for PLL Lock Time, then check the PLL Lock flag(Bit 31).
At power down(Stop/Standby) mode, set PLLRSTB to ‘0’, PLLEN to ‘0’
Bits of OUTDIV is not recommended to set to ‘1.
Output calculation formula is as followings:
PLLINCLK x (N; + 1)

F =

OUT = R+ 1) x (N, + 1) x (P+1)
R Pre Divider Counter Value
N; Post Dividerl Counter Value
N, Post Divider2 Counter Value
P Qutput Divider Counter Value

\BO\ 85

SEMICONDUCTOR



4. System control unit A31G32x User’s manual

Calculating PLL output frequency value

PLL of A31G32x series can accurately set the output frequency, Four, in 1MHz increments. The formula
for the Fin input to the Fvco input of the PLL is as follows, and the input range of the Fin frequency is
between 1MHz and 3MHz. However, it is recommended to set the input frequency (FIN) to 2MHz as
much as possible.

PLLINCLK

= R®RiD Where 1MHz < FIN < 3MHz (Recommanded FIN = 2MHz)

At this time, the range of Fvco output frequency should be set to 288MHz or less, and the calculation
formula is as follows.

Fyco = FIN x (N; + 1), VCO < 288MHz

As a result, the final frequency of PLL, Fourt, can be obtained from the formula below using the formula
above.

b PLLNCLKx(N;+1) _ FINX(N +1)
T 7 R+ XN, + 1) x(P+1)  (N,+Dx(P+1)
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4.6.23 SCU_VDCCON: VDC control register

On chip VDC control register. VDCTRIM is used for the trim value of VDC output. VDCWDLY value can
be written with writing ‘1’ to VDCWDLY_WEN bit simultaneously.

SCU_VDCCON=0x4000_0064

31302928 27 26 25 24|23 22 21 20 19 18 17 16{151413 121110 9 8|7 6 5 4 3 2 1 0
()] P4
< Clo|m|x & > ]
o D929 o o| @ O Q=2 >
— a =l O — o) [ o) o | -
E w|>|2 = (7)) [ [a)
2 al ml| T = < I c o' >
| o ) Q| 10 [ o= =
© |33 0 @ - 2 ol e &)
3 3198318 o x| Q X als a
s |glglgle] 8 |8 >|8 >
> > S > S
0000 0|{1/0]0 0000 -10 - 00 Ox7F
Wo RW [ RW | RW | RW Wo RW RW | WO RW
31 VDC33 WTIDKY VDC33 Write Identification Key
28 On writes, write OXA to these bits, otherwise the write is ignored.
27 VDC33_PDBGR VDC33 BGR Power Down Signal
0 BGR Alive
1 BGR Power Down
26 VDC33_STOP VDC33 STOP Mode Enable Signal
0 RUN mode
1 STOP mode
25 VDC33_BYPASS VDC33 Bypass Mode Enable Signal
0 5V Bypass Enable
1 Disable
24 VDC33_LOCK VDC Control signal for *BGR stabilization
0 Select BMR when BGR off
1 Select BGR after stabilization time when BGR is on
23 VDC15 WTIDKY VDC15 Write Identification Key
20 On writes, write 0x5 to these bits, otherwise the write is ignored.
18 VDC15_STBY Power down mode selection signal when CPU enters deepsleep
mode
0 Stop Mode
1 Standby Mode
9 VDC33_PD VDC33 Power Down Signal
0 VDC33 is not Power Down Mode
1 VDC33 is Power Down Mode
8 VDCWDLY_WEN VDCWDLY value write enable. VDCWDLY value can be written with
writing ‘1’ to VDCWDLY_WEN bit simultaneously.
7 VDCWDLY VDC warm-up delay count value.
0 When SCU is waked up from power down mode, the warm-up delay

is inserted for VDC output being stabilized.
The amount of delay can be defined with this register value 7F :
4msec

NOTE: Reserved bits should never be modified.
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User’s manual

— VDC33_PDBGR | VDC33_STOP VDC33_BYPSB | VDC33_LOCK VDC33_PD | Output
RUN 0 0 1 1 0 3.3V
STOP 1 1 1 0 0 3.3v
BYPASS 1 X 0 0 0 VDD
PD 1 1 X 1 Floating
NOTES:
1.  In power down mode, VDC33 must be configured in STOP or BYPASS mode to reduce current consumption.
2. When supplying external power 3.3V to USB, VDC33 must be configured in PD mode.
3. When VDC33 BGR is used as a single ended receiver hysteresis reference voltage in VDC33 PD mode, PDBGR
should be set to 1.
4.6.24 SCU_PDRCON: PDR control register

SCU_VDCCON=0x4000_0064

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121 10 9 8|7 6 5 4 3 2 1 0
PDRCON E
Reserved WTIDKY % Reserved
o
- 0x0 0 -
Wo RW

88

PDRCON WTIDKY

PDRCON Write Identification Key
On writes, write OxA to these bits, otherwise the write is ignored.

PDREN

PDR Enable
0 PDR Disable
1 PDR Enable

NOTE:
1.

When using the backup power mode, disable LVR (SCU_LVRCR, SCU_LVRCNFIG) and
LVR reset (SCU_RSER).
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4.6.25 SCU_LSICON: Low speed internal OSC control register

SCU_LSICON=0x4000_006C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16/1514 1312110 9 8|7 6 5 4 3 2 1 O
o
Qla
Reserved X
Z | v
T
- 0|1
RW | RW
1 EN_LDO Internal LDO On/Off
0 Disable
1 Enable
0 SKIP_LS Internal Level Shifter control signal
0 Enable
1 Disable

4.6.26 SCU_EOSCR: External oscillator control register

External main crystal oscillator has two characteristics. For the noise immunity, NMOS amp type is

recommended and for the low power characteristic, INV amp type is recommended. SCU_EOSCR
register is a 16-bit register.

SCU_EOSCR=0x4000_0080

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 O
o o o o
o
zl2 o S 15z|18 o | &2
Reserved nlel 2 [0} wls|lol B Q |oln
wlel » 7] %] ol 9 O ol O
g w| & |ung z |82
- - 01 00 01 01 -10
RW RW| W RW RW RW
15 ESEN Write enable for External LSE
0 Write access disabled
1 Write access enabled
13 ESISEL Select current for External LSE
12 00  High
01 Mid-High (default)
10 Mid-Low
11 Low
8 ESSMT Select Schmitt trigger

0 Schmitt trigger bypass

1 Schmitt trigger turn on
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7 EMEN Write enable for External HSE
0 Write access disabled
1 Write access enabled
5 ISE Select current for External HSE
4 00  High
01 Mid-High (default)
10 Mid-Low
11 Low
3 NCOPT Noise Cancel delay Option for External HSE
2 00 25ns (12MHz < HSE < 16MHz)
01 20ns (8MHz < HSE < 12MHz)
10 15ns (4MHz < HSE < 8MHz)
11 10ns (2MHz < HSE < 4MHz)
0 NCSKIP Noise Cancel SKIP enable for External HSE

0 Disable
1 Enable (Noise Cancel skipped)

4.6.27 SCU_EMODR: External mode status register

SCU_EMODR register shows external mode pin status while booting. This register is an 8-bit register.

SCU_EMODR=0x4000_0084

3130 29 28 27 26 25 24|23 22 21 20 19 18 17 16|11514 13121110 9 8|7 6 5 4 3 2 1 O

Reserved

BOOT

0 BOOT

BOOT pin level
0 BOOT pin is low
1 BOOT pin is high
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4.6.28 SCU_RSTDBCR: pin reset debounce control register

4. System control unit

SCU_ RSTDBCR=0x4000_0088

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

\BO\
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151413121110 9 8|7 6 5 4 3 2 1 O
o)
°
WTIDKY o CLKCNT Reserved Z
Q
o
0x0000 - 0x00 - 0
Wo RW RW
31 WTIDKY Write Identification Key
16 On writes, write 0x0514 to these bits, otherwise the write is
ignored.
13 CLKCNT Noise Cancel delay Option for LS| 750kHz
8 N N clock checking for debounce by LSI (750kHz)
0 EN Pin reset debounce enable bit
0 Disable
1 Enable
NOTE:

source.

If a user wants to operate pin
reset debounce, the user must enable LSI (750kHz). Because pin reset debounce uses LSl for clock

The port debounce should be disabled before Power Down mode.
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4.6.29 SCU_MCCR1: Miscellaneous clock control register 1

A31G32x series can drive a clock from internal MCLK clock with dedicated post divider. STCSEL bits
and STCDIV bits of MCCR1 are used as SYSTICK external clock source. TEXT1CSEL bits and
TEXT1DIV bits of SCU_MCCR1 are used as TIMER1n external clock source. Register SCU_MCCR1

is a 32-bit register.

SCU_MCCR1=0x4000_0090

313029 28 27 26 25 24

23 22 212019 18 17 16

151413121110 9 8|7 6 56 4 3 2 1 O

Reserved TEXT1CSEL TEXT1DIV Reserved STCSEL SYSTICKDIV
- 0x0 0x00 - 0x0 0x00
RW RW RW RW
26 TEXT1CSEL TIMER1n EXT Clock source select bit
24 0xx LSI 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
23 TEXT1DIV TIMER1n EXT Clock N divider
16 8'h0 disabled
8'hN (selected clock ) / N
To change the value, set 0xO0 first without changing TEXT1CSEL
10 STCSEL SYSTIC Clock source select bit
8 0xx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
7 STDIV SYSTICK Clock N divider
0 8'ho disabled
8'hN ( selected clock ) /' N

To change the value, set 0xO0 first without changing STCSEL.
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4.6.30 SCU_MCCR2: Miscellaneous clock control register 2

A31G32x series can drive a clock from internal MCLK clock with a dedicated post divider. TEXT2CSEL
bits and TEXT2DIV bits of MCCR2 are used as a TIMER20 external clock source. TEXT3CSEL bits
and TEXT3DIV bits of SCU_MCCR2 are used as a TIMER30 external clock source. Register
SCU_MCCR?2 is a 32-bit register.

SCU_MCCR2=0x4000_0094

3130292827 26 25 24

232221201918 17 16{1514131211 10 9 8|7 6 56 4 3 2 1 0

Reserved |[TEXT3CSEL TEXT3DIV Reserved [TEXT20CSEL TEXT20DIV
- 0x0 0x00 - 0x0 0x00
RW RW RW RW
26 TEXT3CSEL TIMER 30 EXT Clock source select bit
24 0xx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
23 TEXT3DIV TIMER 30 EXT Clock N divider
16 8'ho disabled
8'hN ('selected clock ) / N
To change the value, set 0x0 first without changing TEXT3DIV
10 TEXT20CSEL TIMER 20 EXT Clock source select bit
8 0xx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
7 TEXT20DIV TIMER 20 EXT Clock N divider
0 8ho disabled
8'hN ( selected clock ) /' N

To change the value, set 0xO first without changing TEXT20CSEL.
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4.6.31 SCU_MCCRS3: Miscellaneous clock control register 3

A31G32x series can drive a clock from an internal MCLK clock with a dedicated post divider. WDTCSEL
bits and WDTDIV bits of a MCCRS3 are used as WDT external clock source. WTEXTCSEL bits and
WTEXTCDIV bits of SCU_MCCRS3 are used as a WT external clock source. This register is a 32-bit

register.

SCU_MCCR3=0x4000_0098

3130292827 26 25 24|23 222120191817 16|15141312 11 10 9 8|7 6 5 4 3 2 1 0
N
I
Reserved WTEXTCSEL| WTEXTCDIV Reserved | Q WDTCSEL WDTDIV
A
0x0 0x00 0 0x0 0x00
RW RW RW RW RW
26 WTEXTCSEL WT External Clock source select bit
24 0xx LS| 750kHz
011 LSE (32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
23 WTEXTCDIV WT External Clock N divider
16 8ho disabled
8'hN ( selected clock ) / N
To change the value, set 0xO0 first without changing WTEXTCSEL
11 LSI140kHz LSI40kHz Enable
0 Disable
1 Enable
10 WDTCSEL WDT Clock source select bit
8 Oxx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
7 WDTDIV WDT Clock N divider
0 8'h0 disabled
8'hN (selected clock )/ N

To change the value, set 0xO first without changing WDTCSEL.
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4.6.32 SCU_MCCR4: Miscellaneous clock control register 4

4. System control unit

A31G32x series can drive a clock from an internal MCLK clock with a dedicated post divider. PDOCSEL
bits and PDODIV bits of SCU_MCCR4 are used as PA, PB, PC, PF Debounce Clock source. This

register is a 32-bit register.

SCU_MCCR4=0x4000_009C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8

76543210

Reserved PDOCSEL| PDODIV
- 0x0 0x00
RW RW
10 PDOCSEL Debounce Clock for PORT source select bit (PA,PB,PC,PF)
8 Oxx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
7 PDODIV PORT Debounce Clock N divider (PA,PB,PC,PF)
0 8'ho disabled
8'hN (selected clock ) / N

To change the value, set 0xO0 first without changing PDOCSEL.
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SCU_MCCRS5: Miscellaneous clock control register 5

A31G32x series can drive a clock from an internal MCLK clock with a dedicated post divider. PDOCSEL
bits and PDODIV bits of MCCRS5 are used as PA, PB, PC Debounce Clock source. USBCSEL bits and
USBCDIV bits of MCCRS are used as a USB Clock source. This register is a 32-bit register.

SCU_MCCR5=0x4000_00A0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16({1514 1312110 9 8|7 6 5 4 3 2 1 O
—
zlom | o
1 U o I = 1
w | B e B |
2 o 5 IS I 0
Reserved O Reserved El O T} fQ Q RTCDIV
a Sl E 2|5 B
=) n| I 1 e
3219
@
- 0x0 - 0x0 | 0x0 0x0 0x00
RW RW| RW RW | RW RW RW
26 USBCSEL USB Clock source select bit
24 0xx Reserved
100 MCLK ( bus clock )
101 HSI 48MHz
110 Reserved
111 PLL Clock
16 USBEXTCLKEN USB External clock enable
0 Disable
1 Enable
To change the value, set 0xO0 first without changing USBCSEL
15 TSREFCLK_SEL Temp Sensor Reference clock select bit
14 Note) When reference clock is sub-osc, reference and sense clock
are changed to each other.
00 HSI_| (Output clock set by CSCR from HSI)
01 MCLK
10 HSE
11 LSE
13 TSSENSECLK_SEL Temp Sensor Sense clock select bit
12 00 LSITS
01 LSI750kHz
10 LSI40kHz
11 HSI_I (Output clock set by CSCR from HSI)
11 LSITS_EN LSITS Enable
0 Disable
1 Enable
10 RTCCSEL RTC Clock source select bit
8 0xx LS| 750kHz
011 LSE (32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
96 \BO\

SEMICONDUCTOR



A31G32x User’s manual

4. System control unit

7

RTCDIV

RTC Clock N divider

8’ho disabled
8’hN (selected clock ) / N

4.6.34 SCU_MCCR®6: Miscellaneous clock control register 6

A31G32x series can drive a clock from an internal MCLK clock with a dedicated post divider.
TEXT21CSEL bits and TEXT21DIV bits of MCCR6 are used as a TIMER21 external clock source.
TEXT4CSEL bits and TEXT4DIV bits of SCU_MCCR®6 are used as a TIMER40 external clock source.
This register is a 32-bit register.

SCU_MCCR2=0x4000_00A4

3130292827 26 25 24|23222120191817 16|1514131211 10 9 8|7 6 5 4 3 2 1 0
Reserved [TEXT21CSEL TEXT21DIV Reserved [TEXT40CSEL TEXT40DIV
- 0x0 0x00 - 0x0 0x00
RW RW RW RW
26 TEXT21CSEL TIMER 21 EXT Clock source select bit
24 0xx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
23 TEXT21DIV TIMER 21 EXT Clock N divider
16 8'ho disabled
8'hN ('selected clock ) / N
To change the value, set 0xO0 first without changing TEXT2DIV
10 TEXT4CSEL TIMER 40 EXT Clock source select bit
8 0xx LS| 750kHz
011 LSE(32kHz)
100 MCLK ( bus clock )
101 HSI 48MHz
110 HSE
111 PLL Clock
7 TEXT4DIV TIMER 40 EXT Clock N divider
0 8h0 disabled
8'hN ( selected clock ) /' N

To change the value, set 0xO0 first without changing TEXT40CSEL
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4.6.35 SCULV_LVICR: Low voltage indicator control register

SCULV_LVICR is a 32-bit register, and available at 32/16/8-bit access.

SCULV_LVICR=0x4000_5100

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16({151413 121110 9 8|7 6 5 4 3 2 1 0
A EE
Reserved S| 8|z|lz| LVIVS
“le|(3|3
0|-(0]0 0000
RW RW | RW RW
7 LVIEN LVI Enable bit.
0 Disable low voltage indicator.
1 Enable low voltage indicator.
5 LVINTEN LVI Interrupt Enable bit.
0 Disable low voltage indicator interrupt.
1 Enable low voltage indicator interrupt.
4 LVIFLAG LVI Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
3 LVIVS LVI Voltage Selection bits.
0 0000 1.63V
0001 1.72v
0010 1.82v
0011 1.94v
0100 2.03v
0101 2.16V
0110 2.35V
0111 2.52Vv
1000 2.72V
1001 3.10V
1010 3.24V
1011 3.66V
1100 3.79V
1101 4.11V
1110 4.28V
1111 4.57V
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1.63V__ o
1.72v :\
1.82V ;
1.94V LVINTEN
Reference M LVl
vbb [ }—{ Voltage U —» LVI Circuit »  LVIFLAG interrupt
A
X
Generator 3.66V ; T
379V
411V 3 LVIEN
428V 3
457V 3 /
4?
LVIVS[3:0]

Figure 29. LVI Block Diagram

4.6.36 SCULV_LVRCR: Low voltage reset control register

SCULV_LVRCR is a 32-bit register, and available at 32/16/8-bit access.

SCULV_LVRCR=0x4000_5104

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 &5 4 3 2 1 0

Reserved LVREN

- 0x00
RW

7 LVREN LVR Enable bits. These bits are cleared to 0x00 by only POR and retained
0 by other reset signals.

0x55 Disable low voltage reset.
Others Enable low voltage reset.

1.63V
1.72V
1.82V
1.94V
2.03V
2.16V
2.35V
VDD D— Reference 2.52V

Voltage 2.72V
Generator 3.10V
3.24V
3.66V
3.79V
411V
4.28V
457V

Of RSTSSR Register

»| LVR Circuit

LVR Reset

I VVVVVVVVVVVVYYVYVYY
X CZ

LVREN of LVRCR Register
LVRENM of Configuration

¢

LVRVS[3:0] of Configuration

Figure 30. LVR Block Diagram
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4.6.37 SCULV_LVRCNFIG: Configuration for low voltage reset

Low voltage indicator control register is a 32-bit register, and available at 32/16/8-bit access.

SCULV_LVRCNFIG =0x4000_5108

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

1514131211 10 9 8

76 543 210

WTIDKY LVRENM Reserved LVRVS
0x0000 0x00 - OxF
Wo RW RW
31 WTIDKY Write Identification Key
24 On writes, write 0x72A5 to these bits, otherwise the write is ignored.
15 LVRENM LVR Reset Operation Control Master Configuration
8 OxAA LVR operation is decided by the LVREN of LVRCR register
Others Master enable LVR operation
3 LVRVS LVR Voltage Selection bits.
0 1111 1.63V
1110 1.72V
1101 1.82Vv
1100 1.94v
1011 2.03Vv
1010 2.16V
1001 2.35v
1000 2.52v
0111 2.72V
0110 3.10v
0101 3.24v
0100 3.66V
0011 3.79v
0010 4,11V
0001 4.28V
0000 4.57V
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5. PCU and GPIO

Port Control Unit (PCU) configures and controls external I/Os as listed in the followings:
e External signal directions of each pins
e Interrupt trigger mode for each pins
* Internal pull-up/down register control and open drain control

General Purpose Input/Output (GPIO) is corresponding to the most pins except dedicated-function pins.
GPIO ports are controlled by GPIO block as listed in the followings:

e Output signal level (H/L) select
e  External interrupt interface
e Pull up/down enable or disable
Four pins in Table 24 are assigned for PCU and GPIO blocks.

Table 24. PCU and GPIO pins

Pin name Type Description
PA 10 PAO to PA15
PB 10 PBO to PB15
PC 10 PCO to PC15
PF 10 PFO to PF2

5.1 PCU and GPIO Block diagram

Figure 31 describes PCU in block diagram.

> PORT
APB BUS - CONTROL
\ 4
> FUNCTION PA / PB
«—> «—> PORTSs
Function 1/0s > MUX PC / PF
> INTERRUPT P
NVIC —————————— CONTROL

Figure 31. PCU Block Diagram
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Figure 32 and Figure 33 describes GPIO in block diagram, and Figure 34 introduces external interrupt

I/O pins.
PEL —> D
y
DOUT[31:0] <& > Pn.OUTDR
PCU < > PINs
DIN[31:0] <€ Pn.INDR <

Figure 32. GPIO Block Diagram(Except PC13, PC14, PC15)

OUTPUT .
(RTCPFCR) >
PC13
PCi14
PC15
INPUT _
(PCU) =

Figure 33. PC13, PC14, PC15 Block Diagram

Open-drain gg ::-&ng p.ch
Enable VDD

| Output Data P-ch

{] vo Pin

Output Enable
Alternative
Function Pull-down
Control Conval [ 1L Neh

Digital Input <€—— Debounce

Control

Analog Input <€ %‘

Zﬂ

Figure 34. 1/0 Port Block Diagram (External Interrupt I/O Pins)
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5.2 Pin multiplexing
GPIO pins have alternative function pins. Table 25 shows pin multiplexing information.

Table 25. GPIO Alternative Function

Pin Alternative function
name
AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10
PAO USART13 USART13 CPO_OU EC20 RTC_TA ANO
_TXD _MOSI T MP2 CPO_N2
PA1 USART13 USART13 USART11 EC13 T13CAP T130UT T20CAP T200UT AN1
_RXD _MISO _Ss CPO_PO
PA2 USART11 USART11 CP1_OU EC10 T10CAP T100UT T20CAP T200UT AN2
_TXD _MosI T CP1_N2
PA3 USART11 USART11 EC10 T10CAP T100UT T20CAP T200UT AN3
_RXD _MISO CP1_P0
PA4 SPI20_S USART11 AN4
s -SCK CPO_NO
CP1_NO
DAC_OU
T
PA5 SPI20_S EC20 AN5
CK CPO_N1
CP1_N1
DAC_OU
T2
PA6 SPI20_MI CP0O_OU BLNK30 EC11 T11CAP T110UT T40CAP_ T400UT RD ANG6
SO T CH1
PA7 SPI20_M CP1_0OU PWM30A EC12 T12CAP T120UT T40CAP_ | T400UT A19 AN7
(o] T B CH2
PA8 USART10 PWM30A ADO7
_SCK A
PA9 USART10 USART10 PWM30B ADO06
_TXD _MoOSI A
PA10 USART10 | USART10 PWM30C EC21 ADO5
_RXD _MISO A
PA11 CPO_OU ADO4 USBDM
T
PA12 CP1_OU USART10 EC30 T30CAP ADO3 USBDP
T _ss
PA13 SWDIO
PA14 USART11 SWCLK USART11
_TXD _MOSI
PA15 USART11 USART13 | USART11 SPI20_S EC21 ALE
_RXD _ss _MISO s
USART12 PWM30B T40CAP_
PBO SCK B T21CAP T210UT CH3 T400UT A16 AN8
PB1 USSQRT12 SWMSOC EC13 T13CAP T130UT AD15 AN9
PB2 EC13 T13CAP T130UT AD14
PB3 (S:EIZO_S T20CAP T200UT ADO02
SPI120_MI T40CAP_
PB4 S0 CH1 T400UT ADO1
SPI20_M T40CAP_
PB5 osl T21CAP T210UT CH2 T400UT ADO0
USART10 USART10 12C0_SC T40CAP_
PB6 _TXD _MoSI L EC11 T11CAP T110UT CH3 T400UT LWR
USART10 USART10 12C0_SD
PB7 "RXD “MISO A EC12 T12CAP T120UT CSo
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Table 25. GPIO Alternative Function (continued)

Pin Alternative function
name | Ao AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10
PB8 :_ZCO—SC EC11 T11CAP T110UT
PBY ':CO—SD gpm_s EC12 T12CAP | T120UT
USART12 | USART12 | 12C1_SC | SPI21_S
PBIO | “rip “MOSI . oK T20CAP T200UT AD13
USART12 | USART12 | 12C1_SD
PBIT | “o%p MISO A T20CAP T200UT AD12
PB12 gpm_s USSCAETQ BLNK30 EC13 T13CAP T130UT AD11
SPI21_S 12C1_SC | PWM30A
PB13 | ox . B AD10
SPI21_MI | USART12 | 12C1_SD | PWM30B
PB14 | oo “ss a B EC10 T10CAP T100UT AD09
PB15 ng"lm—M SWM?’OC EC10 T10CAP TI00UT | T21CAP | T210UT | ADO8
AN10
PCO LWR
CPO_P1
ANT1
PC1 ADOO
CP1_P1
SPI21_MI
PC2 S0 ADO1 AN12
PC3 gZ'fLM EC13 T13CAP T130UT ADO2 AN13
USART12 | USART12
PC4 XD MOSI EC40 A18 AN14
USART12 | USART12
PC5 "RXD MISO T21CAP T210UT A17 AN15
PC6 T21CAP T210UT g‘_ﬂCAP— T400UT | NWAIT
T40CAP_
pC7 OHo T400UT | UDS
T40CAP_
PC8 o3 TA00UT | UWR
PC9Y EC40 cs3
USART13 | USART13 | USART12 | USART12
PC10 1 “rxp _MoSI _TXD _MoOSI LDS
USART13 | USART13 | USART12 | USART12
PC11 | "rxp “MISO “RXD “MISO EC21 RD
USART13 USART12
PC12 “SCK “SCK cs2
RTC_TA
PC13 MP1
PC14 SXIN
PC15 SXouT
PFO CLKO XIN
PF1 XOUT
PF2 Ug‘QR”z T21CAP T210UT | EC40 cst
NOTES:

1.  On connection with debugger host, SWCLK and SWDIO pins are always for SW-DP pins.
So, the corresponding bits of PB_MOD/PB_TYP/PB_AFSR1/PB_PUPD registers may not be written by software.

2. RTCOUT must be set in PC13MODE in the RTCPFCR register.
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5.3

Registers

Base address of PCU is introduced in the followings:

Table 26. Base Address of PCU

5. PCU and GPIO

Name Base address Description

PA 0x4000_1000 General Port A

PB 0x4000_1100 General Port B

PC 0x4000_1200 General Port C

PF 0x4000_1500 General Port F

Table 27. PCU and GPIO Register Map

Name Offset Type Description Reset value Reference

Pn_MOD 0x0000 RwW Port n Mode Register OXXXXX_XXXX 5.3.1

Pn_TYP 0x0004 RW Port n Output Type Selection 0x0000_0000 53.2
Register

Pn_AFSR1 0x0008 RwW Port n Alternative Function OXXXXX_XXXX 5.3.3
Selection Register 1

Pn_AFSR2 0x000C RwW Port n Alternative Function 0x0000_0000 5.34
Selection Register 2

Pn_PUPD 0x0010 RwW Port n Pull-up/down Resistor | 0x0000_XXXX 5.3.5
Selection Register

Pn_INDR 0x0014 RO Port n Input Data Register 0x0000_XXXX 5.3.6

Pn_OUTDR 0x0018 RW Port n Output Data Register 0x0000_0000 5.3.7

Pn_BSR 0x001C WO Port n Output Bit Set Register | 0x0000_0000 5.3.8

Pn_BCR 0x0020 WO Port n Output Bit Clear 0x0000_0000 5.3.9
Register

Pn_OUTDMSK 0x0024 RW Port n Output Data Mask 0x0000_0000 5.3.10
Register

Pn_DBCR 0x0028 RW Port n Debounce Control 0x0000_0000 53.11
Register

Pn_IER 0x002C RwW Port n interrupt enable register | 0x0000_0000 5.3.12

Pn_ISR 0x0030 RW Port n interrupt status register | 0x0000_0000 5.3.13

Pn_ICR 0x0034 RW Port n interrupt control register | 0x0000_0000 5.3.14

PCR.USBCON 0x0540 RW USB Control Register 0x0000_0000 5.3.15

PCU_PORTEN 0x0FFO WO Port Access Enable 0x0000_0000 5.3.16

NOTE:
1. Wheren=A,B,C,and F
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5.3.1 Pn_MOD: PORT n mode register

Input or output control of each port pin. Each pin can be configured as an input pin, an output pin or an
alternative function pin. Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C,
and F).

PA_MOD=0x4000_1000, PB_MOD=0x4000_1100
PC_MOD=0x4000_1200, PF_MOD=0x4000_1500

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13121110 9 8|7 6 5 4 3 2 1 O

MODE15
MODE14
MODE13
MODE12
MODE11
MODE10
MODE9
MODES8
MODE7
MODE6
MODES
MODE4
MODE3
MODE2
MODE1
MODEO

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2x+1 MODEXx Port n Mode Selection bits, x:0 to 15
2x 00 Input mode

01  Output mode

10  Alternative function mode

11 Reserved

NOTE :

For exception, the reset value is, PA_MOD : OXEBFFFFFF / PB_MOD : OxFFFOFFFF / PC_MOD :
OXFFFFFFFF / PF_MOD : 0x0000003F

PC13, PC14, PC15 output mode must use RTCPFCR register. Refer to 23.2.15 RTCPFCR: RTC pin
function configuration register

5.3.2 Pn_TYP: Port n output type selection register

Pn_TYP selects control option from a Push-pull output and Open-drain output for each port pin. Size of
this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_MOD=0x4000_1004, PB_MOD=0x4000_1104
PC_MOD=0x4000_1204, PF_MOD=0x4000_1504

13121 10 9 8|7 6 5 4 3 2 1 0

31 30 29 28 27 26 25 24|23 2221201918 17 16{15 1

N

Reserved

TYP15
TYP14
TYP13
TYP12
TYP11
TYP10
TYP9
TYP8
TYP7
TYP6
TYP5
TYP4
TYP3
TYP2
TYP1
TYPO

- 0 0 0 O 0 O
RW RW RW RW RW RW RW RW|RW RW RW RW RW RW RW RW

o
o
o
o
o
o
o
o
o
o

X TYPx Port n Output Type Selection bits, x:0 to 15
0 Push-pull output
1 Open-drain output

NOTE : PC13, PC14, and PC15 cannot
be used as open-drain. Only push-pull is available.
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5.3.3 Pn_AFSR1: Port n alternative function selection register 1

Pn_AFSR1 registers must be set properly before using this port. Otherwise the port cannot be
guaranteed for its functionality. Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n =
A, B, C, and F).

PA_AFSR1=0x4000_1008, PB_AFSR1=0x4000_1108
PC_AFSR1=0x4000_1208, PF_AFSR1=0x4000_1508

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8(7 6 5 4 3 2 1 0
AFSB7 AFSB6 AFSB5 AFSB4 AFSB3 AFSB2 AFSB1 AFSBO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW RW RW

4x+3  AFSBx Port n Alternative Function Selection bits, x:0 to 7

ax 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
1000 Alternative Function 8 (AF8)
1001 Alternative Function 9 (AF9)
1010 Alternative Function 10 (AF10)
Others Reserved

NOTE: When HSE is used as the system

clock (MCLK), the AFSBXx bits for PFO, PF1 must be configured as AF10 before changing the system
clock and the value should not be changed.
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5.34 Pn_AFSR2: Port n alternative function selection register 2

Pn_AFSR2 registers must be set properly before using this port. Otherwise the port cannot be
guaranteed for its functionality. Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n =
A, B, C, and F).

PA_AFSR2=0x4000_100C, PB_AFSR2=0x4000_110C
PC_AFSR2=0x4000_120C, PF_AFSR2=0x4000_150C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8(7 6 5 4 3 2 1 0
AFSB15 AFSB14 AFSB13 AFSB12 AFSB11 AFSB10 AFSB9 AFSB8
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW RW RW
4(x-8)+3 AFSRx Port n Alternative Function Selection bits, x:8 to 15
4(x-8)
0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
1000 Alternative Function 8 (AF8)
1001 Alternative Function 9 (AF9)
1010 Alternative Function 10 (AF10)
Others Reserved
NOTES:
When LSE is used as the system clock (MCLK) the AFSBx bits for PC14, PC15 must be configured
as AF10 before changing the system clock and the value should not be changed.
For exception, the reset value of PA_AFSR2: 0x01100000.
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5.3.5 Pn_PUPD: Port n pull-up/down resistor selection register

Each pin of the ports has on-chip pull-up/down resistor which can be configured by Pn_PUPD registers.
Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_PUPD=0x4000_1010, PB_PUPD=0x4000_1110
PC_PUPD=0x4000_1210, PF_PUPD=0x4000_1510

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

PUPD15
PUPD14
PUPD13
PUPD12
PUPD11
PUPD10
PUPD9
PUPDS8
PUPD7
PUPD6
PUPD5
PUPD4
PUPD3
PUPD2
PUPD1
PUPDO

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2x+1 PUPDx Port n Pull-up/down Resistor Selection bits, x:0 to 15
2x 00 Disable pull-up/down resistor

01 Enable pull-up resistor

10 Enable pull-down resistor

11 Reserved

NOTES:

The pull-up resistors for the test mode pin (PB8, PB9) and the SWD pin (PA14, PA13) are initially
enabled.

For exception, the reset value of PA_PUPD, PB_PUPD register is 0x14000000, 0x00050000
respectively.

5.3.6 Pn_INDR: Port n input data register

Each pin level status can be read in the Pn_INDR register. Even if a pin is alternative mode except
analog mode and output in alternative mode, the pin level can be detected in the Pn_INDR register.

Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_INDR=0x4000_1014, PB_INDR=0x4000_1114
PC_INDR=0x4000_1214, PF_INDR=0x4000_1514

31 30 29 28 27 26 25 24|23 2221201918 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O
AHEEEBEEEEEEEEREE:
Reserved SRR EEREREEREEEEE
Z|Z|Z|Z|Z|Z|Z2|E|Z2|Z2|Z2|Z2|Z2|Z2|Z2|Z
- XX | X[ X|X|X[X[X]|X|X[X|X]|X]|X|[X]|X
RO|RO[RO|RO|RO|RO|RO|RO[RO|RO|RO|RO|RO|RO|RO|RO

X INDRX Port n Input Data bit, x:0 to 15

\BO\ 109

SEMICONDUCTOR



5. PCU and GPIO A31G32x User’s manual

5.3.7 Pn_OUTDR: Port n output data register

Pn_OUTDR registers define output level of a pin when the pin is set as output and GPIO mode. Size of
this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_OUTDR=0x4000_1018, PB_OUTDR=0x4000_1118
PC_OUTDR=0x4000_1218, PF_OUTDR=0x4000_1518

31 30 29 28 27 26 25 24|23 2221201918 17 16{15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0
AP EEE R
¥ || x| x|

Reserved S|g|S|S|E|e|E|E|BIEIEIE|EBIEIE|E
ElE|E|E|IE|E
SI5|I5I5|5|5|2|2(2|2|2|2(2(2|2|2
olo|lo|o|lo|o|©|©0j0|0|O|O0|O|O0|O|0O

- ojojojojojojo0ofojojojojo|jojojojo
RW [ RW | RW [ RW [ RW | RW [ RW | RW [ RW [ RW | RW [ RW | RW [ RW | RW | RW
X OUTDRx Port n Output Data bit, x:0 to 15

The OUTDR bits can be individually set/cleared by writing to the
Pn_BSR/Pn_BCR register

NOTE: PC13, PC14, PC15 output mode must use RTCPFCR register. Refer to 23.2.15 RTCPFCR:
RTC pin function configuration register

5.3.8 Pn_BSR: Port n output bit set register

Pn_BSR registers control each bit of Pn_OUTDR register. Writing ‘1’ into the specific bit field will set a
corresponding bit of Pn_OUTDR to ‘1’. Writing ‘0’ has no effect.

Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_BSR=0x4000_101C, PB_BSR=0x4000_111C
PC_BSR=0x4000_121C, PF_BSR=0x4000 151C

121 10 9 8|7 6 5 4 3 2 1 0

31 30 29 28 27 26 25 24|23 2221 20 1918 17 16|1

[6)]
—
N
—
w

Reserved

BSR15
BSR14
BSR13
BSR12
BSR11
BSR10
BSR9
BSR8
BSR7
BSR6
BSR5
BSR4
BSR3
BSR2
BSR1
BSRO

1
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

X BSRx Port n Output Set bit, x: 0 to 15. These bits are always read to 0x00

0 No effect

1 Setthe corresponding OUTDRX bit (automatically cleared to 0)

NOTE: PC13, PC14, PC15 output mode must use RTCPFCR register. Refer to 23.2.15 RTCPFCR:
RTC pin function configuration register

110 \BO\

SEMICONDUCTOR



A31G32x User’s manual 5. PCU and GPIO

5.3.9 Pn_BCR: Port n output bit clear register

Pn_BCR registers control each bit of Pn_OUTDR register. Writing ‘1’ into the specific bit field will set a
corresponding bit of Pn_OUTDR to ‘0’. Writing ‘0’ has no effect.

Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_BCR=0x4000_1020, PB_BCR=0x4000_1120
PC_BCR=0x4000_1220, PF_BCR=0x4000_1520

31 30 29 28 27 26 25 24{23 22212019 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O
x| xRl R B R|2|2ER R KR

Reserved ||| e o
SIS0 IRIR|R|A|2|R|3|2|R|a
- ofojojojojofjojofojojo|jojofojofo
WO WO | WO [ WO | WO |[WO |WO|WO|WO| WO/ WO]|WO/|Wo]|Wo|Wwo, wo
X BCRXx Port n Output Clear bit, x: 0 to 15. These bits are always read to 0x00

0 No effect

1 Clear the corresponding OUTDRX bit (automatically cleared to 0)

NOTE: PC13, PC14, PC15 output mode must use RTCPFCR register. Refer to 23.2.15 RTCPFCR:
RTC pin function configuration register

5.3.10 Pn_OUTDMSK: Port n output data mask register

Pn_OUTDMSK registers protect each bit of Pn_OUTDR registers. Writing ‘1’ into the specific bit field
will protect a corresponding bit of Pn_OUTDR. Writing ‘0’ is unmasked.

Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_OUTDMSK=0x4000_1024, PB_OUTDMSK=0x4000_1124
PC_OUTDMSK=0x4000_1224, PF_OUTDMSK=0x4000_1524

31 30 29 28 27 26 25 2423 2221201918 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O
MMMMMMEEEIE T IEIEE:
SISISISIS IS oo v vlvlo o o sl v
Reserved 2121212|3|2|3|38|3|3|13|3|3|3|3|3

[apNaREalNaRNaRNa)
ElEIRIEIFIEIE|IE|E|IE|E|IE|E|IE|E|E
SI5|I5/5|5|5|22|22|2/2|2|2|2|2
olo|lo|lo|lo|lo|©|O0|©0|O|O|O|O|O|O|0O
- oo00(0|0|0OfjOfjO|O|OfO|lO|O|O|0O]|O
RW | RW | RW | RW | RW | RW { RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

X OUTDMSKx Port n Output Data Mask bit, x: 0 to 15.

0 Unmask. The corresponding OUTDR bit can be changed.

1 Mask. The corresponding OUTDRX bit is protected.

NOTE: PC13, PC14, PC15 output mode must use RTCPFCR register. Refer to 23.2.15 RTCPFCR:
RTC pin function configuration register
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5.3.11 Pn_DBCR: Port n debounce control register

Size of this register is 32-bit, and it is able to do 32/16/8-bit access (n = A, B, C, and F).

PA_DBCR=0x4000_1028, PB_DBCR=0x4000_1128
PC_DBCR=0x4000_1228, PF_DBCR=0x4000_1528

31 30 29 28 27 26 25 24(23 222120191817 16{15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O
SIISiz|E|2|2(2]512(2(2|8|2z 2
Reserved ZlEElG4al5|u|L|u|d|u|u|lu|u|d|d
nlolnloln|a/® 0000|000 o|lo
alalalalalalalalajaja|a|la|lalalo
- ojojojofofo0o|j0j0j0j0|j0|j0j0O|j0OjO|O
RW [ RW [ RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW
X DBENx Port n Debounce Enable bit, x: 0 to 15.
Port debounce length = selected debounce clock period * (4 to 5)
0 Disable debounce filter
1 Enable debounce filter
NOTES:

If a level is not detected on an enabled pin three or more times in a row at the sampling clock, the
signal is eliminated as noise.
The port debounce should be disabled before Power Down mode.

5.3.12 Pn_IER: Port n interrupt enable register

Each pin of A31G32x can be an external interrupt source. In this case, both of edge trigger interrupt
and level trigger interrupt are supported.

Pn_IER registers can configure the interrupt mode (n = A, B, C, and F).

PA_IER=0x4000_102C, PB_IER=0x4000_112C
PC_IER=0x4000_122C, PF_IER=0x4000_152C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

PIE15
PIE14
PIE13
PIE12
PIE11
PIE10
PIE9
PIE8
PIE7
PIE6
PIE5
PIE4
PIE3
PIE2
PIE1
PIEO

o
o
o
o
o
o
o
o
o
o
o
o
o
o

00 00 00
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

o
o
o
o
o
o
o
o
o
o
o
o

2x+1 PIEx Port n Pin interrupt Enable Selection bits, x:0 to 15
2x 00 Disable Interrupt

01 Enable interrupt as level trigger mode

10 Reserved

11 Enable interrupt as edge trigger mode
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5.3.13 Pn_ISR: Port n interrupt status register

5. PCU and GPIO

When an interrupt is delivered to CPU, the interrupt status can be detected by reading Pn_ISR registers.

Pn_ISR registers will report a source pin of the interrupt and a type of the interrupt (n = A, B, C, and F).

PA_ISR=0x4000_1030, PB_ISR=0x4000_1130
PC_ISR=0x4000_1230, PF_ISR=0x4000_1530

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
© I ® o ha o o © ~ © 0 < ) o — o
%) ) ) %) (%) () ) 2] ) 2] ] 2 ] 2 ] €
o o o o o o o o o o o o o o o o
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Port n Pin interrupt Status bits, x:0 to 15

No interrupt event

Low level interrupt or Falling edge interrupt event is present.

High level interrupt or Ralling edge interrupt event is present.

2x+1 PISx

2Xx 00
01
10
11

Both of rising and falling interrupt event is present in edge

trigger interrupt mode.

Not available in level trigger interrupt mode.

5.3.14 Pn_ICR: Port n interrupt control register

Pn_ICR registers control interrupt mode of port pins (n =A, B, C, and F).

PA_ICR=0x4000_1034, PB_ICR=0x4000_1134
PC_ICR=0x4000 1234, PF_ICR=0x4000_1534

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 141312110 9 8|7 6 5 4 3 2 1 0
© A © o ha = o © N~ © 0 < ™ o - o
) ) ) ) &) ) S S) (S) S S) S) Q (S) ) &)
o o o o o o o o o [ o o o [ o o
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

2x+1 PICx Port n Pin interrupt Control bits, x:0 to 15
2x 00  Prohibit external interrupt
01 Low level interrupt or Falling edge interrupt mode
10 High level interrupt or Ralling edge interrupt mode
11  Both of rising and falling edge interrupt mode
Not support for level trigger interrupt mode.
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5.3.15 PCU_USBCON: USB control register

PCU_USBCON register controls USB pull-up/pull-down, VIL, VIH (only PA11, PA12).

USBCON=0x4000_1540

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
- - |@)2
o Zlalzla
? o 3 & | _Na|HB 5 aldlald & |8 & |8 Z B3 Z
sl 2 |2 Q |[olg|%zezzlz|z|z|z2 s =l 8 |2/ 8
@ Z @ L 2|2 8| 4| G| G| e © o © o o o ©
N o 1) -} Dl el o i i if @ ' ) ' ) | ] |
9] I 0 I EloEl 2 ol e I 0] I 0] o o) -
oo
- 000 - 000 0/0{0]|-|0|0|0|O0O] - 000 - 000 - 000 - 000
RW RW RW | RW | RW RW [ RW | RW [RW | - RW - RW - RW - RW
30 TX_DNOPT TX Driver Up Driving Strength Option
28 00 +0% 100 +15%
0
00 + 5% 101 +20%
1
01 +10% 110 +25%
0
01 - 111 +30%
1
26 TX_UPOPT TX Driver Down Driving Strength Option
24 00 +0% 100 +15%
0
00 +5% 101 +20%
1
01 +10% 110 +25%
0
01 - 111 + 30%
1
23 CONTROL_E USB PHY pull up, pull down, VIL, VIH control enable
N
22 PHY_SUSPN  PHY SUSPEND signal (active HIGH)
D
21 VREF_SEL Single ended Receiver hysteresis reference Voltage Select
0 BGR 1.2V
1 VDD15 1.5V
19 PD_ENDN DN pin Pull down enable
18 PD_ENDP DP pin Pull down enable
17 PU_ENDN DN pin Pull up enable
16 PU_ENDP DP pin Pull up enable
14 VIH_CON VIH level select register
12 000 0.4V 100 0.8V
001 0.5V 101 0.9v
010 0.6V 110 1.0v
011 0.7v 111 1.1v
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10 VIL_CON VIL level select register

8 000 1.6V 100 2.0V
001 1.7V 101 2.1V
010 1.8V 110 2.2V
011 1.9v 111 2.3V

6 PD_CON Pull down resister select register

4 000 17.5KOhm 100 14.5KOhm
001 16.3KOhm 101 13.8KOhm
010 16KOhm 110 13KOhm
011 15.3KOhm 111 12.3KOhm

2 PU_CON Pull up resister select register

0 000 1.97KOhm 100 1.26KOhm
001 1.8KOhm 101
010 1.63KOhm 110  1.1KOhm
011 1.46KOhm 111

5.3.16 PCU_PORTEN: Port access enable

PCU_PORTEN register enables the register writing permission of all PCU registers.

PCU_PORTEN=0x4000_1FFO0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved PORTEN
WO
7 PORTEN Writing the sequence of 0x15 and 0x51 in this register enables
0 writing to PCU registers, and writing other values protects all PCU

registers from writing.

NOTE: Refer to the followings to use PORTEN,;
PORTEN=0x15; PORTEN=0x51; // enable PORTEN

// set Pn HOD,
Pn_TYP, Pn AFSR1,2, Pn PUPD. Pn DBCR, Pn IER, Pn ICR

PORTEN=0;

// disable PORTEN
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54 Functional description

If an input function of a certain I/O port is used by Pin Control Register, an output function of the 1/0
port is disabled. Function of each port can be different in accordance with an Alternative Function
Selection Register.

Input Data Register captures current data of the 1/0 pin or debounced input data at every GPIO clock
cycle.

INPUT CONTROL
LOGIC

GPIO IN
00

VDDIO
FUNC O IN
—

FUNC 1 IN
—]

0000
0001

3AON L¥0d

Debounce
Logic
FUNC.S IN
<+«————1001
FUNC 10 IN 4'
«——1010

Xnwia

adv

Pin MUX
register

GPIO OUT

FUNC 0 OUT
FUNC 1 OUT

3AON L¥0d

FUNC 9 oUT
FUNC 10 OUT
—_—

Control
logic

Pin
Control
R/W register

OUTPUT CONTROL
LOGIC

Figure 35. Port Diagram
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1 2 3 2 3 1 2 3

De-bounce
CLK

External

Input

<
4
44—

De-bounced
Input

Figure 36. Debounce Function Timing Diagram

¢ When configured as output, the value written to the GPIO Output Data Register is output on
the 1/0O Pin.

*  When setting the Bit Set Register, GPIO Output Data Register set the high.
*  When setting the Bit Clr Register, GPIO Output Data Register set the Low.

e The Input Data Register captures the data present on the I/O pin or Debounced input data at
every GPIO Clock cycle.

GPIO BLOCK

BIT SET REGISTER N
(WRITE ONLY) 7] OUTPUT DATA
REGISTER

(READ WRITE)

PORT

BIT CLR REGISTER R CONTROL
(WRITE ONLY) > UNIT

INPUT DATA
REGISTER <
(READ ONLY)

Figure 37. GPIO Diagram
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6. Flash memory controller

A31G32x User’s manual

Flash Memory Controller is an internal flash memory interface controller, and includes following features

as shown below:

* 128 or 64KB Flash code memory

e Wait, 1-wait, 2-wait(default)

* Read protection support

¢ Self-Program support

e User option area

e 3-page (each 512

Bytes)

e FErase, Program in user mode

Table 28. Flash Memory Controller Features

Item Description
Size 64KB 128KB
Start Address 0x0000_0000 0x0000_0000
End Address 0x0001_0000 0x0002_0000
Page Size 512-byte 512-byte
Total Page Count 128 pages 256 pages
PGM Unit 32-bit 32-bit
Erase Unit 512-byte/ 1KB/ 4KB/ bulk 512-byte/ 1KB/ 4KB/ bulk
118 \BO\
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6. Flash memory controller

Page
Address

0x0F00 F600
0xOF00 0400
0x0F00 0200
0x0F00 0000

0x0002 0000
0x0001 FEOO
0x0001 FCOO0
0x0001 FAOO
0x0001 F800
0x0001 F600
0x0001 F400
0x0001 F200
0x0001 FOO0O0

0x0000 1000
0x0000 OEOO
0x0000 0C00
0x0000 OAO00
0x0000 0800
0x0000 0600
0x0000 0400
0x0000 0200
0x0000 0000

User OTP2
User OTP1
User OTPO
0x0002 0000~
Page 255
Page 254
1 FCO0 =<
Page 253 0x0001 FCO0
Page 252
0x0001 F800 =<
Page 251 X
Page 250
0x0001 F400 =<
Page 249 X
Page 248
0x0001 FOO0O—"
I . I
|
I : I
|
I : I
|
I : I
|
I : I
|
I : I
|
I : I
|
I : I
| | |
0x0000 1000
Page 7 ]
Page 6
0x0000 0C00 =<
Page 5
Page 4
0x0000 0800 =<
Page 3
Page 2
g 0x0000 0400 ===
Page 1
Page O
g 0x0000 0000 =—

1K N

Sector 127

1K
Sector 126

1K
Sector 125

1K

Sector 124

1K N

Sector 3

1K
Sector 2

1K
Sector 1

1K
Sector 0

e

4K
Sector 31

4K
Sector 0
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6.1 Registers

Base address of flash memory controller is introduced in the followings:

A31G32x User’s manual

Table 29. Base Address of Flash Memory Controller

Name

Base address

Flash controller

0x4000_0100

Table 30. FMC Register Map

Name Offset Type Description Reset value Reference

FMC_MR 0x0004 R/W Flash Memory Mode Select | 0x0100_0000 | 6.1.1
Register

FMC_CR 0x0008 R/W Flash Memory Control 0x0000_0000 | 6.1.2
Register

FMC_AR 0x000C R/W Flash Memory Address 0x0000_0000 | 6.1.3
Register

FMC_DR 0x0010 R/W Flash Memory Data 0x0000_0000 | 6.1.4
Register

FMC_BUSY 0x0018 R/W Flash Write Busy Status 0x0000_0000 | 6.1.5
Register

FMC_CRC 0x0020 R/W Flash CRC16 check value 0x0000_FFFF | 6.1.6

FMC_CFG 0x0030 R/W Flash Memory 0x0000_8200 | 6.1.7
Configuration Register

FMC_WPROT | 0x0034 R/W Write Protection Register OxFFFF_FFFF | 6.1.8

FMC_LOCK 0x003C R/W Flash LOCK Register 0x0000_0OFF | 6.1.9
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6.1.1 FMC_MR: Flash memory mode register

FMC_MR is an internal flash memory mode register. Size of this register is 32-bit.

Internal flash memory mode register. This register is 32-bit register.

FMC_MR=0x4000_0104

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 56 4 3 2 1 O

Reserved ACODE
- 0x00
RW
7 ACODE 5A > A5 Flash mode entry
0 A5 > 5A Trim mode entry
81> 28 AMBA mode entry
66 > 99 PROT mode entry

6.1.2 FMC_CR: Flash memory control register

FMC_CR is an internal flash memory control register.

FMC_CR=0x4000_0108

31 30 29 28 27 26 25 24|23 222120191817 16151413 1211109 8|7 6 5 4 3 2 1 O
= o X X | X
Ll @ W | X
®| zl =z |8le|F|c|2|0|=|2|&
Reserved X0 Reserved w 0] Siglolo|lelalolx|s
2o 04 m 0nln|o
- 0|0 - 0 - ojojojojo0ojoj0f0]|o0
RW | RW RW RW [ RW | RW | RW [ RW | RW [ RW | RW | RW

24 LOCKSEL LOCK (read protection) access enable.

23 SELFPGM When this bit is set (“1”), PGM/ERS/HVEN will be cleared
automatically after WRBUSY falling edge. It also enable CPU
wait control when HVEN bit is set(1)

(start of program or erase operation)
It also affects to PMODE bit operation.
12 IFEN 0 Info(OTP1/2/3) block enable
1 OTP1/2/3 area enable (it works with OTP3EN to OTP1EN) for
PMODE operation
8 BBLOCK 0 Boot Block (1st 4KB) not protected from Mass(Bulk) Erase
1 Boot Block (1st 4KB) protection enable from Mass(bulk) erase
7 MAS 0 Mass (bulk) erase disable
1 Mass (bulk) erase enable.
6 SECT4K 0 Sector 4K erase disable
1 Sector 4K erase enable
5 SECT1K 0 Sector 1K erase disable
1 Sector 1K erase enable
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4 PMODE 0 Normal mode
1 PMODE enable(Flash Address path is connected with FMAR)
PMODE only valid when SELFPGM bit was not set(when
SELFPGM = 0)
3 WADCK 0 Program/Erase address data latch clock disable
1 Program/Erase address data latch clock enable, this bit assert
for one system clock period so user cannot read
2 PGM 0 Program mode disable
1 Program mode enable
1 ERS 0 Erase mode disable
1 Erase mode enable
0 HVEN 0 High Voltage cycle disable
1 High Voltage cycle enable (start program or erase cycle)

User must set and clear in PMODE.
In SELFPGM mode, user must set HVEN then HVEN will be
cleared automatically after WRBUSY goes low.

6.1.3 FMC_AR: Flash memory address register

FMC_AR is an internal flash memory program/ erase/ address register.

FMC_AR=0x4000_010C

15 14 13 12 11 10

8 7 6 5 4 3 2 1 0

FADDR

0x0000

RW

15 FADDR

Word (32-bit) base address: 64K-word address for 256KB Flash.
Auto Incremental after WADCK trigger (after latching of target
address).

6.1.4 FMC_DR: Flash data input register

FMC_DR is an internal flash memory data input register.

FMC_DR=0x4000_0110

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

FDATA

0x00000000

RW

31 FDATA

Word size(32-bit)
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6.1.5 FMC_BUSY: Flash write busy status register
FMC_BUSY is a flash write (program/erase) busy status monitor register. This register is a 1-bit read

only register.

FMC_BUSY=0x4000_0118
3130 29 28 27 26 25 24 2322 2120191817 1615141312110 9 8 7 6 5 4 3 2 1 0

>

2

Reserved m
o

=

- 0

RO

0 WRBUSY Write Busy status bit

FLBUSY bit goes high after set HVEN bit (in CTRL register).
FLBUSY bit goes low when WRBUSY becomes low after program (or
erase) complete.

6.1.6 FMC_CRC: Flash CRC check register

FMC_CRC is the built-in CRC calculates the flash data automatically.

- 16-bit read only register [15:0], which enabled by CRCEN bit of CFG register

- At least 16-word read to get a CRC value
FMC_CRC=0x4000_0120

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved CRC-CCITT
- OxFFFF
RW
15 CRC- CCITT CRC- CCITT check value read register
0 polynomial: (1 + x5 + x12 + x16)

data width: 32 (the first serial bit is D[31])
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6.1.7 FMC_CFG: Flash memory configuration register

FMC_CFG is an internal flash memory Configuration register.

FMC_CFG=0x4000_0130

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 O
|_
= Z
E |Z|Ww
WTIDKY Reserved < |O|Q Reserved
S |x|x
o|©
0x7858 - 1 0(0]|0 -
Wo - RW | RW|RW
31 WTIDKY Write Identification Key.
16 On writes, write 0x7858 to these bits, otherwise the write is
ignored.
9 WAIT This bits only be written in AMBA mode and MSB 16-bit (bit
8 [31:16]) must be 0x7858
00 WAIT is 00, flash access in 1 cycle (0-wait)
01 WAIT is 01, flash access in 2 cycles (1-wait)
10 WAIT is 10, flash access in 3 cycles (2-wait) — default
11 WAIT is 11, flash access in 4 cycles (3-wait)
7 CRCINIT 0 When this bit is set('1’), CRC register will be initialized
It should be reset again before read flash to generate CRC16
calculation
(Initial value of FMC_CRC is OXFFFF)
6 CRCEN 0 CRC16 enable

CRC value will be calculated at every flash read timing

6.1.8 FMC_WPROT: Write protection register

FMC_WPROT is an internal flash memory write protection register.

FMC_WPROT=0x4000_0134
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 O

WPROT[31:0]

OXFFFF_FFFF

RW
31 WPROT Write protection
0 Each 4 KB segments for whole memory address (needs 32 bits for
128KB flash)

NOTES:
1.  Each bit individually protects the 4KB area (Bit0: 0~OxFFF, Bit1: 0x1000~0x1FFF).
2. The FM_WPROT register can only be modified in PROT (FM_MR = 66-> 99) mode.
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6.1.9 FMC_LOCK: Flash lock register

FMC_LOCK is an internal flash memory read protection register.

FMC_LOCK=0x4000_013C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved RPROT

- 0x0000_00FF

RW
7 RPROT Read protection
0 0x0000_O0O0FF is Default. Any other value will lock flash(enable read
protection)

In user mode, OxFF cannot be written

To unlock, user must erase LOCK area of Flash next to MAS(bulk) erase
- 18t MAS(bulk) erase and then erase LOCK area

- To unlock the flash, pin reset or power on reset required

- When read protection occurs, Registers are shown as 0XxAA55AA55.

NOTE:
1. The FM_WPROT register can only be modified in PROT. (FM_MR = 66-> 99) mode.
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6.2

6.2.1

Functional description

Flash erase and program examples

Basic steps of flash memory programming consist of the followings. Minimum Program or Erase unit is

a Page, and 32-word (5-byte) becomes a page.

Page erase
Page program
Self page erase

Self page program

For all of erase operations, pre-program operation is required to prevent over erase of flash memory

cells. In addition, a user must enable 48MHz internal oscillator first to erase or program flash.

Erase example

126

Enable flash mode to write FMC_MCR register (write 0x5A and then write 0xA5 into FMC_MR).
Set target Page address in FMC_AR.

Set PMODE bit first.

Set ERS, WADCK, HVEN bits of FMC_MCR.

Wait until IDLE bit of FMC_MR register becomes “0” after erase.

Clear ERS, HVEN bits of FMC_CR.

Set 0x80 to FMC_BUSY.

Clear FMC_CR.

Clear Flash mode (write 0x00 and then write 0x00 into FMC_MR).
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Program example

8.

9.

Enable flash mode to write FMC_CR register (write 0x5A and then write 0xA5 into FMC_MR).
Set PMODE bit first.

Set target Page address in FMC_AR.

Set PGM bits of FMC_CR.

Write word (32-bit) data into FMC_DR, address increased automatically based on word
address.

Set WADCK, HVEN bits of FMC_CR.

Wait until IDLE bit of FMC_MR register becomes “0” after program.
Clear HVEN bits of FMC_CR.

Set 0x80 to FMC_ BUSY.

10. Clear PGM bits of FMC_CR.

11. Clear FMC_CR.

12. Clear Flash mode (write 0x00 and then write 0x00 into FMC_MR).

Self Erase example

Enable flash mode to write FMC_CR register (write 0x5A and then write 0xA5 into FMC_MR).
Set SELFPGM, ERS bits of FMC_CR.

Wait 5 clocks.

Write “OxFFFFFFFF” into target address.

Wait 5 clocks.

Clear ERS bits of FMC_CR.

Clear FMC_CR.

Wait 5 clocks.

Clear Flash mode (write 0x00 and then write 0x00 into FMC_MR).
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Self Program example

1. Enable flash mode to write FMC_CR register (write Ox5A and then write OxAS5 into FMC_MR).
2. Set SELFPGM, ERS bits of FMC_CR.

3.  Wait 5 clocks.

4. Write word (32-bit) data into target address.

5.  Wait 5 clocks.

6. Clear ERS bits of FMC_CR.

7. Clear FMC_CR.

8. Wait 5 clocks.

9. Clear Flash mode (write 0x00 and then write 0x00 into FMC_MR).
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7.

The direct memory access (DMA) controller is used for high-speed data transfers between peripherals
and memories. DMA enables quick data transfers having memory to memory copying or moving of data

Direct Memory Access Controller (DMAC)

within memory.

7.1

4 channels

Single transfer only

Support 8/16/32-bit data size

Support multiple buffer with same size

Interrupt condition is transferred through a peripheral interrupt.

Block diagram

In this section, DMAC block diagram is introduced in Figure 39.

7. DMAC

REGISTER INTERFACE

Y

POLK > [ ADR CONT BUF
DST SRC
CNT CNT
INTERRUPT e
CHANNEL AHB
MASTER

DMA_REQ =t

DMA_ACK et

H/W Handshake

AHB BUS

= T

Figure 39. DMAC Block Diagram
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7.2 Registers
Base address of DMAC is introduced in the followings:

Table 31. Base Address of DMAC

Name Base address
DMACHO 0x4000_0400
DMACH1 0x4000_0410
DMACH?2 0x4000_0420
DMACH3 0x4000_0430

Table 32. DMAC Register Map

Name Offset Type Description Reset value | Reference
DCn.CR 0x0000 | RW DMA Channel n Control Register | 0x0000_0000 | 7.2.1
DCn.SR 0x0004 | RW DMA Channel n Status Register | 0x0000_0000 | 7.2.2
DCn.PAR 0x0008 | R DMA Channel n Peripheral 0x0000_0000 | 7.2.3
Address Register
DCn.MAR | Ox000C | RW gMA Channel n Memory Address | 0x2000_0000 | 7.2.4
egister

7.2.1 DCn.CR: DMA controller configuration register

DCn.CR registers are DMA operation control registers, and the register size is 32-bit.

DC0.CR=0x4000_0400 , DC1.CR=0x4000_0410
DC2.CR=0x4000_0420 , DC3.CR=0x4000_0430

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 O
pel
2
Reserved TRANSCNT Reserved PERISEL Reserved | SIZE % g
4
- 0x000 - 0 - 00 |0 -

RW - RW - RW [ RW
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7. DMAC

27 TRANSCNT Number of DMA transfer remained
16 Required transfer number should be written before enable DMA
transfer.
0 DMA transfer is done.
N N transfers are remained
11 PERISEL Peripheral selection
8 N Associated peripheral selection.
Refer to DMA Peripheral connection table
3 SIZE Bus transfer size.
2 00 DMA transfer is byte size transfer
01 DMA transfer is half word size transfer
10 DMA transfer is word size transfer
11 Reserved
1 DIR Select transfer direction.
0 Transfer direction is from memory to peripheral. (TX)
1 Transfer direction is from peripheral to memory (RX)
NOTE: A DMA channel will be connected

with selected peripheral. Below table shows peripheral selection numbers. This PERISEL field should
be set with proper number of peripheral which will be connected with DMA interface.

Table 33. DMAC PERISEL Selection

PERISEL[3:0] Associate peripheral
0 CHANNEL IDLE
1 SPI120 RX

2 SPI120 TX

3 SPI21 RX

4 SPI21 TX

5 USART10 RX

6 USART10 TX

7 USART11 RX

8 USART11 TX

9 USART12 RX
10 USART12 TX

1 USART13 RX
12 USART13 TX
13 CRC

14 ADC

15 Reserved

PERISEL cannot have the same value in different channels. If the same PERISEL value is written in

more than one channel, proper operation cannot be guaranteed. Unused channel should have

CHANNEL IDLE value in PERISEL bit positions.
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7.2.2 DCn.SR: DMA controller status register
DCn.SR registers represent current status of DMA Controller, and enable DMA function. The register

size is 8-bit.

DC0.SR=0x4000_0404 , DC1.SR=0x4000_0414
DC2.SR=0x4000_0424 , DC3.SR=0x4000_0434

31 30 29 28 27 26 25 24 23 22 21 20 19 181716 151413121110 9 8 7 6 5 4 3 2 1 O
zZ
= L
Reserved O Reserved <
| =
[a)
- 1 - 0
RO - RW
7 EOT End of transfer.
0 Data to be transferred is existing.
TRANSCNT shows non zero value
1 All data is transferred.
TRANSCNT shows now 0
0 DMAEN DMA Enable
0 DMA is in stop or hold state
1 DMA is running or enabled

7.2.3 DCn.PAR: DMA controller peripheral address register

DCn.PAR registers represent peripheral addresses.

DC0.PAR=0x4000_0408 , DC1.PAR=0x4000_0418
DC2.PAR=0x4000_0428 , DC3.PAR=0x4000_0438

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 14 13 12 11 10 9 8‘7 6 543 210
Peripheral Base address Offset PAR
0x4000 0x0000
RO RW
15 PAR Target Peripheral address of transmit buffer or receive buffer.
0 User must set exact target peripheral buffer address in this field.

If DIR is “0” this address is destination address of data transfer.
If DIR is “1”, this address is source address of data transfer.
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7. DMAC

724 DCn.MAR: DMA controller memory address register

DCn.MAR registers represent the memory addresses.

DC0.MAR=0x4000_040C , DC1.MAR=0x4000_041C
DC2.MAR=0x4000_042C , DC3.MAR=0x4000_043C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Memory Base address Offset MAR
0x2000 0x0000
RO RW
15 MAR Target memory address of data transfer.

Address is automatically incremented according to SIZE bits when
each transfer is done.

If DIR is “0” this address is source address of data transfer.

If DIR is “1”, this address is destination address of data transfer.
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7.3 Functional description

A DMA controller performs direct memory transfer by sharing the system bus with CPU core. The system
bus is shared by two AHB (Advanced High-performance Bus) masters following the round-robin priority
strategy. So the DMA controller can share the half of system bandwidth.

The DMA controller can be triggered only by a peripheral request. When a peripheral requests a transfer
to the DMA controller, a corresponding channel is activated and the bus is accessed to transfer the
requested data from memory to peripheral data buffer or vice versa.

Basic steps to trigger DMAC data transfer consist of following 10 steps:

1. Set both of peripheral address and memory address.

2. Configure DMA operation mode and transfer count.

3. Enable a DMA channel.

4. DMA request is occurred from the peripheral.

5. DMA activates the channel which was requested.

6. DMA reads data from source address and saves in internal buffer.

7. DMA writes the buffered data to destination address.

8. Transfer count number is decreased by ‘1°.

9. When the transfer count is ‘0’, EOT flag is set and noticed to peripheral to issue the interrupt

10. DMA does not have interrupt sources, and the interrupt related DMA status can be shown from
assigned peripheral interrupt.
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DST CHn l A
| 7T bsTedi )
|- [ pstcro
_{-- Address
—
_:l.___ Control
haddr
SRCCHn
| [T SRCcHL ) 9
|- [ srccho s
b
<<
4‘— - Address
—
L___ Control
DMAFSM cortro)
Dma_request n D_
—
DCNSR.DAMEN data
Figure 40. DMAC Functional Block Diagram
7.3.1 DMA operation
A user can start DMA operation by following the procedure introduced below:
1. SetDCn.CR registers of DMA.
— [27:16]: Set a number of data to transfer to DMA.
— [11:8]: Select a peripheral to connect with DMA.
— [3:2]: Select a buffer size to transfer.
— [1]: Set a transfer type from TX and RX.
2. Set MAR register of DMA (memory address to which DMA accesses).
3. Set PAR register of DMA (peripheral address to which DMA accesses).
4. Check the EOT flag of DMA start and DCn.SR register.
5. Check the DMA flag through status register of each peripheral.
6. DMA stops.
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A sequence of DMAC operation is described in Figure 41.

DMA Setting

v
DCn.CR
[27:16] : Number of DMA transfer
[11:8] : Peripheral Selection

[3:2] : Buffer transfer size
[1] : Select transfer direction
v

DCn.MAR(Memory Address)
DCn.PAR(Peripheral Address)
I

DMA Start
(DCn.SR[0] = 1b)

DCn.SR[7]=1b' ??

Peripheral DMA Flag??

DMA Stop
(DCn.SRJ[0] = 0b")

Figure 41. DMAC Operation Sequence

Figure 42 shows the functional timing diagram of DMAC. Transfer request from a certain peripheral is
pended internally and it will invoke source data read transfer on the AHB bus. The read data from the
source address is stored in the internal buffer. Then this data will be transferred to the destination
address when the AHB bus is available.

Figure 42 introduces the timing diagram for a DMA transfer from peripheral to memory. There is 4-clock
cycle latencies during accessing the peripheral. If the bus is occupied by different bus master, there are

amount of bus waiting cycles.
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Peri read cycle Memory write cycle

} . !
\ \ .
1 I ] 1
- \ . o)
DATABUS %‘ WAIT X DATA ! : { DATA r;\
1 1 ] 1
I I 1
| i
1

DMA_REQ

DMA_ACK

Adma transfer cycle

Figure 42. Timing Diagram of DMAC Transfer from Peripheral to Memory

Figure 43 introduces the timing diagram for a DMA transfer from memory to peripheral. There is 4-clock
cycle latencies during accessing the peripheral. If the bus is occupied by different bus master, there are
amount of bus waiting cycles.

Memory read cycle Peri write cycle

1 1 L}
1, 1
ADDRESS/CONTROL ( WAJTBUSID/LL,* ADR H WAIT BUS IDLE ]( ADR }
1}

]
] ] ]
DATABUS // : { oata ".I E ( DATA .
] ] y 0
DMA_REQ | H ' ' H
]
]
]

DMA_ACK

1
1
1
L »l
-+ »

A dma transfer cycle

Figure 43. Timing Diagram of DMAC Transfer from Memory to Peripheral

Figure 44 introduces an example of N data transfers with DMA. The DMA transfer is started when
DCnSR.DMAEN is set. When all the number of transfer is completed, the DCnSR.DMAEN register will
be cleared.

AHBBUS ﬁ( TRAMNS N /b.-( TRANS N-1 t.( TRANS N-2

TRANS COUNTER ( /TRAI‘-}SCNT- 1 TRAMSCNT-2 TRAMS-3

DCnSR.EOT

DCnSR.DMAEN

Figure 44. Timing Diagram Example of N DMAC Transfer
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8. Static memory controller (EBI)

Static memory controller is used for external bus interfaces to control external memory I/Os. External
memory area is divided to 4 sections. 1MByte memory area is allocated for each section respectively.
Memory devices (SRAM, ROM and Flash) or I/O devices can be mapped to the memory section. Bus
configurations such as bus width of external device and the number of wait are configurable in each
section; a user can attach many kinds of memories or 1/O devices.

Table 34 introduces pins assigned for static memory controller.

Table 34. Pin Assignment of Static Memory Controller

Pin name Type Description

nCS[3:0] (0] Select memory region from 0 to 3.

nRD 0] Perform read operation from external memory.
nUWR (0] Upper byte write signal.

When 16-bit bank is organized using 8bit memory, this pin indicates that D[15:8] is
being written to external memory

nLWR/nWE 0] Lower byte write signal.
It is used in various ways according to the memory and bank organization.

When 8-bit or 16-bit bank is organized using 8-bit memory, this pin indicates that
lower byte, D[7:0] is being written to external memory.

nUDS (0] Upper Data Select signal.
It is used in various ways according to the memory and bank organization.

When 16-bit bank is organized using 16-bit memory, this pin indicates that upper
byte is being selected.

nLDS 0] Lower Data Select signal.
It is used in various ways according to the memory and bank organization.

When 16-bit bank is organized using 16-bit memory, this pin indicates that lower
byte is being selected.

nWAIT This pin is an external wait signal pin.
If value of this pin becomes “L”, wait is added as much as nWAIT maintains “L”.
ALE (0] Address Latch Enable
In the case of muxed Address/Data access, external address buffer for A[15:0] must
be used.

Address buffer latch AD[15:0] signals when ALE is high.

A[19:16] (0] Upper Address bus for external memory devices

AD[15:0] 110 Address or Data input/output bus for external memory devices
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8.1 Block diagram

In this section, static memory controller is described in Figure 45.

APB BUS
- B
REGISTER INTERFACE - »
A[19:16] =—t— ~_
AD[15:0] d=—t—
nuDS <—1— A
nlDS €—— External
BUS Control
nUWR €—— Signals AHB
nLWR €—— MASTER [* T
nRD 4——
nCS[3:0] €——
nWAIT — Wait State Control
\ J AHBBUS

Figure 45. Static Memory Controller Block Diagram

8.2 Registers
Base address of static memory controller is introduced in the followings:

Table 35. Base Address of Static Memory Controller

Name Base address

Static memory controller 0x4000_6200

Table 36. SMIF Register Map

Name Offset Type | Description Reset value | Reference
SMIBCRO | 0x0000 | RW nCS[0] memory area config. register | Ox00011F3F | 8.2.1

SMIBCR1 | 0x0004 | RW nCS[1] memory area config. register | 0x00011F3F
SMIBCR2 | 0x0008 | RW nCS[2] memory area config. register | 0x00001F3F
SMIBCR3 | 0x000C | RW nCS[3] memory area config. register | 0x00001F3F
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8.2.1 SMIBCRnNn: Memory area configuration register n

BCRn registers are memory area configuration register. Register size is 32-bit.

SMIBCR0=0x4000_6200, SMIBCR1=0x4000_6204
SMIBCR2=0x4000_6208, SMIBCR3=0x4000_620C

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

1514131211 10 9 8|7 6 543 210

w 2 a) g = o z =
a 5 m 5 U 26 4z g Reserved NORMWAIT
e | o | g |Y =
00 00 0|j0|0|O0 0 0 - 0x3F
RW RW RW|RW|RW|RW| RW RW RW
31 IDLE Insert IDLE cycle at memory access time
30 00 No additional cycle
01 Insert 1 IDLE cycle
10 Insert 2 IDLE cycle
11 Insert 3 IDLE cycle
27 PREIDL Changing falling timing of RD and nUWR/nLWR
26 00 No additional cycle
01 Extend 1 clock cycle
10 Extend 2 clock cycle
11 Extend 3 clock cycle
23 EWEN 0 Ignore external input nWAIT
1 Enable external input nWAIT request
22 EWP 0 NWAIT polarity is active low
1 nWAIT polarity is active high
21 IOE 0 Separated Address/Data access
1 Enable muxed Address/Data access
20 BLEN 0 Disablg b_yte lane selection in case of 8bit memory
organization
1 Enable byte lane selection in case of 8bit memory
organization
19 AH When accessing A/D mux I/O area, “AH” represents the time (the
18 number of clock cycle) while the address is valid.
Address keeps the value for “AH + 1” clock (HCLK) cycle.
00 Keep the address for 1 clock cycle
01 Keep the address for 2 clock cycle
10 Keep the address for 3 clock cycle
11 Keep the address for 4 clock cycle
17 MWIDTH 00 External memory bus is 8bit width
16 01 External memory bus is 16bit width
5 NORMWAIT It represents wait value to be used for memory read/write operation. 1-
0 64 wait is supported and wait value is NORMWAIT+1.
NOTES:
Memory read/write access time. 1-64 wait is supported and wait value NORMWAIT —
PREIDL.
NORMWAIT must be greater than PREIDL (NORMWAIT > PREIDL).
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8.3 Functional description

External memory register is organized with 4 sections. Each section consists of 1MB address region.
A[26:24] is used to select memory region and A[19:0] is used in each memory region.

Table 37 provides memory map information regarding internal address. External memory region offset
is 0x60000000 in the memory map.

Table 37. Memory Region Selection and nCS Output by Address

A[26:24] nCS[3:0] Memory region

000 1110 0x6000_0000 to 0x600F_FFFF
001 1101 0x6100_0000 to 0x610F_FFFF
010 1011 0x6200_0000 to 0x620F_FFFF
011 0111 0x6300_0000 to 0x630F_FFFF

8.3.1 Chip select signal

Chip select signal, nCS[3:0] becomes “L” when corresponding memory region is selected, and it has a
various signal width according to the IDLE field of the SMIBCRn. Chips select signal is changed at the
rising edge of internal bus clock.

8.3.2 Byte lane control and control signal

Data access size of CPU or internal bus master can be 8-bit, 16-bit or 32-bit. SMI controller should sort
the data form external bus. When bus master accesses external memory region, SMI determines which
byte will be used between upper and lower byte according to bus control register.

Table 38 shows data is sorted by memory access size. Lower byte D[7:0] is used for 8-bit access, and
upper byte D[15:8] is used for 16-bit access. Figure 46 shows that sort in 8-bit memory bus system. In
this case, only D[7:0] is used regardless of memory access size.

Table 38. Data Sort for 8-bit Memory Bus

Internal access | External access cycle | Upper byte lane Lower byte lane

width D[15:8] D[7:0]

Byte size access 1st EBI BUS Cycle Not valid Valid for byte A[1:0]

Half word size | 15t EBI BUS Cycle Not valid Valid for byte A[0] = 0

access 2nd EBI BUS Cycle Not valid Valid for byte A[0] = 1

Word size access 1st EBI BUS Cycle Not valid Valid for byte A[1:0] = 00
2nd EBI BUS Cycle Not valid Valid for byte A[1:0] = 01
3 EBI BUS Cycle Not valid Valid for byte A[1:0] = 10
4t EBI BUS Cycle Not valid Valid for byte A[1:0] = 11
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Table 39 shows 16-bit memory bus system. In the case of byte access, it is determined which byte will
be used between D[7:0] and D[15:8]. In case of half word or word access, D[15:0] and D[7:0] take upper
byte and lower byte.

Table 39. Data Sort for 16-bit Memory Bus

Internal access | External access | Upper byte lane Lower byte lane
width cycle D[15:8] D[7:0]
Byte size access | 15t EBI BUS Cycle Not valid Valid for byte A[0] = 0
1st EBI BUS Cycle | Valid for byte A[0] = 1 Not valid
Half word size | 18t EBI BUS Cycle Valid for upper byte Valid for lower byte
access
Word size | 1t EBI BUS Cycle Valid for upper byte A[1] = 0 | Valid for lower byte A[1] =0
access 2nd EBI BUS Cycle | Valid for upper byte A[1] = 1 | Valid for lower byte A[1] = 1

Signals nUWR and nLWR are generated according to the bus width, type of memory and A[0]. Table 40
shows example accessing 8-bit memory using 16-bit memory bus D[15:0].

Table 40. Config Signal by A[0]

Internal access size A[0] nUWR nLWR Access size
Half word X L L 16-bit

Byte 0 H L 8-bit

Byte 1 L H 8-bit

Figure 46 shows bus configuration with 8-bit memory type. Signals nUWR and nLWR are used for 8-bit
or 16-bit bus with 8-bit memory type.

EBI 16-bit Device EBI 8-bit Device
A[19:16] A[19:16] A[19:16] A[19:16]
— D Q A7:0] — D Q A[7:0]
Address Address
Buffer latch) nesx Buffer latch
ALE T En noe AE P— En
NN NP nWE
— Dai[70]
Upper
L——P—P—P— A19:16]
L— P PN—P— AT7:0]
nUWR —PN—"m—-
ncSx —| NM——T— nCsx ncsx nCSx
nRD | N nOE nRD —] nOE
nLWR 1 N nwe nLWR (1 nWE
AD[150] Data[70] AD[150] Da[70]
ncsx (x: 0,1, 2, 3) Lower nCsx (x:0,1, 2 3)
(a) Connection of 16 bit bus with 8bit memory (b) Connection of 8 bit bus with 8bit memory

Figure 46. Bus Configuration with 8-bit Memory
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Figure 47 describes memory configuration with 16-bit memory. In this case, byte selection signals,
nUDS and nLDS are required.

EBI 16-bit Device
A[19:16] A[19:16]
D Q A[7:0]
Address
Buffer latch
ALE En
nCSx —1 n CSx
nRD —T nOE
nlWR 1™ nWE
nuUDS T nUB
nibs — niB
AD[15:0] —e Data[150]
nCSx(x:0,1,2,3)
(@) Connection of 16 bit bus with 16bit memory

Figure 47. Bus Configuration with 16-bit Memory

As seen in Figure 47, with 8-bit memory, regardless of the bus width, nLWR and nUWR are connected
for write operation, and nRD is connected for read operation. With 16-bit memory, nWE and nRD are
connected in write and read operation. nUDS and nLDS are connected in both read and write operations.
nUDS and nLDS are byte selection signals of memory.
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8.3.3 Bus control signal in read operation

Read operation by SMI is initiated after wait cycle of NORMWAIT in SMIBCRn register.

Figure 48 shows word read operation in case of “NORMWAIT =1”. Word read is possible with 4 times
of byte access because 8-bit bus is used.

<~ [TUUUUUTUUD vy iidpuyuiyL

nCs[3:0] J

nlDs

nlbs

nlUWR

nlWR

ALE

AD[15:0 Address Data Read Address Data Read Address Data Read Address Data Read
501 N N (N+1) (N+1) (N+2) (N=2) (N3] (N3]

Figure 48. Word Read Operation with 8-bit Memory and 8-bit Bus

Figure 49 shows half word read operation when “NORMWAIT = 2”. Like the previous case, half word
memory read is possible with 2 times of byte memory access because only 8-bit bus is used.

=TT

nCs[3:.0] J

nUbs

niDs

nUWR

nlWR

nkD

5 Address Daa fead Address Data Read
Ap[15:01 N )\X IN) IN+1) )(X N+1) XX

Figure 49. Half Word Read Operation with 8-bit Memory and 8-bit Bus
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Figure 50 shows word read operation when “NORMWAIT = 2”. D[15:0] is used as data bus because
16-bit bus is used. Word read is possible with 2 times of memory access.

e T ULULULULAL AU

nC 5[3:0]

nl DS

nLDS

nl WR

nLWR

ALE

Address Add
AD[15:0] m N\ ﬂ Data Read (N) ][X N :?;SX XX Data Read (N+2) XX

Figure 50. Word Read Operation with 8-bit Memory and 16-bit Bus

Figure 51 shows half word read operation when “NORMWAIT = 2”. D[15:0] is used as data bus because
16-bit bus is used. Half word read is possible with 1 times of memory access.

nuDs

niDS

nUWR

nlWR

0 P

AD[15:0] X M;;’-‘SX KX Data Read(N) Xx

Figure 51. Half Word Read Operation with 8-bit Memory and 16-bit Bus
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Figure 52 and Figure 53 show word and half word read operation when “NORMWAIT = 2”. D[15:0] is
used as data bus for 16-bit bus. Word and half word read are possible with 2 and 2 times of memory
access. Because bus is organized with 16-bit memory, upper byte selection signal “nUDS” and lower
byte signal “nLDS” is used with nRD signal.

=~ U UUHUUUUU Ui uy e

ALE

nRD

AD[15:0] ) MI‘:FS X XK Data Read (N) I l AE::;“' ]{X Data Read (N+2) XX

Figure 52. Word Read Operation with 16-bit Memory and 16-bit Bus

[T YUUUiiiyvuiiiiuuuiit
oo | [

nUDs

niDs

nUWR

nlWR

nRD

AD[15:0] J Ad;l;ﬁs ( }a Data Read (N) XX

Figure 53. Half Word Read Operation with 16-bit Memory and 16-bit Bus
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8.3.4

Bus control signal in write operation

8. Static memory controller

Figure 54 and Figure 55 show word and half word operations when “NORMWAIT = 1” and “NORMWAIT
= 2. D[7:0] is used for 8-bit bus. Word and half word write operations are possible through 4 and 2

times of memory access. nUWR will not change to “L” because 8-bit bus is used.

HCLK | | | | | | | | | | | | | | | | | | | I | I | I | | | I | |
|

nLDs

nUWR

nLWR

ALE

-

L

-

|

[ 1

|

-

|

nRD

AD[15:0]

Address
(N}

DATA
Write[N) X

Address DATA
Wiitel[N+1)

(N1}

Address
L]

Write(N+2)

Address DATA

(M3} Write{N+3) x

Figure 54. Word Write Operation with 8-bit Memory and 8-bit Bus

nCS[3:0] \

HCLK | | | | | I | I | | | | I | | | | | | | | I | I | | | | I | | | | | |

nUDS

nlDs

nUWR

nLWR

ALE

[ ]

I

nRkD

AD[15:0]

D Address [N} X

DATA Write{N}

XMdm{ml}X

DATA Wrke[N+1)

Figure 55. Half Word Write Operation with 8-bit Memory and 8-bit Bus
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Figure 56 and Figure 57 show word and half word write operations when “NORMWAIT= 2”. D[7:0] is
used for 16-bit bus. Word and half word writes are possible with 2 and 1 times of memory access.

nUWR

nLWR

|
|
|
l
|
|
|
|
|
T
|
|
|
|
|
|
|
|
1
|
|
|
|

ALE

AD[15:0] X:X Add ress (N} X DATA Write[N) XMdrEs [mz]x DATA Writ e[ N+2)

Figure 56. Word Write Operation with 8-bit Memory and 16-bit Bus

|
nC5[3:0] \ :’
|
|
|
I
|
I
|
I
|

nUWR

nLWR

ALE

AD[15:0] x:x Address (N) X DATA Write(N) X:X

Figure 57. Half Word Write Operation with 8-bit Memory and 16-bit Bus
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Figure 58 and Figure 59 show word (half word) write operations when “NORMWAIT = 2”. D[15:0] is
used for 16-bit bus. Word (half word) write is possible with 2(1) times of memory access. Byte select
signals (nUDS, nLDS) are used with nRD and nWE signals because 16-bit memory is used.

nCs[3:0] \

nUDSs

nLD5

|
|
|
|
I
|
|
|
|
U
|
I
I
|
]
nUWR I
I
I

|
|
|
|
|
|
|
|
|
U
|
|
|
|
|
|
|
|
I
|
nLWR |
|
|

| |

ALE

nRD

AD[15:0] X:x Address(N) X DATA Write([N) X Mdress[M\‘-Z]X DATA Write[N+2)

Figure 58. Word Write Operation with 16-bit Memory and 16-bit Bus

nUDSs

|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
nUWR |
|
|

|
|
|
l
|
|
|
|
|
T
|
|
|
|
|
|
|
|

I
I

I

!

|

I

I

I

|

I

nLDS :
I

I

[

I

I

I

I

nLWR |
I

I

I
I
I
|
I
I
I
I
I
T
I
I
I
|
I
I
I
I
I
I
I
I

ALE

nRD

AD[15:0] X:x Address N} X DATA Write([N) X:X

Figure 59. Half Word Write Operation with 16-bit Memory and 16-bit Bus
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8.3.5

As setting IDLE field, it is possible to change IDLE cycle. This equals to keeping “H” as long as cycle
defined by changing nCS from “L” to “H” as shown in Figure 60 and Figure 61. nRD/nUWR/nLWR

Timing change of control signals

A31G32x User’s manual

signals are possible to be extended up to 3 clock cycles by setting PREIDL field.

Figure 60 shows that nCS keeps “H” after memory access when IDLE field is set to “1”. This represents

that additional cycle is inserted as much as the number of IDLE.

o o o y Y 0 0 Y
e [ [ [ _ III'_'._."_ (- L (W
ncHa K l-, h b
\ 4 L )
) b E . Ir; - P
a @. Al f ] AfiHE) :]Dt\
¥of160] oirel ';:: ok \.I:
nLwA
nAD __‘I". T ,.JF—
\ (I |

Figure 61 shows that nLWR and nUWR are delayed as much as the number of PREAMBLE when

Figure 60. Read Timing Changing by ‘IDLE =1’

PREIDL is “2”. In case of read operation, nRD is delayed as much as PREAMBLE.

HELK _.*If_ll\'u_ 0 \_/_\l"u_flr— 5'\_; m\._. [ \u f_\\u_ !_\L
es [ /
~ 0 [ 0
HO[e0] JU o [ ; CX
nlfA 1'. _—._. II"., JlI."r
nLWA -I". - 1".1 JlI."r
nAD

150

Figure 61. Write Timing Changing by ‘PREIDL = 1’
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8.3.6 Wait control while accessing memory

Internal wait is applied as much as NORMWAIT value while accessing memory and bus cycle can be
extended by adding external wait using nWAIT input. Internal wait ranges from 1 to 64. It is applied

automatically whenever accessing memory.

nWAIT becomes active according to EWP (External nWAIT Polarity). The bus enters in wait state
internally until NWAIT becomes inactive. If EWO is “0”, external wait is active when nWAIT is “L”. If EWP

is “1”, external wait is active when nWAIT is “H”.

8. Static memory controller
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Figure 62. Write Operation with External Wait (nWAIT), ‘EXP = 0’
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9. Watchdog timer (WDT)

Watchdog timer (WDT) rapidly detects CPU’s malfunction such as endless looping caused by noise,
and resumes the CPU to the normal state. WDT signal for malfunction detection can be used as either
a CPU reset or an interrupt request. When WDT is not being used for malfunction detection, it can be
used as a timer generating an interrupt at fixed intervals.

When WDT_CNT value is reached to WDT_WINDR value, a watchdog interrupt can be generated. The
underflow time of WDT can be set by WDT_DR. If the underflow occurs, an internal reset is generated.
WDT operates on the WDTRC embedded RC oscillator clock.

WDT of A31G32x series features followings:

*  24-bit down counter (WDT_CNT)
*  Select reset or periodic interrupt

*  Count clock selection

*  Watchdog overflow output signal

¢ Counter window function

9.1 WDT block diagram

In this section, WDT block diagram is introduced in Figure 63.

WDT_DR
(24-bit Data)

WDTCLK of SCU_PPCLKSR Register

I N .
Reload Write Signal to WDT_CNTR

UNFIEN

i | fwo/4 )
>
WDTR fwpT/16
MCCR3 WOg] i | fwp/6a WDT_CNT —» UNFIFLAG
X MR (24-bit Down Counter) | Underflow
fwT/256
>

WINMIEN WDT interrupt
Match detector

4 WINMIFLAG

»

CLKDIV[1:0]

Underflow
CNTEN([5:0]

Magnitude comparison

WDT Reset
If counter > data, 1

WDT_WINDR Write Signal to WDT_CNTR
(24-bit Window Data)

RSTEN[5:0]

NOTE:

1. If areload signal is generated, the WDT_DR value is reloaded to WDT_CNT register after 1 clock delay with the
clock which is selected by the CLKDIV bits.

Figure 63. WDT Block Diagram
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9.2 Registers

Base address of WDT is introduced in the followings:

Table 41. Base Address of WDT

9. Watchdog timer

Name Base address
WDT 0x4000_1A00
Table 42. WDT Register Map
Name Offset Type | Description Reset value Reference
WDT_CR 0x0000 RW Watch-dog Timer Control | 0x0000_0000 9.2.1
Register
WDT_SR 0x0004 RW Watch-dog Timer Status | 0x0000_0080 9.2.2
Register
WDT_DR 0x0008 RW Watch-dog Timer Data | 0x0000_3D09 9.2.3
Register
WDT_CNT 0x000C RO Watch-dog Timer Counter | 0x0000_OFFF 9.24
Register
WDT_WINDR | 0x0010 RW Watch-dog Timer Window | 0x0000_ FFFF 9.25
Data Register
WDT_CNTR 0x0014 wO Watch-dog Timer Counter | 0x0000_0000 9.2.6
Reload Register
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9.2.1 WDT_CR: Watchdog timer control register

wDT module should be configured properly before running. WDT module can make reset event or assert

interrupt signal to system. Size of this register is 32-bit.

WDT_CR=0x4000_1A00

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 0
WTIDKY RSTEN CNTEN S| ¥
Z|z| 4
= | > (@]
0x0000 000000 000000 00| 00
Wo RW RW RW | RW | RW
31 WTIDKY Write Identification Key.
16 On writes, write 0x5A69 to these bits, otherwise the write is ignored.
15 RSTEN Watch-dog Timer Reset Enable bits.
10 0x25 Disable watch-dog timer reset.
Others Enable watch-dog timer reset.
9 CNTEN Watch-dog Timer Counter Enable bits.
4 Ox1A Disable watch-dog timer counter.
Others Enable window data match interrupt.
3 WINMIEN Watch-dog Timer Window Match Interrupt Enable bit.
0 Disable window data match interrupt.
1 Enable window data match interrupt.
2 UNFIEN Watch-dog Timer Underflow Interrupt Enable bit.
0 Disable watch-dog timer underflow interrupt.
1 Enable watch-dog timer underflow interrupt.
1 CLKDIV Watch-dog Timer Clock Divider bits, The clock which is selected by
0 SCU_PPCLKSRI0].
00 fwDT/4
01 fwDT/16
10 fwDT/64
11 fWDT/256
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9.2.2 WDT_SR: Watchdog timer status register
WDT_SR register is 32-bit size, and able to do 32/16/8-bit access.

WDT_SR=0x4000_1A04
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 131211 10 9 8|7 6 5 4 3 2

-
o

Reserved Reserved

- | DBGCNTEN

© [WINMIFLAG
© [ UNFIFLAG

=
=
=
=
=
=

7 DBGCNTEN Watch-dog Timer Counter Enable bit When the core is halted in the
debug mode.

0 The watch-dog timer counter continues even if the core is halted.
1 The watch-dog timer counter is stopped when the core is halted.
Note: This bit is set to “1b” by POR reset.

1 WINMIFLAG Watch-dog Timer Window Match Interrupt Flag bit.
0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
0 UNFIFLAG Watch-dog Timer Underflow Interrupt Flag bit.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1.

NOTES:
1.  Window match flag of WDT
2. Window match flag is recommended for System Clock(fx) = 2*WDT Clock(WDT)

9.2.3 WDT_DR: Watchdog timer data register

WDT_DR register is used to update WDT_CNT register. Size of this register is 32-bit.

WDT_DR=0x4000_1A08
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O

Reserved DATA
- 0x003D09
RW

23 DATA Watch-dog Timer Data bits. The range is 0x000000 to OxFFFFFF.

0

NOTE:

1.  Once any value is written to this data register, the register can’t be changed until a system
reset.
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9.2.4 WDT_CNT: Watchdog timer counter register

WDT_CNT register represents the current count value of 32-bit down counter. When the counter value
reach to 0, the interrupt or reset will be asserted. Size of this register is 32-bit.

WDT_CNT=0x4000_1A0C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved CNT
- 0x000FFF
RO
33 CNT Watch-dog Timer Counter bits.

9.2.5 WDT_WINDR: Watchdog timer window data register

WDT_WINDR register is used to compare with WDT_CNT for WINDOW function. Size of this register
is 32-bit.

WDT_WINDR=0x4000_1A10

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 0
Reserved WDATA
- 0x00FFFF
RW
23 WDATA Watch-dog Timer Data bits. The range is 0x000000 to OxFFFFFF.
0
NOTE:

1.  Once any value is written to this data register, the register can’t be changed until a system
reset.
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9.2.6 WDT_CNTR: Watchdog timer counter reload register

WDT_CNTR register is used to make reload signal. If reload signal is |, WDT_DR Value is reloaded to
WDT_CNT. Size of this register is 32-bit.

WDT_CNTR=0x4000_1A14

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
Reserved CNTR
- 0x00
Wo
7 CNTR Watch-dog Timer Counter Reload bits.
0 Ox6A Reload the WDTDR value to watch-dog timer counter and
re-start. (Automatically cleared to “0x00” after operation)
Others No effect
9.3 Functional description

WDT counter can be enabled by CNTEN (WDT_CRJ[9:4]). Corresponding bit field of the register CNTEN
is set with any value other than Ox1A. As WDT activates, a down counter will start counting from loaded
value.

If RSTEN (WDT_CRJ[15:10]) is set with any value other than 0x25, WDT reset would be asserted when
the WDT counter value reaches to ‘0’ (underflow event) from WDT_DR value. Before WDT counter
reaches to ‘0’, software can write Ox6A to WDT_CNTR register in order to reload WDT counter when
the counter value is less than or equal to the value of window data register. WDT reset may be asserted
if the reload occurs when counter is greater than window data.
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9.3.1 Timing diagram

In this section, WDT interrupt and reset timing diagram is introduced in Figure 64.

- UL AAAAN T AN

WDTDR D (Data), Where D>W ;‘

WDTWINDR W (Window data) I.‘

.r
WDT Interrupt
or WDT Resel

WDT Reset will occur on a reload during “counter = window data”™

WOT Resel won't occur on a reload during "counter £ windo

Figure 64. WDT Interrupt and WDT Reset Timing Diagram

9.3.2 Prescale table

WDT includes a 24-bit down counter with programmable pre-scaler to define different time-out intervals.

Clock sources of WDT can be WDT_RC or PCLK. PCLK can be selected by WDTCLK
(SCU_PPCLKSR][0]) which is set to ‘“1’, then the WDTCNFIG[2] bit of configure option page 1 is cleared
to logic “Ob”.

To configure a WDT counter as a base clock, user can control 2-bit pre-scaler CLKDIV [1:0] in the
WDT_CR register, and the maximum pre-scaled value is “clock source frequency/256”. The pre-scaled
WDT counter clock frequency values are listed in the following Table 43.

Selectable clock source (40KHz to 48MHz) and time-out interval at a single count
Time-out period = (Load Value + 1) * (1/pre-scaled WDT counter clock frequency)
*Time out period (when the Load Value reaches 0, underflow flag is set to ‘1°)

Table 43. Pre-scaled WDT Counter Clock Frequency

Clock source | WDTCLKIN WDTCLKIN/4 WDTCLKIN/16 | WDTCLKIN/64 | WDTCLKIN/256
WDTRC 31.250KHz 7.8125KHz 1.953125KHz 488.28125Hz 122.0703125Hz
MCCR3 WDT | MCCR3 WDT MCCR3 WDT/4 | MCCR3 MCCRS3 MCCR3
WDT/16 WDT/64 WDT/256
158 \BO\

SEMICONDUCTOR




A31G32x User’s manual 10. Watch timer

10. Watch timer

Watch timer (WT) has functions for RTC (Real Time Clock) operation. It is generally used for RTC
design. WT consists of a clock source select circuit, a timer counter circuit, an output select circuit and
watch timer control registers.

Prior to operate WT, a user needs to determine an input clock source and output interval, and to set
WTEN as ‘1’ in watch timer control register (WT_CR). It is able to execute simultaneously or individually.
To stop or reset WT, clear the WTEN bit in WT_CR register.

Watch timer counter circuit corporates a 26-bit counter. Low 14 bits of the counter form a binary counter
and high 12 bits form an auto reload counter in order to raise resolution. In WTCLR, it can control WT
clear and set interval value at write time, and it can read 12-bit WT counter value at read time.

10.1  WT block diagram

As shown in Figure 65, WT of A31G32x series have the following blocks:
*  14-bit divider
e  12-bit up-counter

¢ RTC function

WTDR
(12-bit Data)

::l > Match

Clear \
i WTCNT
WTCLK of PPCLKSR Register ¢ < h
9 (12-bit Up Counter) fwr/(2" X (WTDR Value + 1))
2
A > WTIEN
$ [ 14
I fw2 4 ,
XSOSC M fwr fwr/2R d U WTIFLAG WT interrupt
gl Divider P | X
WDTRC > X >
WTEN A Clear
2
WTCLR
WTINTV[1:0]

Figure 65. Watch Timer Block Diagram
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10.2 Registers
Base address of WT is introduced in the followings:

Table 44. Base Address of WT

Name Base address
WT 0x4000_2000

Table 45. WT Register Map

Name Offset Type | Description Reset value Reference
WT_CR | 0x0000 RwW Watch Timer Control Register | 0x0000_0000 10.21
WT_DR | 0x0004 RwW Watch Timer Data Register 0x0000_OFFF 10.2.2
WT_CNT | 0x0008 RO Watch Timer Counter Register | 0x0000_0000 10.2.3
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10.2.1 WT_CR: Watch timer control register

WT_CR is a 32-bit register, and able to do 32/16/8-bit access.

WT_CR=0x4000_2000

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved ‘-'-'E Z U—JqE;E'O
Ela| E |Elal=|F
S EREIHE
- 0 00 |O|-|0|0
RW RW | RW RW | RW
7 WTEN Watch Timer Operation Enable bit.
0 Disable watch timer operation.
1 Enable watch timer operation.
5 WTINTV Watch Timer Interval Selection bits.
4 00 w2
01 fwT/213
10 fwT/214
11 fWT/(2¥x(WTDR value + 1))
NOTE: These bits should be changed during WTEN bit is “Ob”.
3 WTIEN Watch Timer Interrupt Enable bit.
0 Disable watch timer interrupt.
1 Enable watch timer interrupt.
1 WTIFLAG Watch Timer Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
0 WTCLR Watch Timer Counter and Divider Clear bit.
0 No effect.
1 Clear the counter and divider (Automatically cleared to “Ob” after
operation)
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10.2.2 WT_DR: Watch timer data register

WT_DR is a 32-bit register.

WT_DR=0x4000_2004
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|]1514 13121110 9 8|7 6 5 4 3 2 1 0

Reserved WTDATA
- OxFFF
RW
11 WTDATA Watch Timer Data bits. The range is 0x001 to OxFFF.

10.2.3 WT_CNT: Watch timer counter register
WT_CNT is a 32-bit register.

WT_CNT=0x4000_2008
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0

Reserved CNT
- 0x000
RW
11 CNT Watch Timer Counter bits.
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11. 16-bit timer

16-bit timer block comprises 4 channels of 16-bit general purpose timers. Each channel has an
independent 16-bit counter and a dedicated prescaler that feeds a counting clock. 16-bit timer supports
periodic timer, PWM pulse, one-shot and capture mode. In addition, one more optional free-run timer is
provided. Main purpose of 16-bit timer is a periodical tick timer.

16-bit timer of A31G32x series features the followings:

e 16-bit up-counter

*  Periodic timer mode

*  One-shot timer mode

e  PWM pulse mode

e Capture mode

*  12-bit prescaler

*  Synchronous start and clear function

Table 46 introduces pins assigned for 16-bit timer.

Table 46. Pin Assignment of 16-bit Timer: External Pins

Pin name Type Description
EC1n I Timer 1n External Clock input
T1nCAP I Timer 1n Capture input
T1nOUT 0] Timer 1n Output

NOTE:

1. n=0,1,2,and 3
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16-bit timer block diagram

In this section, 16-bit timer is described in a block diagram in Figure 66.

A31G32x User’s manual

T1nECE

!

Edge
Detector

Ecin [

12-bit
Prescaler

fcL/(TIMER 1n_PREDR+1)

T1nCPOL[1:0]

T1nMS[1:0]

T1nCLK of SCU_PPCLKSR Register I—P

c=

>

TinCLK

TnEN

Capture Signal

TIMERIn_ADR
(16-bit A Data Register)

Reload

Buffer Register A Tootherblock TIMEN
A
A Match
ThPAU » TInMIFLAG
¢ Comparator Tin Matcl
A Match
TIMERIN ONT R 22 TINCLR
(16-bit Counter) T1nEN
B Match ¥ puse — ] 110
P»{ Generator
Comparator 12 T
Reload

TIMER1n_BDR TIMER1n_CAPDR
(16-hit B Data Register) (Capture Data Register)
N T TINCEEN

TInCIFLAG

Tin Capture

interrupt

:D—}Tln interrupt

interrupt

1. The TnEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2. After the TnEN bit is set, the counting of TIMERN_CNT may be delayed 2 clocks or more.

11.2 Registers

Figure 66. 16-bit Timer Block Diagram

Base address of 16-bit timer is introduced in the followings:

Table 47. Base Address of 16-bit Timer

Name Base address
TIMER10 0x4000_2100
TIMER11 0x4000_2200
TIMER12 0x4000_2300
TIMER13 0x4000_2700
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Table 48. TIMER 1n Register Map

Name Offset | Type | Description Reset value Reference

TIMER1n_CR 0x0000 | RW | Timer/Counter 1n  Control | 0x0000_0000 | 11.2.1
Register

TIMER1n_ADR 0x0004 | RW | Timer/Counter 1n A Data | 0x0000_FFFF | 11.2.2
Register

TIMER1n_BDR 0x0008 | RW | Timer/Counter 1n B Data | 0x0000_FFFF | 11.2.3
Register

TIMER1n_CAPDR | 0x000C | RO Timer/Counter 1n Capture | 0x0000_0000 | 11.2.4
Data Register

TIMER1n_PREDR | 0x0010 | RW | Timer/Counter 1n Prescaler | 0x0000_OFFF | 11.2.5
Data Register

TIMER1n_CNT 0x0014 | RO Timer/Counter 1n  Counter | 0x0000_0000 | 11.2.6
Register

NOTE:
1. n=0,1,2,and 3

11.2.1 TIMER1n_CR: Timer/counter 1n control register

Timer module should be configured properly before running. When a target purpose is defined, the timer
can be configured in the TIMERN_CR register. After configuring TIMER1n_CR, a user can start or stop
the timer function by using TIMERN_CR.

TIMER1n_CR is a 32-bit register, and able to do 32/16/8-bit access. (n =0, 1, 2, and 3)

TIMER10_CR=0x4000_2100, TIMER11_CR=0x4000_2200
TIMER12_CR=0x4000_2300, TIMER13_CR=0x4000_2700

3130 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
° | o |= Qlo
2|5 2 8] (3] % |E|&|3|5/2|Y
Reserved Wiol 2 |u| @ (3] Y [S|lolikia|o
FIE|l S 5| 8 |2| 2 |E|EIZIQIE|E
e = F =
- 0(0| o0 {[O|] - |(O| 0O |O|O|jO|O|O]|O
RWIRW| RW |[RW RW | RW [RW |[RW |RW |RW |RW|RW
15 T1nEN Timer 1n Operation Enable bit.
0 Disable timer 1n operation.
1 Enable timer 1n operation. (Counter clear and start)
14 T1nCLK Timer 1n Clock Selection bit.
0 Select an internal prescaler clock.
1 Select an external clock.

NOTE: This bit should be changed during T1nEN bit is “Ob”.
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13 T1inMS Timer 1n Operation Mode Selection bits.
12 00 Timer/Counter mode. (T1nO: Toggle at A-match)
01 Capture mode. (The A-match interrupt can occur)
10 PPG one-shot mode. (TLnOUT: Programmable pulse output)
11 PPG repeat mode. (T1nOUT: Programmable pulse output)
Note) This bit should be changed during TnEN bit is “Ob”.
11 T1nECE Timer 1n External Clock Edge Selection bit.
0 Select falling edge of external clock.
1 Select rising edge of external clock.
8 T1nOPOL T1nOUT Polarity Selection bit.
0 Start high. (T1LnOUT is low level at disable)
1 Start low. (T1nOUT is high level at disable)
7 T1nCPOL Timer 1n Capture Polarity Selection bits.
6 00 Capture on falling edge.
01 Capture on rising edge.
10 Capture on both of falling and rising edge.
11 Reserved.
5 T1nMIEN Timer 1n Match Interrupt Enable bit.
0 Disable timer 1n match interrupt.
1 Enable timer 1n match interrupt.
4 T1nCIEN Timer 1n Capture Interrupt Enable bit.
0 Disable timer 1n capture interrupt.
1 Enable timer 1n capture interrupt.
3 T1nMIFLAG Timer 1n Match Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
2 T1nCIFLAG Timer 1n Capture Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
1 T1nPAU Timer 1n Counter Temporary Pause Control bit.
0 Continue counting.
1 Temporary pause.
0 T1nCLR Timer 1n Counter and Prescaler Clear bit.

0 No effect.

1 Clear timer 1n counter and prescaler. (Automatically cleared to
“Ob” after operation)
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11.2.2 TIMER1n_ADR: Timer/counter 1n A data register
TIMER1n_ADR is a 32-bit register, and able to do 32/16/8-bit access. (n =0, 1, 2, and 3)

TIMER10_ADR=0x4000_2104, TIMER11_ADR =0x4000_2204
TIMER12_ADR =0x4000_2304, TIMER13_ADR =0x4000_2704

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 54 3 2 10
Reserved ADATA
- OxFFFF
RW
15 ADATA Timer/Counter 1n A Data bits. The range is 0x0002 to OxFFFF.
0 NOTE:
1. Do not write “0000H” in the TIMER1n_ADR register when
PPG mode.

11.2.3 TIMER1n_BDR: Timer/counter n B data register

TIMER1n_BDR is a 32-bit register, and able to do 32/16/8-bit access. (n =0, 1, 2, and 3)

TIMER10_BDR=0x4000_2108, TIMER11_BDR =0x4000_2208
TIMER12_BDR =0x4000_2308, TIMER13_BDR =0x4000_2708

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16({15 14 13 12 11 10 9 8‘7 6 543 210
Reserved BDATA
- OxFFFF
RW
15 BDATA Timer/Counter 1n B Data bits. The range is 0x0000 to OxFFFF.
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11.2.4 TIMER1n_CAPDR: Timer/counter 1n capture data register

TIMER1n_ CAPDR is a 32-bit register, and able to do 32/16/8-bit access. (n = 10, 11, 12, and 13)

TIMER10_CAPDR =0x4000_210C, TIMER11_CAPDR =0x4000_220C
TIMER12_CAPDR =0x4000_230C, TIMER13_CAPDR =0x4000_270C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘7 6 54 3 2 10
Reserved CAPD
- 0x0000
RO
35 CAPD Timer/Counter 1n Capture Data bits.

11.2.5 TIMER1n_PREDR: Timer/counter 1n prescaler data register

TIMER1n_PREDR is a 32-bit register, and able to do 32/16/8-bit access. (n =0, 1, 2, and 3)

TIMER10_PREDR =0x4000_2110, TIMER11_PREDR =0x4000_2210
TIMER12_PREDR =0x4000_2310, TIMER13_PREDR =0x4000_2710
31 30 29 28 27 26 25 24|23 22 21 2019181716‘151413 12 11 10 9 8‘7 6 5 4 3 2

10

Reserved PRED

OXFFF
Rl

11 PRED Timer/Counter 1n Prescaler Data bits.
0

11.2.6 TIMER1n_CNT: Timer/counter n counter register

TIMER1n_CNT is a 32-bit register, and able to do 32/16/8-bit access. (n =0, 1, 2, and 3)

TIMER10_CNT =0x4000_2114, TIMER11_CNT =0x4000_2214
TIMER12_CNT =0x4000_2314, TIMER13_CNT =0x4000_2714

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘7 6 54 3 210
Reserved CNT
- 0x0000
RO
15 CNT

Timer/Counter 1n Counter bits.
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11.3  Functional description

11.3.1 Timer counter 10/11/12/13

Timer/counter n can be clocked by an internal or an external clock source (EC1n). Its clock source is
selected by a clock selection logic which is controlled by clock selection bits (T1nCLK). (n =0, 1, 2, and
3)

* TIMER 1n clock source: fCLK/((TIMER1n_PREDR +1), EC1n

In capture mode, by TnCAP, data is captured into input capture data register (TIMER1n_CAPDR).
TIMER 1n results the comparison between a counter and the data register through T1nOUT port in
timer/counter mode. In addition, TIMER 1n outputs PWM wave form through T1nOUT port in the PPG
mode.

Table 49 introduces various operating modes of TIMER 1n according to the value of timer/counter
register.

Table 49. TIMER 1n Operating Modes

T1nEN | Alternative | TInMS[1:0] | TIMER1n_PREDR | Timer 1n
mode
1 AF6 00 OxXXX 16-bit Timer/Counter Mode
1 AF5 01 OxXXX 16-bit Capture Mode
1 AF6 10 OxXXX 16-bit PPG Mode(one-shot mode)
1 AF6 11 OxXXX 16-bit PPG Mode(repeat mode)
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11.3.2  16-bit timer/counter mode

16-bit timer/counter mode is selected by control register as shown in Figure 67. The 16-bit timer has a
counter and data register. The counter register is increased by internal or external clock input. Timer n
can use the clock input with 12-bit prescaler division rates (TIMER1n_PREDR) and external clock
(EC1n). When each value of TIMER1n_CNT and TIMERn_ADR are identical in timer 1n, a match signal
is generated and the interrupt of Timer 1n occurs. The TIMER1n_CNT values are automatically cleared
by the match signal. It can be also cleared by software (T1nCLR).

° 2132l z]=z12]¢2
TIMERINCR [ = | %33 (5 ¢ |9|o o|l&|G|3]|3[2| 5| ApDRESS
glolz]z|a S |&|e|af=]C[L[Z]|a]|Q| 0x4000_2100/0x4000_2200/0x4000_2300/0x4000_2700
S{Z1s(51s 8 [2lelelz2lE|=s|clsls
FIEIR|EIR] & |8 5 E il s é E = [ F | INITIAL VALUE : 0x0000
1 X 0 0 X - - X X X X X X X X X
TIMER1n_ADR
(16-hit A Data Register)
Reload
Buffer Register A
A Match i
> T1n Match interrupt
TInPAU »{ TINMIFLAG P
gcn [ Edge
Detector Comparator
~ /— AMatch
_ TIMERIN_CNT g I8 TInCLR
TINCLK of SCU_PPCLKSR Register (16-bit Counter) N\ Tinen

Pulse

T1nMS[1:0] TLnOPOL

12-bit
Prescaler

fcLk/(TIMER1n_PREDR+1)

Figure 67. TIMER 1n Block Diagram in Timer/Counter Mode (n =0, 1, 2, and 3)

, Match with

TIMER1n_ADR

n
T L H
Value =
n-2
Up-count, Count Pulse Period
6
5
4
3
2
1
0

TIME
}47 Interrupt Period 4%

Timer 1n T T T
(T1nMIFLAG) >

Interrupt Occur Occur Occur TIMI
Interrupt Interrupt Interrupt

Figure 68. Timer/Counter Mode Timing Example of TIMER 1n (n =0, 1, 2, and 3)
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Figure 69 shows the timer/counter mode operation of timer/counter 1n. Refer to Figure 13 for internal

timer clock source and Table 25 for Timer1n Output pin.

TIMER1n_CR[14]
T1nCLK : Interal/External Clock Select

TinCLEK : External Clock?

Internal Timer Clock Source Select

!

y

TIMER1n_PREDR[11:0]
PRED : Prescaler Data bits

TIMER1n_CR[11]
ECE : External Clock Edge Select

TIMERIn_CR[13:12]
TinMS5 : Timer Mode Select
[00] : Timer/Courter Mode
[01] : Capture Mode

[10] : PPG One-Shot Mode

[11] : PPG Repeat Mode

TIMER1n_ADR[15:0]
ADATA : A Data bits

1

TIMER1n_CR[8]
T1inOPOL : TInOUT Polarity Select

Use Timer Match Intemupt?

N

TIMER_CR[15]
TinEN : Timerln Start

TIMERIn_CR[S]
TinMIEN
: Match Interrupt Enable/Dizsable

Figure 69. Timer/Counter Mode Operation Sequence of TIMER 1n (n =0, 1, 2, and 3)
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11.3.3  16-bit capture mode

Timer n capture mode is evoked by setting T1nMS[1:0] as ‘01’. It can use an internal clock as a clock
source. Basically, it has the same function as 16-bit timer/counter mode, and the interrupt occurs when
TIMER1n_CNT is equal to TIMER1n_ADR. TIMER1n_CNT value can be automatically cleared by a
match signal. It can be cleared by software too (TnCLR).

A timer interrupt in capture mode is very useful when pulse width of captured signal is wider than the
maximum period of the timer. The capture result is loaded into TIMER1n_CAPDR. In the timer n capture
mode, timer 1n output (TnO) waveform is not available.

TIMER1n_CR <|zlslal 2 [3|2[2]|zlz]5]%]2]=
n_ glzl2lz|g s 2|82 L|u|Z|2[T|3| Appress:0x4000_2100/0x4000_2200/0x4000_2300
SlE(5(518] 8 |12lele|Z|2|2|e|E|z
FlE1gIele & gl e padl E E | F | INITIAL VALUE : 0x0000
1 X 0 1 X - - X X X X X X X X X

TIMER1n_ADR
(16-bit A Data Register)

Reload

Buffer Register A

Toother block T1nMIEN

T1InMIFLAG . T1n Match interrupt
Comparator

| Clear /7_ A Match
< TinCLR
SN Tinen

T1nECE

Edge
EC1
cinl]

T1nCLK of SCU_|

A Match

T1nPAU

TIMERIn_CNT R
(16-bit Counter)

PPCLKSR Register

fcL/(TIMER1n_PREDR+1)
T1nCPOL[1:0]

TIMER1n_CAPDR
(Capture Data Register)

T1nMS[1:0]

TinCIEN

TInCIFLAG T1n Capture interrupt

SV

Figure 70. TIMER 1n Block Diagram in Capture Mode (h =0, 1, 2, and 3)
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TIMERTn_CNT
Value

TIMER1n_BDR Load

Count Pulse Period

TinC PIN

Interrupt

Request
(T1nCIFLAG)

¢— Interrupt Period———»

Figure 71. Capture Mode Timing Example of TIMER 1n (n =0, 1, 2, and 3)

TIMERTn_CNT

00y

Interrupt

00y

FFFFy FFFFy

00, 00

YYu

004

Request
(TTnMIFLAG)

TinC PIN

Interrupt

Request
(T1nCIFLAG)

Interrupt Interval Period = FFFF,+01,+FFFF,+014+YYy+01y

Figure 72. Express Timer Overflow in Capture Mode of TIMER 1n (n =0, 1, 2, and 3)
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Figure 73 shows the capture mode operation of timer/counter 1n. Refer to Figure 13 for internal timer
clock source and section Table 25 for Timer1n Output pin.

TIMER1n_CR[14]
T1nCLK : Interal/External Clock Select

T1nCLK : External Clock?

Internal Timer Clock Source Select

¥ h 4

TIMERLn_PREDR[11:0] TIMER1n_CR[11]
PRED : Prescaler Data bits ECE : External Clodk Edge Select

¥

TIMER1n_CR[13:12]
T1InMS : Timer Mode Select
[00] : Timer/Counter Mode
[01] : Capture Mode D
[10] : PPG One-Shot Mode
[11] : PPG Repeat Mode

¥

TIMER1n_ADR[15:0]
ADATA : A Data bits

v

TIMER1n_CR[7:6]
TInCPOL : T1n Capture Polarity Selection

Use Timer Capture Interrupt?

TIMERIn_CRI4]
TinCIEN

: Capture Interrupt Enable/Disable

TIMER_CR[15]
T1nEN : Timerln Start -

Figure 73. Capture Mode Operation Sequence of TIMER 1n (n =0, 1, 2, and 3)
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11.3.4 16-bit PPG mode

Timer 1n has a PPG (Programmable Pulse Generation) function. In PPG mode, the TnO pin outputs up
to 16-bit resolution PWM output. This pin should be configured as a PWM output by setting
corresponding PNAFSRXx to ‘AF6’. Period of the PWM output is determined by the TIMERn_ADR, and
duty of the PWM output is determined by the TIMER1n_BDR.

- | o Qlo
x|=]lola 3 al2l2z|lzlz|<]|a]lcx
TIMER1n_CR glal2(2]lo] & [2(2|2|L|L|Z2|2]|2| 2| AoDRESS:0x4000_2100/0x4000_2200/0%4000_2300/0x4000_2700
2121Z(Z|2| & |8|5|5]z|2|5|5|E|¢8 - - - -
[ 5 = Il s e |5|515|2|255]|F|2| nmAL vALUE : oxo000
o FIZ|IZ|F|F ;. ;: [l :
1 X 1 1 X - - X X X X X X X X X
TIMER1n_ADR
(16-bit A Data Register)
Reload
Buffer Register A
T1nECE Tﬂﬂmffblﬂck TINMIEN
i A Match i
» T1n Match interrupt
Cdge TInEN TInPAU »| TIMIFLAG P
EC1n Detector Comparator
D /7—AMalch
_ M TIMERIN_CNT R |2 TInCLR
T1nCLK of PP CLK SR Register u (16-bit Counter) \_\—TlnEN
X
; B Match > Ppuse ————{ Tinout
12-bit | Generator n
Prescaler TnCLK
Comparator

fcl/(TIMER1n_PREDR+1) 2

Buffer Register B

Reload

T1nMS[1:0] TInOPOL

TIMER1n_BDR
(16-bit B Data Register)

NOTE:

1. The TnEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 74. TIMER 1n Block Diagram in PPG Mode (n =0, 1, 2, and 3)
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Repeat Mode(T1nMS = 11b) and "Start High"(TInOPOL = 0b).

Set T1nEN Clear and Start

Timer 1n clock

Counter

TIMER1In_ADR M

7 /
T1n Interrupt ; _‘
Y

1. TIMER1n_BDR(5) < TIMER1Nn_ADR

TinO B Match A Match

2. TIMERLn_BDR >= TIMER1n_ADR
1

TinO A Match

1
3. TIMER1n_BDR = "0000H"
|

TinO A Match

1
Low Level

Set TlnEN—¢

Timer 1n clock

Counter

Clear and Start

TIMER1In_ADR M

T1n Interrupt

1. TIMER1n_BDR(5) < TIMERLn_ADR

T1inO B Match A Match
2. TIMER1n_BDR >:;TI MER1n_ADR l
T1inO A Match

1
3. TIMER1n_BDR ="0000H"
|

TinO A Match

1
Low Level

Figure 75. PPG Mode Timing Example of TIMER 1n (n =0, 1, 2, and 3)
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Figure 76 shows the PPG mode operation of timer/counter 1n. Refer to Figure 13 for internal timer clock

source and Table 25 for Timer1n Output pin.

TIMER1n_CR[14]
T1nCLK : Interal/External Clock Select

T1nCLK : External Clock?

Internal Timer Clock Source Select

!

k-

TIMER1n_PREDR[11:0]
PRED : Prescaler Data bits

TIMER1n_CR[11]
ECE : External Clodk Edge Select

A

TIMER1n_CR[13:12]
T1InMS : Timer Mode Select
[00] : Timer/Counter Mode

[01] : Capture Mode
[10] : PPG One-Shot Mode
[11] : PPG Repeat Mode

TIMER1n_ADR[15:0] & BDR[15:0]
ADATA : A Data bits
BDATA : B Data bits

v

TIMER1n_CR[8]
T1InOPOL : T1ln Capture Polarity Selection

Use Timer Match Interrupt?

TIMER1n_CR[5]
TinMIEN
: Match Interrupt Enable/Disable

TIMER_CR[15]

T1nEN : Timerln Start

Figure 76. PPG Mode Operation Sequence of TIMER 1n (n =0, 1, 2, and 3)
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12. 32-bit timer

32-bit timer block comprises 2 channels of 32-bit general purpose timers. Each channel has an
independent 32-bit counter and a dedicated prescaler that feeds a counting clock. 32-bit timer supports
periodic timer, PWM pulse, one-shot and capture mode. In addition, one more optional free-run timer is
provided. Main purpose of 32-bit timer is a periodical tick timer.

32-bit timer of A31G32x series features the followings:

e 32-bit up-counter

*  Periodic timer mode

*  One-shot timer mode

e  PWM pulse mode

e Capture mode

*  12-bit prescaler

*  Synchronous start and clear function

Table 50 introduces pins assigned for 32-bit timer.

Table 50. Pin Assignment of 32-bit Timer: External Pins

Pin name Type Description
EC2n I Timer 2n external clock input
T2nCAP I Timer 2n capture input
T2nOUT 0] Timer/PWM/one-shot output
NOTE:
1. n=0or1
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12.1

32-bit timer block diagram

In this section, 32-bit timer is described in a block diagram in Figure 77.

12. 32-bit timer

T2nCLK of PPCLK SR Register

fcLk/(T2nPREDR+1)
e I U EPYT
—BCLKy | X Prescaler T2nEN
[N
U
,—) X fr20
I:l N Edge
EC2n Detector
T CLKSEL
T2nECE

o/

CAPSEL([1:0] T2nCPOL[1:0]
T2nMS[1:0]

T2nADR
(32-bit A Data Register)

Reload

Buffer Register A

T2nCIFLAG

Toother block T2nMIEN
A
A Match R T2n Match interrupt
T2nPAU »| T2nMIFLAG —L| )
Comparator
/7— A Match
Clear
T2nCNT R [« T2nCLR
(32-bit Counter) \A_ T2nEN
Clear P Pulse
B Maich o Generator ——"1 T2nout
Comparator 12 T
Buffer Register B T2nMS[1:0] T2nOPOL
X Reload
T2nBDR T2nCAPDR
(32-bit B Data Register) (Capture Data Register)
N T T2nCIEN
Capture Signal T _I_Di
T2n Capture interrupt

1. The T20EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2. After the T20EN bit is set, the counting of TIMER20_CNT may be delayed 2 clocks or more.

i>—>nn interrupt

Figure 77. 16-bit Timer Block Diagram
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12.2 Registers
Base address of 32-bit timer is introduced in the followings:

Table 51. Base Address of 32-bit Timer

Name Base address
TIMER20 0x4000_2500
TIMER21 0x4000_2600
Table 52. TIMER 2n Register Map
Name Offset Type | Description Reset value Reference
TIMER2n_CR 0x0000 | RW Timer/Counter 2n Control 0x0000_0000 | 12.2.1
Register
TIMER2n_ADR | 0x0004 | RW Timer/Counter 2n A Data OxFFFF_FFFF | 12.2.2
Register
TIMER2n_BDR | 0x0008 | RW Timer/Counter 2n B Data OxFFFF_FFFF | 12.2.3
Register
TIMER2n_CAP | 0x000C | RO Timer/Counter 2n Capture 0x0000_0000 | 12.2.4
DR Data Register
TIMER2n_PRE | 0x0010 | RW Timer/Counter 2n Prescaler | 0x0000_OFFF | 12.2.5
DR Data Register
TIMER2n_CNT | 0x0014 | RO Timer/Counter 2n Counter 0x0000_0000 | 12.2.6
Register
NOTE:
1. n=0or1
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12.2.1 TIMER2n_CR: Timer/counter 2n control register

Timer module should be configured properly before running. When a target purpose is defined, the timer
can be configured in the TIMER2n_CR register. After configuring TIMER2n_CR, a user can start or stop

the timer function by using TIMER2n_CR.

TIMER1n_CR is a 32-bit register, and able to do 32/16/8-bit access. (n =0 or 1)

TIMER20_CR=0x4000_2500, TIMER21_CR=0x4000_2600

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0
14 . Q|0
~ N w| = ZlZ|<|< 14
O|Z|3l € |o| B |2 Q |LEZ 2z
Reserved Zol8 S |4 2 |6 o [29o=.&y(8
QIR & K] < 8] § |]]|]IZ]8|8|
[ [ |-
i ° |F| F|F|T|8R
- 00 0 0 0 o(ojojojof|o
RW{RW{RW| RN |RW|{ RW |RW| RW [RW RW]|RW|RW|RW|RW
16 T2nCNCLR Timer 2n counter clear after Capture
0 Clear counter after capture
1 Keep counter after capture
15 T2nEN Timer 2n Operation Enable bit.
0 Disable timer 2n operation.
1 Enable timer 2n operation. (Counter clear and start)
14 T2nCLK Timer 2n Clock Selection bit.
0 Select an internal prescaler clock.
1 Select an external clock.
NOTES:

This bit should be changed during T2nEN bit is “Ob”.
If you select an internal prescaler clock, you should set T2nCLK bit in the SCU_PPCLKSR register

first.

Timer 2n Operation Mode Selection bits.

00 Timer/Counter mode. (T2nO: Toggle at A-match)

01 Capture mode. (The A-match interrupt can occur)

10 PPG one-shot mode. (T2nO: Programmable pulse output)

11 PPG repeat mode. (T2nO: Programmable pulse output)

NOTE: This bit should be changed during T2nEN bit is “Ob”.

Timer 2n External Clock Edge Selection bit.

0 Select falling edge of external clock.

1 Select rising edge of external clock.

Timer 2n Capture Signal Selection bits.

00 Select an external capture signal.

01 Not used

10 Select the WDTRC (Watch-dog timer RC oscillator) signal.

11 Not used

NOTE: This bit should be changed during T2nEN bit is “Ob”.

13 T2nMS
12

11 T2nECE
10 CAPSEL
9

8 T2nOPOL

T2nO Polarity Selection bit.

0 Start high. (T2nO is low level at disable)

1 Start low. (T2nO is high level at disable)
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7 T2nCPOL Timer 2n Capture Polarity Selection bits.
6 00 Capture on falling edge.
01 Capture on rising edge.
10 Capture on both of falling and rising edge.
11 Reserved.
5 T2nMIEN Timer 2n Match Interrupt Enable bit.
0 Disable timer 2n match interrupt.
1 Enable timer 2n match interrupt.
4 T2nCIEN Timer 2n Capture Interrupt Enable bit.
0 Disable timer 2n capture interrupt.
1 Enable timer 2n capture interrupt.
3 T2nMIFLAG Timer 2n Match Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
2 T2nCIFLAG Timer 2n Capture Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
1 T2nPAU Timer 2n Counter Temporary Pause Control bit.
0 Continue counting.
1 Temporary pause.
0 T2nCLR Timer 2n Counter and Prescaler Clear bit.

0 No effect.

1 Clear timer 2n counter and prescaler. (Automatically cleared to
“Ob” after operation)

12.2.2 TIMER2n_ADR: Timer/counter 2n A data register

TIMER2n_ADR is a 32-bit register, and able to do 32/16/8-bit access. (n =0 or 1)

TIMER20_ADR=0x4000_2504, TIMER21_ADR=0x4000_2604

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘7 6 54 3 210

ADATA

OXFFFFFFFF

RW

31 ADATA
0

Timer/Counter 2n A Data bits. The range is 0x0002 to OxFFFFFFFF.

NOTE: Do not write “0000H” in the TIMER20_ADR register when PPG mode.
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12.2.3 TIMER2n_BDR: Timer/counter 2n B data register
TIMER2n_BDR is a 32-bit register, and able to do 32/16/8-bit access. (n =0 or 1)

TIMER20_BDR=0x4000_2508, TIMER21_BDR=0x4000_2608
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘7 6 543 210

BDATA

OXFFFFFFFF

RW

31 BDATA Timer/Counter 2n B Data bits. The range is 0x0000 to xFFFFFFFF.

12.2.4 TIMER2n_CAPDR: Timer/counter 2n capture data register

TIMER2n_ CAPDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER20_CAPDR=0x4000_250C, TIMER21_CAPDR=0x4000_260C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 &5 4 3 2 1 O

CAPD

0x0000

RO

31 CAPD Timer/Counter 2n Capture Data bits.
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12.2.5 TIMER2n_PREDR: Timer/counter 2n prescaler data register

TIMER2n_PREDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER20_PREDR=0x4000_2510, TIMER21_PREDR=0x4000_2610
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 O

Reserved PRED
0x00000 OxFFF
- RW
11 PRED Timer/Counter 2n Prescaler Data bits.
0 feu/(TIMER2n_PREDR +1)

12.2.6 TIMER2n_CNT: Timer/counter 2n counter register

TIMER2n_CNT is a 32-bit register, and able to do 32/16/8-bit access.

TIMER20_CNT=0x4000_2514, TIMER21_CNT=0x4000_2514
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O

CNT

0x00000000

RO

31 CNT Timer/Counter 2n Counter bits.
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12.3  Functional description

12.3.1 Timer counter 2n

Timer/counter 2n can be clocked by an internal or an external clock source (EC2n). Its clock source is
selected by a clock selection logic which is controlled by clock selection bits (T2nCLK).

* TIMER 2n clock source: fCLK/((TIMER2n_PREDR +1), EC2n

In capture mode, by T2nCAP, data is captured into input capture data register (TIMER2n_CAPDR).
TIMER 2n results the comparison between a counter and the data register through T2nOUT port in
timer/counter mode. In addition, TIMER 2n outputs PWM wave form through T2nOUT port in the PPG
mode.

Table 53 introduces various operating modes of TIMER 2n according to the value of timer/counter
register.

Table 53. TIMER 2n Operating Modes

T2nEN | Alternative | T2nMS[1:0] | TIMER2n_PREDR | TIMER 2n
mode
1 AF6, AF8 00 OxXXX 32-bit Timer/Counter Mode
1 AF5, AF7 01 OxXXX 32-bit Capture Mode
1 AF6, AF8 10 OxXXX 32-bit PPG Mode(one-shot mode)
1 AF6, AF8 11 OxXXX 32-bit PPG Mode(repeat mode)
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12.3.2  32-bit timer/counter mode

32-bit timer/counter mode is selected by control register as shown in Figure 78. The 32-bit timer has a
counter and data register.

The counter register is increased by internal or external clock input. TIMER 2n can use the clock input
with 12-bit prescaler division rates (TIMER2n_PREDR) and external clock (EC2n). When each value of
TIMER20_CNT and TIMER2n_ADR are identical in TIMER 2n, a match signal is generated and the
interrupt of Timer 2n occurs. The TIMER2n_CNT values are automatically cleared by the match signal.
It can be also cleared by software (T2nCLR).

T2nCR ADDRES S:4000_2500H, 4000_2600H

x alelala]e olao
slzlx|alglelz|32|3|3|8]|&] 3|52
zlslelzlz|lu|lololo|y|8=]0 LiLlalo INITIAL VALUE : 0x0000
AENHHHEEEEEHEHEEBEE
SIEIF|FIFIF|SISISIRIRISIRIQIRIFIF
= OlO|F|+F]|F e
1 X 0 0 X X X X X X X X X X X X
T20ADR
(32-bit A Data Register)
Reload
Buffer Register A
T20CLK of PPCLKSR Register To Om‘ef block T20MIEN
fcLi/(T20PREDR+1) A Match R T20 Match
m&.) 12-bit T20PAU P»| T20MIFLAG interrupt
—PBCLK | Prescaler Comparator
~— /— AMatch
T20CNT el T20CLR
(32-bit Counter) \j— T20EN

Edge

T20ECE

Pulse
. TaoouT

T20MS[1:0] T200POL

CLKSEL

Figure 78. TIMER 2n Block Diagram in Timer/Counter Mode

y Match with
TIMER20_ADR
TIMERRO_CNT[ "o s T
Value n-1

Up-count n2 Count Pulse Period

6
5
4
3
2
1
0

TIME
‘47 Interrupt Period4>{

Timer 20 T I I
(T20MIFLAG) I >

! ! >
Interrupt Occur Occur Occur TIME
Interrupt Interrupt Interrupt

Figure 79. Timer/Counter Mode Timing Example of TIMER 2n
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Figure 80 shows the timer/counter mode operation of timer/counter 2n. Refer to Figure 13 for internal
timer clock source and Table 25 for Timer2n Output pin.

TIMER2Zn_CR[14]
T2nCLK : Interal/External Clock Select

T2nCLK : External Clock?

Internal Timer Clock Source Select

! .

TIMER2n_PREDR[11:0] TIMER2Zn_CR[11]
PRED : Prescaler Data bits T20ECE : External

Clock Edge Select

A
TIMER2Zn_CR[13:12]
T2nMS : Timer Mode Select
[00] : Timer/Counter Mode
[01] : Capture Mode D
[10] : PPG One-Shot Mode
[11] : PPG Repeat Mode

TIMER2n_ADR[15:0]
ADATA : A Data bits

Y

TIMER2Zn_CR[8]
T2nOPOL : T2n Output Polarity Selection

Use Timer Match Interrupt?

TIMER2n_CR[5]
T2nMIEN

: Match Interrupt Enable/Disable

TIMER_CR[15]
T2nEN : Timer2n Start

A

Figure 80. Timer/Counter Mode Operation Sequence of TIMER 2n (n =0 or 1)
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12.3.3  32-bit capture mode

Timer 2n capture mode is evoked by setting T2nMS[1:0] as ‘01’. It can use an internal clock as a clock
source. Basically, it has the same function as 32-bit timer/counter mode, and the interrupt occurs when
TIMER2n_CNT is equal to TIMER2n_ADR. TIMER2n_CNT value can be cleared by software (T2nCLR).

A timer interrupt in capture mode is very useful when pulse width of captured signal is wider than the
maximum period of the timer. The capture result is loaded into TIMER2n_BDR. In the TIMER 2n capture
mode, TIMER 2n output (T2nOUT) waveform is not available. (n = 0 or 1).

ADDRES S:4000_2500H, 4000_2600H

T2nCR INITIAL VALUE : 0x0000

T2nEN
T2nCLK
T2nMS1
T2nMS0
T2nECE

T2nMIEN
T2nCIEN
T2nPAU
T2nCLR

X | T2nCNCLR
X | CAPSEL1
X | CAPSELO
X | T2nOPOL
X | T2nCPOL1
X | T2nCPOLO

m
x
o
P

x
X | T2nMIFLAG

X | T2nCIFLAG

x
x
x
x

T2nADR
(32-bit A Data Register)

Reload

T2nCLK of PPCLK SR Register Tootherblock T2nMIEN
fcLk/(T2nPREDR+1) T2n Match
MCCR T2nPAU T20MIFLAG interrupt
—PCLK ] Comparator
~—— /— A Match
M T2nCNT R | T2nCLR
g (32-bit Counter) \A— T2nEN
ecan[] T
CLKSEL
T2nECE
k
CAPSEL[1:0] T2nCPOL[1:0] (Capture Data Register)
T2nMS[1:0]
nMSIL:0] N~ T2nCIEN
; I/ T2n Capture
T2ncaP [] pCapture Signal i T2nCIFLAG interrupt
WDTRC
Figure 81. TIMER 2n Block Diagram in Capture Mode
R TIMER2n_BDR Load

Up-count, n-2
6

5

TIMER2n_CNT|
Value

T2nCLR

Counter clear (S/W) Count Pulse Period

4

TIME

T2nC PIN
s A L
(T2nCIFLAG) <§7Interrupt Interval Period ———»|
Figure 82. Capture Mode Timing Example of TIMER 2n (n =0 and 1)
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OXFFFFFFFF OXFFFFFFFF OXFFEFFFFF

O0xXX

TIMER2n_CNT

0x00 0x00 0x00 0x00

Interrupt |_| |_|

Request
(T2nMIFLAG)

T2nC PIN

Interrupt —|

Request
(T2nCIFLAG) < >
Interrupt Interval Period = OXFFFFFFFF+0x01+0xFFFFFFFF+0x01+0xYY +0x01

Figure 83. Express Timer Overflow in Capture Mode of TIMER 2n (T2nCNCLR = 1’b1)

OXFFFFFFFF OXFFEFFFFF

TIMER2n_CNT
oxYY

0x00 0x00 0x00 0x00 0x00

Interrupt H H

Request
(T2nMIFLAG)

T2nC PIN

Interrupt —‘

Request
(T2nCIFLAG)

< »

Interrupt Interval Period = OxFFFFFFFF+0x01+0xFFFFFFFF+0x01+0xYY+0x01

Figure 84. Express Timer Overflow in Capture Mode of TIMER 2n (T2nCNCLR = 1’b0)
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Figure 85 shows the capture mode operation of timer/counter 2n. Refer to Figure 13 for internal timer
clock source and Table 25 for Timer2n Output pin.

TIMER2n_CR[14]
T2nCLK : Interal/External Clock Select

T2nCLK : External Clock?

Intermal Timer Clock Source Select

TIMER2Zn_PREDR[11:0] x
PRED : Prescaler Data bits TIMERZn_CR[11]

TZInECE : External Clock Edge Select

TIMER2n_¢CR[13:12]
T2nMS : Timer Mode Select
[00] : Timer/Counter Mod e
[01] : Capture Mode
[10] : PPG One-Shot Mode
[11] : PP Repeat Mode

TIMER2n_ADR[15:0]
ADATA : A Data bits
¥

TIMER2n_CR[7:6]
TZnCPOL : T2n Capture Polarity Selection

TIMERZn_CR[16] (TZnCNCLR)
TIMERZn counter after Capture
[0] : Clear counter after capture
[1] : Keep counter after capture

Usze Timer Capture Interrupt?
TIMERZn_CR[4]

N
T2nCIEN
: Capture Interrupt Enable/Disable

TIMER_CR[15]
T2ZnEMN : Timer2n Start

Figure 85. Capture Mode Operation Sequence of TIMER 2n (n =0 or 1)
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12.3.4 32-bit PPG mode

Timer 2n has a PPG (Programmable Pulse Generation) function. In PPG mode, the T2nOUT pin outputs
up to 32-bit resolution PWM output. This pin should be configured as a PWM output by setting
corresponding PnAFSRx to ‘AF6’ or ‘AF7’. Period of the PWM output is determined by the
TIMER2n_ADR, and duty of the PWM output is determined by the TIMER2n_BDR.

ADDRES S:4000_2500H, 4000_2600H

['4 aAlelzl2]9] =2 > Ql o
olz|5|2|8|8|z|z|8|o|o|u|a|a|3|2]|S
tancr [ Z[E(efz|z|e|o|o|& |5 |E[S[c|Z|S|2|Q| NTALVALUE:0x0000
c|c|< c|e
HEEHEEEHEEHEEEEEEE
N [SH KA o NN W ol ol e
X 1 X 0 1 X X X X X X X X X X X X
T2nADR
(32-hit A Data Register)
Reload
Buffer Register A
T2nCLK of PPCLK SR Register Tootherblock T2nMIEN
A
fcLk/(T2nPREDR+1) A Match o TZn Match
MCCRxy| M | fork 12-bit T2nPAU »| T2nMIFLAG interrupt
—PCIKy,| g Prescaler T2nEN Comparator
Clear /7—AMatch
|—> M T2nCNT R [« T2nCLR
— g o (82-bit Counter) SN Tonen
D > Edge » Pulse D
EC2n Detector T B Match »| Generator T2nouT
CLKSEL
Comparator 2
T2nECE Buffer Register B T2nMS[L:0] T2nOPOL
Reload

T2nBDR
(32-bit B Data Register)

NOTE:

1. The T20EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 86. TIMER 2n Block Diagram in PPG Mode
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Repeat Mode(T2nMS = 11b) and "Start High"(T2nOPOL = 0b).
Clear and Start

Set T2nEN—¢ *

Timer 2n clock
|
|

TIMER2n_ADR M

T2n Interrupt

1. TIMER2n_BDR(5) < TIMER2n_ADR

T2nOUT B Match A Match

2. TIMER2n_BDR >= TIMER2n_ADR

T2nOUT A Match

1
3. TIMER2n_BDR ="0x00000000"
|

|
T2nOUT Low Level A Match
1

Clear and Start

Set T2nEN—¢ *

Timer 2n clock

|
|
TIMER2n_ADR M | /]
|
|
|
T2n Interrupt | H
l
I \

Counter

1. TIMER2n_BDR(5) < TIMER2n_ADR

T2nOUT B Match A Match

2. TIMER2n_BDR >::TIMER2n7ADR

T2nOUT A Match

1
3. TIMER2n_BDR = "0x00000000"
|
|

T2nOUT Low Level A Match
1

Figure 87. PPG Mode Timing Example of TIMER 2n (n =0 or 1)
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12. 32-bit timer

Figure 88 shows the PPG mode operation of timer/counter 2n. Refer to Figure 13 for internal timer clock

source and Table 25 for Timer2n Output pin.

TIMER2Zn_CR[14]
T2nCLK : Interal/External Clock Select

T2nCLK : External Clock?

Internal Timer Clock Source Select

y

h 4

PRED

TIMER2n_PREDR[11:0]
: Prescaler Data bits

TIMERZn_CR[11]
T2nECE : External Clock Edge Select

y

[00] :
[01]:
[10]:
[11] :

TIMERZn_CR[13:12]

T2nMS : Timer Mode Select

Timer/Counter Mode
Capture Mode

PPG One-5hot Mode
PPG Repeat Mode

TIMER2Zn_ADR[15:0] & BDR[15:0]
ADATA : A Data bits
BDATA : B Data bits

!

T2nO

TIMER2Zn_CR[8]
POL : T2n Output Polarity Selection

Use Timer2n A Match Interrupt?

TIMER2n_CR[5]
TZnMIEN
: Match Interrupt Enable/Disable

TIMER_CR[15]

T2nEN : Timer2n Start

\BO\
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Figure 88. PPG Mode Operation Sequence of TIMER 2n (n=0o0r 1)
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13. Timer counter 30

Timer counter 30 of A31G24x series consist of a multiplexer, a comparator, 16-bit sized timer data
registers A/B/C, and many other registers used for its operation. Main features are listed in the
followings:

*  16-bit up/down-counter
*  Periodic timer mode

* Back-to-Back mode

e Capture mode

*  12-bit prescaler

Table 54 introduces pins assigned for the timer counter 30.

Table 54. Pin Assignment of Timer Counter 30: External Pins

Pin name Type Description

EC30 I External clock input
T30CAP I Capture input

BLNK30 I External sync signal input
T400UT I Internal sync signal Input (Timer40 Out)
PWMB30AA @) PWM output

PWM30AB O PWM output

PWM30BA O PWM output

PWM30BB O PWM output

PWM30CA O PWM output

PWM30CB O PWM output
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13.1 Timer counter 30 block diagram

In this section, timer counter 30 is introduced in a block diagram.

T30EN

UPDTIL:0] —2 PMOC[2:0] —3
T30CLR —+ ,—} T30 interrupts

TIMER30_PDR Reload Signal Period Match—

Bottom—3
|(16-bit Period Data Register)| Generator A Match—]

r B Match—
C Match—»

Bottom § 4
Capture Signal sl 5 5
T30MS[1:0] TIMER30_INTCR(4:0]

Period Buffer Register
T30EN TIMER30_INTFLAG[4:0]
Period Match | T30CL TIMER30_ADTCR[4:0]
>—_l )

TIMER30_ADTDR

Interrupt Generator
AIDC Trigger Signal Starter

Load Signal

T30CLK of SCU_PPCLKSR Register

1f=0, Stop counting

feL/(TIMER30_PREDR+1)

ToA/DC block

Comparator AIDC trigger signal

16-bit Up/Down Counter 7|

HIZCSSEL HEDGE
Up/Down Controller HIZIEN
Clear Signal Generator
Hi-Z
> A Match HIZIFLAG
] Interrupt

Edge
Ec30[]
Comparator Delay Insertion Controller
CLKSEL P PWM30AA/PWM30AB
A Buffer Register Controller
T30ECE
L > {7 PWM30AA
l’> {7 Pwm30AB
TIMER30_ADR —>|
(16-bit A Data Register) Delay Insertion Controller )
PWM30BA/PWM30BB Hi-Z Controller
[ B Match Controller
>
Comparator ! l’> D PWM30BA
l’> {7 Pwm30BB
—>
Delay Insertion Controller
PWM30CA/PWM30CB
Controller
TIMER30_BDR e
(16-bit B Data Register) ! l’> {] Pwmsoca
—— » C Match l’> {] Pwm3ocs
A A A4
Comparator
W ¢ L rorca
20 T30MS[L:0] HIZEN
T30EN RIZSw
DLYEN HIZCLR
DLYPOS
HIZST
T30CPOLILO TIMER30_CDR L —————————— TIMER30_OUTCR
L (16-bit C Data Register)
T30MS[1:0]
11:0] NG o TIMER30_CAPDR T30CIEN
I/f | (Capture Data Register)
9 1 T30 Capture
o-Capture Signal T20CIFLAG interrupt

The Period/A/B/C match interrupts except for Bottom can occur in the interval mode.
The Period match interrupt only can occur in the capture mode.

The 16-bit up/down counter in the capture mode is cleared to “0x0000” after the counter value is loaded to the
TIMER30_CAPDR register at valid edge.

4.  The HIZSW (high-impedance output software setting) bit can be used for debugging mode. That is, All T30PWM
outputs can be high-impedance state with setting the HIZSW bit to ‘1’ by the Ul of debugger.

5.  After the T30EN bit is set, the counting of TIMER30_CNT may be delayed 2 clocks or more.

Figure 89. Timer Counter 30 Block Diagram
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13.2 Registers

Base address of 3-phase PWM timer 30 is introduced in the followings:

A31G32x User’s manual

Table 55. Base Address of Timer Counter 30

Name Base address
TIMERS30 0x4000_2400
Table 56. Timer Counter 30 Register Map

Name Offset Type Description Reset value Reference

TIMER30_CR 0x0000 RW Timer/Counter 30 Control | 0x0000_0000 13.2.1
Register

TIMER30_PDR 0x0004 RW Timer/Counter 30 Period | 0x0000_FFFF 13.2.2
Data Register

TIMER30_ADR 0x0008 RW Timer/Counter 30 A Data | 0x0000_FFFF 13.2.3
Register

TIMER30_BDR 0x000C RW Timer/Counter 30 B Data | 0x0000_FFFF 13.2.4
Register

TIMER30_CDR 0x0010 RW Timer/Counter 30 C Data | 0x0000_FFFF 13.2.5
Register

TIMER30_CAPDR 0x0014 RO Timer/Counter 30 | 0x0000_0000 13.2.6
Capture Data Register

TIMER30_PREDR 0x0018 RW Timer/Counter 30 0x0000_OFFF 13.2.7
Prescaler Data Register

TIMER30_CNT 0x001C RO Timer/Counter 30 | 0x0000_0000 13.2.8
Counter Register

TIMER30_OUTCR 0x0020 RW Timer/Counter 30 Output | 0x0000_0000 13.2.9
Control Register

TIMER30_DLY 0x0024 RwW Timer/Counter 30 PWM | 0x0000_0000 13.2.10
Qutput Delay Data
Register

TIMER30_INTCR 0x0028 RW Timer/Counter 30 | 0x0000_0000 13.2.11
Interrupt Control Register

TIMER30_INTFLAG 0x002C RW Timer/Counter 30 | 0x0000_0000 13.2.12
Interrupt Flag Register

TIMER30_HIZCR 0x0030 RwW Timer/Counter 30 High- | 0x0000_0000 13.2.13
Impedance Control
Register
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Table 56. Timer Counter 30 Register Map (continued)

Name

Offset Type | Description Reset value Reference

TIMER30_ADTCR

0x0034 RwW Timer/Counter 30 A/DC | 0x0000_0000 13.2.14
Trigger Control Register

TIMER30_ADTDR

0x0038 RW Timer/Counter 30 A/DC | 0x0000_0000 13.2.15
Trigger  Generator Data
Register

13.2.1 TIMER30_CR: Timer/counter 30 control register

Timer module should be configured properly before running. When target purpose is defined, the timer

can be configured in this register. After configuring this register, you can start or stop the timer function
by TIMER30_CR register.

TIMER30_CR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_CR=0x4000_2400

3130 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 131211 10 9 8|7 6 5 4 3 2 1 O
z|¥ o H<(z(8 S | = o |5
Reserved ”OJOEUJB%E&% 2 Q o
® 8 ® |Klol2|x] S g = =
FlE| F B2 |O|Aa g o o
- 0({0|] 0O |[O|O|O]|O| OO0 | OO 000 | O
RW|RW| RW | RW|RW|RW|RW| RW RW RW RW
15 T30EN Timer 30 Operation Enable bit.
0 Disable timer 30 operation.
1 Enable timer 30 operation. (Counter clear and start)
14 T30CLK Timer 30 Clock Selection bit.
0 Select an internal prescaler clock.
1 Select an external clock.
NOTES:

\BO\
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This bit should be changed during T30EN bit is “Ob”.
If you select an internal prescaler clock, you should set T30CLK bit in the SCU_PPCLKSR register
first.

13 T30MS Timer 30 Operation Mode Selection bits.
12 00 Interval mode. (All match interrupts can occur)
01 Capture mode. (The Period-match interrupt can occur)
10 Back-to-back mode. (All interrupts can occur)
11 Not used.
NOTE: This bit should be changed during T30EN bit is “Ob”.

11 T30ECE Timer 30 External Clock Edge Selection bit.
0 Select falling edge of external clock.
1 Select rising edge of external clock.
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10 FORCA Timer 30 Output Mode Selection bit. This bit should be changed when
the T30EN is “Ob”.
0 6-Channel mode (The PWM30xA/PWM30xB pins are output
according to the TIMER30_xDR registers, respectively)
1 Force A-Channel mode (The all PWM30xA/PWM30xB pins are
output according to the only TIMER30_ADR registers)
9 DLYEN Delay Time Insertion Enable bit.
0 Disable to insert delay time to the PWM30xA/PWM30xB.
1 Enable to insert delay time to the PWM30xA/PWM30xB.
8 DLYPOS Delay Time Insertion Position.
0 Insert at front of PWM30xA and at back of PWM30xB pins.
1 Insert at back of PWM30xA and at front of PWM30xB pins.
7 T30CPOL Timer 30 Capture Polarity Selection bits.
6 00 Capture on falling edge.
01 Capture on rising edge.
10 Capture on both of falling and rising edge.
11 Reserved
6 UPDT Data Reload Time Selection bits.
4 00 Update data to buffer at the time of writing.
01 Update data to buffer at period match.
10 Update data to buffer at bottom.
11 Not used.
3 PMOC Period Match Interrupt Occurrence Selection.
1 000 Once every period match.
001 Once every 2 period match.
010 Once every 3 period match.
011 Once every 4 period match.
100 Once every 5 period match.
101 Once every 6 period match.
110 Once every 7 period match.
111 Once every 8 period match.
NOTES:

1.  Aperiod match counter is cleared as 0x00 when the T30CLR bit is set.

2. When changing the PMOC value, must clear the period match counter with T30CLR.
Otherwise, malfunction may occur.

0 T30CLR

Timer 30 Counter and Prescaler Clear bit.

0 No effect.

1 Clear timer 30 counter and prescaler (Automatically cleared to
“Ob” after operation)
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13.2.2

13. Timer counter 30

TIMER30_PDR: Timer/counter 30 period data register

TIMER30_PDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_PDR=0x4000_2404

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 161514 13121110 9 8|7 6 5 4 3 2 1 0
Reserved PDATA
- OxFFFF
RW
15 PDATA Timer/Counter 30 Period Data bits. The range is 0x0002 to OxFFFF.
0

NOTE: Do not write “0x0000” in the TIMER30_PDR register when PPG mode.

13.2.3

TIMER30_ADR: Timer/counter 30 A data register

TIMER30_ADR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_ADR=0x4000_2408

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

151413121110 9 8|7 6 5 4 3 2 1 0

Reserved ADATA
- OxFFFF
RW
15 ADATA Timer/Counter 30 A Data bits. The range is 0x0000 to OxFFFF.
0

13.2.4

TIMER30_BDR: Timer/counter 30 B data register

TIMER30_BDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_BDR=0x4000_240C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

151413121110 9 8|7 6 56 4 3 2 1 0

Reserved BDATA
- OxFFFF
RW
15 BDATA Timer/Counter 30 B Data bits. The range is 0x0000 to OxFFFF.
0
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13.2.5 TIMER30_CDR: Timer/counter 30 C data register
TIMER30_CDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_CDR=0x4000_2410

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 0
Reserved CDATA
- OxFFFF
RW
15 CDATA Timer/Counter 30 C Data bits. The range is 0x0000 to OxFFFF.

13.2.6 TIMER30_CAPDR: Timer/counter 30 capture data register
TIMER30_CAPDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_CAPDR=0x4000_2414

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
Reserved CAPD
- 0x0000
RO
15 CAPD Timer/Counter 30 Capture Data bits.

13.2.7 TIMER30_PREDR: Timer/counter 30 prescaler data register

TIMER30_PREDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_PREDR=0x4000_2418
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved PRED

- OXFFF
RW

11 PRED Timer/Counter 30 Prescaler Data bits.
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13.2.8 TIMER30_CNT: Timer/counter 30 counter register

TIMER30_CNT is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_CNT=0x4000_241C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
Reserved CNT
- 0x0000
RO
15 CNT Timer/Counter 30 Counter bits.
0

13.2.9 TIMER30_OUTCR: Timer/counter 30 output control register
TIMER30_OUTCR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_OUTCR=0x4000_2420

313029 28 27 26 25 24|23 2221201918 17 16|15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 O
UJUJUJUJUJLU%mmm8<<<
WTIDKY §§888§22%599%599
aagggagg§333§333
0x0000 ojojofofojojojo|-j0j0j0j-Jj0j014o0
Wo RW [ RW | RW | RW [ RW | RW | RW [RW | - | RW [RW |RW | - [RW|RW|RW
31 WTIDKY Write Identification Key.
16 On writes, write OXEO6C to these bits, otherwise the write is ignored.
15 POLB PWM30xB Output Polarity Selection bit. (x : A, B and C)
0 Low level start. (The PWM30xB pins are started with low level
after counting)
1 High level start. (The PWM30xB pins are started with high level
after counting)
14 POLA PWM30xA Output Polarity Selection bit. (x : A, B and C)
0 Low level start. (The PWM30xA pins are started with low level
after counting)
1 High level start. (The PWM3O0xA pins are started with high level
after counting)
13 PABOE PWM30AB Output Enable bit.
0 Disable output.
1 Enable output.
12 PBBOE PWM30BB Output Enable bit.
0 Disable output.
1 Enable output.
11 PCBOE PWM30CB Output Enable bit.
0 Disable output.
1 Enable output.
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10 PAAOE PWM30AA Output Enable bit.
0 Disable output.
1 Enable output.

9 PBAOE PWM30BA Output Enable bit.
0 Disable output.
1 Enable output.

8 PCAOE PWM30CA Output Enable bit.
0 Disable output.
1 Enable output.

6 LVLAB Configure PWMB30AB output When Disable.
0 Low level
1 High level

5 LVLBB Configure PWM30BB output When Disable.
0 Low level
1 High level

4 LVLCB Configure PWM30CB output When Disable.
0 Low level
1 High level

2 LVLAA Configure PWM30AA output When Disable.
0 Low level
1 High level

1 LVLBA Configure PWMB30BA output When Disable.
0 Low level
1 High level

0 LVLCA Configure PWMS30CA output When Disable.
0 Low level
1 High level

13.2.10 TIMER30_DLY: Timer/counter 30 PWM output delay data register

TIMER3O0_DLY is a 32-bit register, and able to do 32/16/8-bit access.

TIM

ER30_DLY=0x4000_2424

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8

76 5 4 3 210

Reserved

DLY

0x000

RW

9 DLY

Timer/Counter 30 PWM Delay Data bits. Delay time: (DLY[9:0]+1)+fT30

202
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13.2.11 TIMER3O0_INTCR: Timer/counter 30 interrupt control register

TIMER3O0_INTCR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_INTCR=0x4000_2428

3130 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{1514 13 121110 9 8|7 6 5 4 3 2 1 O
z (2|65 6|50
Reserved HQEEEEE
TIP3 333l
FlIF|F|F|F
- o|jojoj|0|0O0|0O]|O
RW | RW | RW [ RW | RW | RW | RW
6 HIZIEN Timer 30 Output High-Impedance Interrupt Enable bit.
0 Disable timer 30 output high-impedance interrupt.
1 Enable timer 30 output high-impedance interrupt.
5 T30CIEN Timer 30 Capture Interrupt Enable bit.
0 Disable timer 30 capture interrupt.
1 Enable timer 30 capture interrupt.
4 T30BTIEN Timer 30 Bottom Interrupt Enable bit.
0 Disable timer 30 period interrupt.
1 Enable timer 30 period interrupt.
3 T30PMIEN Timer 30 Period Match Interrupt Enable bit.
0 Disable timer 30 period interrupt.
1 Enable timer 30 period interrupt.
2 T30AMIEN Timer 30 A-ch Match Interrupt Enable bit.

0 Disable timer 30 A-ch match interrupt.

1 Enable timer 30 A-ch match interrupt.
1 T30BMIEN Timer 30 B-ch Match Interrupt Enable bit.

0 Disable timer 30 B-ch match interrupt.

1 Enable timer 30 B-ch match interrupt.
0 T30CMIEN Timer 30 C-ch Match Interrupt Enable bit.

0 Disable timer 30 C-ch match interrupt.

1 Enable timer 30 C-ch match interrupt.
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13.2.12 TIMER3O0_INTFLAG: Timer/counter 30 interrupt flag register

TIMER3O0_INTFLAG is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_INTFLAG=0x4000_242C

3130 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{1514 13 121110 9 8|7 6 5 4 3 2 1 O
Il T T T T
Reserved LISIEIZ|IZS|I=|=
N SQlal<|lm|O
TIP3 383l
FlFE|F|F]|F
- o|jojoj0|0O0|0O]|O
RW [ RW | RW [ RW | RW | RW | RW
6 HIZIFLAG Timer 30 Output High-Impedance Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
5 T30CIFLAG Timer 30 Capture Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
4 T30BTIFLAG Timer 30 Bottom Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
3 T30PMIFLAG Timer 30 Period Match Flag Enable bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
2 T30AMIFLAG Timer 30 A-ch Match Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
1 T30BMIFLAG Timer 30 B-ch Match Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
0 T30CMIFLAG Timer 30 C-ch Match Interrupt Flag bit.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
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13.2.13 TIMER30_HIZCR: Timer/counter 30 high-impedance control register

TIMER30_HIZCR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_HIZCR=0x4000_2430

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{151413 121110 9 8|7 6 5 4 3 2 1 O
—
AN
Reserved GINl 2 (N[ 22IRIR
% I & [TIg T T
- 0|0 0 0|00
RW | RW RW RW{ RO | RW
8 HIZCSSEL High-Impedance output control signal selection
0 BLNK30
1 T400UT
7 HIZEN PWM30xA/PWM30xB Output High-Impedance Enable bit.
0 Disable to control the output high-impedance.
1 Enable to control the output high-impedance.
4 HIZSW High-Impedance Output Software Setting.
0 No effect.

1 PWM30xA/PWM30xB pins go into high impedance.
(Automatically cleared to “Ob” after operation)

2 HEDGE High-Impedance Edge Selection.
0 Falling edge of the BLNK30 pin.
1 Rising edge of the BLNK30 pin.

1 HIZSTA High-Impedance Status.
0 Indicates that the pins are not under a Hi-Z state.
1 Indicates that the pins are under a Hi-Z state.

0 HIZCLR High-Impedance Output Clear bit.
0 No effect.

1 Clear high-impedance output. (The PWM30xA/PWM30xB pins
are back to output and this bit is automatically cleared to “Ob”
after operation)

NOTE: Where x = A, B, and C.
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13.2.14 TIMER30_ADTCR: Timer/counter 30 A/DC trigger control register

TIMER30_ADTCR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_ADTCR=0x4000_2434

3130 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15614 13121110 9 8|7 6 5 4 3 2 1 O

Reserved

o | T30BTTG
o | T30PMTG
o | T30AMTG
o | T30BMTG
o | T30CMTG

=
=
=
=
-}
=
=
=
-}
=

Select Timer 30 Bottom for A/DC Trigger Signal Generator.

0 Disable A/DC trigger signal generator by bottom.

1 Enable A/DC trigger signal generator by bottom.

Select Timer 30 Period Match for A/DC Trigger Signal Generator.

0 Disable A/DC trigger signal generator by period match.

1 Enable A/DC trigger signal generator by period match.

Select Timer 30 A-ch Match for A/DC Trigger Signal Generator.

0 Disable A/DC trigger signal generator by A-ch match.

1 Enable A/DC trigger signal generator by A-ch match.

Select Timer 30 B-ch Match for A/DC Trigger Signal Generator.

0 Disable A/DC trigger signal generator by B-ch match.

1 Enable A/DC trigger signal generator by B-ch match.

Select Timer 30 C-ch Match for A/DC Trigger Signal Generator.

0 Disable A/DC trigger signal generator by C-ch match.

1 Enable A/DC trigger signal generator by C-ch match.

4 T30BTTG
3 T30PMTG
2 T30AMTG
1 T30BMTG
0 T30CMTG
NOTES:

1.  Atrigger signal generation is not related with the PMOCJ[2:0] bits of TIMER30_CR register.

2. If several source for trigger is selected, a signal can be lost in case of the trigger generation
counter is reloaded by another signal.
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13.2.15 TIMER30_ADTDR: Timer/counter 30 A/DC trigger generator data register

TIMER30_ADTDR is a 32-bit register, and able to do 32/16/8-bit access.

TIMER30_ADTDR=0x4000_2438
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13121110 9 8|7 6 5 4 3 2 1 0

Reserved ADTDATA
- 0x0000
RW
33 CNT Timer/Counter 30 A/DC Trigger Generation Data bits.
NOTES:

1. ADTDR of Timer30 uses the adcnt timer as tclk (timer30 clock).
2. The adcnt timer counter is a 14-bit down counter.
3. It count down from the value written in ADTDR to 0. (Delay role).
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13.3  Functional description

13.3.1 Timer counter 30

The timer/counter 30 can be clocked by an internal or an external clock source (EC30). The clock source
is selected by a clock selection logic which is controlled by the clock selection bits (T30CLK).

¢ TIMER 30 clock source: PCLK/(TIMER30_PREDR +1), EC30
In capture mode, by T30CAP, data is captured into input capture data register (TIMER30_CAPDR).

The PWM wave form to PWM30AA, PWM30AB, PWM30BA, PWM30BB, PWM30CA, PWM3CB Port
(6-channel).

Table 57. Timer 30 Operating Modes

T30EN | Alternative Mode | T30MS[1:0] | TIMER30_PREDR Timer 30 MODE

1 AF3 00 OxXXX 16-bit Interval Mode

1 AF4 01 OxXXX 16-bit Capture Mode

1 AF3 10 OxXXX 16-bit back-to-back Mode

13.3.2 Timer 30 capture mode

16-bit timer 30 capture mode is set by configuring T30MS[1:0] as ‘01’. An internal clock input or an
external clock input can be used as a clock source. Basically, the 16-bit timer 30 capture mode has the
same function as the 16-bit interval mode has. Interrupts occur when value of TIMER30’s 16-bit up/down
counter equals to the one of TIMER30_PDR. The 16-bit up/down counter values are automatically
cleared by a match signal. It can be cleared by software (T30CLR) too.

The 16-bit timer 30’s interrupt in capture mode is very useful when the pulse width of captured signal is
wider than the maximum period of the timer. The capture result is loaded into TIMER30_CAPDR.

Figure 90 shows 16-bit capture mode of the timer 30.
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TIMER30_CR olalalw oldls «| <l o« ADDRESS: 0xa000_2400
zl3|12(2|c|8|g|o|o|o|F|2|S|C|8|%
glofs(=sl2(ele(&(2(2(a(5[8[8|8|a| mmALvaLuE : oxo000
HAEEHEHEHEHEREEREEEEEEE
Lol N R iy Ry prel ol ol BOR RO Il Il e B [ i

i
10X 0 1 X X X X X X X X X X X X
TI0EN —
UPDT[L:0] ﬁ/—l PMOC[2:0] ﬁ
TCR—y [ T30 nteru
pts
TIMER30_PDR Reload Signal PE"“dBZA:;cm" >
(16-bit Period Data Register) Generator Avtaon > nterrupt Generator
B Match AIDC Trigger Signal Starter
Reload T e Mawh‘:

Bottom

Capture Signal
T30MS[1:0]
T30EN:

Period Match |T30CLR

T30CLK of SCU_PPCLKSR Register

Y
TIMER30_INTCR[4:0]
TIMER30_INTFLAG[4:0]

TIMER30_ADTCRI[4:0]

Period Buffer Register

Comparator

16-bit Up/Down Counter

ecso[_}

Detector
CLKSEL

T30ECE
T30CPOL[1:0]
TIOMS[L0
Zi (0] TIMER30_CAPDR T30CIEN
Capture Signal 1 T30 Capture
T30cAP [ e-anue S * T30CIFLAG \—D_> interrupt

1.  The Period match only can occur in the capture mode.

2. The 16-bit up/down counter in the capture mode is cleared to “0x0000” after the counter value is loaded to the
TIMER30_CAPDR register at valid edge.

Figure 90. 16-bit Capture Mode of Timer 30
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Figure 91 shows the capture mode operation of 32-bit Timer30. Refer to Figure 13 for internal timer
clock source and Table 25 for Timer 30 capture pin.

TIMER30_CR[14]
TI0C LK : Interal/External Clock Select

T30CLK : External Clock?

Internal Timer Clock Source Select

TIMER 30_PREDR[11:0]
PRED : Prescaler Data bits TIMERZ0_CR[11]
T30ECE : External Clock Edge Select

TIMERZn_CR[13:12]
T2nMS : Timer Mode Select
[00] : Timer/Counter Mode
[01] : Capture Mode
[10] : PPG One-Shot Mode
[11] : PP Repeat Mode

TIMER2n_ADR[15:0]
ADATA : A Data bits

¥

TIMER2n_CR[7:6]
TZnCPOL : T2n Capture Polarity Selection

TIMERZn_CR[16] (TZRCNCLR)
TIMER 2n counter after Capture
[0] : Clear counter after capture
[1] : Keep counter after capture

UzeTimer Capture Intermrupt?
TIMERZn_CR[4]

N
T2nCIEN
: Capture Interrupt Enable/Disable

TIMER_CR[15]
T2ZnEMN : Timer2n Start

Figure 91. Capture Mode Operation Sequence of TIMER 30
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13.3.3 Timer 30 interval mode

Timer 30 interval mode is set by configuring T30MS[1:0] as ‘00’. The timer 30 has a counter and data
registers. The 16-bit up/down counter is increased by an internal or an external clock input. The timer
30 can use the input clock with 12-bit prescaler division rates (TIMER30_PREDR[11:0]). When the value
of TIMER30 16-bit up/down counter and the value of TIMER30_PDR are identical in timer 30, a match
signal is generated and the period match interrupt of timer 30 is occurred. The period match interrupt
can be occurred which once every 1, 2, 3, 4, 5, 6, 7, or 8 period match (PMOCJ2:0]). The 16-bit up/down
counter value is automatically cleared by match signal. It can be cleared by software (T30CLR) too.

The timer 30 Interval mode can be operated for BLDC motor control. It has 6-channel pins output up to
16-bit resolution PWM output. When the value of 16-bit up/down counter and TIMER30 PDR are
identical in timer 30, a period match signal is generated and the period match interrupt of timer 30 is
occurred.

The timer 30 A, B, and C match signals are generated and the A, B, and C match interrupts of timer 30
are occurred, when the 16-bit counter value are identical to the value of TIMER30_xDR. The period and
duty of the PWM output is determined by the TIMER30_PDR (PWM period register), and T3xDR (each
channel PWM duty register).

e PWM Period = [TIMER30_PDR ] X Source Clock

*  PWM Duty(A-ch) =[ TIMER30_ADR ] X Source Clock
*  PWM Duty(B-ch) = [ TIMER30_BDR ] X Source Clock
e  PWM Duty(C-ch) =[ TIMER30_CDR ] X Source Clock

The POLA/POLB bit of TIMER30 _OUTCR register decides the polarity of PWM output. If the
POLA/POLB bit is set to “1b’, the PWM30xA/PWM30xB output is high level start, respectively. And if
the POLA/POLB bit is cleared to ‘0b’, the PWM30xA/PWM30xB output is low level start, respectively.

Table 58. PWM Channel Polarity

PxAOE PxBOE POLXxA POLxB PWM3xA Pin put PWM3xB Pin Output
1 1 0 0 Low level start Low level start
0 1 Low level start High level start
1 0 High level start Low level start
1 1 High level start High level start
NOTE:

1. Wherex=A,B,andC.
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(T
T30 Counter D 00 @@@@ @@ <3EF> 00 @ 02

PEO/PWM30AA
POLA =1

PEO/PWM30AA
POLA =0

< Duty Cycle(0x80)X250ns=32us
< Period Cycle(0x400)X250ns=256us—>3.9kHz >

T30CR=T30EN : 1g/T30MS:00s TIMER30_PDR(16-bit)

TIMER30_PREDR=00(fcix/1) 0x0400

TIMER30_PDR=0x0400
- X TIMER30_ADR(16-bit)

TIMER30_ADR=0x0080 0x0080

Figure 92. Example of PWM at 4MHZ

TIMER30_CR=T30EN : 15/T30MS:00g
TIMER30_PREDR=0x07(fc1«/8)
TIMER30_PDR=0x000F Write 0xOB to TIMER30_PDR

TIMER30_ADR=0x0006

Source Clock
(few/8)

T3O Counter @@@@@ A% @@@@@@@ % @@@@ A% @@@ A% @@@@ %

PEO/PWM30AA J

R

POLA = 1 B
D S — < > < >
Duty Cycle Duty Cycle Duty Cycle
i (0x06)X2us=12us (0x06)X2us=12us (0x06)X2us=12us
) Period Cycle i Period Cycle i
(0x0F)X2us=32us—>31.25kHz (0x0B)X2us=22us—>45.5kHz

NOTE:
1. The example shows when data reload time is chosen as the time of writing mode (UPDT[1:0] = “00b”).

Figure 93. Example of Changing the Period in Absolute Duty Cycle at 4MHz
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Data reload time selection

The data reload time can choose among “update data to buffer at the time of writing”, “update data to
buffer at period match”, or “update data to buffer at bottom”.

PWM output delay

If using the DLYEN bit, DLYPOS bit, and TIMER30_DLY register, it can delay the PWM output. The
DLYPOS setting to ‘0’, the delay inserts at front of PWM30xA and at back of PWM30xB pins. The
DLYPOS setting to ‘1°, the delay inserts at back of PWM30xA and at front of PWM30xB pins. The
settings of DLYEN bit, DLYPOS bit, and TIMER30_DLY register are applied equally to all PWM channels.
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Clear and Start

SelTSOEN—¢ *
Timer 30 clock

couner _ x o X rX2heX4R5XOKTNE)

TIMER30_PDR M

1
|
T
|

T30 Period Match | |_|
T

a. TIMER30_ADR(5) < TIMER30_PDR
1

PWM30AA Low Level Start | |
PWM30AB Low Level Start | |
i
T30 A Match : H
]

PWM30BB

T30 B Match

¢. TIMER30_CDR = "0x0000"

PWM30CA

Set T30EN

Timer 30 clock
counter _ x Ko X1 X2 X3)X4Xs X6 7X8)

TIMER30_PDR M

1
|
T
. |

T30 Period Match | |_|
T

a. TIMER30_ADR(5) < TIMER30_PDR
1

PWM30AA Low Level Start | |
PWM30AB High Level Start | |
................ !
T30 A Match : H
1

PWM30BA ! Low Level Start | |

PWM30BB | High Level Start | |
|

T30 B Match | |_|

c. TIMER30_CDR(M-;1) < TIMER30_PDR

PWM30CA Low Level Start
]
PWM30CB i High Level Start
................ i
|
T30 C Match X |_|

Figure 94. Interval Mode Timing Chart With “DLYPOS = 0”
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Clear and Start

Set TSOEh ¢
TS O €5 6 € €3 6 © &8 &

TIMER30_PDR M

I
|
T

T30 Period Match : |_|
T

a. TIMER30_ADR(5) < TIMER30_PDR

PWM30AA High Level Start | |

PWM30AB Low Level Start | |

T30 A Match

<
]
|
A
8
|
L
|
|
I
1

b. TIMER30_BDR >= TIMER30_PDR

PWM30BA

PWM30BB

f
|
4
1
i
i
T30 B Match :

[
c. TIMER30_CDR = "0x0000"

PWM30CA

i
L
}
PWM30CB }

Counter

TIMER30_PDR M

|
|
T
. |
T30 Period Match |_|
T

a. TIMER30_ADR(5) < TIMER30_PDR

]
PWM30AA I High Level start | |
i il
PWM30AB I High Level start | |
|
T30 A Match ! |_|
.

b. TIMER30_BDR(8) < TIMER30_PDR

PWM30BA | High Level Start | |

PWM30BB i High Level Start | |
________________ i

T30 B Match : I

c. TIMERSOﬁCDR(M—iL) < TIMER30_PDR

PWM30CA } High Level Start

PWM30CB } High Level Start

|
T30 C Match I H

Figure 95. Interval Mode Timing Chart With “DLYPOS =1
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Back-to-back mode

The back-to-back mode is set by T30MS[1:0] as ‘10’. In the back-to-back mode, the 16-bit up/down
counter repeats up/down count. In fact, the effective duty and period becomes twofold of the register
set values. If the TIMER30_PDR’s data value is set to “0x3210, 16-bit up/down counter will increase
until it reaches 0x3210. At this point, a period match signal is generated and the period match interrupt
occurs. And then the 16-bit up/down counter will decrease until it reaches 0x0000. At this point, the
bottom interrupt occurs. It is repeated in this way.
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Clear and Start

Set T3OEN—¢ ¢
Timer 30 clock

Counter

TIMER30_PDR 7

T30 Bottom Interrupt

|
|
T
T30 Period Match : |_|
T
|
|
|

PWM30AA I Low Level Start | |

Low Level Start | |

PWM30CA

PWM30CB

Clear and Start

igh
Set T30EN—¢ *
Timer 30 clock

Counter

TIMER30_PDR 7

|
|
T
|
T30 Period Match | |_|
T
T30 Bottom Interrupt :

|

a. TMIER30_ADR(5) < TIMER30_PDR
|

PWM30AA } High Level Start | |
L

PWM30AB } High Level Start | |
|

T30 A Match | |_| |_|

PWM30BA

PWM30BB

i
T30 B Match : H

1
C. TIMER30_CDR(6) < TIMER30_PDR (In case of long delay time)
1

PWM30CA | High Level Start
________________ I Hg | fa
t
PWM30CB | High Level Start
|
T30 C Match | |_| |_|

Figure 96. Back-to-Back Mode Timing Chart
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Emergency protective function

This protective function is used for emergency stop, when the PWM30xA/PWM30xB output high-
impedance enable bit, HIZEN is enabled. When the signal on the external BLNK input pin or internal
comparator 3 output goes active (falling or rising edge triggered), the PWM30xA/PWM30xB ports are
immediately disabled high-impedance against output and a high-impedance interrupt is occurred. The
TIMER30_HIZCR register is used for high-impedance control. The high-impedance source is the
external BLNK input pin. The high-impedance edge can be selected by HEDGE bit as falling or rising
edge. If the HIZST read value is ‘1’, it indicates that the pins are under a high-impedance state. To return
from the high-impedance state, the HIZCLR bit set to ‘1’. If HIZSW bit is set to ‘1", PWM30xA/PWM30xB
pins go into high impedance by software. It can be used for debugging. (x: A, B and C).

TIMER30_HIZCR = 0x80
TIMER30_PDR = 0x002A
TIMER30_ADR = 0x0012 BLNK “1

source clod _mnmnmn

— PWM OUTPUT HZCLR “1”
HIGH-Z PWM Release
y HIGH-Z

1-m-mn

=

T3 counter ...@...@...Q 13 14 9“. aa@a@a ...E 00 ﬂ oz
N N N N S
POO/PWM3AA W W « «
POLA=1 o HIGH-Z y .
— ALY ALY
R R
BLNK |
HEDGE = 1

Figure 97. Example of PWM External Synchronization with BLNK Input (x: A, B and C)
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Force A-channel mode

If FORCA bit is set to ‘1, it is possible to enable or disable all PWM output pins through PWM outputs
which occur from A-ch duty counter. It is noted that the inversion outputs of A, B, C channel have the
same A-ch output waveform.

TIMER30_CR = T30EN(1)/ FORCA(1)/ T30MS0 (0)/POLA(0)/POLB(0)

e [ UL

PAAOE

PWM30AA | | |

PABOE

PWM30AB | |

PBAOE

PWM30BA | | | | ||

PBBOE

PWM30BB

¥ C-ch operation is the same with channel A and B waveform

Figure 98. Example of Force A-Channel Mode
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TIMERS0.CR v|alo|w 9|22 | | ol | ADDRESS: 0xd000_2400
zl212]12|0|8|&|o|o|o|F|2]|8|3|8|%
ofs[s(2|g|%(c|afala|a|a|a|a|a| mmALVALUE : 0xo000
gls1glslglolzlxlelolelalz|5(2]8
[l I i i il 2N IR R D T I ) e
L
1 X 0 1 X X X X X X X X X X X X
T30EN ——
UPDT[1:0] —/—l PMOC[2:0] ﬁ
T30CLR
,—} Tninterrupts
) Period Match—f ’
TIMER30_PDR Reload Signal e”°BO“O":m ) TIMER30_ADTDR
(16-bit Period Data Register)) Generator Interrupt Generator
A Match—
y B Match lA/D(:Tngger&gna\ Starter Load Signal
C Match—
Bottom . [
T30CLK of SCU_PPCLKSR Register Capture Signal LEE
- 9 Period Buffer Register T30MS[1:0] ——— TIMER30_INTCR[4:0] e -
T30EN NT y =0, Stop counting
feLk/(TIMER30_PREDR+1) T30cL TIMER30_INTFLAG[4:0]
Period Match TIMER30_ADTCRI[4:0]
120t ) ToAIDC block
Prescaler ‘Comparator v AIDC trigger signal
—| Up/Down Controller HIZCSSEL HEDGE
| Rl HIZIEN
16-bit Up/Down Counter Clear Signal Generator
Hi-Z
Edge A Match Interrupt
ec3o[ ]
‘Comparator T Delay Insertion Controller
CLKSEL P PWM30AA/PWM30AB
A Buffer Register Controller
T30ECE
Reload [ "} {] pwmzona
"} {] pwmzons
TIMER30_ADR A A K
(16-bit A Data Register)
Hi-Z Controller
f e 2 FORCA
T T30MS[1:0]
TSOEN[ ! "} {] Pwm3osA
ouven > {7 Pwwmaoss
TIMER30_OUTCR
> {7 pwmzoca
> {7 pwmzocs

HIZEN
HizZsw
HIZCLR

HizST

Figure 99. Force A-Channel Mode Block Diagram
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6-channel mode

If FORCA bit sets to ‘0’, it is possible to enable or disable PWM output pin and inversion output pin
generated through the duty counter of each channel. The inversion output is the reverse phase of the
PWM output. A AA/AB output of the A-channel duty register, a BA/BB output of the B-channel duty
register, a CA/CB output of the C-channel duty register are controlled respectively.

T30CR = T30EN (1)/ FORCA (0)/ T30MSO (0)/POLA(0)/POLB(1)

e ULV

PAAOE

PWM30AA | | |

PABOE

PWM30AB || | |

L

PBAOE

PWM30BA

PBBOE

PWM30BB || | | | |

3 C-ch operation is the same with channel A and B waveform

Figure 100. Example of 6-Channel Mode
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TIMER30_CR vlalalul<l=lel2|S]olo]ala]ale| AnDRESS: 0x4000_2400
z312|8|8|s|z|8|a|al=|e|8|c|8|%
glg)z(z|2 g2 slsls|a|2]|8]8|g] mmarvaue:oxo0
8 %
[ R Bl N R R Y D R B2 S S S
[

1 X 0 1 X X X X X X X X X X X X

T30EN

UPDT[1:0] —% PMOC(2:0] —3
T30CLR ! [ T30 interrupts
TIMER30_PDR Reload Signal Pe”“dBM:m"H'
(16-bit Period Data Register) Generator A ;;;EH Interrupt Generator
x 5 Mach | A/PC Trigger Signal Starter Load Signal
C Match—»{
Bottom | signal j
apture Signal ———— sh sy s 14-bit Down Counter
T30CLK of SCU_PPCLKSR Register Period Buffer Register T‘I:ngMES'\‘[l 0 TIMERS0_INTCR{4:0] =0, S0y e
feLk/(TIMER30_PREDR+1) Bhe TIMER30_INTFLAG[4:0] .
Period Match TIMER30_ADTCR[4:0] ToAIDC block
>4 2
Comparator AIDC trigger signal

16-bit Up/Down Counter

HIZCSSEL HEDGE
Up/Down Controller HIZIEN
Clear Signal G enerator

e (e D
Edge u HIZIFLAG Interrupt
ecso[} >
Comparator Delay Insertion Controller TaoouT X X
CLKSEL P PWM30AA/PWM30AB
A Buffer Register Controller
T30ECE P
Reload L > {7 Pwm30AA
N
> {] Pwm3oas
-
Delay Insertion Controller
PWM30BA/PWM30BB Hi-Z Controller
— » B Match Controller
Comparator ! > ] Pwm3oBA
{> {] Pwm30BB
Delay Insertion Controller
PWM30CAPWM30CB
Controller
L {> {7 pwm3ocA
L 5 C Match > {7 pwmsoce
7 W
Comparator
HRRR
Reload fro T30MS[L:0] HIZEN
T30EN HIZSwW
DLYEN HIZCLR
DLYPOS
TIMER( Hizst

TIMER30_OUTCR
(16-bit C Data Register)

Figure 101. 6-Channel Mode Block Diagram
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14.

Timer counter 40 block comprises a single channel 16-bit general purpose timer. This has an
independent 32-bit counter and a dedicated prescaler feeds counting clock. It supports periodic timer,
PWM pulse, one-shot timer and capture mode. In addition, optional free-run timer is provided.

Main purpose of the timer counter 40 is a periodical tick timer, and main features are listed in the

Timer counter 40

followings:

16-bit up-counter

Periodic timer mode

One-shot timer mode

PWM pulse mode

3-Channel XOR Capture mode
12-bit prescaler

Synchronous start and clear function

Table 59 introduces pins assigned for the timer counter 40.

Table 59. Pin Assignment of Timer Counter 40: External Pins

14. Timer counter 40

Pin name Type Description

EC40 I External clock input
T40_CH1 I Capture input

T40_CH2 I Capture input

T40_CH3 I Capture input

T400UT @) Timer/PWM/one-shot output
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14.1  Timer counter 40 block diagram

In this section, timer counter 40 is introduced in a block diagram.

T40ADR
(16-bit A Data Register)

Reload

Buffer Register A herblock
TA0CLK of PPCLKSR Register Tootherblod T4OMIEN
T40 Match interrupt
foLKI(T4OPREDR+1) AMatch E atch Interrup
MCRO Y Mfek [ 1541 T40PAU OMIFLAG
—PCLKy) g Prescaler TAOEN i Comparator
Clear AMaich
|—> M T40CNT R T40CLR
U (16-bit Counter) T40EN
) X
A
Edge Clear P Pulse
e[ J—> Detector B Match Generator —{] 4000t
CLKSEL
Comparator ) T
THOECE BuferRegiser B THOMS{L0] TAO0POL :I>—>T40 interupt
Reload
T40CHSEL[L:0]
(L) T40BDR T40CAPDR
16-hit B Data Register’ (Capture Data Register)
¥ raceoLz ¢ gtr) (Cap gster)
4
T40MSIL:0
] xor | 0] N T TAOCEN
T40_CHY ' ! T
D Z‘ X - — v TAOCIFLAG T40 Capture interrupt
T40_cr2[ } M x || Prescer
fouprunel (TAOPREDR2+1)
T40_cH1[ }

NOTES:
1. The T40EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2. After the T40EN bit is set, the counting of TIMER40_CNT may be delayed 2 clocks or more.

Figure 102. Timer Counter 40 Block Diagram
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14.2 Registers
Base address of 16-bit timer 40 is introduced in the followings:

Table 60. Base Address of Timer Counter 40

Name Base address
TIMER40 0x4000_2800

Table 61. Timer Counter 30 Register Map

Name Offset Type | Description Reset value Reference

TIMER40_CR 0x0000 | RW Timer/Counter 40 Control | 0x0000_0000 14.2.1
Register

TIMER40_ADR 0x0004 | RW Timer/Counter 40 A Data | OxXFFFF_FFFF | 14.2.2
Register

TIMER40_BDR 0x0008 | RW Timer/Counter 40 B Data | OxFFFF_FFFF | 14.2.3
Register

TIMER40_CAPDR | 0x000C | RO Timer/Counter 40 Capture | 0x0000_0000 14.2.4
Data Register

TIMER40 PREDR | 0x0010 | RW Timer/Counter 40 | 0x0000_OFFF | 14.2.5
Prescaler Data Register

TIMER40_PREDR | 0x0014 | RW Timer/Counter 40 | 0x0000_OFFF | 14.2.6

2 Prescaler Data Register 2

TIMER40_CNT 0x0018 | RO Timer/Counter 40 Counter | 0x0000_0000 14.2.7
Register
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14.2.1 TIMER40_CR: Timer/counter 40 control register

Timer module should be configured properly before running. When target purpose is defined, the timer
can be configured in this register. After configuring this register, you can start or stop the timer function
by TIMER40_CR register.

TIMER40_CR is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_CR=0x4000_2800

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O
@ Q|
T — —
zIX o (WS D] O |G|&EI3SS2Y
ol = |@lealg| o |=glE|z(E| o
Reserved gogogmggggsaoo
SRR IRl IR R EIRIRIEIFIF
[ |+
- 0|0| OO |[O| OO |O| OO [O|O]|O|O|O]|O
RW{RN|{ RW |RW| RW [RW| RW |RW/[RWRW|RW]|RW/|RW
15 T40EN Timer 40 Operation Enable bit.
0 Disable timer 40 operation.
1 Enable timer 40 operation. (Counter clear and start)
14 T40CLK Timer 40 Clock Selection bit.
0 Select an internal prescaler clock.
1 Select an external clock.
NOTES:

1.  This bit should be changed during T40EN bit is “Ob”.

2. If you select an internal prescaler clock, you should set T40CLK bit in the SCU_PPCLKSR
register first.

13 T40MS Timer 40 Operation Mode Selection bits.
12 00 Timer/Counter mode. (T400: Toggle at A-match)
01 Capture mode. (The A-match interrupt can occur)

10 PPG one-shot mode. (T400: Programmable pulse output)
11 PPG repeat mode. (T400: Programmable pulse output)
Note) This bit should be changed during T40EN bit is “Ob”.

11 TA0ECE Timer 40 External Clock Edge Selection bit.
0 Select falling edge of external clock.
1 Select rising edge of external clock.

10 T40CAPCHSEL Timer 40 Capture Channel Selection bits.

9

00 T40_CH1 Select

01 T40_CH2 Select

10 T40_CHS3 Select

11 T40 CH1 XOR CH2 XOR CH3 Select

Note) This bit should be changed during T40EN bit is “Ob”.
8 T400POL T400 Polarity Selection bit.

0 Start high. (T400 is low level at disable)

1 Start low. (T400 is high level at disable)
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7 T40CPOL Timer 40 Capture Polarity Selection bits.
6 00 Capture on falling edge.

01 Capture on rising edge.

10 Capture on both of falling and rising edge.

11 Reserved.

5 T40MIEN Timer 40 Match Interrupt Enable bit.

0 Disable timer 40 match interrupt.

1 Enable timer 20 match interrupt.
4 T40CIEN Timer 40 Capture Interrupt Enable bit.

0 Disable timer 40 capture interrupt.

1 Enable timer 20 capture interrupt.
3 T40MIFLAG Timer 40 Match Interrupt Flag bit.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
2 T40CIFLAG Timer 40 Capture Interrupt Flag bit.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1’
1 T40PAU Timer 40 Counter Temporary Pause Control bit.

0 Continue counting.

1 Temporary pause.
0 T40CLR Timer 40 Counter and Prescaler Clear bit.

0 No effect.

1 Clear timer40 counter and clock prescaler and capture clock

presclaer. (Automatically cleared to "Ob" after operation)

NOTES:

1.  When using ECn (external clock) as a timer clock source in capture mode, fclk (CCR6 or
PCLK) must be activated for the capture mode. This is because the fclk is used as a capture
clock which is controlling the capture operation.

2. If the internal clock is used as a timer clock source, the fclk is active and the capture mode
runs normally.

14.2.2 TIMER40_ADR: Timer/counter 40 A data register

TIMER40_ADR is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_ADR=0x4000_2804

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 0
RESERVED ADATA
- OxFFFF
RW
15 ADATA Timer/Counter 20 A Data bits. The range is 0x0002 to OxFFFF.
0 NOTE: Do not write “0000H” in the TIMER20_ADR register when PPG
mode.
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14.2.3 TIMER40_BDR: Timer/counter 40 B data register

TIMER40_BDR is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_BDR=0x4000_2808

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O
RESERVED BDATA
- OxFFFF
RW
15 BDATA Timer/Counter 40 B Data bits. The range is 0x0000 to OxFFFF.

14.2.4 TIMER40_CAPDR: Timer/counter 40 capture data register

TIMER40_CAPDR is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_CAPDR=0x4000_280C

31 30 29 28 27 26 25 24({23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 &5 4 3 2 1 O
RESERVED CAPD
- 0x0000
RO
15 CAPD Timer/Counter 40 Capture Data bits.

14.2.5 TIMER40_PREDR: Timer/counter 40 prescaler data register

TIMER40_PREDR is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_PREDR=0x4000_2810

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|]1514 13121110 9 8|7 6 5 4 3 2 1 0

Reserved PREDR
- OxFFF
RW
11 PREDR Timer/Counter 40 Prescaler Data bits.
0 fe/(TIMER40_PREDR +1)

228

\BO\

SEMICONDUCTOR



A31G32x User’s manual 14. Timer counter 40

14.2.6 TIMER40_PREDRZ2: Timer/counter 40 prescaler data register 2

TIMER40_PREDR?2 is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_PREDR2=0x4000_2814

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16({1514 13121110 9 8|7 6 5 4 3 2 1 0
Reserved PREDR2
- OxFFF
RW
11 PREDR2 Timer/Counter 40 Capture Prescaler Data bits.
0 feapture/(TIMER40_PREDR2 +1)

NOTES:

1. When using ECn (external clock) as a timer clock source in capture mode, fclk (CCR6 or
PCLK) must be activated for the capture mode. This is because the fclk is used as a capture
clock which is controlling the capture operation.

2. If the internal clock is used as a timer clock source, the fclk is active and the capture mode
runs normally.

14.2.7 TIMER40_CNT: Timer/counter 40 counter register

TIMER40_CNT is a 16-bit register, and able to do 32/16/8-bit access.

TIMER40_CNT=0x4000_2818

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved CNT
- 0x0000
RO
15 CNT Timer/Counter 40 Counter bits.
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14.3  Functional description

14.3.1 Timer counter 40

The timer/counter 40 can be clocked by an internal or an external clock source (EC40). The clock source
is selected by a clock selection logic which is controlled by the clock selection bits (T40CLK).

* TIMER 40 clock source: fCLK/(TIMER40_PREDR +1), EC40

In capture mode, by T40CAP, data is captured into input capture data register (TIMER40_CAPDR).
Timer 40 outputs the comparison result between counter and data register through T400 port in
timer/counter mode. In addition, Timer 40 outputs PWM wave form through T400 port in the PPG mode.

Table 62. Timer 40 Operating Modes

T40EN | Alternative Mode | T40MS[1:0] | TIMER40_PR | Timer 40 MODE

1 AF8 00 OXXXX 32-bit Timer/Counter Mode

1 AF7 01 OxXXX 32-bit Capture Mode

1 AF8 10 OxXXX 32-bit PPG Mode(one-shot mode)
1 AF8 11 OxXXX 32-bit PPG Mode(repeat mode)

14.3.2  16-bit timer/counter mode

16-bit timer/counter mode is selected by control register as shown in Figure 103. The 16-bit timer has
a counter and data register. The counter register is increased by internal or external clock input. Timer
40 can use the clock input with 12-bit prescaler division rates (TIMER40_PREDR) and external clock
(EC40).

When each value of TIMER40_CNT and TIMER40_ADR are identical in timer 40, a match signal is
generated and the interrupt of Timer 40 occurs. The TIMER40_CNT values are automatically cleared
by the match signal. It can be also cleared by software (T40CLR).
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T40ADR

(16-bit A Data Register)

Reload

Buffer Register A
T40CLK of PPCLKSR Register To other block T4OMIEN
A
fcw/(TAOPREDR+1) A Match .
T40PAU »  T4OMIFLAG T40 Match interrupt
12-bit
Prescaler T40EN Comparator
A Match

) Clear / Z

M T40CNT R [€ T40CLR
> : (16-bit Counter) N \——— T40EN

A 4

Edge Pulse
EC40 |—b 4|
Detector Generator T400UT

- P

TA0ECE
0EC T40MS[1:0] T400POL

NOTES:
1. The T40EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2. After the T40EN bit is set, the counting of TIMERn_CNT may be delayed 2 clocks or more.

Figure 103. TIMER 40 Block Diagram in 16-bit Timer/Counter Mode

4 Match with
TIMER40_ADR
TIMERAQ O 7w rereererseseesmesesees e e L e
Value| n-1

Up-count n:2 Count Pulse Period

6
5
4
3
2
1
0

TIME
}47 Interrupt Period4>{

Timer 40 I I T
(TAOMIFLAG) »
Interrupt Occur Occur Occur TIME
Interrupt Interrupt Interrupt

Figure 104. 16-bit Timer/Counter Mode Timing Example of TIMER 40
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Figure 105 shows the timer/counter mode operation of timer 40. Refer to Figure 13 for internal timer
clock source and Table 25 for Timer 40 output pin.

TIMER40_CR[14]
T40CLK : Interal/External Clock Select

T2nCLEK : External Clock?

Internal Timer Clock Source Select

!

TIMER40_PREDR[11:0]
PRED : Prescaler Data bits

¥

TIMER40_CR[11]
TA40ECE : External Clock Edge Select

TIMERA0_CR[13:12]
T40MS : Timer Mode Select
[00] : Timer/Counter Mode
[01] : Capture Mode N
[10] : PPG One-Shot Mode
[11] : PPG Repeat Mode

TIMER40_ADR[15:0]
ADATA : A Data bits

TIMER40D_CR[&]
T400POL : T40 Output Polarity Selection

Use Timer Match Interrupt?

TIMER40_CR[5]

T40MIEN
: Match Interrupt Enable/Disable

TIMER_CR[15]
TA40EN : Timerd40 Start

Figure 105. 16-bit Timer/Counter Mode Operation Sequence of TIMER 40

232 \BO\

SEMICONDUCTOR



A31G32x User’s manual 14. Timer counter 40

14.3.3  16-bit capture mode

TIMER40 capture mode is evoked by configuring T40MS[1:0] as ‘01’. The clock source can use the
internal clock. Basically, it has the same function as the 32-bit timer/counter mode has, and the interrupt
occurs when TIMER40_CNT is equal to TIMER40_ADR. TIMER40_CNT values are cleared by software
(T40CLR).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than
the maximum period of the timer.

The capture result is loaded into TIMER40_CAPDR. In the TIMER40 capture mode, TIMER40 output
(T400) waveform is not available.

Figure 106 shows 16-bit capture mode of the timer 40.

T40ADR
(16-bit A Data Register)

Reload

Buffer Register A

Tootherblock T4OMIEN

T40 Match
T40OMIFLAG interrupt
A Match
T40CLR
T40EN

T40CLK of PPCLKSR Register

fCLK/(T4OPREDR+1)

MCCR6 oLk 1261
PCLK Prescaler

M
u
X
Edge
scol] T

T40EN

x C Z,

CLKSEL

T40ECE

T40CHSEL([1:0]
Capture Data Regist
i T4OCPOL[L:0] (Capture Data Register)

_H xorR l T4OMS[1:0] N T40CIEN
T40_cH3[ ] > M X - Capture Signal T T40 Capture
U 12-bit . TAOCIFLAG interrupt
T40_cHz[} > X X Pre scaler
feaprurel(TAOPREDR2+1)
Ta0_cH1[} >

Figure 106. 16-bit Capture Mode of Timer 40
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a TIMER40_BDR Load
n
TIMERGQ CNT] oo eeesss s S T
Value n-1
T40CLR -2
Counter clear (S/W) Up-count, . Count Pulse Period
6
5
4
3
2
1
0 >
: : © TIME
'y 'y A__L
T40C PIN | | |
Interrupt —|
Request - -
(T40CIFLAG) <~7 Interrupt Interval Period ———»|
Figure 107. Capture Mode Timing Example of TIMER 40
FFFFy FFFFy
XX
TIMER40_CNT
YYu
00y 00y 00, 00, 004
Interrupt H H
Request
(T40MIFLAG)
4 A
TnC PIN
Interrupt —‘
Request
(T40CIFLAG) < - »
Interrupt Interval Period = FFFF,+01,+FFFFy+014+YY,+01y

Figure 108. Express Timer Overflow in Capture Mode of TIMER 40
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Figure 109 shows the capture mode operation of Timer40. Refer to Figure 13 for internal timer clock
source and Table 25 for Timer 40 capture pin.

When use an external clock in TIMER40 capture mode, fclk (internal clock) must be enabled. Fclk is a
Timer40 capture source.

TIMER40_CR[14]
T40CLK : Interal/External Clock Select

I

Internal Timer Clock Source Select

I

TIMER40_PREDR[11:0]
PRED : Prescaler Data bits for f,

I

TIMER40_PREDR2[11:0]
PRED : Prescaler Data bits for feapuee

TIMER40_CR[13:12]
TA0MS : Timer Mode Select
[00] : Timer/Counter Mode
[01] : Capture Mode
[10] : PPG One-Shot Mode
[11] : PPG Repeat Mode

TIMER40_ADR[15:0]
ADATA : A Data hits

I

TIMER40_CR[7:6]
T40CPOL : T40 Capture Polarity Selection

TIMER40_CR[10:9]
TA40CAPCHSEL : Capture Channel Select
[00] : TA0_CH1 Select
[01] : TA0_CH2 Select
[10] : TA0_CH3 Select
[11] : T40 CH1 XOR CH2 XOR CH3 Select

UseTimer Capture Interrupt?

TIMER40_CR[4]
TA0CIEN
: Capture Interrupt Enable/Disable

TIMER_CR[15]
T4C0EN : Timerd0 Start

Figure 109. Capture Mode Operation Sequence of TIMER 40
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14.3.4 16-bit PPG mode

Timer 40 has a PPG (Programmable Pulse Generation) function. In PPG mode, the T400UT pin outputs
up to 16-bit resolution PWM output. This pin should be configured as a PWM output by setting
corresponding PnAFSRXx to ‘AF8’. Period of the PWM output is determined by the TIMER40_ADR, and
duty of the PWM output is determined by the TIMER40_BDR.

T40ADR
(16-bit A Data Register)

Reload

Buffer Register A

T40PAU

T40CLK of PPCLKSR Register TOOIh:Hh\Dck T40MIEN

A Match T40 Match

foLk/(TAOPREDR+1)
»| TAOMIFLAG interrupt

s
p U
M Prescaler
Edge
ECAO

T40EN Comparator

Clear A Match
€ T40CLR
T40EN

> Pulse
Generator

T40CNT R
(16-bit Counter)

T400UT

CLKSEL Comparator 5

Buffer Register B

Reload

T40BDR
(16-bit B Data Register)

T40ECE T4OMS[L:0] T400POL

NOTE:
1. The T40EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 110. TIMER 40 Block Diagram in PPG Mode
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Repeat Mode(T40MS = 11b) and "Start High"(T400POL = QOb).
Clear and Start

Set T4OEN—¢ *

Timer 40 clock
|
|

TIMER40_ADR M

T40 Interrupt

1. TIMER40_BDR(5) < TIMER40_ADR

T400 B Match A Match

2. TIMER40_BDR >=T| MER40_ADR

T400 A Match

1
3. TIMER40_BDR ="0x00000000"
|

|
T400 Low Level A Match
1

Clear and Start

Set TA0EN
Y Y

Timer 40 clock

|
|
TIMER40_ADR M | A
T
|
|
T40 Interrupt | H
1
I \

1. TIMER40_BDR(5) < TIMER40_ADR

Counter

T400 B Match A Match

2. TIMER40_BDR >= :TIMER407A DR

T400 A Match

1
3. TIMER40_BDR ="0x00000000"
|
|

T400 Low Level A Match
1

Figure 111. PPG Mode Timing Example of TIMER 40
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Figure 112 shows the PPG mode operation of timer/counter 40. Refer to Figure 13 for internal timer
clock source and Table 25 for Timer 40 output pin.

TIMER40_CR[14]
T40CLK : Interal/External Clock Select

T40CLK : External Clock?

Internal Timer Clock Source Select

l

TIMER40_PREDR[11:0]
PRED : Prescaler Data bits

TIMER40_CR[11]
TA0ECE : External Clock Edge Select

TIMER40_CR[13:12]
T40MS : Timer Mode Select
[00] : Timer/Counter Mode
[01] : Capture Mode

[10] : PPG One-Shot Mode
[11] : PPG Repeat Mode

TIMER40_ADR[15:0] & BDR[15:0]
ADATA - A Data bits
BDATA - B Data bits

TIMER40_CR[E]
T400POL : T40 Output Polarity Selection

Use Timer A Match Interrupt?

TIMER40_CR[S]
T40MIEN
: Match Interrupt Enable/Disable

TIMER_CR[15]
T40EN : Timerd0 Start

Figure 112. PPG Mode Operation Sequence of TIMER 40
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15. USART

15.  Universal synchronous/asynchronous receiver/transmitter

Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly flexible

serial communication device. The main features are listed below:

*  Full Duplex Operation. (Independent Serial Receive and Transmit Registers)

*  Asynchronous or Synchronous Operation.

e Baud Rate Generator.

e Supports Serial Frames with 5,6,7,8, or 9 Data bits and 1 or 2 Stop bits.

e Odd or Even Parity Generation and Parity Check are Supported by Hardware.

e Data OverRun Detection.

*  Framing Error Detection.

*  Three Separate Interrupts on TX Completion, TX Data Register Empty and RX Completion.

*  Double Speed Asynchronous communication mode.

Additional features are:

* 0% Error Baud Rate by floating point count register.

*  Supports receive time out interrupt.

*  Supports direct memory access and interrupt.

Table 63 introduces pins assigned for the USART.

Table 63. Pin Assignment of USART: External Pins

Pin name Type Description

TXD @) UART Channel n transmit output

RXD I UART Channel n receive input

SS 1/0 SPIn Slave select input / output

SCK 1/0 SPIn Serial clock input / output

MOSI 1/0 SPIn Serial data ( Master output, Slave input )

MISO 1/0 SPIn Serial data ( Master input, Slave output )
NOTE:

1. n=10,1,12and 13
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15.1 USART block diagram

In this section, USART and SPIN are introduced in block diagrams.

MASTERnN
ACK
[d€———>
SCKn Control
%
. M\
USARTnN interrupt USTAMS[L:0] | USARTn_BDR
PCLK ¢
o—)l Baud Rate Generator |<— DBLSn
WAKEIEnN RXCIENn \ 4
Clock
At Deep Sleep Mode Sync Logic
WAKERN Low level
RXCn
detector Ej
|
D—l—> > N
RXDn M
v CRX | > Re(::clgsgry 'EI'
ontrol
P X R
T USTnS[2:0] 431 /’j
Loopsn  RXEM v L L
- Data - Receive Shift Register 4 U )
"] Recovery d (RXSR) - [€ B
]
S
\ 4
.| DORn/PEN/FEN 2
Checker USARTN_DR[0], USTNRX8[0], (Rx) : > L
USTnSB USTARN_DRJ1], USTnRX8[1], (RX) | '1‘
l USTnMS[1:0] E
TXEn Stop bit USTnP[1:0] USTnS[2:0] )
¢ Generator i %
Tx ¢ Parity Transmit Shift Register M <
i »i —
TXDn LI« Control | Generator (TXSR) 9 u P
X €
A
E(El Empty signal
USART10_DR, USTnTX8, (T)|————1

- -\'
DRIEn RTOIEN

—— DMATXIE

TXCIEn

—— DMARXIE

()

USARTn interrupt

Figure 113. UART Block Diagram (n =10, 11, 12, and 13)
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| M\
USARTn BDR | <
|:| ) SS
Ssn Control
T t Baud Rate Generator
p— MASTERN
SPISSn v Y
< y| M Edge Detector
sckn [ Je——p{ CK [ “lu And
Control 71 X Controller
FXCHn ,L
| RXEn T T T
CPOLn CPHAn E
ld 8
mison []« =< A N Data ) Receive Shift Register< —e R
Recovery (RXSR) E
A L
> RXCIEn Y
LOOPSn —)| DORn Checker USARTN_DR][0], (Rx) \ B
U
USARTN_DR[1], (Rx) "I s
MOSIn |:|<—»—% e MASTERn L
USARTninterrupt ORDn I
(MSB/LSB-1st) N
TXEn E
b Y
Transmit Shift Register
E Tx Control [« <<
5 (TXSR)
Empty signal T
USARTn DR, (T |¢———]
. DRIEN N

TXCIEn

— RTOIEN
RTO
—— DMATXIE
DMATX

—— DMARXIE

()

USARTnR interrupt

Figure 114. SPIN Block Diagram (n =10, 11, 12, and 13)

15.2 Registers
Base address of USART is introduced in the followings:

Table 64. Base Address of USART

Name Base address
USART 10 0x4000_3800
USART 11 0x4000_3900
USART 12 0x4000_3A00
USART 13 0x4000_3B00
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Table 65. USART Register Map

A31G32x User’s manual

Name Offset | Type Description Reset value Reference
USARTn_CR1 0x00 RwW USARTN Control Register 1 0x0000_0000 | 15.2.1
USARTn_CR2 0x04 RwW USARTR Control Register 2 0x0000_0000 | 15.2.2
USARTn_ST 0x0C RwW USARTN Status Register 0x0000_0080 | 15.2.3
USARTn_BDR 0x10 RW USARTnN Baud Rate | 0x0000_OFFF | 15.2.4
Generation Register
USARTn_DR 0x14 RW USARTnN Data Register 0x0000_0000 | 15.2.5
USARTn_FPCR | 0x18 RwW Floating Point Count Register | 0x0000_0000 | 15.2.6
USARTNn_RTO 0x1C RW RTO Register 0x0000_0000 | 15.2.7
NOTE:

1. n=10,1,12and 13

1521

USARTNn_CR1: USARTnN control register 1

USART module should be configured properly before running. USARTn_CR1 is a 32-bit register, and
able to do 32/16/8-bit access (n =10, 11, 12, and 13).

USART10_CR1=0x4000_3800, USART11_CR1=0x4000_3900
USART12_CR1=0x4000_3A00, USART13_CR1=0x4000_3B00

31 30292827262524'232221 20 19 18 17 16(1514 13121110 9 8|7 6 5 4 3 2 1 0
2 | a| o |cslglelelgldlc| e
Reserved E 5 5 %é%%éi)%%%
@ |3 35 S|lo|o|R|r %’: Hle
- 00 00 000 o0(0j0|0j0|0|0]|0O0
RW RW RW RW | RW [ RW [ RW | RW | RW | RW | RW | RW
15 USTnMS USARTnN Operation Mode Selection bits.
14 00 Asynchronous Mode. (UART)
01 Synchronous Mode.
10 Reserved.
11 SPI Mode
13 USTnP Selects Parity Generation and Check method. (only UART mode)
12 00 No parity.
01 Reserved.
10 Even parity.
11 Odd parity.
11 USTnS Selects the length of data bit in a frame when Asynchronous or Synchronous
9 mode.
000 5 bit.
001 6 bit.
010 7 bit.
011 8 hit.
111 9 hit.
Others Reserved.
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8 ORDnN Selects the first data bit to be transmitted. (only SPI mode)

0 LSB-first.
1 MSB-first.

7 CPOLN Selects the clock polarity of ACK in synchronous or SPI mode.

0 TXD Change @Rising Edge, RXD Change @Falling Edge.
1 TXD Change @Falling Edge, RXD Change @Rising Edge.
6 CPHAN The CPOLn and this bit determine if data are sampled on the leading or trailing
edge of SCK. (only SPI mode)
CPOLN CPHAN Leading edge Trailing edge
0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
5 DRIEn Transmit Data Register Empty Interrupt Enable bit.
0 Disable the transmit data empty interrupt.
1 Enable the transmit data empty interrupt.
4 TXCIEn Transmit Complete Interrupt Enable bit.
0 Disable transmit complete interrupt.
1 Enable transmit complete interrupt.
3 RXCIEn Receive Complete Interrupt Enable bit.
0 Disable receive complete interrupt.
1 Enable receive complete interrupt.

2 WAKEIEn Asynchronous Wake-up Interrupt Enable bit in Deep Sleep Mode. When
device is in deep sleep mode, if RXDn goes to low level, an interrupt can be
requested to wake-up system. (only UART mode)

Must be set “1b” in Stop mode, set to “Ob” if wake up from stop mode.
0 Disable asynchronous wake-up interrupt.
1 Enable asynchronous wake-up interrupt.
1 TXEn Enables the Transmitter unit.
0 Transmitter is disabled.
1 Transmitter is enabled.
0 RXEn Enables the Receiver unit.
0 Receiver is disabled.
1 Receiver is enabled.

NOTE: The CPOLn and CPHAn bits should be changed during the TXEn and RXEn bits are “Ob”
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15.2.2 USARTN_CR2: USARTN control register 2

USART module should be configured properly before running. USARTn_CR2 is a 32-bit register, and
able to do 32/16/8-bit access (n = 10, 11, 12, and 13).

USART10_CR2=0x4000_3804, USART11_CR2=0x4000_3904
USART12_CR2=0x4000_3A04, USART13_CR2=0x4000_3B04

31 30292827262524'232221 20 19 18 17 16|151413 121110 9 8|7 6 56 4 3 2 1 0
W w z|lz Sl elo|fl o|ml 2|
2| 3|wlZlaE g EoXolsal Xz

Reserved 'ZEE,QO%ﬁ—"_%gc{:)OIECC
SIS k|Eael8l2o2EeXelbls
al o w2 =|-0g =l

- ojojojofojo|j0j0|0f0|0O|0Oj0O|0O|O
RW [ RW | RW [ RW | RW | RW [ RW | RW [ RW | RW | RW [ RW | RW | RW | RW
14 DMATXIE DMA TX Interrupt bit
0 Disable DMA TX Interrupt
1 Enable DMA TX Interrupt
13 DMARXIE DMA RX Interrupt bit
0 Disable DMA RX Interrupt
1 Enable DMA RX Interrupt
12 RTOIE RTO Interrupt bit
0 Disable RTO Interrupt
1 Enable RTO Interrupt
11 RTOEN Activate RTO Block by supplying. After RTO occurs, Clear.
0 Disable RTO
1 Enable RTO
10 FPCREN Activate Floating Point Counter Register
0 Disable Floating Point Counter Register
1 Enable Floating Point Counter Reigster.
9 USTnEN Activate USARTn Block by supplying.
0 Disable USARTnN block.
1 Enable USARTN block.
8 DBLSn Selects receiver sampling rate. (only UART mode)
0 Normal asynchronous operation.
1 Double speed asynchronous operation.
7 MASTERnN Selects master or slave in SPIn or synchronous mode and controls the
direction of SCKn pin.
0 Slave operation. (External clock for SCKn)
1 Master operation. (Internal clock for SCKn)
6 LOOPSNH Control the Loop Back mode of USARTN for test mode.
0 Normal operation.
1 Loop Back mode.
5 DISSCKn In synchronous mode operation, selects the waveform of SCKn output.
0 SCKn is free-running while USARTN is enabled in synchronous

master mode.

1 SCKn is active while any frame is on transferring.
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4 USTnSSEN This bit controls the SSn pin operation. (only SPI mode)
0 Disable.
1 Enable.
3 FXCHn SPIn port function exchange control bit. (only SPI mode)
0 No effect.
1 Exchange MOSIn and MISOn function.
2 USTnSB Selects the length of stop bit in asynchronous or synchronous mode.
0 1 Stop bit.
1 2 Stop bit.
1 UsSTnTX8 The ninth bit of data frame in asynchronous or synchronous mode of
operation. Write this bit first before loading the USTnDR register.
0 MSB (9" bit) to be transmitter is ‘0’.
1 MSB (9" bit) to be transmitter is ‘1".
0 USTnRX8 The ninth bit of data frame in asynchronous or synchronous mode of

operation. Read this bit first before reading the receive buffer (only
UART mode)

0 MSB (9" bit) to be received is ‘0.

1 MSB (9" bit) to be received is ‘1’.

15.2.3 USARTN_ST: USARTN status register

USARTN_ST is a 32-bit register, and able to do 32/16/8-bit access (n = 10, 11, 12, and 13).

USART10_ST =0x4000_380C, USART11_ST =0x4000_390C
USART12_ST =0x4000_3A0C, USART13_ST =0x4000_3B0C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{1514 13121110 9 8|7 6 56 4 3 2 1 O
| W
X| Xl el el | Glwl s
ElE|wl oo olx|s|$
Reserved <<\ MR
BRI Sle|a|*|™
[alya)
- o|joj1|0|0|0|0|0|0O]|0O
RW [ RW | RW [RW | RO | RW | RW | RO | RW | RW
9 DMATXF DMA Transmit Operation Complete flag. (DMA to USART)
0 DMA Transmit Operation is working or is disabled
1 DMA Transmit Op is done
8 DMARXF DMA Receive Operation Complete flag. (USART to DMA)
0 DMA Receive Operation is working or is disabled
1 DMA Transmit Op is done
7 DREn Transmit Data Register Empty Interrupt Flag. The DRE flag indicates if
the transmit data register (USARTn_DR) is ready to receive new data.
If DRE is ‘1’, the data register is empty and ready to be written.
0 Transmit buffer is not empty.
1 Transmit buffer is empty. This bit is cleared to ‘0’ when write ‘1°.
6 TXCn Transmit Complete Interrupt Flag. This flag is set when the entire frame

in the transmit shift register has been shifted out and there is no new
data currently present in the transmit buffer.

0 No request occurred.

1 Transmit buffer is empty and the data in transmit shift register are
shifted out completely. This bit is cleared to ‘0’ when write ‘1.
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5 RXCn Receive Complete Interrupt Flag. This flag is set when there are unread
data in the receive buffer and cleared when all the data in the receive
buffer are read.

0 There is no data unread in the receive buffer.

1 There are more than 1 data in the receive buffer.

4 WAKEnN Asynchronous Wake-up Interrupt Flag. This flag is set when the RXD
pin is detected low while the CPU is in deep sleep mode. (only UART
mode)

0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
3 RTOF Receive Time Out Interrupt flag. This bit is cleared to ‘0’ when write ‘1.

0 Receive time out is not generated
1 Receive time out is generated

2 DORnN This bit is set if data OverRun occurs. While this bit is set, the incoming
data frame is ignored. This flag is valid until the receive buffer is read.

0 No Data OverRun.
1 Data OverRun detected.

1 Fen This bit is set if the first stop bit of next character in the receive buffer is
detected as ‘0. This bit is valid until the receive buffer is read. (only
UART mode)

0 No Frame Error.
1 Frame Error detected.

0 Pen This bit is set if the next character in the receive buffer has a Parity Error
while parity is checked. This bit is valid until the receive buffer is read.
(only UART mode)

0 No Parity Error.
1 Parity Error detected.

15.2.4 USARTn_BDR: USARTn baud rate generation register

USARTn_BDR is a 32-bit register, and able to do 32/16/8-bit access (n = 10, 11, 12, and 13).

USART10_BDR =0x4000_3810, USART11_BDR =0x4000_3910
USART12 BDR =0x4000 3A10, USART13_BDR =0x4000 _3B10

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 O

Reserved BDATA

- OXFFF
Rl

11 BDATA The value in this register is used to generate internal baud rate in UART

0 mode or to generate SCK clock in SPI mode. To prevent malfunction,
do not write ‘0’ in UART mode and do not write ‘0’ or ‘1’ in synchronous
or SPI mode.
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15.2.5 USARTNn_DR: USARTnN data register
USARTnN_DR is a 32-bit register, and able to do 32/16/8-bit access (n = 10, 11, 12, and 13).

USART10_DR =0x4000_3814, USART11_DR =0x4000_3914
USART12_DR =0x4000_3A14, USART13_DR =0x4000_3B14

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 0
Reserved DATA
- 0x00
. RW
7 DATA The USART Transmit buffer and Receive buffer share the same I/O address with

this DATA register. The Transmit Data Buffer is the destination for data written
to the USARTN_DR register. Reading the USTnDR register returns the contents
of the Receive Buffer. Write to this register only when the DRE flag is set. In SPI
master mode, the SCK clock is generated when data are written to this register.

NOTE: This byte won’t be written when the block is disabled or the both of TXEn and RXEn bits are
“Ob”.

15.2.6 USARTNn_FPCR: USARTNn floating point count register

USARTn_FPCR is a 32-bit register, and able to do 32/16/8-bit access (n = 10, 11, 12, and 13).

USART10_FPCR =0x4000_3818, USART11_ FPCR =0x4000_3918
USART12_ FPCR =0x4000_3A18, USART13_ FPCR =0x4000_3B18

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 O
Reserved FPCR
- OxFFF
RW
7 FPCR USART Floating Point Counter
0 8-bit floating point counter
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15.2.7 USARTN_RTO: USARTn RTO register
USARTN_RTO is a 32-bit register, and able to do 32/16/8-bit access (n = 10, 11, 12, and 13).

USART10_RTO =0x4000_381C, USART11_ RTO =0x4000_391C
USART12_ RTO =0x4000_3A1C, USART13_ RTO =0x4000_3B1C

31 30 29 28 27 26 25 24|23 22 21 2019181716‘15141312 110 9 8‘7 6 54 3 210
Reserved RTO
- 0x000000
RW
53 RTO USART receive time out register

15.3 Functional description
USART comprises clock generator, transmitter and receiver.

The clock generation logic consists of synchronization logic for external clock input used by
synchronizing or SPI slave operation, and the baud rate generator for asynchronous or master
(synchronous or SPI) operation.

The transmitter consists of a single write buffer, a serial shift register, parity generator and control logic
for handling different serial frame formats. The write buffer allows continuous transfer of data without
any delay between frames.

The receiver is the most complex part of the UART module due to its clock and data recovery units. The
recovery unit is used for asynchronous data reception. In addition to the recovery unit, the receiver
includes a parity checker, a shift register, a two-level receive FIFO (USARTn_DR) and control logic. The
receiver supports the same frame formats as the transmitter and can detect frame error, data overrun
and parity errors (n = 10, 11, 12 and 13).
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15.3.1 USART clock generation

USTnBD

DBLSn
" fPCLK i
Prescaling (USARTn_BD+1)
Up-Counter > /8 > /2 P M
u
> x
PeLk > _— txclk
v l _
i Edge
Syne Register Detector > l\L/ll
» x USTnMS[1:0]
>

CPOLn Y J
/2

MASTERn

SCKn <
Y

rxclk

Figure 115. Clock Generation Block Diagram (USARTn, n =10, 11, 12, and 13)

The clock generation logic generates the base clock for the transmitter and receiver. The USART
supports four modes of clock operation and those are normal asynchronous, double speed
asynchronous, master synchronous and slave synchronous modes.

The clock generation scheme for master SPI and slave SPI mode is the same as master synchronous
and slave synchronous operation mode.

USTnMS[1:0] bits in USARTn_CR1 register selects asynchronous or synchronous operation.
Asynchronous double speed mode is controlled by the DBLS bit in the USARTn_CR2 register.

The MASTER bit in USARTn_CR2 register controls whether the clock source is internal (master mode,
output pin) or external (slave mode, input pin). The SCKn pin is active only when the USART operates
in synchronous or SPI mode.

Table 67 shows the equations for calculating baud rate (in bps).

Table 66. Equations for Calculating USART Baud Rate Register Settings

Operating Mode Equation for Calculating Baud Rate

Asynchronous Normal Mode (DBLSn=0) Baud Rate= PCLK/(16(USARTn_BDR+1))

Asynchronous Double Speed Mode (DBLSn=1) | Baud Rate= PCLK/(8(USARTn_BDR+1))

Synchronous or SPI Master Mode Baud Rate= PCLK/(2(USARTn_BDR+1))
NOTE:

1. n=10,1,12and 13
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15.3.2 External clock (SCKn)

External clocking is used in the synchronous or SPI slave mode of operation.

External clock input from the SCKn pin is sampled by a synchronization logic to remove meta-stability.
Output from the synchronization logic must be passed through an edge detector before it is used by the
transmitter and receiver. This process introduces two CPU clock period delay. The maximum frequency
of the external SCKn pin is limited by 1MHz.

15.3.3 Synchronous mode operation

External clocking is used in the synchronous or SPI slave mode of operation.

When synchronous or SPI mode is used, the SCKn pin will be used as either clock input (slave) or clock
output (master). Data sampling and transmitter are issued on the different edge of SCKn clock
respectively. For example, if data input on RXDn (MISOn in SPI mode) pin is sampled on the rising
edge of SCKn clock, data output on TXDn (MOSIn in SPI mode) pin is altered on the falling edge.

CPOLn bit in USARTn_CR1 register selects which SCKn clock edge is used for data sampling and
which is used for data change. As shown in the Figure 116, when CPOLn is zero, the data will be
changed at rising edge of SCKn and sampled at falling edge of SCKn.

CPOLn =1

S5CKn

TXDn/RXDn X R X ‘ X X:
; Sample

CPOLn =0

5CKn

\ < Y '

Sample

Figure 116. Synchronous Mode SCKn Timing (USARTn, n =10, 11, 12, and 13)
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15.3.4 UART data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits),
and optionally a parity bit for error detection. USART supports all 30 combinations of the following as
valid frame formats.

* 1 start bit

* 5,6,7,8or9 data bits

*  no, even or odd parity bit.
* 1 or2stop bits.

A frame starts with a start bit followed by the least significant data bit (LSB). Next data bits, up to nine,
are succeeding, ending with the most significant bit (MSB). If parity function is enabled, the parity bit is
inserted between the last data bit and the stop bit.

A high-to-low transition on data pin is considered as start bit. When a complete frame is transmitted, it
can be directly followed by a new frame, or the communication line can be set to an idle state. The idle
means high state of data pin.

Figure 117 shows possible combinations of the frame formats. Bits inside brackets are optional.

| 1 data frame |

|
Idle | 5t Do D1 D2 D3 D4 | [D5] | [D&] | [D7] | [D8] - 5p1 " [5p2]| Idle /St
I
1

I Character

Figure 117. Frame Format (USART)
Single data frame consists of the following bits:

* Idle: No communication on communication line (TXDn/RXDn)
» St Start bit (Low)

*  Dm: Data bits (0~8)

e Parity bit ------------ Even parity, Odd parity, No parity

*  Stop bit(s) ---------- 1 bit or 2 bits

Frame format of UART is set by configuring USTnS[2:0], USTnP[1:0] bits in USARTn_CR1 register and
USTnSB bit in USARTn_CR2 register. Transmitter and receiver use the same figures (n = 10, 11, 12
and 13).
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15.3.5 UART parity bit

Parity bit is calculated by doing an exclusive-OR of all data bits. If odd parity is used, the result of the
exclusive-OR is inverted. Parity bit is located between the MSB and first stop bit of a serial frame.

* Peven=Dm-1*..~D3~D22D1~D0%0
* Podd=Dm-1*...AD32D2~D1~D0"1
*  Peven: Parity bit using even parity

*  Podd: Parity bit using odd parity

*  Dm: Data bit n of the character

15.3.6 UART transmitter

UART transmitter is enabled by configuring TXEn bit in USARTn_CR1 register. When the transmitter is
enabled, TXDn pin should be set to TXDn function for the serial output pin of UART by the
PB_AFSR1/PD_AFSR1 and PB_MOD/PD_MOD. Baud rate, operation mode and frame format must
be set up once before starting any transmission.

In synchronous operation mode, SCKn pin is used as a transmission clock, so it should be selected to
function SCKn by PB_AFSR1/PD_AFSR1 and PB_MOD/PD_MOD (n = 10, 11, 12 and 13).

UART sending TX data

A data transmission is initiated by loading the transmit buffer (USARTn_DR register 1/O location) with
the data to be transmitted. The data be written in transmit buffer is moved to the shift register when the
shift register is ready to send a new frame. The shift register is loaded with the new data if it is in idle
state or immediately after the last stop bit of the previous frame is transmitted. When the shift register
is loaded with new data, it will transfer one complete frame according to the settings of control registers.
If the 9-bit characters are used in asynchronous or synchronous operation mode, the ninth bit must be
written to the USTnTX8 bit in USARTn_CR2 register before it is loaded to the transmit buffer
USARTn_DR register (n =10, 11,12 and 13).
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UART transmitter flag and interrupt

The USART transmitter has two flags which indicate its state. One is USART data register empty flag
(DREN) and the other is transmit completion flag (TXCn). Both flags can be interrupt sources.

DREn flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the
transmit buffer is empty and cleared when the transmit buffer contains data to be transmitted but has
not yet been moved into the shift register. And also this flag can be cleared by writing ‘0’ to this bit
position. Writing ‘1’ to this bit position is prevented.

When the data register empty interrupt enable (DRIEn) bit in USARTn_CR1 register is set and the
global interrupt is enabled, USTnST status register empty interrupt is generated while DREn flag is set.

The transmit complete (TXCn) flag bit is set when the entire frame in the transmit shift register has been
shifted out and there is no more data in the transmit buffer. The TXCn flag is automatically cleared when
the transmit complete interrupt serve routine is executed, or it can be cleared by writing ‘0’ to TXCn bit
in USARTn_ST register.

When the transmit complete interrupt enable (TXCIEn) bitin USARTn_CR1 register is set and the global
interrupt is enabled, UART transmit complete interrupt is generated while TXCn flag is set (n = 10, 11,
12 and 13).

UART parity generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is
enabled (USTnP1=1), the transmitter control logic inserts the parity bit between the MSB and the first
stop bit of the frame to be sent.

UART disabling transmitter

Disabling the transmitter by clearing the TXEn bit will not become effective until ongoing transmission
is completed. When the transmitter is disabled, the TXDn pin can be used as a normal general purpose
I/O (n =10, 11, 12 and 13).
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15.3.7 UART receiver

USART receiver is enabled by setting the RXEn bit in the USARTn_CR1 register. When the receiver is
enabled, the RXDn pin should be set to RXDn function for the serial input pin of UART by
PB_AFSR1/PD_AFSR1 and PB_MOD/PD_MOD. The baud-rate, mode of operation and frame format
must be set before serial reception. In synchronous or SPI operation mode the SCKn pin is used as
transfer clock input, so it should be selected to do SCKn function by PB_AFSR1/PD_AFSR1 and
PB_MOD/PD_MOD. In SPI operation mode the SSn input pin in slave mode can be configured as SSn
output pin in master mode. This can be done by setting USTnSSEN bit in USARTn_CR2 register (n =
10, 11, 12 and 13).

UART receiving RX data

When UART is in synchronous or asynchronous operation mode, the receiver starts data reception
when it detects a valid start bit (LOW) on RXDn pin. Each bit after start bit is sampled at pre-defined
baud-rate (asynchronous) or sampling edge of SCKn (synchronous), and shifted into the receive shift
register until the first stop bit of a frame is received. Even if there’s the second stop bit in the frame, the
second stop bit is ignored by the receiver. That is, receiving the first stop bit means that a complete
serial frame is presented in the receiver shift register and contents of the shift register are to be moved
into the receive buffer. The receive buffer is read by reading the USARTn_DR register.

If 9-bit characters are used (USTnS[2:0] = “111”), the ninth bit is stored in the USTnRX8 bit position in
the USARTNn_CR?2 register. The ninth bit must be read from the USTnRX8 bit before reading the low 8
bits from the USARTn_TDR register. Likewise, the error flags Fen, DORn, Pen must be read before
reading the data from USARTn_DR register. It's because the error flags are stored in the same FIFO
position of the receive buffer (n = 10, 11, 12 and 13).

UART receiver flag and interrupt

The UART receiver has one flag that indicates the receiver state.

A receive complete (RXCn) flag indicates whether there are unread data in the receive buffer. This flag
is set when there is unread data in the receive buffer and cleared when the receive buffer is empty. If
the receiver is disabled (RXEn=0), the receiver buffer is flushed and the RXCn flag is cleared.

When a receive complete interrupt enable (RXCIEn) bit in the USARTn_CR1 register is set and global
interrupt is enabled, the UART receiver complete interrupt is generated while RXCn flag is set.

The UART receiver has three error flags which are frame error (Fen), data overrun (DORn) and parity
error (Pen). These error flags can be read from the USARTn_ST register. As received data is stored in
the 2-level receive buffer, these error flags are also stored in the same position of receive buffer. So,
before reading received data from USARTNn_DR register, read the USARTNn_ST register first which
contains error flags.

The frame error (Fen) flag indicates the state of the first stop bit. The Fen flag is “0” when the stop bit
was correctly detected as “1”, and the Fen flag is “1” when the stop bit was incorrect, i.e. detected as
“0”. This flag can be used for detecting out-of-sync conditions between data frames.
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The data overrun (DORnN) flag indicates data loss due to a receive buffer full condition. DORn occurs
when the receive buffer is full, and another new data is presented in the receive shift register which are
to be stored into the receive buffer. After the DORn flag is set, all the incoming data are lost. To avoid
data loss or clear this flag, read the receive buffer.

The parity error (Pen) flag indicates that the frame in the receive buffer had a parity error when received.
If parity check function is not enabled (USTnP1=0), the Pen bit is always read “0” (n = 10, 11, 12 and
13).

UART parity checker

If parity bit is enabled (USTnP1=1), the Parity Checker calculates the parity of the data bits in incoming
frame and compares the result with the parity bit from the received serial frame (n = 10, 11, 12 and 13).

UART disabling receiver

In contrast to transmitter, disabling the Receiver by clearing RXEn bit makes the Receiver inactive
immediately.

When the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer
is all reset, and the RXDn pin can be used as a normal general purpose I/O (n =10, 11, 12 and 13).

Asynchronous data reception

To receive asynchronous data frame, the USART includes a clock and data recovery unit. The clock
recovery logic is used for synchronizing the internally generated baud-rate clock to the incoming
asynchronous serial frame on the RXDn pin.

The data recovery logic does sampling and low pass filtering the incoming bits, and removing the noise
of RXDn pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate
is 16 times of the baud-rate in normal mode and 8 times the baud-rate for double speed mode
(DBLSNn=1). The horizontal arrows show the synchronization variation due to the asynchronous
sampling process. Note that larger time variation is shown when using the double speed mode (n = 10,
11,12 and 13).
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Figure 118. Asynchronous Start Bit Sampling (n = 10, 11, 12 and 13)

When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition on
the RXDn line, the start bit condition. After detecting high to low transition on RXDn line, the clock
recovery logic uses samples 8, 9 and 10 for normal mode to decide if a valid start bit is received. If more
than 2 samples have logical low level, it is considered that a valid start bit is detected and the internally
generated clock is synchronized to the incoming data frame. And the data recovery can begin. The
synchronization process is repeated for each start bit.

As described above, when the receiver clock is synchronized to the start bit, the data recovery can
begin. Data recovery process is almost same to the clock recovery process. The data recovery logic
samples 16 times for each incoming bits for normal mode and 8 times for double speed mode, and uses
sample 8, 9 and 10 to decide data value. If more than 2 samples have low levels, the received bit is
considered to a logic ‘0’ and if more than 2 samples have high levels, the received bit is considered to
a logic ‘1"

The data recovery process is then repeated until a complete frame is received including the first stop
bit. The decided bit value is stored in the receive shift register in order. Note that the Receiver only uses
the first stop bit of a frame. Internally, after receiving the first stop bit, the Receiver is in idle state and
waiting to find start bit.

RXDn

2 4 6 nnm 1 12 13 14 15 16

1 7
Sample T T
(DBLSn = 1) | |
' 1 O 1 7 e

Figure 119. Asynchronous Data and Parity Bit Sampling (n =10, 11, 12 and 13)

X X
L RS RRR R EER
|

N — W

The process for detecting stop bit is same as clock and data recovery process. That is, if 2 or more
samples of 3 center values have high level, correct stop bit is detected, else a frame error (Fen) flag is
set. After deciding whether the first stop bit is valid or not, the Receiver goes to idle state and monitors
the RXDn line to check a valid high to low transition is detected (start bit detection). (n =10, 11, 12 and
13).
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Figure 120. Stop Bit Sampling and Next Start Bit Sampling (n =10, 11, 12 and 13)

15.3.8 SPI mode

USART can be set to operate in industrial standard SPI compliant mode. The SPI mode features the
followings:

*  Full Duplex, Three-wire synchronous data transfer.

e Mater and Slave Operation.

*  Supports all four SPI modes of operation (mode 0, and 1).
*  Selectable LSB first or MSB first data transfer.

*  Double buffered transmit and receive.

*  Programmable transmit bit rate.

When the SPI mode is enabled by configuring USTnMS[1:0] as 117, the slave select (SSn) pin becomes
active LOW input in slave mode operation, or can be output in master mode operation if USTnSSEN bit
is setto ‘0’.

Note that during SPI mode of operation, the pin RXDn is renamed as MISOn, and TXDn is renamed as
MOSIn for compatibility to other SPI devices (n = 10, 11, 12, and 13).

15.3.9  SPI clock formats and timing

To accommodate a wide variety if synchronous serial peripherals from different manufacturers, the
USART has a clock polarity bit (CPOLN) and a clock phase control bit (CPHAnN) to select one of four
clock formats for data transfers. CPOLn selectively insert an inverter in series with the clock. CPHAN
chooses between two different clock phase relationships between the clock and data. Note that CPHAN
and CPOLn bits in USARTNn_CR1 register have different meanings according to the USTnMS[1:0] bits
which decides the operating mode of USART.

Table 67 shows four combinations of CPOLn and CPHAnN for SPI modes 10, 11, 12 and 13 (n = 10, 11,
12, and 13).
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Table 67. CPOL Functionality

SPIn Mode CPOLN CPHAnN Leading Edge Trailing Edge

0 0 0 Sample (Rising) Setup (Falling)

1 0 1 Setup (Rising) Sample (Falling)

2 1 0 Sample (Falling) Setup (Rising)

3 1 1 Setup (Falling) Sample (Rising)
NOTE:

1. n=10,11,12and 13

SCKn
(CPOLn=1)

[ )
\ \
1

WA
U
!

!

]

wh

L
!

)

SAMPLE llT
*
MOSIn \'
MSB First BIT7 BIT6 BIT2 BIT1 BITO
LSB First BITO BIT1 . BITS BIT6 BIT7
" T
MISOn — | > > < \
- /
/SSnOUT \ i
(MASTER) K ?
/SSnIN \ / /
; _
(SLAVE) K " .

Figure 121. USART SPIn Clock Formats when CPHANn =0 (n =10, 11, 12 and 13)

When CPHAN=0, the slave begins to drive its MISOn output with the first data bit value when SSn goes
to active low. The first SCKn edge causes both the master and the slave to sample the data bit value
on their MISOn and MOSIn inputs, respectively.

At the second SCKn edge, the USART shifts the second data bit value out to the MOSIn and MISOn
outputs of the master and slave, respectively. Unlike the case of CPHANn=1, when CPHAN=0, the slave’s
SSn input must go to its inactive high level between transfers. This is because the slave can prepare
the first data bit when it detects falling edge of SSn input (n = 10, 11, 12 and 13).
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Figure 122. USART SPIn Clock Formats when CPHANn=1 (n =10, 11, 12 and 13)

When CPHAN=1, the slave begins to drive its MISOn output when SSn goes active low, but the data is
not defined until the first SCKn edge. The first SCKn edge shifts the first bit of data from the shifter onto
the MOSIn output of the master and the MISOn output of the slave.

The next SCKn edge causes both the master and slave to sample the data bit value on their MISOn
and MOSIn inputs, respectively. At the third SCKn edge, the USART shifts the second data bit value
out to the MOSIn and MISOn output of the master and slave respectively. When CPHANn=1, the slave’s
SSn input is not required to go to its inactive high level between transfers.

Because the SPIn logic reuses the USART resources, SPIn mode of operation is similar to that of
synchronous or asynchronous operation. SPIn transfer is initiated by checking for the USART Data
Register Empty flag (DREn=1) and then writing a byte of data to the USTnDR Register. In master mode
of operation, even if transmission is not enabled (TXEn=0), writing data to the USTnDR register is
necessary because the clock SCKn is generated from transmitter block.
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15.3.10 Baud rate settings (example)
Table 68. Baud Rate Settings Example

Baud fOSC=1.00MHz fOSC=1.8432MHz fOSC=2.00MHz
Rate DBLSNn=0 DBLSn=1 DBLSNn=0 DBLSn=1 DBLSn=0 DBLSn=1

UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 1 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4K 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2K 2 8.5% 6 -7.0% 5 0.0% 1" 0.0% 6 -7.0% 12 0.2%
28.8K 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4K 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6K - - 1 8.5% 1 -25.0% 3 0.0% 1 8.5% 3 8.5%
76.8K - - 1 -18.6% 1 0.0% 2 0.0% 1 -18.6% 2 8.5%
115.2K - - - - - - 1 0.0% - - 1 8.5%
230.4K - - - - - - - - - - - -
Baud fOSC=3.6864MHz fOSC=4.00MHz fOSC=7.3728MHz
Rate DBLSNn=0 DBLSn=1 DBLSNn=0 DBLSn=1 DBLSn=0 DBLSn=1

UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% - -
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4K 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2K 1 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8K 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4K 5 0.0% 1 0.0% 6 -7.0% 12 0.2% 1 0.0% 23 0.0%
57.6K 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8K 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 1 0.0%
115.2K 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4K - - 1 0.0% - - 1 8.5% 1 0.0% 3 0.0%
250K - - 1 -7.8% - - 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - - - - - - - - - 1 -7.8%
Baud fOSC=8.00MHz fOSC=11.0592MHz fOSC=14.7456MHz
Rate DBLSn=0 DBLSn=1 DBLSNn=0 DBLSn=1 DBLSn=0 DBLSn=1

UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR UBAUD ERROR
2400 207 0.2% - - - - - - - - - -
4800 103 0.2% 207 0.2% 143 0.0% - - 191 0.0% - -
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4K 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2K 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8K 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4K 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6K 8 -3.5% 16 2.1% " 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8K 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 1 0.0% 23 0.0%
115.2K 3 8.5% 8 -3.5% 5 0.0% 1 0.0% 7 0.0% 15 0.0%
230.4K 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250K 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M - - 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - - - - - - - - - 1 -7.8%
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15.3.11 0% error baud rate

This USART system supports the floating point counter logic for the 0% error of baud rate. By using the
8bits floating point counter logic, the cumulative error to below the decimal point can be removed.

The floating point counter value is defined by baud rate error. In the baud rate formula, USARTn_BDR

is presented the integer count value. For example, If you want to use the 57600 baud rate (fXIN
16MHz), a calculated integer count value must be 16.36 value (USARTn_BDR+1
16000000/(16x57600) = 17.36). Here, USARTn_BDR which can be set is the nearest big integer

number 17. To realize 0% error of baud rate, floating point counter value must be 92 ((0.36) x 256 =

92). Namely you have to write the 92 (decimal number) in USARTn_FPCR and 17 (decimal number) in
USART_BAUD.

A
o

Integer count value

TXD clock 0% Error
Generator Baud Rate

Y

Integer count value-1

8bit Max floating point
Count value

Yy

8bit floating point
counter

Figure 123. 0% Error Baud Rate Diagram

15.3.12 Receive time out (RTO)

This USART system supports the receive time out (RTO) interrupt. The RTO counter uses the system
clock and continues counting while the RXD input is not present. If the RTO counter matches
USARTN_RTO, RTOF becomes 1. RTOEN is set to 1 to enable this operation, and RTOEN is
automatically set to 0 when an RTO match occurs. You can use RTO interrupts with RTOIE.
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16. 12C interface

I12C is one of industrial standard serial communication protocols, and which uses 2 bus lines such as
Serial Data Line (SDAnN) and Serial Clock Line (SCLn) to exchange data. Because both SDAn and SCLn
lines are open-drain output, each line needs pull-up resistor respectively.

I2C features the followings (n = 0 and 1):

e Compatible with I12C bus standard.

e Multi-master operation.

* Up to 1MHz data transfer read speed.
*  7-bit address.

*  Support two slave address.

*  Both master and slave operation.

*  Bus busy detection

Table 69 introduces pins assigned for 12C interface.

Table 69. Pin Assignment of 12C: External Pins

Pin name Type Description

SCLO 1/0 I2C channel 0 Serial clock bus line (open-drain)

SDAO 1/0 I2C channel 0 Serial data bus line (open-drain)

SCLA1 1/0 I2C channel 1 Serial clock bus line (open-drain)

SDA1 1/0 I2C channel 1 Serial data bus line (open-drain)
NOTE:

1. n=0and1
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16.1 12C block diagram
In this section, 12C interface block is described in a block diagram.
I12CnIFLAG B
. 12C interrupt
Slave Address Register
[2Cn_SAR <:|
RXACKn, GCALLN, Interrupt
TENDn, STOPDN, | |Generatof| '2C™EN ¢
SSELn, MLOSTn
' ' A General Call And
BUSYn, TMODEn Address Dete ctor |€— 12CnGCE I
{ t N
- - - T
Receive Shift Register
SDAn > (RXSR) »  2CnDRRY ) E
- <& N
N-ch ¢ SDA In/Out | ACK Signal € A
Controller Generator |€— ACKnEN L
VSS N < STOP/START  [€— STOPCn B
d [~ Condition Generator |€¢— STARTCn U
A A S
Transmit Shift Register| 4
(TXSR) < e DR () [¢—— |I_
4 SDA Hold Time Register N
4 B I2Cn_SDHR <:I E
sCLn D‘ a w| SCL Out Time isgerator W SCL High Period Register <:|
= "1 controller ) A 12Cn_SCHR
Time Controller
| 4 SCL Low Period Register
) 1€ 12Cn_SCLR CZ'
N-ch < T
VSS PCLK ~J
NOTE:

1.  When the corresponding port of I2C is a sub-function for SCL/SDA pin, the SCL/SDA pins are automatically set to
the N-channel open-drain outputs and the input latch is read in the case of reading the pins. The corresponding
pull-up resistor is determined by the control register.

16.2 Registers

Figure 124. 12C Block Diagram

Base address of 12C is introduced in the followings:

Table 70. Base Address of 12C Interface

Name

Base address

12C0

0x4000_4800

12C1

0x4000_4900
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Table 71. 12C Register Map

A31G32x User’s manual

Name Offset Type | Description Reset value Reference
12Cn_CR 0x00 RW [2Cn Control Register 0x0000_0000 | 16.2.1
12Cn_ST 0x04 RW [2Cn Status Register 0x0000_0000 | 16.2.2
12Cn_SAR1 0x08 RW [2Cn Slave Address Register 1 0x0000_0000 | 16.2.3
12Cn_SAR2 0x0C RW [2Cn Slave Address Register 2 0x0000_0000 | 16.2.4
12Cn_DR 0x10 RW | 12Cn Data Register 0x0000_0000 | 16.2.5
I2Cn_SDHR | 0x14 RW | 12Cn SDA Hold Time Register 0x0000_0001 | 16.2.6
12Cn_SCLR | Ox18 RW [2Cn SCL Low Period Register 0x0000_003F | 16.2.7
I2Cn_SCHR | 0x1C RW | I12Cn SCL High Period Register | 0x0000_003F | 16.2.8
12Cn_MR 0x20 RwW [2Cn Mode Control Register 0x0000_0000 | 16.2.9
NOTE:

1. n=0and1

16.2.1

12Cn_CR: 12Cn control register

The register can be set to configure 12C operation mode and simultaneously allowed for 12C
transactions to be kicked off. 12Cn_CR is a 32-bit register and able to do 32/16/8-bit access.

12C0_CR=0x4000_4800, 12C1_CR=0x4000_4900

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{1514 1312110 9 8|7 6 5 4 3 2 1 0
MEREEREEE
Reserved Lislals gkl 6|
SNE IR SE
] Bl e N I R R
- 0|{0j0|0O|0O|0O|0O]O
RW | RW | RW RO [RW|RO[RW|RW
7 I12CnIFLAG Interrupt flag bit
0 No interrupt is generated or interrupt is cleared
1 An interrupt is generated
6 I2CnEN Activate 12Cn Block ( by supplying clock)
0 Disable 12C block
1 Enable 12C block
5 RESET Initialize internal register of I12C
0 No operation
1 Initialize 12C, auto cleared
4 I2CnIEN 12Cn Interrupt Enable bit.
0 Disable interrupt, operates in polling mode
1 Enable interrupt
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3 ACKnEN Controls ACK signal generation at ninth SCL period.
0 No ACK signal is generated. (SDA = 1)
1 ACK signal is generated. (SDA = 0)
NOTES:
1. ACK signal is output (SDA = 0) for the following 3 cases. Where x =0 and 1.
2. When received address packet equals to SLAx[6:0] bits in 12Cn_SARX register.
3. When received address packet equals to value 0x00 with GCALLn enabled.
4. When I2Cn operates as a receiver (master or slave)
2 IMASTERN Represent Operation Mode of I12Cn. This bit is cleared to “Ob” on STOP
condition.
0 I12Cn is in slave mode.
1 I12Cn is in master mode.
1 STOPCn STOP Condition Generation When 12Cn is master.
0 No effect.
1 STOP condition is to be generated.
0 STARTCn START Condition Generation When 12Cn is master.

0 No effect.

1 START or Repeated START condition is to be generated.

16.2.2 12Cn_ST: 12Cn status register

I2Cn_ST is a 32-bit register and able to do 32/16/8-bit access.

12C0_ST=0x4000_4804, 12C1_ST=0x4000_4904

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 0
[ c [ cC| c
315|255 5145
Reserved MFEIEIEIEER:
-
IEAIEHEIEE:
- o|{0oj0|0O|0O|0O|0O]O
RW [ RW [ RW [ RW | RW | RW | RO | RW
7 GCALLNn This bit has different meaning depending on whether I2C is master or

slave. When 12C is a master, this bit represents whether it received

AACK (address ACK) from slave.

0 No AACK is received. (Master mode)

1 AACK is received (Master mode). It may be set to “1b” after

address transmission.

When 12C is a slave, this bit is used to indicate general call.

0 General call address is not detected. (Slave mode)

1 General call address is detected. (Slave mode)

6 TENDnN This bit is set when 1-byte of data is transferred completely.
0 1 byte of data is not completely transferred.
1 1 byte of data is completely transferred.
5 STOPDN This bit is set when a STOP condition is detected.
0 A STOP condition is not detected.
1 A STOP condition is detected.
4 SSELn This bit is set when 12C is addressed by other master.

0 12C is not selected as a slave.

1 12C is addressed by other master and acts as a slave.
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3 MLOSTn This bit represents the result of bus arbitration in master mode.
0 I12C maintains bus mastership.
1 12C has lost bus mastership during arbitration process.
2 BUSYn This bit reflects bus status.
0 I12C bus is idle, so a master can issue a START condition.
1 12C bus is busy.
1 TMODERN This bit is used to indicate whether 12C is transmitter or receiver.
0 12C is a receiver.
1 I12C is a transmitter.
0 RXACKn This bit shows the state of ACK signal.
0 No ACK is received.
1 ACK is received at ninth SCL period.
NOTES:
1. The GCALLn, TENDn, STOPDn, SSELn, and MLOSTn bits can be source of interrupt.
2. When an 12C interrupt occurs except for deep sleep mode, the SCL line is held low.
3. Torelease SCL, Clear to “Ob” all interrupt source bits in 12Cn_ST register.
4.  The GCALLn, TENDn, STOPDn, SSELn, MLOSTn, and RXACKn bits are cleared when

“1b” is written to the corresponding bit.

16.2.3 12Cn_SAR1: I12Cn slave address register 1

I2Cn_SART1 is a 32-bit register and able to do 32/16/8-bit access.

12C0_SAR1=0x4000_4808, 12C1_SAR1=0x4000_4908

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 0
z

]

C

Reserved SLAn 2’

O

(O]

- 0000000 0

- RW RW

7 SLAN These bits configure the slave address 0 in slave mode.
1
0 GCALLNEN This bit decides whether 12Cn allows general call address 0 or not in

12Cn slave mode.

0 Ignore general call address 0.

1 Allow general call address 0.
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16.2.4 12Cn_SAR2: I12Cn slave address register 2

I2Cn_SAR2 is a 32-bit register and able to do 32/16/8-bit access.

12C0_SAR2=0x4000_480C, 12C1_SAR2=0x4000_490C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
Z
w
e
SLAn -
<
(@)
O
0x000000 0000000 0
- RW RW
7 SLAN These bits configure the slave address 1 in slave mode.
1
0 GCALLNEN This bit decides whether 12Cn allows general call address 1 or not in
12Cn slave mode.
0 Ignore general call address 1.
1 Allow general call address 1.

16.2.5 12Cn_DR: I2Cn data register

[2Cn_DR is a 32-bit register and able to do 32/16/8-bit access.

12C0_DR=0x4000_4810, 12C1_DR=0x4000_4910

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O
DATA
O0xOF
RW
7 DATA The 12Cn_DR Transmit buffer and Receive buffer share the same 1/0O
0 address with this DATA register. The Transmit Data Buffer is the

destination for data written to the 12Cn_DR register. Reading the
12Cn_DR register returns the contents of the Receive Buffer.
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16.2.6 12Cn_SDAHR: I12Cn SDA hold time register

I2Cn_ SDAHR is a 32-bit register and able to do 32/16/8-bit access.

12C0_SDHR=0x4000_4814, 12C1_SDHR=0x4000_4914

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 161514 13121110 9 8|7 6 56 4 3 2 1 O
Reserved HLDT
OxOF
RW
7 HLDT This register is used to control SDA output timing from the falling edge
0 of SCL.

Note that SDA is changed after tPCLK X (12Cn_SDHR+2). In master
mode, load half the value of 12Cn_SCLR to this register to make SDA
change in the middle of SCL.

In slave mode, configure this register regarding the frequency of SCL
from master.

The SDA is changed after tPCLK X (I2Cn_SDHR+2) in master mode.
So, to insure operation in slave mode, the value tPCLK X (12Cn_SDHR
+ 2) must be smaller than the period of SCL.

16.2.7 12Cn_SCLLR: 12Cn SCL low period register

[2Cn_ SCLLR is a 32-bit register and able to do 32/16/8-bit access.

12C0_SCLR=0x4000_4818, 12C1_SCLR=0x4000_4918

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 0
Reserved SCLL
OxF
RW
7 SCLL This register defines the low period of SCL in master mode. The base clock
0

is PCLK and the period is calculated by the formula: tPCLK X (4 X
12Cn_SCLR + 2) where tPCLK is the period of PCLK.
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16.2.8 12Cn_SCLHR: I12Cn SCL high period register

I2Cn_ SCLHR is a 32-bit register and able to do 32/16/8-bit access.

12C0_SCHR=0x4000_481C, 12C1_SCHR=0x4000_491C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0

SCLH

OxF

RW

7 SCLH This register defines the high period of SCL in master mode. The base
clock is PCLK and the period is calculated by the formula: tPCLK X (4 X
12Cn_SCHR + 2) where tPCLK is the period of PCLK.

16.2.9 12Cn_MR: 12Cn mode control register

12C0_SCHR=0x4000_4820, 12C1_SCHR=0x4000_4920

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 O

0 DIS_SDAH Disable SDA hold time
0 Enable SDA hold time

When I2CST is written, the MSB of the transmitted data of I2CDR

is on the output to SDA port before three system clocks from the
rising edge of SCL.
The other bits after the MSB bit are outputted to SDA port in the
timing
Controlled by I2CSDAHR from the falling edge of SCL.

1 Disable SDA hold time

When I2CDR is written, the MSB of the transmitted data of I2CDR
is on the output to SDA port directly. The other bits after the MSB

bit are outputted after the falling edge of SCL irrespective of
I2CSDAHR.

ABOV
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16.3  Functional description

16.3.1 12C bit transfer

Data on the SDAnN line must be stable during HIGH period of the clock, SCLn. HIGH or LOW state of
the data line can only change when the clock signal on the SCLn line is LOW. The exceptions are
START(S), repeated START(Sr) and STOP(P) condition where data line changes when clock line is
high.

SCLn

- Data line Stable: Change of Datai

: Data valid allowed

exept S, 5 P

Figure 125. 12C Bus Bit Transfer (n =0 and 1)

16.3.2 START/repeated START/STOP

One master can issue a START (S) condition to notice other devices connected to the SCLn, SDAn
lines that it will use the bus. A STOP (P) condition is generated by the master to release the bus lines

so that other devices can use it.
* Ahigh to low transition on the SDAnN line while SCLn is high defines a START (S) condition.
* Alow to high transition on the SDAn line while SCLn is high defines a STOP (P) condition.

START and STOP conditions are always generated by the master. The bus is considered to be busy
after START condition. The bus is considered to be free again after STOP condition, ie, the bus is busy
between START and STOP condition. If a repeated START condition (Sr) is generated instead of STOP
condition, the bus stays busy. So, the START and repeated START conditions are functionally identical.

U e Bl

sCLn

START-E{;ﬁ..f!ition STOP Cmd irion

Figure 126. START and STOP Condition (n =0 and 1)
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16.3.3 Data transfer

Every byte put on the SDAn line must be 8-bits long. The number of bytes that can be transmitted per
transfer is unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with the
most significant bit (MSB) first.

If a slave can’t receive or transmit another complete byte of data until it has performed some other
function, it can hold the clock line SCLn LOW to force the master into a wait state. Data transfer then
continues when the slave is ready for another byte of data and releases clock line SCLn.

soan T\ X OGX_ /X G XX X

MSB Acknowledgement Signal Acknowledgement Signal Sr
from Slave from Slave
Byte Complete, —— Clockline held low
: Interruptwithin Device while interrupts are served. i
SCLn s i 1 9 v /1 \ » / 9\ /s i
or ACK ACK or
Sr P
START or Repeated START STOP or Repeated START
Condition Condition

Figure 127. 12C Bus Data Transfer (n = 0 and 1)

16.3.4 Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDAn
line (HIGH) during the acknowledge clock pulse. The receiver must pull down the SDAn line during the
acknowledge clock pulse so that it remains stable LOW during the HIGH period of this clock pulse.
When a slave is addressed by a master (Address Packet), and if it is unable to receive or transmit
because it's performing some real time function, the data line must be left HIGH by the slave.

And also, when a slave addressed by a master is unable to receive more data bits, the slave receiver
must release the SDAnN line (Data Packet). The master can then generate either a STOP condition to
abort the transfer, or a repeated START condition to start a new transfer.

If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by
not generating any acknowledge on the last byte that was clocked out of the slave. The slave transmitter
must release the data line to allow the master to generate a STOP or repeated START condition.
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Data Output \ x X

By Transmitter

& 5
><
><

NACK
R
Data Output
By Receiver \_/
ACK

SCLn From MASTER 1N/ 2\ /g\_/;\_

T— Clock pulse for ACK

Figure 128. 12C Bus Acknowledge (n = 0 and 1)

16.3.5 Synchronization/Arbitration

Clock synchronization is performed using the wired-AND connection of 12C interfaces to the SCLn line.
This means that a HIGH to LOW transition on the SCLn line will cause the devices concerned to start
counting off their LOW period and it will hold the SCLn line in that state until the clock HIGH state is
reached. However the LOW to HIGH transition of this clock may not change the state of the SCLn line
if another clock is still within its LOW period. In this way, a synchronized SCLn clock is generated with
its LOW period determined by the device with the longest clock LOW period, and its HIGH period
determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START
condition. Arbitration takes place on the SDAn line, while the SCLn line is at the HIGH level, in such a
way that the master which transmits a HIGH level, while another master is transmitting a LOW level will
switch off its DATA output state because the level on the bus doesn’t correspond to its own level.
Arbitration continues for many bits until a winning master gets the ownership of I12C bus. Its first stage
is comparison of the address bits.

Wait High Start High
Counting Counting

FastDevice :
SCLOUT

High Counter

Reset

Slow Device ‘! |
SCLOUT Y
SCLn \ /

Figure 129. Clock Synchronization during the Arbitration Procedure (n =0 and 1)
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Devicel
DataQut

Device
DataQut

SDAnonBUS

SCLn on BUS

Arbitration Process not adapted Device 1 loses Arbitration

Devicel outputs High

s
s

/[
-\ /

\

/O

Figure 130. Arbitration Procedure between Two Masters (n =0 and 1)

16.3.6 12C operation

The 12C is byte-oriented and interrupt based. Interrupts are issued after all bus events except for a
transmission of a START condition. Because the 12C is interrupt based, the application software is free

to carry on other operations during an 12C byte transfer.

Note that when an 12C interrupt is generated, I2CnIFLAG flag in 12CnlEN register is set, it is cleared
when all interrupt source bits in the 12Cn_ST register are cleared to “Ob”. When 12C interrupt occurs,
the SCLn line is hold LOW until clearing “Ob” all interrupt source bits in 12Cn_ST register. When the
[2CnIFLAG flag is set, the 12Cn_ST contains a value indicating the current state of the 12C bus.
According to the value in 12Cn_ST, software can decide what to do next.

I2C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode is

configured by a winning master. A more detailed explanation follows below. (n = 0 and 1)
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Master transmitter

To operate 12C in master transmitter, follow the recommended steps below:

1.

2.

274

Enable 12C by setting I2CnEN bit in 12Cn_CR. This provides main clock to the peripheral.

Load SLA+W into the 12Cn_DR where SLA is address of slave device and W is transfer
direction from the viewpoint of the master. For master transmitter, W is ‘0’. Note that I2Cn_DR
is used for both address and data.

Configure baud rate by writing desired value to both 12Cn_SCLR and 12Cn_SCHR for the Low
and High period of SCLn line.

Configure the 12Cn_SDHR to decide when SDAn changes value from falling edge of SCLn. If
SDA should change in the middle of SCLn LOW period, load half the value of 12Cn_SCLR to
the 12Cn_SDHR.

Set the STARTCn bit in 12Cn_CR. This transmits a START condition. And also configure how
to handle interrupt and ACK signal. When the STARTCn bit is set, 8-bit data in I2Cn_DR is
transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the 9th high period of SCLn. If the master gains bus
mastership, 12C generates GCALL interrupt regardless of the reception of ACK from the slave
device. When 12C loses bus mastership during arbitration process, the MLOSTn bitin [2Cn_ST
is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLOSTn bit in 12Cn_ST is set, the ACKnEN bit in I2Cn_CR must be set and
the received 7-bit address must equal to the SLAnN bits in 12Cnh_SAR1/2.

In this case 12C operates as a slave transmitter or a slave receiver (go to appropriate section).
In this stage, 12C holds the SCLn LOW. This is because to decide whether 12C continues serial
transfer or stops communication. The following steps continue assuming that 12C does not
lose mastership during first data transfer.

I2C (master) can choose one of the following cases regardless of the reception of ACK signal
from slave.

Case 1. Master receives ACK signal from slave, so continues data transfer because slave
can receive more data from master. In this case, load data to transmit to 12Cn_DR.

Case 2. Master stops data transfer even if it receives ACK signal from slave. In this case, set
the STOPC bit in I2Cn_CR.

Case 3. Master transmits repeated START condition with not checking ACK signal. In this
case, load SLA+R/W into the 12Cn_DR and set STARTCn bitin [2Cn_CR.

After doing one of the actions above, clear all interrupt source bits in 12Cn_ST to “Ob” to release
SCLn line.

For the Case 1, move to step 7. For the Case 2, move to step 9 to handle STOP interrupt. For
the Case 3, move back to step 6 after transmitting the data in 12Cn_DR and if transfer direction
bit is ‘1’ go to master receiver section.
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7. 1-Byte of data is being transmitted. During data transfer, bus arbitration continues.

8. This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCLn
LOW. When I12C loses bus mastership while transmitting data arbitrating other masters, the
MLOSTn bit in 12Cn_ST is set. If then, [2C waits in idle state. When the data in 12Cn_DR is
transmitted completely, 12C generates TENDn interrupt.

I2C can choose one of the following cases regardless of the reception of ACK signal from
slave.

Case A. Master receives ACK signal from slave, so continues data transfer because slave
can receive more data from master. In this case, load data to transmit to 12Cn_DR.

Case B. Master stops data transfer even if it receives ACK signal from slave. In this case, set
the STOPChn bit in 12CnCR.

Case C. Master transmits repeated START condition with not checking ACK signal. In this
case, load SLA+R/W into the 12Cn_DR and set the STARTCn bit in 12Cn_CR.

After doing one of the actions above, clear all interrupt source bits in 12Cn_ST to “Ob” to release
SCL line. For the Case A, move back to step 7. For the Case B, move to step 9 to handle
STOP interrupt. For the Case C, move back to step 6 after transmitting the data in 12C_DR,
and if transfer direction bit is ‘1’ go to master receiver section.

9. This is the final step for master transmitter function of 12C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear 12Cn_ST, write “0”
to 12CnST. After this, 12C enters in idle state.
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Master receiver

To operate 12C in master receiver, follow the recommended steps below:

1.

2.

276

Enable 12C by setting I2CnEN bit in 12Cn_CR. This provides main clock to the peripheral.

Load SLA+R into the I2Cn_DR where SLA is address of slave device and R is transfer direction
from the viewpoint of the master. For master receiver, R is ‘1’. Note that 12Cn_DR is used for
both address and data.

Configure baud rate by writing desired value to both 12Cn_SCLR and 12Cn_SCHR for the Low
and High period of SCLn line.

Configure the 12CnSDHR to decide when SDAn changes value from falling edge of SCLn. If
SDAnN should change in the middle of SCLn LOW period, load half the value of I2Cn_SCLR to
the 12Cn_SDHR.

Set the STARTCn bit in 12Cn_CR. This transmits a START condition. And also configure how
to handle interrupt and ACK signal. When the STARTCn bit is set, 8-bit data in 12Cn_DR is
transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the 9th high period of SCLn. If the master gains bus
mastership, 12C generates GCALL interrupt regardless of the reception of ACK from the slave
device. When 12C loses bus mastership during arbitration process, the MLOSTn bit in I2Cn_ST
is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLOSTn bit in 12Cn_ST is set, the ACKnEN bit in 12Cn_CR must be set and
the received 7-bit address must equal to the SLAn bits in 12Cn_SAR1/2. In this case 12C
operates as a slave transmitter or a slave receiver (go to appropriate section). In this stage,
12C holds the SCLn LOW. This is because to decide whether 12C continues serial transfer or
stops communication. The following steps continue assuming that 12C does not lose
mastership during first data transfer.

I12C (master) can choose one of the following cases according to the reception of ACK signal
from slave.

Case 1. Master receives ACK signal from slave, so continues data transfer because slave
can prepare and transmit more data to master. Configure ACKnEN bit in 12Cn_CR
to decide whether 12C Acknowledges the next data to be received or not.

Case 2. Master stops data transfer because it receives no ACK signal from slave. In this
case, set the STOPCn bitin 12Cn_CR.

Case 3. Master transmits repeated START condition due to no ACK signal from slave. In this
case, load SLA+R/W into the I12Cn_DR and set STARTCn bitin 12Cn_CR.

After doing one of the actions above, clear all interrupt source bits in 12Cn_ST to “Ob” to
release SCLn line. For the Case 1, move to step 7. For the Case 2, move to step 9 to handle
STOP interrupt. For the Case 3, move to step 6 after transmitting the data in 12Cn_DR and if
transfer direction bit is ‘0’ go to master transmitter section.
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7. 1-Byte of data is being received.

8. This is ACK signal processing stage for data packet transmitted by slave. 12C holds the SCLn
LOW. When 1-Byte of data is received completely, 12C generates TENDn interrupt.

I2C can choose one of the following cases according to the RXACKn flag in 12Cn_ST.

Case A.

Case B.

Case C.

Case D.

Master continues to receive data from slave. To do this, set ACKnEN bitin [2Cn_CR
to acknowledge the next data to be received.

Master wants to terminate data transfer when it receives next data by not generating
ACK signal. This can be done by clearing ACKnEN bit in 12Cn_CR.

Because no ACK signal is detected, master terminates data transfer. In this case,
set the STOPCn bit in 12Cn_CR.

No ACK signal is detected, and master transmits repeated START condition. In this
case, load SLA+R/W into the I2CnDR and set the STARTCn bit in 12Cn_CR.

After doing one of the actions above, clear all interrupt source bits in 12Cn_ST to “Ob” to release

SCLn line. For the Case A and B, move to step 7. For the Case C, move to step 9 to handle

STOP interrupt. For the Case D, move to step 6 after transmitting the data in 12Cn_DR, and if

transfer direction bit is ‘0’ go to master transmitter section.

9. This is the final step for master receiver function of 12C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear 12Cn_ST, write “0”
value to [12Cn_ST. After this, I12C enters idle state.
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Slave transmitter
To operate 12C in slave transmitter, follow the recommended steps below:

1. If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00
into 12Cn_SDHR to make SDAnN change within one system clock period from the falling edge
of SCLn. Note that the hold time of SDAn is calculated by SDAH x period of SCLK where
SDAH is multiple of number of SCLK coming from 12CnSDHR. When the hold time of SDAn is
longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.

2. Enable I2C by setting 12CnlEN bit and I2CnEN bit in I2Cn_CR. This provides main clock to the
peripheral.

3.  When a START condition is detected, 12C receives one byte of data and compares it with SLAn
bits in 12Cn_SAR1/2. If the GCALLNEN bit in 12Cn_SAR1/2 is enabled, 12C compares the
received data with value 0x00, the general call address.

4. If the received address does not equal to SLAN bits in 12Cn_SAR, 12C enters idle state ie,
waits for another START condition. Else if the address equals to SLAn bits and the ACKnEN
bit is enabled, I12C generates SSELn interrupt and the SCLn line is held LOW. Note that even
if the address equals to SLAN bits, when the ACKnEN bit is disabled, 12C enters idle state.
When SSELn interrupt occurs, load transmit data to 12Cn_DR and clear to “Ob” all interrupt
source bits in 12Cn_ST to release SCLn line.

5. 1-Byte of data is being transmitted.

6. In this step, 12C generates TENDn interrupt and holds the SCLn line LOW regardless of the
reception of ACK signal from master. Slave can select one of the following cases:

Case 1. No ACK signal is detected and 12C waits STOP or repeated START condition.
Case 2. ACK signal from master is detected. Load data to transmit into 12Cn_DR.

After doing one of the actions above, clear all interrupt source bits in 12Cn_ST to “Ob” to release
SCLn line. For the Case 1, move to step 7 to terminate communication. For the Case 2, move
back to step 5. In either case, a repeated START condition can be detected. For that case,
move back to step 4.

7. This is the final step for slave transmitter function of 12C, handling STOP interrupt. The
STOPCn bit indicates that data transfer between master and slave is over. To clear 12Cn_ST,
write “0” to 12Cn_ST. After this, 12C enters idle state.
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Slave receiver

To operate 12C in slave receiver, follow the recommended steps below:

1.

If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00
into 12Cn_SDHR to make SDAnN change within one system clock period from the falling edge
of SCLn. Note that the hold time of SDAn is calculated by SDAH x period of SCLK where
SDAH is multiple of number of SCLK coming from 12Cn_SDHR. When the hold time of SDAn
is longer than the period of SCLK, I2C (slave) cannot transmit serial data properly.

Enable 12C by setting I2CnlEN bit in I2CnCR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with SLA
bits in 12C_SAR. If the GCALLNEN bit in [2Cn_SAR1/2 is enabled, 12C compares the received
data with value 0x00, the general call address.

If the received address does not equal to SLAN bits in 12Cn_SAR1/2, 12C enters idle state ie,
waits for another START condition. Else if the address equals to SLAn bits and the ACKnEN
bit is enabled, 12C generates SSELn interrupt and the SCLn line is held LOW. Note that even
if the address equals to SLA bits, when the ACKnEN bit is disabled, 12C enters idle state. When
SSELn interrupt occurs and 12C is ready to receive data, clear to “Ob” all interrupt source bits
in 12Cn_ST to release SCLn line.

1-Byte of data is being received.

In this step, 12C generates TENDn interrupt and holds the SCLn line LOW regardless of the
reception of ACK signal from master. Slave can select one of the following cases:

Case 1. No ACK signal is detected (ACKNnEN=0) and 12C waits STOP or repeated START
condition.

Case 2. ACK signal is detected (ACKNnEN=1) and 12C can continue to receive data from
master.

After doing one of the actions above, clear all interrupt source bits in 12CnST to “Ob” to release
SCLn line. For the Case 1, move to step 7 to terminate communication. For the Case 2, move
back to step 5. In either case, a repeated START condition can be detected. For that case,
move back to step 4.

This is the final step for slave receiver function of 12C, handling STOP interrupt. The STOPCn
bit indicates that data transfer between master and slave is over. To clear I12CnST, write “0” to
12CnST. After this, I12C enters idle state.
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17.  Serial peripheral interface (SPI)

A channel serial interface is provided for synchronous serial communications with external peripherals.
SPI block support both of master and slave mode. Four signals will be used for SPI communication
such as SS, SCK, MOSI, and MISO.

SPI of A31G32x series features the followings:

e  Master or Slave operation.

*  Programmable clock polarity and phase.
8,9, 16, 17-bit wide transmit/receive register.

* 8,9, 16, 17-bit wide data frame.

*  Loop-back mode.

*  Programmable start, burst, and stop delay time.
*  DMA transfer operation.

Table 72 introduces pins assigned for SPI.

Table 72. Pin Assignment of SPI: External Pins

Pin name Type Description

SSn I/O SPIn Slave select input / output

SCKn I/O SPIn Serial clock input / output

MOSIn I/O SPIn Serial data ( Master output, Slave input)
MISOn I/O SPIn Serial data ( Master input, Slave output )

NOTE: n = 20 and 21
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17.1  SPI block diagram

In this section, SPI is described in a block diagram in Figure 131.

PR — TxData{16:0] o TxSData{16:0)
—_ - R:gi::r - T snier l—p .o
PENABLE [ ook
pie-  LAOIS]
PWRITE P Reglster :ans:ﬂ) wso
PADDR block :;ac ] o a—
PWOATA[31:0] RData{ 16:0] RxSData[16:0]
PROATAS 0] 3 fix Data < R xShifter
Raegister
PEMABLE PEMABLE > < >
A
DMA req
{ Tx & Rx)
-] -~ Clock SPICLKDIV
g SSDET
TROY : Interrupt
DMA en (Tx & Rx) - - SPIRQ
DMA ack | Tx & Rx) generator
DMaA, done (Tx & Rx) RRDY _
DMA Tw/Rx done Interrupt :
Figure 131. SPI Block Diagram
17.2 Registers
Base address of SPI is introduced in the followings:
Table 73. Base Address of SPI
Name Base address
SPI120 0x4000_4CO00
SPI21 0x4000_4D00
Table 74. SPI Register Map
Name Offset | Type | Description Reset value | Reference
SPIn.TDR 0x00 w SPIn Transmit Data Register 0x000000 17.2.1
SPIn.RDR 0x00 R SPIn Receive Data Register 0x000000 17.2.2
SPIn.CR 0x04 RW | SPIn Control Register 0x001020 17.2.3
SPIn.SR 0x08 RW | SPIn Status Register 0x000006 17.2.4
SPIn.BR 0x0C RW | SPIn Baud rate Register 0x0000FF 17.2.5
SPIn.EN 0x10 RW | SPIn Enable register 0x000000 17.2.6
SPIn.LR 0x14 RW | SPIn delay Length Register 0x010101 17.2.7
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17.2.1 SPIn.TDR: SPI transmit data register

SPIn.TDR is a 17-bit sized read/write register. It contains serial transmit data.

SP120.TDR=0x4000_4C00, SP121.TDR=0x4000_4D00
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved TDR
0 0x00000
RW
16 TDR Transmit Data Register

17.2.2 SPIn.RDR: SPI receive data register

SPIn.RDR is a 17-bit sized read/write register. It contains serial receive data.

SPI20.RDR=0x4000_4C00, SPI121.RDR=0x4000_4D00
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved RDR
0 0x00000
RW
16 RDR Receive Data Register

17.2.3  SPIn.CR: SPI control register

SPIn.CR is a 20-bit sized read/write register and can be set to configure SPI operation mode.

SPI120.CR=0x4000_4C04, SPI121.CR=0x4000_4D04

31 3029 28 27 26 25 24{23 2221 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 5 4 3 2 10
X | 9

olojwiww wlgl5L,zl2 02 Wi J| N

Reserved 2121%|23|%[2(2(5]2|2(3]8] §|2|8|%(2|2

FlEelojlo|lo Bl 8"’8§ 2|0|O| m

0 oj0fo0jo0o|j0j0;0|0f{t1j0fo0}|0|0| - |1]0|0|0]O00

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
o
=

RW [ RW | RW | RW | Rw

282 \BO\

SEMICONDUCTOR



A31G32x User’s manual

17. Serial port interface

Tx buffer clear bit.

0 No action

1 Clear Tx buffer

Rx buffer clear bit

0 No action

1 Clear Rx buffer

DMA Tx Done Interrupt Enable bit.

0 DMA Tx Done Interrupt is disabled.

1 DMA Tx Done Interrupt is enabled.

DMA Rx Done Interrupt Enable bit.

0 DMA Rx Done Interrupt is disabled.

1 DMA Rx Done Interrupt is enabled.

SS Edge Change Interrupt Enable bit.

0 nSS interrupt is disabled.

1 nSS interrupt is enabled for both edges (L>H, H>L)

Transmit Interrupt Enable bit.

0 Transmit Interrupt is disabled.

1 Transmit Interrupt is enabled.

Receive Interrupt Enable bit.

0 Receive Interrupt is disabled.

1 Receive Interrupt is enabled.

SS Auto/Manual output select bit.

0 SS output is not set by SSOUT (SPINCR[12]).

SS signal is in normal operation mode.

1 SS output signal is set by SSOUT.

SS output signal select bit.

0 SS output is ‘L.

1 SS output is ‘H’.

Loop-back mode select bit in master mode.

0 Loop-back mode is disabled.

1 Loop-back mode is enabled.

SS signal masking bit in slave mode.

0 SS signal masking is disabled. Receive data when SS signal is active.

1 SS signal masking is enabled. Receive data at SCLK edges. SS signal

is ignored.

SS output signal select bit.

0 SS output signal is disabled.

1 SS output signal is enabled.

SS signal Polarity select bit.

0 SS signal is Active-Low.

1 SS signal is Active-High.

Master/Slave select bit.

0 SPI is in Slave mode.

1 SPI is in Master mode.

MSB/LSB Transmit select bit.

0 LSB is transferred first.

1 MSB is transferred first.

20 TXBC
19 RXBC
18 TXDIE
17 RXDIE
16 SSCIE
15 TXIE

14 RXIE
13 SSMOD
12 SSOuUT
11 LBE

10 SSMASK
9 SSMO
8 SSPOL
5 MS

4 MSBF

3 CPHA

SPI Clock Phase bit.

0 Sampling of data occurs at odd edges (1, 3, 5,..., 15).

1 Sampling of data occurs at even edges (2, 4, 6,..., 16).
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2 CPOL SPI Clock Polarity bit.
0 Active-high clocks selected.
1 Active-low clocks selected.
1 BITSZ Transmit/Receive Data Bits select bit.
0 00  8hits
01 9hbits
10 16 bits
11 17 bits
NOTES:
1. CPOL=0, CPHA=0 : data sampling at rising edge, data changing at falling edge
2. CPOL=0, CPHA=1 : data sampling at falling edge, data changing at rising edge
3. CPOL=1, CPHA=0 : data sampling at falling edge, data changing at rising edge
4. CPOL=1, CPHA=1: data sampling at rising edge, data changing at falling edge

17.2.4  SPIn.SR: SPI status register

SPIn.SR is a 10-bit sized read/write register. It contains the status of SPI interface.

SPI120.SR=0x4000_4C08, SPI21.SR=0x4000_4D08

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 141312110 9 8|7 6 5 4 3 2 1 O
Liwlo
<< e hlzlw|w Y>>
2| W ¥\ Z|a a)
e 2/2181/9|3|5 |7 |2
Flele =
- o0|{0|-|0|0f0O|O|1|1]0
RC! | RC! RCT|{RCT|{RCt|{RCt| R | R
9 TXDMAF DMA Transmit Operation Complete flag. (DMA to SPI)
0 DMA Transmit Op is working or is disabled.
1 DMA Transmit Op is done.
8 RXDMAF DMA Receive Operation Complete flag. (SPI to DMA )
0 DMA Receive Operation is working or is disabled.
1 DMA Transmit Op is done.
6 SSDET The rising or falling edge of SS signal Detect flag.

0 SS edge is not detected.

1 SS edge is detected. The bit is cleared when it is written as “0”.
5 SSON SS signal Status flag.

0 SS signal is inactive.

1 SS signal is active.

4 OVRF Receive Overrun Error flag.
0 Receive Overrun error is not detected.
1 Receive Overrun error is detected.

This bit is cleared by writing or reading SPINRDR.
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3 UDRF Transmit Underrun Error flag.
0 Transmit Underrun is not occurred.
1 Transmit Underrun is occurred.
This bit is cleared by writing or reading SPINTDR.
2 TXIDLE Transmit/Receive Operation flag.

0 SPl is transmitting data
1 SPlis in IDLE state.

1 TRDY Transmit buffer Empty flag.
0 Transmit buffer is busy.
1 Transmit buffer is ready.
This bit is cleared by writing data to SPINTDR.
0 RRDY Receive buffer Ready flag.
0 Receive buffer has no data.
1 Receive buffer has data.

This bit is cleared by writing data to SPINRDR.

17.2.5 SPIn.BR: SPI baud rate register

SPIn.BR is a 16-bit sized read/write register. Baud rate can be set by writing the register.

SPI20.BR=0x4000_4C0C, SPI21.BR=0x4000_4D0C
3130 29 28 27 26 25 24 23 22 21 201918 1716 151413121110 9 8|7 6 5§ 4 3 2 1 O

Reserved BR
- O0x00FF
RW
15 BR Baud rate setting bits
0 Baud Rate = PCLK / (BR + 1)
NOTES:

1. BR[15:0] must be set 2 or greater. (BR[15:0] = 2)

2. For SPI speed, it is recommended to set the BR value to 2 or higher so that the SPI input
clock is divided by at least 3.

e.g., PCLK =24 MHz, BR =2, SPI Freq. =24 MHz / (2 + 1) = 8 MHz
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17.2.6  SPIn.EN: SPI enable register

SPIn.EN is a bit sized read/write register. It contains SPI enable bit.

SPI120.EN=0x4000_4C10, SPI21.EN=0x4000_4D10
3130 29 28 27 26 25 24 23 22 21 201918 1716 151413121110 9 8 7 6 5 4 3 2 1 O

Ll

|

Reserved ?f;

Z

Ll

- 0

RW
0 ENABLE SPI Enable bit
SPI is disabled.

SPInSR is initialized by writing “0” to this bit but other registers aren'’t initialized.

SPI is enabled.

When this bit is written as “1”, the dummy data of transmit buffer will be shifted. To
prevent this, write data to SPTDR before this bit is active.

17.2.7 SPIn.LR: SPI delay length register

SPIn.LR is a 24-bit sized read/write register. It contains start, burst, and stop length value.

SPI120.LR=0x4000_4C14, SPI121.LR=0x4000_4D14

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13121110 9 8|7 6 5 4 3 2 1 O
Reserved SPL BTL STL
- 0x01 0x01 0x01
RW RW RW
23 SPL StoPLength value
16 0x01 to OxFF: 1 to 255 SCLKs.  (SPL2=1)
15 BTL BursTLength value
8
0x01 to OxFF: 1 to 255 SCLKs. (BTL=1)
7 STL STart Length value
0

0x01 to OxFF: 1 to 255 SCLKs.  (STL=1)
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Figure 132. SPI wave form (STL, BTL and SPL)

17.3  Functional description

SPI Transmit block and Receive block share Clock Gen Block but they are independent each other.
Transmit block and Receive block have double buffers and SPI is available for back to back transfer
operation.

17.3.1 SPI timing

SPI has four modes of operation. These modes essentially control the way data is clocked in or out of
an SPI device. The configuration is done by two bits in the SPI control register (SPINCR). The clock
polarity is specified by the CPOL control bit, which selects an active high or active low clock. The clock
phase (CPHA) control bit selects one of the two fundamentally different transfer formats.

To ensure a proper communication between master and slave both devices have to run in the same
mode. This can require a reconfiguration of the master to match the requirements of different peripheral
slaves.

The clock polarity has no significant effect on the transfer format. Switching this bit causes the clock
signal to be inverted (active high becomes active low and idle low becomes idle high). The settings of
the clock phase, however, selects one of the two different transfer timings, which are described closer
in the next two chapters. Since the MOSI and MISO lines of the master and the slave are directly
connected to each other, the diagrams show the timing of both device, master and slave.

The nSS line is the slave select input of the slave. The nSS pin of the master is not shown in the
diagrams. It has to be inactive by a high level on this pin (if configured as input pin) or by configuring it
as an output pin.

The timing of a SPI transfer where CPHA is zero is shown in Figure 133 and Figure 134. Two wave
forms are shown for the SCK signal -one for CPOL equals zero and another for CPOL equals one.
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When the SPI is configured as a slave, the transmission starts with the falling edge of the /SS line. This
activates the SPI of the slave and the MSB of the byte stored in its data register (SPInTDR) is output
on the MISO line. The actual transfer is started by a software write to the SPINTDR of the master. This
causes the clock signal to be generated. In cases where the CPHA equals zero, the SCLK signal
remains zero for the first half of the first SCLK cycle. This ensures that the data is stable on the input
lines of both the master and the slave.

The data on the input lines is read with the edge of the SCLK line from its inactive to its active. The
edge of the SCLK line from its active to its inactive state (falling edge if CPOL equals zero and rising
edge if CPOL equals one) causes the data to be shifted one bit further so that the next bit is output on
the MOSI and MISO lines.

S5

o AU
MOSI XDOXDIXDZXD3XD4XD5XDGX[W)(

MISO XD0XD1XD2XD3XD4XD5XD6XD7

A

A

Figure 133. SPI Transfer Timing 1/4 (CPHA=0, CPOL=0, MSBF=0)

S5

SCK U UYU YUY Y
MOSI Xo7 Xos Xps Xoa Xps Xo2 Xor Yoo X

MISO Xo7 Xos Xos Xpa Xo3 Xo2 Xp1 Xpo X

Figure 134. SPI Transfer Timing 2/4 (CPHA=0, CPOL=1, MSBF=1)
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The timing of a SPI transfer where CPHA is one is shown in Figure 135 and Figure 136. Two wave
forms are shown for the SCLK signal -one for CPOL equals zero and another for CPOL equals one.

Like in the previous cases the falling edge of the nSS lines selects and activates the slave. Compared
to the previous cases, where CPHA equals zero, the transmission is not started and the MSB is not
output by the slave at this stage. The actual transfer is started by a software write to the SPINTDR of
the master what causes the clock signal to be generated. The first edge of the SCLK signal from its
inactive to its active state (rising edge if CPOL equals zero and falling edge if CPOL equals one) causes
both the master and the slave to output the MSB of the byte in the SPINTDR.

As shown in Figure 133 and Figure 134, there is no delay of half a SCLK-cycle. The SCLK line changes
its level immediately at the beginning of the first SCLK-cycle. The data on the input lines is read with
the edge of the SCLK line from its active to its inactive state (falling edge if CPOL equals zero and rising
edge if CPOL equals one). After eight clock pulses the transmission is completed.

S5

s YU U
MOsI Xoo| Xo1 Xp2 X03 ¥ba Xos Xos Xo7

>

MISO Xool Xp1 Xp2 X b3 X4 Xps Xos Xo7 X

Figure 135. SPI Transfer Timing 3/4 (CPHA=1, CPOL=0, MSBF=0)

S5

w TS
MOSI Xo7 Xos Xps X2 Xos Xp2 Xor Xoo ¥

MISO Xo7] Xos Xos Xpa Xbs Xp2 Xp1 Xpo )

P

Figure 136. SPI Transfer Timing 4/4 (CPHA=1, CPOL=1, MSBF=1)
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17.3.2 DMA handshake

SPI supports DMA handshaking operation. In order to operate DMA handshake, DMA registers should
be set first (see chapter 7. DMAC). As Transmitter and Receiver are independent each other, SPI can

operate the two channels at the same time.

After DMA channel for receiver is enabled and receive buffer is filled, SPI sends Rx request to DMA to
empty the buffer and waits ACK signal from DMA. If Receive buffer is filled again after ACK signal, SPI
sends Rx request. If DMA Rx DONE becomes high, RXDMAF (SPInSR[8]) goes “1” and an interrupt is
serviced when RXDIE (SPInCR[17]) is set.

Likewise, if transmit buffer is empty after DMA channel for transmitter is enabled, SPI sends Tx request
to DMA to fill the buffer and waits ACK signal from DMA. If transmit buffer is empty again after ACK
signal, SPI sends Tx request. If DMA Tx DONE becomes high, TXDMAF (SPInSR[9]) goes “1” and an
interrupt is serviced when TXDIE (SPINnCR[18]) is set.

Slave transmitter sends dummy data at the first transfer (8 to 17 SCLKs) in DMA handshake mode.

DMA EN

INT gen

DONE
— SPnSR[9] or [8] set

DMA ACK DMA DONE

Figure 137. DMA Handshake Flow Chart
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18.  12-bit ADC

18. 12-bit ADC

ADC block of A31G32x series consists of an independent ADC unit featuring the followings:

* 16 Channel Analog Input

*  Single mode and Continuous conversion mode

* Maximum 8 sequential conversion support

*  Software trigger support

*  Three internal trigger source (PWM, TIMER) Support

* Adjustable sample and hold time

Table 75 introduces pins assigned for ADC.

Table 75. Pin Assignment of ADC: External Signal

Pin name Type Description
AVDD P Analog Power(3.0V to VDD)
AVSS P Analog GND
ANO A ADC Input 0
AN1 A ADC Input 1
AN2 A ADC Input 2
AN3 A ADC Input 3
AN4 A ADC Input 4
AN5 A ADC Input 5
ANG6 A ADC Input 6
AN7 A ADC Input 7
ANS A ADC Input 8
AN9 A ADC Input 9
AN10 A ADC Input 10
AN11 A ADC Input 11
AN12 A ADC Input 12
AN13 A ADC Input 13
AN14 A ADC Input 14
AN15 A ADC Input 15
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18.1 12-bit ADC block diagram

In this section, 12-bit ADC is described in a block diagram in Figure 138.

l¢&———— Timers

Trigger
\K Control le—— MPWMs

Interrupt

CHO [J}———CHO Channel CHSEL ADC Control > ADCIRQ

CH1 [J—— CH1 selection STSEL CONTROL # APB BUS

CH2 ——cH2

CH3 [J——CH3

CH4 [J——cCH4 Channel Compare |——— CMP FLAG

cHs [CH—cHs

cHe [H—cHs 4

CH7 [J——cCH7

CH8 [J——cCHs

CH9 [J——CH9

CH10 [J——CH10 SOC EOC  PD

CH11 [J——CHM ADC DMA DATA

4

cre L cre S/H 12-bit ADC DATAO

CH13 F——ocH13 SAR ADC

CH14 [}——cH14 »| ADC DATA1

CH15 [ }———CH15 ADC DATA2

/ :

[ ]

ADC DATA7

Figure 138. 12-bit ADC Block Diagram

18.2 Registers
Base address of ADC unit is introduced in the followings:

Table 76. Base Address of 12-bit ADC

Name Base address
ADC 0x4000_3000

Table 77. 12-bit ADC Register Map

Name Offset Type Description Reset value Reference

ADC_MR 0x0000 RW ADC Mode Register 0x0000_0000 18.2.1

ADC_CSCR | 0x0004 RwW Current Sequence/Channel | 0x0000_0000 18.2.2
Register

ADC_CCR 0x0008 RW ADC Clock Control Register | 0x0000_0080 18.2.3

ADC_TRG 0x000C RW ADC  Trigger Selection | 0x0000_0000 18.2.4
Register

292 \BO\

SEMICONDUCTOR



A31G32x User’s manual 18. 12-bit ADC
Table 77. 12-bit ADC Register Map (continued)
Name Offset Type Description Reset value Reference
ADC_SCSR | 0x0018 RW ADC Channel Selection 1 | 0x0000_0000 | 18.2.5
1 Register
ADC_SCSR | 0x001C RW ADC Channel Selection 2 | 0x0000_0000 | 18.2.6
2 Register
ADC_CR 0x0020 RW ADC Control Register 0x0000_0000 | 18.2.7
ADC_SR 0x0024 RC ADC State Register 0x0000_0000 | 18.2.8
ADC_IER 0x0028 RW ADC  Interrupt  Enable | 0x0000_0000 | 18.2.9
Register
ADC_DDR 0x002C RO ADC DMA Data Register 0x0000_0000 | 18.2.10
ADC_DRO 0x0030 RO ADC Sequence 0 Data | 0x0000_0000 | 18.2.11
Register
ADC_DR1 0x0034 RO ADC Sequence 1 Data | 0x0000_0000
Register
ADC _DR2 0x0038 RO ADC Sequence 2 Data | 0x0000_0000
Register
ADC _DR3 0x003C RO ADC Sequence 3 Data | 0x0000_0000
Register
ADC _DR4 0x0040 RO ADC Sequence 4 Data | 0x0000_0000
Register
ADC_DR5 0x0044 RO ADC Sequence 5 Data | 0x0000_0000
Register
ADC_DR6 0x0048 RO ADC Sequence 6 Data | 0x0000_0000
Register
ADC_DR7 0x004C RO ADC Sequence 7 Data | 0x0000_0000
Register
ADC_CMPR | 0x0070 RwW ADC Channel Comparator | 0x0000_0000 | 18.2.12
Register
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18.2.1 ADC_MR: ADC mode register

ADC_MR is a mode setting register for the ADC Module. This register must be set first for the intended
use of the ADC Module.

ADC_MR=0x4000_3000

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16({1514 1312 1110 9 8|7 6 5 4 3 2 1 0
8 ol B8 |z | ? E o ? o
z|S| e |UW . el & |G|kl S| | &

Reserved F1Z| o |<Z n [0} ale| = o | O
A = s el & |2|%| 8 3 | x
FlO|l & B 12 » < x | -
- 010 0 0x00 - 000 0|0]| 00 00
RW | RW RW RW E RW RW | RW | RW . RW
21 TRGINFO Trigger information option (In external trigger mode)

0 Option disable

1 Trigger source information will be stored in ADCDR[31:24]
20 CHINFO Channel information option

0 Option disable

1 Converted channel information will be stored in ADCDR[20:16]
17 DMAEN DMA Enable bit (Must be set When ADEN =1)

When the DMA function is enabled and the ADC receives a completion
signal from the DMAC, a DMA request is generated at the interrupt request
is generated or conversion is finished. (Include Burst Mode)

16 STSEL Sampling Time Selection
12

It is a value to set the time window section that can recognize the Next
Trigger.

The applied point is applied immediately after Trigger.

ADC Sampling Time is (2+STSEL [4:0]) MCLK cycle.

Minimum Sampling Time is 2 MCLK.

When STSEL[4:0] = b’11111, Sampling Channel always enable.

10 SEQCNT Number of conversion in a sequence

8 If ADMOD[5:4] is 0 and SEQCNT[10:8] isn't 0, CSEQN increase to
SEQCNT by trigger event.
(SEQCNT apply only in Single/Sequential Mode)

000 Single Mode 100 5 Sequence ADC
001 2 Sequence ADC 101 6 Sequence ADC
010 3 Sequence ADC 110 7 Sequence ADC
011 4 Sequence ADC 111 8 Sequence ADC
7 ADEN ADC Enable bit
0 Disable
1 Enable
6 ARST After sequence finish, restart bit.
0 Stop after finish (ASTART must be set to 1 to restart)
1 Restart after finish
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18. 12-bit ADC

5 ADMOD ADC Mode Selection bit.

4 00 Single/Sequential Conversion Mode
01 Burst Conversion Mode
10 Multiple Conversion Mode
11 No effect

1 TRGSEL Trigger Selection bit.

0 00 Event Trigger Disable/Soft Trigger Only
01 Timer Event Trigger/Soft Trigger
10 Reserved
11 Reserved

NOTES:

1. When ADCMOD is set to Burst Conversion Mode, the ADC channel is controlled from
BSTOCH to BST7CH. Burst Mode always starts at BSTOCH. (In 3-busrt mode, the analog
input of the channel assigned in BSTOCH / BST1CH / BST2CH is sequentially converted.)

2. If it is set to Multiple Mode, it will be converted as soon as it triggers regardless of the order
of Trigger set in TRG register.

18.2.2 ADC_CSCR: ADC current sequence/channel register

ADC_CSCR consists of the Current Sequence Number and Current Active Channel value. CSEQN
(Current Sequence Number) can set the Current Sequence Number immediately. This is a 16-bit

register. In addition, the ADEN bit of the ADC_MR Register must be set before this register is set.

ADC_CSCR=0x4000_3004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 1211 10 9 8

76 5 43 210

Reserved CSEQN |Reserved CACH
- 000 - 0x00
RW RO
10 CSEQON Current Sequence Number,
8 000 Current Sequence is 0
001 Current Sequence is 1
010 Current Sequence is 2
011 Current Sequence is 3
100 Current Sequence is 4
101 Current Sequence is 5
110 Current Sequence is 6
111 Current Sequence is 7
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4 CACH

Current Active Channel

00000 ADC channel 0 is active
00001 ADC channel 1 is active
00010 ADC channel 2 is active
00011 ADC channel 3 is active
00100 ADC channel 4 is active
00101 ADC channel 5 is active
00110 ADC channel 6 is active
00111 ADC channel 7 is active
01000 ADC channel 8 is active
01001 ADC channel 9 is active
01010 ADC channel 10 is active
01011 ADC channel 11 is active
01100 ADC channel 12 is active
01101 ADC channel 13 is active
01110 ADC channel 14 is active
01111 ADC channel 15 is active
Others Reserved

18.2.3 ADC_CCR: ADC clock control register

ADC_CCR is a clock control register of ADC Module. This is a 16-bit register.

ADC_CCR=0x4000_3008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O
5 o85S
o ol =
Reserved o CLKDIV olal Reserved
a 23| 5
< <lx|O
- 0 0x00 11-10 -
RW RW RW{ - | RW

15 ADCPDA

ADC R DAC disable to save power

Don'’t set ‘1’ here (it's optional bit)

14 CLKDIV

ADC clock division value bit(When EXTCLK is 0, CLKDIV Enable)

- CLKDIV=0 - ADC Clock = ADC Input Clock (Bypass)

- CLKDIV=1 > ADC Clock = Clock Stop

- CLKDIV=2 - ADC Clock = ADC Input Clock / CLKDIV
NOTE: In continuous conversion mode or burst conversion mode, the
CLKDIV must be set to 3 or higher
When ADC clock is divided and CLKDIV value is set to 2 or more, ADC
clock should be set not to exceed 24MHz.

7 ADCPD

ADC Deep sleep

0 ADC Normal Mode

1 ADC Deep sleep Mode

5 CLKINVT

Divide Clock Inversion (Option bit)

0 Duty ratio of divided clock is larger than 50%

1 Duty ratio of divided clock is less than 50%
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18.2.4

This Register is ADC Trigger Selection Register of ADC Module.

ADC_TRG: ADC trigger selection register

18. 12-bit ADC

ADC_TRG=0x4000_300C

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

151413121110 9 8

76 5 43 210

\BO\
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SEQTRG7 | SEQTRG6 | SEQTRGS5 | SEQTRG4 | SEQTRG3 | SEQTRG2 | SEQTRG1 SBESQT?:%O
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW RW RW

gg SEQTRG7 8" Sequence Trigger Source
3471 SEQTRG6 7" Sequence Trigger Source
g(?), SEQTRG5 6" Sequence Trigger Source
12 SEQTRG4 5" Sequence Trigger Source
ig SEQTRG3 4" Sequence Trigger Source
él SEQTRG2 3" Sequence Trigger Source
Z SEQTRG1 2°4 Sequence Trigger Source
3 SEQTRGO 1%t Sequence Trigger Source
0 BSTTRG Burst Conversion Trigger Source

NOTE: 15tsequence is the highest priority in multi-mode, and 8t sequence is the lowest priority in
multi-mode.
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Table 78. Trigger Source of ADC

Value Timer (TRGSEL[1:0] = 0x1)
0 TIMER 10
1 TIMER 11
2 TIMER 12
3 TIMER 13
4 TIMER 20
5 TIMER 21
6 TIMER 30
7 TIMER 40
8

9

10

1

15 ASTART

NOTES:
1. ASTART is a S/W trigger in the ADC_CR register.
2. In order to use Timer30 as a trigger, TIMER30_ADTCR and TIMER30_ADTDR must be set.

18.2.5 ADC_SCSR1: ADC channel selection 1 register
ADC_SCSRH1 is a 32-bit register. Each selected channel is associated with a trigger selection register.

When ADEN of ADC_MR Register set, Can write in ADC_SCSR1.

ADC_SCSR1=0x4000_3018
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 5 4 3 2 1 O

Reserved SEQ3CH Reserved SEQ2CH Reserved SEQ1CH Reserved SEQOCH

- 0x0 - 0x0 - 0x0 - 0x0
RW . RW - RW . RW
22 SEQ3CH 4" Conversion Sequence Channel Selection
ig SEQ2CH 3" Conversion Sequence Channel Selection
éZ SEQ1CH 2" Conversion Sequence Channel Selection
61 SEQOCH 1™ Conversion Sequence Channel Selection
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18.2.6 ADC_SCSR2: ADC channel selection 2 register
ADC_SCSR?2 is a 32-bit register. Each selected channel is associated with a trigger selection register.

When ADEN of ADC_MR Register set, Can write in ADC_SCSR2.

ADC_SCSR2=0x4000_301C
31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 5 4 3 2 1 0

Reserved SEQ7CH Reserved SEQ6CH Reserved SEQ5CH Reserved SEQ4CH

- 0x0 - 0x0 - 0x0 - 0x0
RW . RW - RW . RW
38 SEQ7CH 8" Conversion Sequence Channel Selection
4
22 SEQ6CH 7 Conversion Sequence Channel Selection
1
12 SEQS5CH 6" Conversion Sequence Channel Selection
8
g SEQ4CH 5 Conversion Sequence Channel Selection

18.2.7 ADC_CR: ADC control register
ADC_CR is a register for ADC Control.

ADC_CR=0x4000_3020

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
o Xl e
Reserved 2l Reserved |3|F
0 Q15
< w2
- 0 - 0|0
o RW | RW
7 ASTOP ADC STOP bit
0 No Effect
1 ADC conversion stop (will be clear next @ADC clock)
If ASTOP set after conversion cycle start, present conversion
would be completed.
1 TRGCLR ADC all trigger flags cleared option
0 No clear
1 Clear all trigger flags of previous ADC operation
0 ASTART ADC START bit
0 No ADC Conversion
1 ADC Conversion Start (will be clear next @ADC clock) ADEN

should be “1” to start ADC
If ASTART is set as ‘1’ when ARST is ‘0’ in trigger event mode,
ADC conversion will start once as SEQCNT set.
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18.2.8 ADC_SR: ADC state register

ADC_SR is a register for indicating the ADC state.

ADC_SR=0x4000_3024

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 0
| B3|y u/ulB.
Reserved Em%éggmg
= 3 |O|D ~| o 8| m
Ql ¢ (A o
(@)
- 0 0/0j0]|0 0
RC RO | RO [RC | RC RC
8 COMPIFLG Compare Interrupt Flag bit
0 No Interrupt occurred
1 Interrupt occurred (Write ‘1’ to Clear Flag)
5 DOVRUN DMA Overrun Flag (Not Interrupt)
0 No Flag occurred
1 Flag occurred
4 DMAF DMA Done Received Flag (DMA transfer is completed)
0 No Flag occurred
1 Flag occurred
3 TRGIF ADC Trigger Interrupt Flag
0 No Flag occurred
1 Flag occurred (Write ‘1’ to Clear Flag)
2 EOSIF Sequence End Interrupt Flag
0 No Flag occurred
1 Flag occurred (Write ‘1’ to Clear Flag)
0 EOCIF Sequence Conversion End Interrupt Flag
0 No Flag occurred
1 Flag occurred (Write ‘1’ to Clear Flag)

NOTE:
Flag check of polling method uses EOCIF bit.

Example code)
while ((ADC SR & 0x01) == 1) // EOCIF Flag Checking
{
ADCSR = 0x1; // EOCIF Flag Clear
}
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18.2.9

ADC_IER: ADC interrupt enable register

ADC_IER is a register to enable ADC Interrupt.

18. 12-bit ADC

ADC_IER=0x4000_3028

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 O
©

www| 8w

< () Q

Reserved 28030

o|lF| | @
12

- 0(0|0 0

RW [ RW | RW RW

DMA Done Interrupt Enable

0 Disable

1 Enable

ADC Trigger Conversion Interrupt Enable

0 Disable

1 Enable

ADC Sequence Conversion Interrupt Enable

0 Disable

1 Enable

4 DMAIE
3 TRGIE
2 EOSIE
0 EOCIE

ADC Single Conversion Interrupt Enable

0 Disable

1 Enable

18.2.10 ADC_DDR: ADC DMA data register

ADC_DDR is a register of ADC DMA Conversion result.

ADC_DDR=0x4000_302C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{1514 13121110 9 8|7 6 5 4 3 2 1 0
~No|lwl oo o
O|0|0|O0|0|0|0|0O
LW | Lo | | W | W |||
Z|Z|Z|Z|Z|Z|Z| Z|Reserved| ADMACH ADC DMA Temporary Data Reserved
QOO0 O0|O|0O|O
rrirre e el x
FlFlF|FFF|F|F
0 00O0O0OOTOD - 0x00 0x0000 -
RO RO RO RO RO RO RO RO RO RO
31 TRGINFOXx ADC Trigger Information
24 (x=0~7) (ADC Trigger Information is Trigger source captured at EOC time.)

*Must be enable TRGINFO function of ADC_MR Register.

Multiple Mode)

The lower the x of TRGINFOX, the higher the priority.
Multiple TRGINFO bits can be read as 1 if Pending by another trigger.

Single/Sequential Mode)

It can reference the source Pending by another trigger.
The currently processed trigger source must refer to CSEQN of CSCR

register.
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20 ADMACH DMA ADC Channel Indicator

16 *Enable the CHINFO function of ADC_MR register.
15 ADDMAR DMA ADC Conversion Result Data (12-bit)

4

NOTE: Even when the DMA function is not used, data is temporarily stored in this buffer before the
data is stored in the corresponding buffer, and channel information of the data can be also known.

18.2.11 ADC_DR: ADC sequence 0 to 7 data register

ADC_DR indicates the result of the ADC Conversion. There are eight of these registers.

ADC_DR0=0x4000_3030, ADC_DR1=0x4000_3034, ADC_DR2=0x4000_3038, ADC_DR3=0x4000_303C
ADC_DR4=0x4000_3040, ADC_DR5=0x4000_3044, ADC_DR6=0x4000_3048, ADC_DR7=0x4000_304C

31 30 29 28 27 26 25 24|23 22 21 201918 17 16|151413 121110 9 8|7 6 5 4 3 2 1 O
~Nlo|lw|t|o|lal-|o
O|l0|0|O|O0O|O0|0O|O
[T i I o Y T I i T
Z|Z|Z|Z|Z|Z|Z|Z|Reserved ACH ADDATA Reserved
ORNORNOCRRORNORNORNORNG)
¥ | o ov|x|lx|x
FlF|F|F|F|F|F|F
0 000 0O O OO - 0x00 0x000 -
RO RO RO RO RO RO RO RO RO RO
31 TRGINFOXx ADC Trigger Information
24 (x=0~7) (ADC Trigger Information is Trigger source captured at EOC time.)
*Must be enable TRGINFO function of ADC_MR Register.
Multiple Mode)
The lower the x of TRGINFOX, the higher the priority.
Multiple TRGINFO bits can be read as 1 if Pending by another trigger.
Single/Sequential Mode)
It can reference the source Pending by another trigger.
The currently processed trigger source must refer to CSEQN of CSCR
register.
20 ACH ADC Channel Information
16 * Enable the CHINFO function of ADC_MR register.
15 ADDATA ADC Input data
4
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18.2.12 ADC_CMPR: ADC channel compare register

ADC_CMPR is an ADC channel compare control register.

ADC_CMPR=0x4000_3070

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 0
Ak
ool elw
Reserved SIS 8 H CCH CVAL Reserved
3|3
- 0(0|-1]0 00000 0x000 -
RW | RW RW RW RW
24 COMPIEN Compare Interrupt Enable bit
0 Disable
1 Enable
23 COMPEN Compare Operation Enable bit
0 Disable
1 Enable
21 LTE AD Conversion Value Output Timing Setting
0 When ADC > CVAL, Output
1 When ADC < CVAL, Output
20 CCH Compare Channel
16 00000 Compare Channel is ADC channel 0
00001 Compare Channel is ADC channel 1
00010 Compare Channel is ADC channel 2
00011 Compare Channel is ADC channel 3
00100 Compare Channel is ADC channel 4
00101 Compare Channel is ADC channel 5
00110 Compare Channel is ADC channel 6
00111 Compare Channel is ADC channel 7
01000 Compare Channel is ADC channel 8
01001 Compare Channel is ADC channel 9
01010 Compare Channel is ADC channel 10
01011 Compare Channel is ADC channel 11
01100 Compare Channel is ADC channel 12
01101 Compare Channel is ADC channel 13
01110 Compare Channel is ADC channel 14
01111 Compare Channel is ADC channel 15
10000 Compare Channel is ADC channel 16
Others Reserved
15 CVAL Compare Value Bit
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18.3  Functional description

18.3.1 ADC single mode timing diagram

When ADC_MR.ADMOD is 0x0 and ADC_MR.SEQCNT is 0x0, The ADC conversion starts when the
CR.ASTART bit is set to '1'. When ADC_CR.ASTART is set, SOC (start of conversion) is active at 3
ADC clocks and ADC_SR.EOCIRQ is set at 2 ADC clocks and 2 PCLKs after the end of conversion.

Max 2 PCLKS

<>

= MUUUUUTAUUUUTAUUUUUTUUUUL
e TIL

ADn.SR.EQCIRQ

1 2 3 4 5 6 7 ] 9 10 11 12 13 14 15 16

e LU LML LA L o
Start of Conversion |

ADCChannel ( SEQOCH (ex 14CH) )

End of Conversion r’—|
ADCN.DRO[15:4] DATA (ex 14CH) )

>

3 ADCCLKS 2 ADCCLKS

Figure 139. ADC Single Mode Timing (When ADC.MR.AMOD = ‘0’)

18.3.2 ADC burst mode timing diagram

There are two source for creating SOC in Burst Mode. First, TRG event (timer and MPWM) and ASTART.
If TRGSEL is set to Timer Event Trigger or MPWM Event Trigger, the SOC will be the trigger of
TRG.BSTTRG. For example, if TRG.BSTTRG is set to TIMER3, ADC Conversion is started by the
trigger of TIMERS3. When a trigger event of BSTTRG occurs, the ADC will change the ADC channel to

the value set by MR.SEQCNT. See Figure 140.
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2 ADCCLKS # max 2 PCLKs

= [UUUUL_ VUL TUUUL_JUUUUUUUL . JUUUUUUUTEUUUTIUUL

ADNTRG ( BSTTRG )

ADn.SR.EOSIRG

1 2 R -1 18

1 2 v 15 16 1 2 . 15 16
Start of Conversion I

ADC Channel ( SEQOCH (ex 14CH) X SEQLCH (ex 13CH) ) -------------- ( SEQTCH (ex 7CH) }
End of Conversion | |
And.DRO[15:4] { DATA (ex 14CH) e ) ------------- { DATA (SEQSCH) X et )

Figure 140. ADC Burst Mode Timing (When ADC.MR.AMOD = ‘1°)

ADN.TRG ( BSTTRG(MPOATR1) )

Triggerreg of MPOATRL |

\\ ‘
1 ,o‘
ﬁ M M N
ADnR.SCSR ( SEQOCH X SEQICH X SEQ2CH X ce )( SEQTCH )
EQC |_| |_| |_| I_I_

Figure 141. ADC Trigger Timing in Burst Mode (SEQCNT = 3’b111, 8 Sequential Conversion)

18.3.3 ADC sequential mode timing diagram

To set sequential mode, ADC_MR.ADMOD is 2'b00 and ADC_MR.SEQCNT must not be 3'b000. The
operation of the sequential mode is the almost same as burst mode. Difference is the source of the
SOC. Each SOC is created by a trigger of SEQTRGx with each SEQCNT. See Figure 142.
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ADCCLK + max 2 PCLKs ADCCLEFmandPCLEsa- Writing ADCNSR.TRGIRG as ‘1’

- S 2 ADCCLKS + miax 2 PCLKS

UL UL UL ATUUUWUUL UUUUUUUiu UL
sontne o sy X — oy )

—r ----- PCLK
ADn.SR.TRGIRG

ADNSR.EQSIRG

1 2 vae 15 16 . 1 2 “en 15 16

s (UL UL MU U N UL
Start of Conversion _,_ I— ’—‘

ADCChannel ( SEQOCH (ex 2CH) X SEQLCH (ex 3CH) )( SerC 100 )

End of Conversion | | I_I_ I_‘
ADn.DRO[15:4] { T )
Fonomp { DATA (ex 3CH) )

ADN.DR7[15:4]

DATA
(ex 10CH)

Figure 142. ADC Sequential Mode Timing (When MR.AMOD = ‘0’ and MR.SEQCNT # ‘0’)

ADN.TRG ( SEQTRGO(TIMERO) X SEQTRG1(TIMER1) X SEQTRG2(TIMER2) X . X SEQTRG7(TIMER9) )
Triggerreg of TIMERO I
| | |
L4 m
Triggerreg of TIMER1 : ] :
1
p [ | A
Trigger reg of TIMER2 \ ' | ‘ | '
; " " I
Vo 1 1 ! A
\ ’ 1 1 | I
v ! | [ 1 I
y ! 1 r i I
! 1 ] 1 1
I [ 1 ! 1
Triggerreg of TIMERS oy " [ |
' ol (] \
iV [ I \

SOC ‘ |

ADN.SCSR ( SEQOCH X SEQICH X SEQ2CH X H. X SEQTCH )
EOC
[ [ [ [ L

—
e
e

Figure 143. ADC Trigger Timing in Sequential Mode
(SEQCNT = 3’'b111, 8 Sequential Conversion)
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18.3.4 ADC multiple mode timing diagram

In multiple mode operation, if the desired trigger source is set to TRG.SEQTRG, conversion begins
when the corresponding trigger occurs regardless of the order of SEQTRG. For example, if
MR.SEQCNT is 3'b011, if one of the four trigger sources (TIMER, MPWM) is selected and CR.ASTART
is set, conversion will be processed by the first occurred trigger source, regardless of sequence. It is
different from sequential mode and burst mode.

ey <y 5 -=---7 Writing ADCnSRTRGIRQ as '1' 2t R
- 7
g ’
- /
< SEQTRG X P SEQTRAT) | — SEQTRGH >
[ 1

[ ] [ ] [ ]

< SEQOCH (ex 2CH) X SEQUCH {ex 5CH) SEQICH (ex 3CH) >
/ DATA {ex 2CH) >
ADnDROM 54 \ ' !
DATA [ex 3CH) a
DnDR1[154]
1]
L]
1]
L]
1]
DATA (ex 5CH) >

Figure 144. ADC Multiple Mode Timing (When MR.AMOD = ‘2’ and MR.SEQCNT # ‘0’)

< SEQTRGO(TIMERQ) X SEQTRGT(TIMER1) >< SEQTRG2(TIMER?) X -------- )( SEQTRG7(TIMER9)

. T i IT
¢

SEQ2CH )( SEQICH X SEQ7CH X -------- X SEQOCH Y

[ | [ | 1

Figure 145. ADC Trigger Timing in Multiple Mode (SEQCNT = 3’'b111, 8 Multiple Conversion)
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19. 10-bit DAC

Digital-to-analog (D/A) converter uses successive approximation logic to convert 10-bit digital value to
an analog output level.

DAC module has six registers which are the DAC control register (DACCR), DAC data high register
(DACDRH), DAC data low register (DACDRL), DAC buffer high register (DACBRH), DAC buffer low
register (DACBRL) and programmable gain selection register (PGSR).

19.1 10-bit DAC block diagram and analog power pin

In Figure 146, 10-bit DAC is described in a block diagram.

DAC_BUF_EN

DACINT | N ¥ o
VDD1—> 10-bits D/A Converter
VSS —p [Upper 10-bits] | ﬂ—D DAC_OUT1(PA04)
tA4ataaaaas oo ovtzence)
D/AC Buffer

—=, ——apac_ouTs
pAcBC -2 High [15[.14]13].12]11].10] o] 8] |12, | D/ACInterface s s g
Low [7[6]5[4[3[2][1].0 Controller

T 7y DAC_OUTn_EN
I (n:1,2,3)

OFSEN —|
OFSDIR —»{ DAC Offset Controller
OFS[3:0] —3-»]

DACRLDS[1:0]

lﬁ | E——

2 > -

i 7 »| Enable/Disable

n Reserved Controller
Timer 10 match M

i U
Timer 11 match ™

—High DACEN

ADATID —I—
A4
DACDR

.15].14.13].12{.11].10] 9| .8

71.615]4]1.3]12].1].0 DACIFR . To interrupt

block

Clear
SIW
DACIE

NOTES:
1.  Gain controller converts data in the sequence listed below:
A. Get the DACDR[15:6] value.
B.  Adjust the data by selection gain.
C.  Write the data to the D/AC buffer.
2. DAC interface block doesn’t work when DACRLDS bits of the DACCR register are set to “00b”.

Figure 146. 10-bit DAC Block Diagram
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19. 10-bit DAC

Analog
Power

Analog
Ground

Figure 147. Analog Power (AVREF) Pin with a Capacitor

19.2 Registers

Base address of DAC unit is introduced in the followings:

Table 79. Base Address of DAC

Name Base address
DAC 0x4000_3500
Table 80. 10-bit DAC Register Map
Name Offset Type | Description Reset value Reference
DACDR 0x0000 RwW DAC data high register 0x0000_0000 | 19.2.1
DACBR 0x0004 RO DAC buffer high register 0x0000_0000 | 19.2.2
DACCR 0x0008 RW DAC control register 0x0000_0000 | 19.2.3
PGSR 0x000C RW Programmable gain selection | 0x0000_0005 | 19.24
register
DAOFSCR | 0x0010 RW DAC offset control register 0x0000_0000 | 19.2.5
19.2.1 DAC_DR: DAC data register

DAC_DR=0x4000_3500

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 10
Reserved DACDR Reserved
- 000 -
RW
13 DACDR DAC Data (10-bit)
4 The DACDR[13:4] is a binary format.
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19.2.2 DAC_BR: DAC buffer register

DAC_BR=0x4000_3504
3130 29 28 27 26 25 24|23 22 21 20 19 18 17 161514 13121110 9 8|7 6 5 4 3 2 1 O

Reserved DACBR Reserved
- 000 -
R
13 DACBR DAC Buffer Data (10-bit)
4 The DACBR[13:4] is a binary format.

19.2.3 DAC_CR: DAC control register

DAC_CR=0x4000_3508

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 56 4 3 2 1 O
Z| Z|Z
m i 5 I
oo~ 18] g xalolsl o |z
Resemes SHEEE HEEEE ERE
S O|O|O|m'§h<ﬂtgé<o(§ 2|8
ololo| Qx| 7|2t Pl 5
L)< <l 3
[a)Nalia)
- o|(0|0|0|-|0|0|0O|0O]|O]- 0 0
RW [ RW | RW | RW RW [ RW | RW | RW | RW RW | RW
13 DAC_OUT3_EN DAC_OUTS3 output enable
NOTE: DAC_OUTS3 isn’t connected to Pin.
0 Disable
1 Enable
12 DAC_OUT2_EN DAC_OUT2 output enable
NOTE: DAC_OUT2 is connected to PA5. Therefore, when using
DAC_OUT2,
PA5 cannot be used as GPIO
0 Disable
1 Enable
11 DAC_OUT1_EN DAC_OUT1 output enable
NOTE: DAC_OUT1 is connected to PA4. Therefore, when using
DAC_OUT],
PA4 cannot be used as GPIO
0 Disable
1 Enable
10 DAC_BUF_EN DAC Buffer Selection
0 Disable (buffer bypass)
1 Enable
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8 REFSEL DAC Reference Selection
0 AVDD (Internal)
1 DAVREF Pin (External)
7 DACIE Enable or Disable D/AC Interrupt
0 Disable
1 Enable
6 DACIFR When D/AC Interrupt occurs, this bit becomes ‘1’. The flag is cleared

only by writing a ‘0’ to the bit. So, the flag should be cleared by
software. This interrupt is for a result that the DACDRH register
automatically increments to “800xH” or decrements to “000xH”.

Write ‘1" has no effect.

0 D/AC interrupt no generation
1 D/AC interrupt generation
5 ADATID Automatically DAC Data Increment/Decrement
0 Disable automatically D/AC data increment/decrement
1 Automatically D/AC data increment from DACDR value to

“800xH” when DACEN bit is changed to “1b”.
Automatically D/AC data decrement from DACDR value to
“000xH” when DACEN bit is changed to “0b”.

NOTE) It doesn’t fetch data from FADPCM block during
automatically data increment/decrement even if the
FADFEN bit is ‘1’

4 DACBC DAC Buffer Clear
0 No effect.
1 Clear the D/AC buffer (When write, automatically cleared
to ‘0’ after being cleared)
2 DACRLDS DAC Reload Selection. These bits select a reload signal to load data
1 from D/AC data register to buffer.
00 Always
01 Reserved
10 Timer 10 match signal
11 Timer 11 match signal
0 DACEN DAC Enable Bit
0 Stop D/AC operation (Low level output)
1 Start D/AC operation
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19.2.4 DAC_PGSR: Programmable gain control register

DAC_PGSR=0x4000_350C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 56 4 3 2 1 O

Reserved

PGS3
PGS2
PGS1
PGS0

1
o
N
o
N

3 PGS

Programmable Gain Selection

0000 -30dB
0001 -24dB
0010 -18dB
0011 -12dB
0100 -6dB
0101 0dB
0110 +6dB
0111 +12dB
1000 +18dB
1001 +24dB
1010 +30dB
Others Reserved

19.2.5 DAC_OFSCR: DAC offset control register

DAC_OFSCR=0x4000_3510

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
7|5l ¢
Reserved o % @ OFS
[elie) &
- 0|0 - 0
RW | RW RW
7 OFSEN D/AC Offset Control Enable Bit
0 Disable
1 Enable
6 OFSDIR D/AC Offset Direction Selection Bit
0 D/AC buffer data are subtracted by (n + 1)
1 D/AC buffer data are added by (n + 1)
NOTE: Where n is the OFS valueandn=0, 1, 2, ,,,, 15.
3 OFS D/AC Offset Value
0

312
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19.3  Functional description

DAC is R-2R in structure and its data register is a binary in format. It is possible to update the DAC data
register as the result output data (DODRH/L register) of FADPCM decoder every the FADPCM decoder
result signal by FADFEN bit set to “1b”. The 16-bit digital value of the D/AC data register goes into D/AC
buffer register through the programmable gain controller every a reload signal. The reload signal is one
of the “Always”, “FADPCM decoder match signal”, “Timer 0 match signal” and “Timer 1 match signal”.
The signal is selected by the DACRLDS[1:0] bits.

The programmable gain controller has eleven step (-30dB, -24dB, -18dB, -12dB, -6dB, 0dB, +6dB,
+12dB, +18dB, +24dB and +30dB) and the gain is selected by the programmable gain register (PGSR).

The value of the DAC data register can be automatically incremented from the current data value to
“800xH” when the DAC is enabled by DACEN bit set to “1b” and vice versa. At that time, the DAC
interrupt flag bit (DACIFR) is set to “1b”. The auto-increment/decrement structure for DAC data is useful
to remove a pop noise when a speaker is turn on/off. Two kinds External D/AC Converter is be accessed

19.3.1 DAC data buffer register

DAC data and buffer registers are 16-bits, respectively. But only the upper 12-bits of the DAC buffer
register specifies to generate DAC output signal. The reset value of the data and buffer is “0000H”. The
DAC output value, VDAC, is calculated by the following formula:

VDAC =VDD X (n +4096), (n=0, 1, 2,,,,, 4095. That is DACBR[15:4] value)

19.3.2 Automatic DAC data increment/decrement

“Automatic DAC data increment/decrement” function is important when removing a pop noise. If this
function is not embedded, a programmer has to code to reduce a pop noise on a speaker. In A31G32x
series, DACDR[15:6] value increases a current DAC data value to 800H with “automatic D/AC data
increment” when ADATID bit is set to “1b” and DACEN bit is changed to “1b” from “Ob”. DACDR[15:6]
value decreases a current D/AC data value to 000H with “automatic D/AC data decrement” when
ADATID bit is set to “1b” and DACEN bit is changed to “Ob” from “1b”.

Steps below introduce a procedure removing a pop noise when a speaker is turn on:

1. Write “05H” for 0dB to PGSR register.

2. Write “0000H" to DAC data register.
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6.

Clear DAC buffer register by DACBC bit set to “1b”.

Select one of the “Timer 0 match signal” and “Timer 1 match signal” for DAC reload signal with
DACRLDSJ[1:0] bits.

Start D/AC operation by DACEN bit set to “1b”.

Steps below introduce a procedure removing a pop noise when a speaker is turned off:

1.
2.

3.

19.3.3

Write “05H” for 0dB to PGSR register.
Keep the value of DACRLDSJ[1:0] bits set when speaker is turn on.

Stop D/AC operation by DACEN bit set to “Ob”.

Programmable gain controller

There are 11 selectable levels of gain in the programmable gain controller. The levels are -30dB, -24dB,
-18dB, -12dB, -6dB, 0dB, +6dB, +12dB, +18dB, +24dB and +30dB. The gain is selected by configuring
programmable gain register (PGSR).

The gain controller converts value of DACDR[15:0] by following the procedure introduced below:

1.

314

Get the value of DAC data register (DACDR[15:0]).
Change the data into a 16-bit signed format.
Adjust the data by a selected gain.

Modify the data into a 16-bit binary format.

Write the data to the DAC buffer register (DACBR[15:0]).
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19. 10-bit DAC

FFFFH

8000H

DACDR[15:0] DACBR[15:0]
A A

FFFFH

DACDR[15:0] = DACBR[15:0]

//\\\y///\\\ 8000H

0000H ——>» 0000H ————>
PGSR = 05H [0dB] PGSR = 06H [+6dB]
DACBR[15:0] DACBR[15:0]
A A
FFFFH FFFFH
8000H [\ 8000H
0000HY=——» 0000H —»
PGSR = 04H [-6dB] PGSR = 07H [+12dB]
Figure 148. DACBR[15:0] Value by a Selected Gain
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20. Comparator

Comparator of A31G32x series compares one analogue voltage level with external reference voltage,
or internal reference voltage output voltage.

The comparator features the followings:
e 2 Comparators
* Internal BGR reference for comparator
e Comparator output de-bounce function

* Level and edge interrupt mode support for comparator

20.1 Comparator block diagram

COMPRETN PO NZPADD 1
(CPO_ N PACH) /DAL OUT s
CPO_N1{PADE) DAL DUTZ =]

et 12V
Wet 0.5V
et 0EV
Vit 03V

DA CUTS =]

COMP intarrupt
—

Ciock:
Windowe e gp
prairiy oM HVESEL By

CP1_POjPAOS

. E—

COMP1INNEE.

CP1_NZIPADZ) ]
CP1 NG PAD /DAC DUT1 =]
CP1N Y PADS /DAC DUTZ ]

338/4-,4;

DAC_OUTE ——3 1T

Figure 149. Comparator Block Diagram
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20.2

Registers

Base address of the comparator unit is introduced in the followings:

Table 81. Base Address of Comparator

20. Comparator

Name Base address
COMP 0x4000_3420
Table 82. Comparator Register Map
Name Offset Type | Description Reset value Reference
COMPOCR 0x0000 | RW Comparator 0 Control Register 0x0000_0000 | 20.2.1
COMP1CR 0x0004 | RW Comparator 1 Control Register 0x0000_0000 | 20.2.2
COMPDBNC | 0x0010 | RW Comparator Debounce Register | 0x0000_0000 | 20.2.3
COMPICON | 0x0014 | RW Comparator Interrupt Control | 0x0000_0000 | 20.2.4
Register
COMPIEN 0x0018 | RW Comparator Interrupt Enable | 0x0000_0000 | 20.2.5
Register
COMPIST 0x001C | RO Comparator Interrupt Status | 0x0000_0000 | 20.2.6
Register
COMPICLR 0x0020 | RW Comparator Interrupt  Clear | 0x0000_0000 20.2.7
Register
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COMPOCR: Comparator 0 control register

COMPOCR=0x4000_3420

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 10
pa a 0 - 0
izl 82|38 |2 3 |O z
I = - z | o ==
Reserved g % e o e o' e o Reserved ol Reserved
2zl ¢z | & |3 S
(@)
8] Q o) & o)
O O O
- 0]0 - 0 - 0 - 0 - 0 -
RW | RW RW RW RW - RW
25 COMPREFEN Comparator internal reference voltage enable
0 Disable internal reference voltage
1 Enable internal reference voltage
24 WINDEN Window mode Enable
0 Disable Window mode
1 Enable Window mode
NOTE: In Window mode, the input of
Comparator 1 is connected to the input of comparator 0 (PA [01]), and the comparator 1 and PA [03]
are disconnected.
21 COMPO_MODE Comparator 0 mode Selection
20 00 UL power
01 Low power
10 Medium power
11 High speed
17 COMPO_HYSSEL Comparator 0 Hysteresis mode selection
16 00 off
01 Low
10 Medium
11 High
12 COMPO_EN Comparator 0 Enable
0 Disable Comparator
1 Enable Comparator
6 COMPO_INNSEL Comparator 0 Reference(input -) Selection
4 000  PA[00]
001 PA[04] (shard with DAC_OUT1)
010 PA[05] (shard with DAC_OUT2)
011 Vref 1.2V
100 Vref 0.9V
101 Vref 0.6V
110 Vref 0.3V
111 DAC_OUT3
NOTE:

1. Since DAC_OUT1 and DAC_OUT?2 are connected to the port, when using DAC_OUT as a
comparator reference, the GPIO function of the corresponding port cannot be used. Since
DAC_OUT3 is not connected to the port, GPIO function is not affected.
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20.2.2 COMP1CR: Comparator 1 control register

COMP1CR=0x4000_3424

31 30 29 28 27 26 25 24({23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 0
Ak - 3
S| 8 % 3 |U Z
2| 2 |z e | £
Reserved < | o | o o | Reserved ~'= | Reserved
o 3 | o 3 > o
= X |[= 12 @] =
o o) O O
O O O
- 0 - 0 - 0 - 0 -
RW RW RW RW
21 COMP1_MODE Comparator 1 mode Selection
20 00 UL power
01 Low power
10 Medium power
11 High speed
17 COMP1_HYSSEL Comparator 1 Hysteresis mode selection
16 00 off
01 Low
10 Medium
11 High
12 COMP1_EN Comparator 1 Enable
0 Disable Comparator
1 Enable Comparator
6 COMP1_INNSEL Comparator 0 Reference(input -) Selection
4 000  PA[02]
001 PA[04] (shard with DAC_OUT1)
010 PA[05] (shard with DAC_OUT?2)
011 Vref 1.2V
100 Vref 0.9V
101 Vref 0.6V
110 Vref 0.3V
111 DAC_OUT3
NOTE:

1. Since DAC_OUT1 and DAC_OUT?2 are connected to the port, when using DAC_OUT as a
comparator reference, the GPIO function of the corresponding port cannot be used. Since
DAC_OUT3 is not connected to the port, GPIO function is not affected.
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20.2.3 COMPDBNC: Comparator debounce register

COMPDBNC=0x4000_3430

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 5 4 3 2 1 O
1
w
DBNCTB Reserved 8 C1DBNC CODBNC
m
a
0 - 0 0 0
RW RW RW RW
31 DBNCTB Debounce time base counter
16 System clock/(DBNCTB *2) becomes shift clock of debounce logic
When DBNCTB is 0, system clock would be debounce clock.
8 DBCSEL Debounce time base clock selection
0 System clock
1 LSI750kHz
7 C1DBNC Debounce shift Selection
4 When it is 0x0, debounce function is disable
Shift number of debounce logic is (CLDBNC + 1) when C1DBNC is more
than 1
3 CODBNC Debounce shift Selection
0

When it is 0x0, debounce function is disable
Shift number of debounce logic is (CODBNC + 1) when CODBNC is more
than 1

20.2.4 COMPICON: Comparator Interrupt control register

COMPICON=0x4000_3434

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 5 4 3 2 1 0
o| 3 2|8
: 9 ~— | O
Reserved o0 % O|D| Reserved g g
oo (7] ola = =
= Q | = = o
o o O
- 0|0 - 0|0 - 0 0
RW [ RW . RW [ RW . RW RW
13 TPOL1 Comparator Trigger output polarity(to trigger other IP)
0 output normal (comparator out high activates trigger)
1 output inverted (XOR)
12 TPOLO Comparator Trigger output polarity(to trigger other 1P)
0 output normal (comparator out high activates trigger)
1 output inverted (XOR)
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9 IPOL1 Comparator 1 interrupt polarity(level mode)
0 interrupt at comparator out high
1 interrupt at comparator out low
8 IPOLO Comparator 0 interrupt polarity(level mode)
0 interrupt at comparator out high
1 interrupt at comparator out low
C1IMODE Comparator 1 Interrupt Flag bit.
00 level interrupt (by IPOL1)
01 rising edge interrupt
10 falling edge interrupt
1" both edge interrupt
1 COIMODE Comparator 0 Interrupt Flag bit.
0 00 level interrupt (by IPOLO)
01 rising edge interrupt
10 falling edge interrupt
11 both edge interrupt

20.2.5 COMPIEN: Comparator interrupt enable register

COMPIEN=0x4000_3438

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16({1514 13121110 9 8|7 6 5 4 3 2 1 0
Z| Z
Reserved L‘L_J g—J)
O|Oo
- 0|0
RW | RW
1 C1IEN Comparator 1 Enable
0 Disable
1 Enable
0 COIEN Comparator 0 Enable
0 Disable
1 Enable
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20.2.6 COMPIST: Comparator interrupt status register

COMPIST=0x4000_343C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 13121110 9 8|7 6 5 4 3 2 1 O

gl g
Reserved El_: %
O| 0O
- 0|0
RO | RO
1 C1lIRQ Comparator 1 interrupt Status
0 No Comparator Interrupt
1 Comparator Interrupt asserted
0 COIRQ Comparator 0 interrupt Status
0 No Comparator Interrupt
1 Comparator Interrupt asserted

20.2.7 COMPICLR: Comparator interrupt clear register

COMPICLR=0x4000_3440
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 1312110 9 8|7 6 5 4 3 2 1 O

x|

|

Reserved S g

O| O

- 0|0

RW | RW
1 C1ICLR Comparator 1 Interrupt Clear (write “1” to clear C1IRQ)
COICLR Comparator O Interrupt Clear (write “1” to clear COIRQ)
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21. Cyclic redundancy check and checksum (CRC checksum)

Cyclic redundancy check (CRC) generator is used to get a 16-bit CRC code from Flash ROM and a
generator polynomial. Among other applications, CRC-based techniques are used to verify data
transmission or storage integrity. In the scope of the functional safety standards, they offer a means of
verifying the Flash memory integrity. CRC generator helps compute a signature of the software during
runtime, to be compared with a reference signature.

CRC generator of A31G32x series features the followings:
* Auto CRC (DMA) and User CRC Mode.
*  Polynomial:
— CRC-CCITT (G1(x) = x'® + x'2 + x5 + 1)
— CRC-16 (G2(x) =x'6 + x5 + x2 + 1)
* CRC Mode and Checksum Mode.

21.1 CRC and checksum block diagram

Figure 150 describes the CRC and checksum in a block diagram.

POLYS RLTCLR

VLT

CRC Generator
MODS FIRSTBS
CRCIN Polynomial Selector
(32-bit Input Register) Gi(x) =x® +x2+x°+1
> M _ MSB-1sty,| M Go() =x® +x® +x%+ 1
U Buffer Register | | gg_15t o| Y
|—> X 71 X
f Internal Bus from DMA ! | Load Signal >
CRCINIT 0, o
(32-bit Initial Register) 7—»|  Checksum Generator

16,
Y

CRCRLT
(16-bit Result Register)

Figure 150. CRC and Checksum Block Diagram
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21.2 Registers
Base address of the CRC and checksum block is introduced in the followings:

Table 83. Base Address of CRC

Name Base address

CRC 0x4000_0300

Table 84. CRC Register Map

Name Offset Type | Description Reset value Reference

CRC_CR 0x0000 RwW CRC/Checksum Control 0x0000_0000 | 21.2.1
Register

CRC_IN 0x0004 RwW CRC/Checksum Input Data 0x0000_0000 | 21.2.2
Register

CRC_RLT 0x0008 RO CRC/Checksum Result Data 0x0000_FFFF | 21.2.3
Register

CRC_INIT | 0x000C RW CRC/Checksum Initial Data 0x0000_0000 | 21.2.4
Register

21.2.1 CRC_CR: CRC control register

CRC_CR is a 32-bit register, and able to do 32/16/8-bit access.

CRC_CR=0x4000_0300

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|{1514 13121110 9 8|7 6 5 4 3 2 1 O
Zlu|lo o o 0nlz
L | ®© 5 - n [0 =)
Reserved =158 R 23 8 oo
Olx|8 222 8 £z
gloje x ¥ ||O
- 0|0|-]0]|0|0 - 0|0
| R || - || R R ]|
9 CRCINTEN CRC DMA interrupt enable bit
0 Disable
1 Enable
8 CRCINTF CRC DMA done interrupt flag bit
0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1"
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6

RLTCLR CRC/Checksum Result Data Register (CRC_RLT) Initialization bit.

0 No effect.

1 Initialize the CRC_RLT register with the value of CRC_INIT (This
bit is automatically cleared to “Ob” after operation)

NOTE: The checksum is calculated by byte unit. Ex) On 0x34A7E991, CRCRLT = 0x34 + OxA7 + OXE9

+ 0x91.

5

MDSEL CRC/Checksum Selection bit.

0 Select CRC.
1 Select checksum.

Note)
The checksum is calculated by byte unit. EX) On 0x34A7E991, CRCRLT
= 0x34 + OxA7 + OxE9 + 0x91.

4

POLYS Polynomial Selection bit. (CRC only)

0 Select CRC-CCITT (Gy(x) = x*¢ + x*2 + x5 + 1)
1 Select CRC-16 (Gy(x) = X6 + x5 + x? + 1)

1

FIRSTBS First Shifted-in Selection bit. (CRC only)

0 MSB-1*.
1 LSB-1%,

0

CRCRUN CRC/Checksum enable control.

In DMA mode, this bit is a busy bit.
0 CRC/Checksum disabled.

1 CRC/Checksum enabled.
In DMA mode, this bit is automatically cleared to “Ob” after CRC
operation

NOTES:

The CRCRUN bit should be set to “1b” last time after setting appropriate values to the
registers.

The 4 “NOP instruction” should follow immediately after this bit is set.
It will be calculated every writing data to the CRC_IN register during CRCRUN=1.

It is prohibited writing any data to the CRC_IN register during CRCRUN=0 or running in
DMA mode.

21.2.2 CRC_IN: CRC input data register

CRC_IN is a 32-bit register.

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 0

CRC_IN=0x4000_0304

INDATA
0x00000000
RW
31 INDATA CRC Input Data bits.
0

NOTE: The CRC_IN register should be written by 1-word (32-bits).
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21.2.3 CRC_RLT: CRC result data register
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CRC_RLT is a 32-bit register, and able to do 32/16/8-bit access.

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

CRC_RLT=0x4000_0308

151413121110 9 8|7 6 56 4 3 2 10

Reserved RLTDATA
- OxFFFF
RW
15 RLTDATA CRC Result Data bits.

21.2.4 CRC_INIT: CRC initial data register

CRC_INIT is a 32-bit register, and able to do 32/16/8-bit access.

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

CRC_INIT=0x4000_030C

151413121110 9 8|7 6 56 4 3 2 1 0

Reserved INIDATA
- 0x0000
RW
15 INIDATA CRC Initial Data bits.
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21.3  Functional description

21.3.1 CRC polynomial structure

CRC: G1(x) = x® +x2 +x° + 1

s ri4a ns riz i rio ro s r7 I's Is ra s r2 r o

CRC: G2(x) = x® + x®* +x¥ + 1

s r4 ris rz rir riwo [r9 s r7 I'e s 4 I3 r2 r o

Figure 151. CRC Polynomial Structure

21.3.2 CRC operation procedure in DMA mode
1. CRC/Checksum Enable and Clock Enable. (SCU_PCER, SCU_PER)
2. Set CRC initial data register. (CRCINIT)
3. Set CRC control register.
4. CRC operation enable (CRCRUN = 1)
5. DMA configuration & operation
6. Read the CRC result.
21.3.3 CRC operation procedure in user CRC and checksum mode
1. CRC/Checksum Enable and Clock Enable (SCU_PCER, SCU_PER)
2. Set CRC initial data register. (CRC_INIT)
3. Set CRC control register.
4. CRC operation enable. (CRCRUN = 1)
5. Input CRC Data at CRC_IN.

6. CRC stop and read CRC result.
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22. USB full speed device interface
USB block of A31G24x series controls USB 2.0 full speed interface. The USB block features the
followings:
e Support for the following speeds:
— Full-Speed (FS, 12-Mbps)
— Low-Speed (LS, 1.5-Mbps)
e USB 2.0 full-speed
*  Configurable number of endpoints from 1 to 4
e 2 KB dynamic FIFO support.

e Control/bulk/interrupt transfer support.

22.1 USB block diagram

Figure 152 describes the USB interface block of A31G32x series in a block diagram.

SRAM

AHB Master APB Slave

o .
FIFO \‘71J> FIFO Ctrl Register Set

PHY Ctrl

I

PHY

I

Figure 152. USB Interface Block Diagram
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22.2

Base address of the USB interface block is introduced in the followings:

Registers

22

Table 85. Base Address of USB Interface

. USB interface

Name Base address
uSB 0x5000_0000
Table 86. USB Interface Register Map
Name Offset Type | Description Reset value Reference
GOTGCTL 0x0000 | RW Control and Status Register 0x0089 0000 | 22.2.1
GOTGINT 0x0004 | RW Interrupt Register 0x0010_0000 | 22.2.2
GAHBCFG 0x0008 | RW AHB Configuration Register 0x0000_0000 | 22.2.3
GUSBCFG 0x000C | RW | USB Configuration Register 0x0000_1448 | 22.2.4
GRSTCTL 0x0010 | RW Reset Register 0x8000_0000 | 22.2.5
GINTSTS 0x0014 | RW Interrupt Register 0x5400 0034 | 22.2.6
GINTMSK 0x0018 | RW Interrupt Mask Register 0x0000_0000 | 22.2.7
GRXSTSR 0x001C | RW Receive Status Debug Read 0x0000_0000 | 22.2.8
Register
GRXSTSP 0x0020 | RW Receive Status Read/Pop 0x0000_0000 | 22.2.9
Register
GRXFSIZ 0x0024 | RW Receive FIFO Size Register 0x0000_0200 | 22.2.10
GNPTXFSIZ | 0x0028 | RW Non-periodic Transmit FIFO 0x0040_0200 | 22.2.11
Size Register
GSNPSID 0x0040 | RW Synopsys ID Register 0x5531_100A | 22.2.12
GHWCFG1 0x0044 | RW User HW Config1 Register 0x0000_0000 | 22.2.13
GHWCFG2 0x0048 | RW User HW Config2 Register 0x0288_1114 22.2.14
GHWCFG3 0x004C | RW User Hardware Config3 Register | 0x01D8_4468 | 22.2.15
GHWCFG4 0x0050 | RW User Hardware Config4 Register | 0XD200 4030 | 22.2.16
GLPMCFG 0x0054 | RW LPM Config Register 0x0000_0000 22.2.17
GPWRDN 0x0058 | RW Global Power Down register 0x0000_0000 | 22.2.18
GDFIFOCFG | 0x005C | RW Global DFIFO Configuration 0x01D8_0200 | 22.2.19
Register
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Table 86. USB Interface Register Map (continued)

Name Offset Type | Description Reset value Reference

DIEPTXFi 0x013C | RW Device IN Endpoint Transmit | 0x0000_0000 | 22.2.20
FIFO Size Register

DCFG 0x0800 | RW Device Configuration Register 0x0810_0000 | 22.2.21

DCTL 0x0804 | RW Device Control Register 0x0000_0002 | 22.2.22

DSTS 0x0808 | RW Device Status Register 0x0000_0002 | 22.2.23

DIEPMSK 0x0810 | RW Device IN Endpoint Common | 0x0000_0000 | 22.2.24
Interrupt Mask Register

DOEPMSK 0x0814 | RW Device OUT Endpoint Common | 0x0000_0000 | 22.2.25
Interrupt Mask Register

DAINT 0x0818 | RW Device All Endpoints Interrupt | 0x0000_0000 22.2.26
Register

DAINTMSK 0x081C | RW Device All Endpoints Interrupt | 0x0000_0000 22.2.27
Mask Register

DTHRCTL 0x0830 | RW Device Threshold Control | 0x0C10_0020 | 22.2.28
Register

DIEPEMPM | 0x0834 | RW Device IN Endpoint FIFO Empty | 0x0000_0000 | 22.2.29

S Interrupt Mask Register

DIEPCTLO 0x0900 | RW Device Control IN Endpoint 0 | 0x0000_8000 | 22.2.30
Control Register

DIEPINTO 0x0908 | RW Device IN Endpoint O Interrupt | 0x0000 0080 | 22.2.31
Register

DIEPDMAO 0x0914 | RW Device IN Endpoint 0 DMA | 0x0000_0000 | 22.2.32
Address Register

DTXFSTSO 0x0918 | RW Device IN Endpoint Transmit | 0x0000_0040 | 22.2.33
FIFO Status Register

DIEPDMABO | 0x091C | RW Device IN Endpoint 16 Buffer | 0x0000_0000 | 22.2.34
Address Register

DIEPCTLI 0x0920 | RW Device Control IN Endpoint | | 0x0000_0000 | 22.2.35
Control Register

DIEPINTi 0x0928 | RW Device IN Endpoint | Interrupt | 0x0000_0080 22.2.36
Register

DIEPDMAI 0x0934 | RW Device IN Endpoint | DMA | 0x0000_0000 | 22.2.37
Address Register
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Table 86. USB Interface Register Map (continued)

Name Offset Type | Description Reset value Reference

DTXFSTSi 0x0938 | RW Device IN Endpoint Transmit | 0x0000_0040 | 22.2.38
FIFO Status Register

DIEPDMABi | 0x093C | RW Device IN Endpoint | Buffer | 0x0000_0000 | 22.2.39
Address Register

DOEPCTLO | OxOBOO | RW Device Control OUT Endpoint 0 | 0x0000_8000 | 22.2.40
Control Register

DOEPINTO 0x0B08 | RW Device OUT Endpoint O Interrupt | 0x0000_0000 | 22.2.41
Register

DOEPDMAO | 0x0B14 | RW Device OUT Endpoint 0 DMA | 0x0000_0000 | 22.2.42
Address Register

DOEPDMAB | 0x0B1C | RW Device OUT Endpoint 16 Buffer | 0x0000_0000 | 22.2.43
Address Register

DOEPCTLI 0x0B20 | RW Device Control OUT Endpoint | | 0x0000_0000 | 22.2.44
Control Register

DOEPINTI 0x0B28 | RW Device OUT Endpoint | Interrupt | 0x0000_0000 22.2.45
Register

DOEPDMAIi | 0x0B34 | RW Device OUT Endpoint | DMA | 0x0000_0000 | 22.2.46
Address Register

DOEPDMAB | 0xOB3C | RW Device OUT Endpoint | Buffer | 0x0000_0000 | 22.2.47
Address Register

PCGCCTL Ox0EO0 | RW Power and Clock Gating Control | 0x0000_0000 | 22.2.48
Register
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22.2.1 GOTGCTL: Control and status register

GOTGCTL register controls behavior of the controller, and reflects its status.

GOTGCTL =0x5000_0000

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0
Reserved MultValldBC Reserved
- 0x02 -
R
26 MultvalldBC Multi Valued ID pin (MultValldBC)
22 Battery Charger ACA inputs in the following order:

« Bit 26: rid_float.

« Bit 25: rid_gnd

*Bit24:rid_a

* Bit 23: rid_b

* Bit 22: rid_c

Values:

* 0x10 (RID_FLOAT): B-Device not connected to ACA

» 0x8 (RID_GND): A-Device not connected to ACA

* 0x4 (RID_A): A-Device connected to ACA

» 0x2 (RID_B): B-Device connected to ACA. VBUS is off.
» 0x1 (RID_C): B-Device connected to ACA. VBUS is on.
Value After Reset: Varies based on Configuration
Exists: OTG_BC_SUPPORT==1

Volatile: true

22.2.2 GOTGINT: Interrupt register

Application reads this register whenever an interrupt occurs. Corresponding bits in this register is

cleared after the reading.

GOTGINT =0x5000_0004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 O
£
(&)
2
Reserved ;u Reserved
5
=
- 1 -
RW
20 MultVallpChng This bit when set indicates that there is a change in the value of at least
one ACA pin value.
Values:
* 0x1 (ACA_PIN_CHANGE): Indicates there is a change in ACA pin
value.
* 0x0 (NO_ACA_PIN_CHANGE): Indicates there is no change in ACA
pin value.
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22.2.3 GAHBCFG: AHB configuration register

This register can be used to configure the core after power-on or a change in mode. This register mainly
contains AHB system-related configuration parameters. Do not change this register after the initial
programming. The application must program this register before starting any transactions on either the
AHB or the USB.

GAHBCFG =0x5000_0008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 O
¢ |z|a
() X
2| % @ c S 2
c|E|E|E w _ =
Reserved o a0 % Reserved <§f 5 =
S|T|S|E &) T e
Q|<|B8| o O]
E Z|x
- 0/0(01|0O - 0 0 0
RW [ RW | RW | RW RW RW RW
24 InvDescEndianes Invert Descriptor Endianess (InvDescEndianess)
* 1’b0: Descriptor Endianness is same as AHB Master Endianness.
* 1'b1:
-If the AHB Master endianness is Big Endian, the Descriptor Endianness
is Little Endian.
-If the AHB Master endianness is Little Endian, the Descriptor
Endianness is Big Endian.
Values:
* 0x0 (DISABLE): Descriptor Endianness is same as AHB Master
Endianness
* Ox1 (ENABLE): Descriptor Endianness is opposite to AHB Master
Endianness
Value After Reset: 0x0
Exists: OTG_EN_DESC_DMA ==1
Volatile: true
23 AHBSingle AHB Single Support (AHBSingle)

This bit when programmed supports Single transfers for the remaining
data in a transfer when the core is operating in DMA mode.

» 1’b0: The remaining data in the transfer is sent using INCR burst size.
* 1’b1: The remaining data in the transfer is sent using Single burst size.
Note: If this feature is enabled, the AHB RETRY and SPLIT transfers
still have INCR burst type. Enable this feature when the AHB Slave
connected to the core does not support INCR burst (and when Split,
and Retry transactions are not being used in the bus).

Values:

* 0x0 (INCRBURST): The remaining data in the transfer is sent using
INCR burst size

* 0x1 (SINGLEBURST): The remaining data in the transfer is sent using
Single burst size

Value After Reset: 0x0

Exists: Always
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22 NotiAllIDmaWrit Notify All Dma Write Transactions (NotiAllDmaWrit)
This bit is programmed to enable the System DMA Done functionality
for all the DMA write Transactions corresponding to the
Channel/Endpoint. This bit is valid only when
GAHBCFG.RemMemSupp is set to 1.
* GAHBCFG.NotiAllDmaWrit = 1
The core asserts int_dma_req for all the DMA write transactions on the
AHB interface along with int_dma_done, chep_last_transact and
chep_number signal informations. The core waits for sys_dma_done
signal for all the DMA write transactions in order to complete the transfer
of a particular Channel/Endpoint.
* GAHBCFG.NotiAllDmaWrit = 0
The core asserts int_dma_req signal only for the last transaction of DMA
write transfer corresponding to a particular Channel/Endpoint. Similarly,
the core waits for sys_dma_done signal only for that transaction of DMA
write to complete the transfer of a particular Channel/Endpoint.
Values:
» 0x1 (ALLTRANS): The core asserts int_dma_req for all the DMA write
transactions on the AHB interface along with int_dma_done,
chep_last_transact and chep_number signal informations. The core
waits for sys_dma_done signal for all the DMA write transactions in
order to complete the transfer of a particular Channel/Endpoint
* 0x0 (LASTTRANS):
Value After Reset: 0x0
Exists: Always
Volatile: true

21 RemMemSupp Remote Memory Support (RemMemSupp)
This bit is programmed to enable the functionality to wait for the system
DMA Done Signal for the DMA Write Transfers.
* GAHBCFG.RemMemSupp=1
The int_dma_req output signal is asserted when the DMA starts write
transfer to the external memory. When the core is done with the
Transfers it asserts int_dma_done signal to flag the completion of DMA
writes from the controller. The core then waits for sys_dma_done signal
from the system to proceed further and complete the Data Transfer
corresponding to a particular Channel/Endpoint.
* GAHBCFG.RemMemSupp=0
The int_dma_req and int_dma_done signals are not asserted and the
core proceeds with the assertion of the XferComp interrupt as soon as
the DMA write transfer is done at the Core Boundary and it does not
wait for the sys_dma_done signal to complete the DATA transfers.
Values:
« 0x0 (DISABLED): Remote Memory Support Feature disabled
» 0x1 (ENABLED): Remote Memory Support Feature enabled
Value After Reset: 0x0
Exists: Always
Volatile: true

5 DMAEnN DMA Enable (DMAEn)
Reset: 1’b0
Values:

* 0x1 (DMAMODE): Core operates in a DMA mode
Value After Reset: 0x0

Exists: OTG_ARCHITECTURE !=0

Volatile: true
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HbstLen

Burst Length/Type (HbstLen)

Internal DMA Mode AHB Master burst type:

* 4’b0000 Single

* 4’0001 INCR

* 4’0011 INCR4

* 40101 INCR8

* 40111 INCR16

* Others: Reserved

Values:

* 0x1 (WORD4ORINCRY): 4 words or INCR

* 0x5 (WORD64ORINCRS): 64 words or INCR8
* 0x3 (WORD160RINCR4): 16 words or INCR4
* 0x0 (WORD1ORSINGLE): 1 word or single

* 0x7 (WORD2560RINCR16): 256 words or INCR16
Value After Reset: 0x0

Exists: Always

Volatile: true

0

GlblintrMsk

Global Interrupt Mask (GlblintrMsk)

The application uses this bit to mask or unmask the interrupt line
assertion to itself. Irrespective of this bit's setting, the interrupt status
registers are updated by the controller.

* 1’b0: Mask the interrupt assertion to the application.

* 1’b1: Unmask the interrupt assertion to the application.

Values:

» 0x0 (MASK): Mask the interrupt assertion to the application.

* 0x1 (NOMASK): Unmask the interrupt assertion to the application.
Value After Reset: 0x0

Exists: Always

22.2.4 GUSBCFG: USB configuration register

This register can be used to configure the core after power-on. It contains USB and USB-PHY related
configuration parameters. The application must program this register before starting any transactions
on either the AHB or the USB. Do not make changes to this register after the initial programming.

GUSBCFG =0x5000_000C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0
ke

% T|e| O ©

= n|lc

°a Reserved > (7C, 5 %

2 il @ [s)

s o & [

&)

0 110 - 0

W RW | RW RW

\BO\

SEMICONDUCTOR

31

CorruptTxPkt

Corrupt Tx packet (CorruptTxPkt)

This bit is for debug purposes only. Never Set this bit to 1. The
application should always write 1°’b0 to this bit.

Values:

» 0x1 (DEBUG): Debug Mode

» 0x0 (NODEBUG): Normal Mode
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6 PHYSel

PHYSel

USB 1.1 Full-Speed Serial Transceiver Select (PHYSel)

» 1'b1: USB 1.1 full-speed serial transceiver

If a USB 1.1 Full-Speed Serial Transceiver interface was not
selected in, this bit is always 0, with Write Only access.

Values:

» Ox1 (USB11): USB 1.1 full-speed serial transceiver is selected

5 FSintf

Full-Speed Serial Interface Select (FSIntf)

The application uses this bit to select either a unidirectional or
bidirectional USB 1.1 full-speed serial transceiver interface.

* 1'b0: 6-pin unidirectional full-speed serial interface

» 1’b1: 3-pin bidirectional full-speed serial interface

If a USB 1.1 Full-Speed Serial Transceiver interface was not
selected, this bit is always 0, with Write Only access. If a USB 1.1
FS interface was selected, Then the application can Set this bit to
select between the 3- and 6-pin interfaces, and access is Read
and Write.

Values:

» 0x1 (FS3PIN): 3-pin bidirectional full-speed serial interface

* 0x0 (FS6PIN): 6-pin unidirectional full-speed serial interface

2 ToutCal

FS Timeout Calibration (ToutCal)

The number of PHY clocks that the application programs in this
field is added to the full-speed interpacket timeout duration in the
core to account for any additional delays introduced by the PHY.
This can be required, because the delay introduced by the PHY in
generating the linestate condition can vary from one PHY to
another.

The USB standard timeout value for full-speed operation is 16 to
18 (inclusive) bit times. The application must program this field
based on the speed of enumeration. The number of bit times
added per PHY clock are as follows:

Full-speed operation:

* One 48-MHz PHY clock = 0.25 bit times

22.2.5 GRSTCTL: Reset register

The application uses this register to reset various hardware features inside the controller.

GRSTCTL =0x5000_0010

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
o 9 E
N - -
S| S |8|&| & |%|8
o< Reserved z Lkl @ |oE
I |= > B > % | 9
<| A [ | A 2 o
o
110 - 0 00 - 0|0
RW RW | RW RW | RW
31 AHBIdle AHB Master Idle (AHBIdle)
Indicates that the AHB Master State Machine is in the IDLE
condition.
Values:
» 0x1 (ACTIVE): AHB Master Idle
* 0x0 (INACTIVE): Not Idle
Value After Reset: Ox1
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30

DMAReq

DMA Request Signal (DMAReq)

Indicates that the DMA request is in progress. Used for debug.
Values:

» 0x1 (ACTIVE): DMA request is in progress

* 0x0 (INACTIVE): No DMA request

Value After Reset: 0x0

10

TXxFNum

TxFIFO Number (TxFNum)

This is the FIFO number that must be flushed using the TxFIFO
Flush bit. This field must not be changed until the core clears the
TxFIFO Flush bit.

* 5’h0:

-Tx FIFO 0 flush in device mode when in dedicated FIFO mode.

* 5’hl:

-TXFIFO 1 flush in device mode when in dedicated FIFO mode.

* 5’h2:

-TXFIFO 2 flush in device mode when in dedicated FIFO mode.

* 5h4

-TXFIFO 4 flush in device mode when in dedicated FIFO mode.

* 5’h10: Flush all the transmit FIFOs.

Values:

* 0x3 (TXF3): -Periodic TxFIFO 3 flush in device mode when in
shared FIFO operation —TXFIFO 3 flush in device mode when in
dedicated FIFO mode

* Ox4 (TXF4): -Periodic TxFIFO 4 flush in device mode when in
shared FIFO operation —TXFIFO 4 flush in device mode when in
dedicated FIFO mode

* 0x2 (TXF2): -Periodic TxFIFO 2 flush in device mode when in
shared FIFO operation —TXFIFO 2 flush in device mode when in
dedicated FIFO mode

» 0x1 (TXF1): -Periodic TxFIFO 1 flush in device mode when in
shared FIFO operation —TXFIFO 1 flush in device mode when in
dedicated FIFO mode

* 0x0 (TXFO0): -Periodic TxFIF O flush in device mode when in
shared FIFO operation —TXFIFO 0 flush in device mode when in
dedicated FIFO mode

Value After Reset: 0x0

TxFFlsh

TxFIFO Flush (TxFFlIsh)

This bit selectively flushes a single or all transmit FIFOs, but cannot
do so If the core is in the midst of a transaction.

The application must write this bit only after checking that the core
is neither writing to the TxFIFO nor reading from the TxFIFO.
Verify using these registers:

» ReadNAK Effective Interrupt ensures the core is not reading from
the FIFO

» WriteGRSTCTL.AHBIdIle ensures the core is not writing anything
to the FIFO.

Flushing is normally recommended when FIFOs are reconfigured
or when switching between Shared FIFO and Dedicated Transmit
FIFO operation. FIFO flushing is also recommended during device
endpoint disable. The application must wait until the core clears
this bit before performing any operations. This bit takes eight
clocks to clear, using the slower clock of phy_clk or hclk.

Values:

» 0x1 (ACTIVE): Selectively flushes a single or all transmit FIFOs
* 0x0 (INACTIVE): No Flush

Value After Reset: 0x0

RxFFIsh

RXFIFO Flush (RxFFlIsh)

The application can flush the entire RxFIFO using this bit, but must
first ensure that the core is not in the middle of a transaction.

The application must only write to this bit after checking that the
controller is neither reading from the RxFIFO nor writing to the
RXFIFO.

The application must wait until the bit is cleared before performing
any other operations. This bit requires eight clocks (slowest of
PHY or AHB clock) to clear.

Values:

* 0x1 (ACTIVE): Flushes the entire RxFIFO

* 0x0 (INACTIVE): Does not flush the entire RxFIFO

Value After Reset: 0x0

1

PIUFSSftRst

PIU FS Dedicated Controller Soft Reset (PIUFSSftRst)
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Resets the PIU FS Dedicated Controller

All module state machines in FS Dedicated Controller of PIU are
reset to the IDLE state. Used to reset the FS Dedicated controller
in PIU in case of any PHY Errors like Loss of activity or Babble
Error resulting in the PHY remaining in RX state for more than one
frame boundary.

This is a self-clearing bit and core clears this bit after all the
necessary logic is reset in the core.

Values:

* 0x1 (RESET_ACTIVE): PIU FS Dedicated Controller Soft Reset
* 0x0 (RESET_INACTIVE): No Reset

Value After Reset: 0x0

0

CSftRst

Core Soft Reset (CSftRst)

Resets the hclk and phy_clock domains as follows:

» Clears the interrupts and all the CSR registers except the
following register bits:

-PCGCCTL.RstPdwnModule

-PCGCCTL.GateHclk

-PCGCCTL.PwrClmp

-PCGCCTL.StopPPhyLPwrClkSelclk

-GUSBCFG.PhyLPwrClkSel

-GUSBCFG.FSIntf

-GGPIO

-GPWRDN

-HCFG.FSLSPclkSel

-DCFG.DevSpd

-DCTL.SftDiscon

* All module state machines

+ All module state machines (except the AHB Slave Unit) are reset
to the IDLE state, and all the transmit FIFOs and the receive FIFO
are flushed.

* Any transactions on the AHB Master are terminated as soon as
possible, after gracefully completing the last data phase of an AHB
transfer. Any transactions on the USB are terminated immediately.
* When Hibernation feature is enabled, the PMU module is not
reset by the Core Soft Reset.

The application can write to this bit any time it wants to reset the
core. This is a self-clearing bit and the core clears this bit after all
the necessary logic is reset in the core, which can take several
clocks, depending on the current state of the core. Once this bit is
cleared software must wait at least 3 PHY clocks before doing any
access to the PHY domain (synchronization delay). Software must
also must check that bit 31 of this register is 1 (AHB Master is
IDLE) before starting any operation.

Typically software reset is used during software development and
also when you dynamically change the PHY selection bits in the
USB configuration registers listed above. When you change the
PHY, the corresponding clock for the PHY is selected and used in
the PHY domain. Once a new clock is selected, the PHY domain
has to be reset for proper operation.

Values:

» Ox1 (ACTIVE): Resets hclk and phy_clock domains

* 0x0 (NOTACTIVE): No reset

Value After Reset: 0x0
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22.2.6  GINTSTS: Interrupt register

This register interrupts the application for system-level events in the current mode. To clear the interrupt
status bits of type R_SS_WC, the application must write 1°’b1 into the bit.

The FIFO status interrupts are read only; once software reads from or writes to the FIFO while servicing

these interrupts, FIFO interrupt conditions are cleared automatically.

The application must clear the GINTSTS register at initialization before unmasking the interrupt bit to

avoid any interrupts generated prior to initialization.

GINTSTS =0x5000_0014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 0
- o - o 3l al B | = 8’ 2 | al o © E E ol _ o
s 2 |5l 2 (2|8 2 Bz g gk|g|8|2 gl 2523y =
- ) s [ QN © LIFIRlolRE|lnal? 9 Elzl2 % A [
= 0 o n A W ol Sla Q5|2 apld & [5Z18 & 7
2= ¢ |4 ¢ |2« ¢ |© 3 |QIE|2|D|U| ¢ |05l @
o @|uw ol °

0 - 0 - 0|0 - 0 o|jojojofjo0|0|0]|O - 0|0 110
RW RW RW | RW RW | RW [ RW [ RW | RW | RW | RW | RW RW| R RW

31 WkUplInt Resume/Remote Wakeup Detected Interrupt (WkUplint)

Wakeup Interrupt during Suspend(L2) or LPM(L1) state.

* During Suspend(L2):

-This interrupt is asserted only when Host Initiated Resume is
detected on USB.

For more information, see ‘Partial Power-Down and Clock Gating
Programming Model’ in the Programming Guide.

* During LPM(L1):

-This interrupt is asserted for either Host Initiated Resume or
Device Initiated Remote Wakeup on USB.

For more information, see ‘LPM Entry and Exit Programming
Model’ in the Programming Guide.

Values:

» 0x1 (ACTIVE): Resume or Remote Wakeup Detected Interrupt

» 0x0 (INACTIVE): Not active

27 LPM_Int LPM Transaction Received Interrupt (LPM_Int). This interrupt is
asserted when the device receives an LPM transaction and
responds with a non-ERRORed response. Has completed LPM
transactions for the programmed number of times
(GLPMCFG.RetryCnt).

Values:
» 0x1 (ACTIVE): LPM Transaction Received Interrupt
* 0x0 (INACTIVE): Not Active

23 ResetDet Reset detected Interrupt (ResetDet)
In Device mode, this interrupt is asserted when a reset is detected
on the USB in partial power-down mode when the device is in
Suspend.
Values:
» 0x1 (ACTIVE): Reset detected Interrupt
+ 0x0 (INACTIVE): Not active
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FetSusp

Data Fetch Suspended (FetSusp)

This interrupt is valid only in DMA mode. This interrupt indicates
that the core has stopped fetching data for IN endpoints due to the
unavailability of TxFIFO space or Request Queue space. This
interrupt is used by the application for an endpoint mismatch
algorithm.

For example, after detecting an endpoint mismatch, the
application:

+ Sets a Global non-periodic IN NAK handshake

* Disables In endpoints

* Flushes the FIFO

» Determines the token sequence from the IN Token Sequence
Learning Queue

* Re-enables the endpoints

« Clears the Global non-periodic IN NAK handshake

If the Global non-periodic IN NAK is cleared, the core has not yet
fetched data for the IN endpoint, and the IN token is received. The
core generates an ‘IN token received when FIFO empty’ interrupt.
The OTG Then sends the host a NAK response. To avoid this
scenario, the application can check the GINTSTS.FetSusp
interrupt, which ensures that the FIFO is full before clearing a
Global NAK handshake.

Alternatively, the application can mask the IN token received when
FIFO empty interrupt when clearing a Global IN NAK handshake.
Values:

* 0x1 (ACTIVE): Data Fetch Suspended

+ 0x0 (INACTIVE): Not active

19

OEPInt

OUT Endpoints Interrupt (OEPInt)

The controller sets this bit to indicate that an interrupt is pending
on one of the OUT endpoints of the core (in Device mode). The
application must read the Device All Endpoints Interrupt (DAINT)
register to determine the exact number of the OUT endpoint on
which the interrupt occurred, and then read the corresponding
Device OUT Endpoint-n Interrupt (DOEPINTN) register to
determine the exact cause of the interrupt. The application must
clear the appropriate status bit in the corresponding DOEPINTN
register to clear this bit.

Values:

* 0x1 (ACTIVE): OUT Endpoints Interrupt

+ 0x0 (INACTIVE): Not active

18

IEPInt

IN Endpoints Interrupt (IEPInt)

The core sets this bit to indicate that an interrupt is pending on one
of the IN endpoints of the core (in Device mode). The application
must read the Device All Endpoints Interrupt (DAINT) register to
determine the exact number of the IN endpoint on Device IN
Endpoint-n Interrupt (DIEPINTN) register to determine the exact
cause of the interrupt. The application must clear the appropriate
status bit in the corresponding DIEPINTN register to clear this bit.
Values:

* 0x1 (ACTIVE): IN Endpoints Interrupt

» 0x0 (INACTIVE): Not active

17

EPMis

Endpoint Mismatch Interrupt (EPMis)

Note: This interrupt is valid only in shared FIFO operation.
Indicates that an IN token has been received for a non-periodic
endpoint, but the data for another endpoint is present in the top of
the Non-periodic Transmit FIFO and the IN endpoint mismatch
count programmed by the application has expired.

Values:

» 0x1 (ACTIVE): Endpoint Mismatch Interrupt

» 0x0 (INACTIVE): Not active
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RstrDonelnt

Restore Done Interrupt (RstrDonelnt)

The controller sets this bit to indicate that the restore command
after Hibernation was completed by the core.

The controller continues from Suspended state into the mode
dictated by PCGCCTL.RestoreMode field.

Values:

* 0x1 (ACTIVE): Restore Done Interrupt

* 0x0 (INACTIVE): Not active

15

EOPF

End of Periodic Frame Interrupt (EOPF)

Indicates that the period specified in the Periodic Frame Interval
field of the Device Configuration register (DCFG.PerFrint) has
been reached in the current microframe.

Values:

* 0x1 (ACTIVE): End of Periodic Frame Interrupt

+ 0x0 (INACTIVE): Not active

14

ISOOutDrop

Isochronous OUT Packet Dropped Interrupt (ISOOutDrop)

The controller sets this bit when it fails to write an isochronous OUT
packet into the RxFIFO because the RxFIFO does not have
enough space to accommodate a maximum packet size packet for
the isochronous OUT endpoint.

Values:

» Ox1 (ACTIVE): Isochronous OUT Packet Dropped Interrupt

* 0x0 (INACTIVE): Not active

13

EnumDone

Mode: Device only

Enumeration Done (EnumDone)

The core sets this bit to indicate that speed enumeration is
complete. The application must read the Device Status (DSTS)
register to obtain the enumerated speed.

Values:

* 0x1 (ACTIVE): Enumeration Done

+ 0x0 (INACTIVE): Not active

12

USBRst

USB Reset (USBRst)

The controller sets this bit to indicate that a reset is detected on the
USB.

Values:

» 0x1 (ACTIVE): USB Reset

» 0x0 (INACTIVE): Not active

11

USBSusp

USB Suspend (USBSusp)

The controller sets this bit to indicate that a suspend was detected
on the USB. The controller enters the Suspended state when there
is no activity on the linestate signal for an extended period of time.
Values:

» 0x1 (ACTIVE): USB Suspend

* 0x0 (INACTIVE): Not Active

10

ErlySusp

Early Suspend (ErlySusp)

The controller sets this bit to indicate that an Idle state has been
detected on the USB for 3 ms.

Values:

» 0x1 (ACTIVE): 3ms of Idle state detected

» 0x0 (INACTIVE): No Idle state detected

GOUTNakEff

Global OUT NAK Effective (GOUTNakEff)

Indicates that the Set Global OUT NAK bit in the Device Control
register (DCTL.SGOUTNak), Set by the application, has taken
effect in the core. This bit can be cleared by writing the Clear
Global OUT NAK bit in the Device Control register
(DCTL.CGOUTNak).

Values:

» 0x1 (ACTIVE): Global OUT NAK Effective

» 0x0 (INACTIVE): Not Active
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6 GINNaKkEff Global IN Non-periodic NAK Effective (GINNakEff)
Indicates that the Set Global Non-periodic IN NAK bit in the Device
Control register (DCTL.SGNPInNak) set by the application, has
taken effect in the core. That is, the core has sampled the Global
IN NAK bit Set by the application. This bit can be cleared by
clearing the Clear Global Non-periodic IN NAK bit in the Device
Control register (DCTL.CGNPInNak). This interrupt does not
necessarily mean that a NAK handshake is sent out on the USB.
The STALL bit takes precedence over the NAK bit.
Values:
» 0x1 (ACTIVE): Set Global Non-periodic IN NAK bit
» 0x0 (INACTIVE): Global Non-periodic IN NAK not active

4 RxFLvI RxFIFO Non-Empty (RxFLvI)
Indicates that there is at least one packet pending to be read from
the RxFIFO.
Values:
» 0x1 (ACTIVE): Rx Fifo is not empty
*+ 0x0 (INACTIVE): Rx Fifo is empty

3 Sof Start of (micro)Frame (Sof)

In Device mode, the controller sets this bit to indicate that an SOF
token has been received on the USB. The application can read the
Device Status register to get the current (micro) Frame number.
This interrupt is seen only when the core is operating at FS. This
bit can be set only by the core and the application must write 1 to
clear it.

Note: This register may return 1°b1 if read immediately after power-
on reset. If the register bit reads 1’b1 immediately after power-on
reset, it does not indicate that an SOF has been received. The
read value of this interrupt is valid only after a valid connection
between host and device is established. If the bit is set after power
on reset the application can clear the bit.

Values:

» 0x1 (ACTIVE): Start of Frame

» 0x0 (INTACTIVE): No Start of Frame

GINTMSK: Interrupt mask register

This register works with the Interrupt Register (GINTSTS) to interrupt the application. When an interrupt
bit is masked, the interrupt associated with that bit is not generated. However, the GINTSTS register bit
corresponding to that interrupt is still set.

GINTMSK =0x5000_0018
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31

WkUpIntMsk

Resume/Remote Wakeup Detected Interrupt Mask (WkUpIntMsk)

The WakeUp bit is used for LPM state wake up in a way similar to that
of wake up in suspend state.

Values:

» 0x0 (MASK): Resume or Remote Wakeup Detected Interrupt Mask

* 0x1 (NOMASK): Unmask Resume Remote Wakeup Detected Interrupt
Value After Reset: 0x0

27

LPM_IntMsk

LPM Transaction Received Interrupt (LPM_Int)

LPM Transaction received interrupt Mask

Values:

* 0x0 (MASK): LPM Transaction received interrupt Mask

» 0x1 (NOMASK): No LPM Transaction received interrupt Mask
Value After Reset: 0x0

23

ResetDetMsk

Reset detected Interrupt Mask (ResetDetMsk)
Values:

* 0x0 (MASK): Reset detected Interrupt Mask

* 0x1 (NOMASK): No Reset detected Interrupt Mask
Value After Reset: 0x0

22

FetSuspMsk

Data Fetch Suspended Mask (FetSuspMsk)
Values:

* 0x0 (MASK): Data Fetch Suspended Mask

» 0x1 (NOMASK): No Data Fetch Suspended Mask
Value After Reset: 0x0

19

OEPIntMsk

Mode: Device only

OUT Endpoints Interrupt Mask (OEPIntMsk)
Values:

» 0x0 (MASK): OUT Endpoints Interrupt Mask

* 0x1 (NOMASK): No OUT Endpoints Interrupt Mask
Value After Reset: 0x0

18

IEPINtMsk

Mode: Device only

IN Endpoints Interrupt Mask (IEPIntMsk)

Values:

» 0x0 (MASK): IN Endpoints Interrupt Mask

* 0x1 (NOMASK): No IN Endpoints Interrupt Mask
Value After Reset: 0x0

17

EPMisMsk

Mode: Device only

Endpoint Mismatch Interrupt Mask (EPMisMsk)

Values:

* 0x0 (MASK): Endpoint Mismatch Interrupt Mask

* 0x1 (NOMASK): No Endpoint Mismatch Interrupt Mask
Value After Reset: 0x0

16

RstrDonelntMsk

Restore Done Interrupt Mask (RstrDonelntMsk)
Values:

* 0x0 (MASK): Restore Done Interrupt Mask

* 0x1 (NOMASK): No Restore Done Interrupt Mask
Value After Reset: 0x0

15

EOPFMsk

Mode: Device only

End of Periodic Frame Interrupt Mask (EOPFMsk)

Values:

* 0x0 (MASK): End of Periodic Frame Interrupt Mask

* 0x1 (NOMASK): No End of Periodic Frame Interrupt Mask
Value After Reset: 0x0

14

ISOOutDropMsk

Mode: Device only

Isochronous OUT Packet Dropped Interrupt Mask (ISOOutDropMsk)
Values:

* 0x0 (MASK): Isochronous OUT Packet Dropped Interrupt Mask

* 0x1 (NOMASK): No Isochronous OUT Packet Dropped Interrupt Mask
Value After Reset: 0x0
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13

EnumDoneMsk

Mode: Device only

Enumeration Done Mask (EnumDoneMsk)
Values:

* 0x0 (MASK): Enumeration Done Mask

» 0x1 (NOMASK): No Enumeration Done Mask
Value After Reset: 0x0

12

USBRstMsk

Mode: Device only

USB Reset Mask (USBRstMsk)
Values:

* 0x0 (MASK): USB Reset Mask

* 0x1 (NOMASK): No USB Reset Mask
Value After Reset: 0x0

11

USBSuspMsk

Mode: Device only

USB Suspend Mask (USBSuspMsk)
Values:

* 0x0 (MASK): USB Suspend Mask

* 0x1 (NOMASK): No USB Suspend Mask
Value After Reset: 0x0

10

ErlySuspMsk

Mode: Device only

Early Suspend Mask (ErlySuspMsk)
Values:

* 0x0 (MASK): Early Suspend Mask

» 0x1 (NOMASK): No Early Suspend Mask
Value After Reset: 0x0

GOUTNakEffMsk

Mode: Device only

Global OUT NAK Effective Mask (GOUTNakEffMsk)
Values:

» 0x0 (MASK): Global OUT NAK Effective Mask

» 0x1 (NOMASK): No Global OUT NAK Effective Mask
Value After Reset: 0x0

GINNakEffMsk

Mode: Device only,

Global Non-periodic IN NAK Effective Mask (GINNakEffMsk)
Values:

* 0x0 (MASK): Global Non-periodic IN NAK Effective Mask

* 0x1 (NOMASK): No Global Non-periodic IN NAK Effective Mask
Value After Reset: 0x0

RxFLvIMsk

Receive FIFO Non-Empty Mask (RxFLvIMsk)

Values:

» 0x0 (MASK): Receive FIFO Non-Empty Mask

* 0x1 (NOMASK): No Receive FIFO Non-Empty Mask
Value After Reset: 0x0

SofMsk

Start of (micro)Frame Mask (SofMsk)
Values:

* 0x0 (MASK): Start of Frame Mask

* 0x1 (NOMASK): No Start of Frame Mask
Value After Reset: 0x0

OTGIntMsk

OTG Interrupt Mask (OTGIntMsk)
Values:

* 0x0 (MASK): OTG Interrupt Mask

* 0x1 (NOMASK): No OTG Interrupt Mask
Value After Reset: 0x0
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22.2.8 GRXSTSR: Receive status debug read register

Aread to GRXSTSR register returns the contents of the top of the Receive FIFO. Aread to the Receive
Status Read and Pop register additionally pops the top data entry out of the RxFIFO.

The core ignores the receive status pop/read when the receive FIFO is empty and returns a value of
32’h0000_0000. The application must only pop the Receive Status FIFO when the Receive FIFO Non-
Empty bit of the Core Interrupt register (GINTSTS.RxFLVI) is asserted.

NOTE: Do not read this register’s reset value before configuring the core because the read value will be ‘X’ in the simulation.

GRXSTSR =0x5000_001C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved FN PktSts DPID BCnt EPNum
- 0 0 0 0 0
R R R
24 FN Mode: Device only
21 Frame Number (FN)

This is the least significant 4 bits of the (micro) Frame number in
which the packet is received on the USB. This field is supported
only when isochronous OUT endpoints are supported.

Value After Reset: 0x0

20 PktSts Packet Status (PktSts)
17 Indicates the status of the received packet
* 4’b0001: Global OUT NAK (triggers an interrupt)
* 4’b0010: OUT data packet received
* 4’b0011: OUT transfer completed (triggers an interrupt)
* 4’b0100: SETUP transaction completed (triggers an interrupt)
* 4'’b0110: SETUP data packet received
* Others: Reserved
Reset:4’h0
Values:
* Ox2 (INOUTDPRX): OUT data packet received
* Ox1 (OUTNAK): Global OUT NAK (triggers an interrupt)
* Ox4 (DSETUPCOM): SETUP transaction completed (triggers an
interrupt)
» Ox6 (DSETUPRX): SETUP data packet received
* 0x3 (INOUTTRCOM): IN or OUT transfer completed (triggers an

interrupt)
Value After Reset: 0x0
16 DPID Data PID (DPID)
15 Indicates the Data PID of the received OUT data packet

« 2’b00: DATAO

« 2’b10: DATA1

* 2’b01: DATA2

* 2’b11: MDATA
Reset:2’h0

Values:

» 0x0 (DATAQ): DATAO
* 0x3 (MDATA): MDATA
* 0x2 (DATA1): DATA1
* 0x1 (DATA2): DATA2
Value After Reset: 0x0
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14 BCnt Byte Count (BCnt)
4 Indicates the byte count of the received data packet.
Value After Reset: 0x0
3 EPNum Endpoint Number (EPNum)
0 Indicates the endpoint number to which the current received

packet belongs.
Value After Reset: 0x0

22.2.9 GRXSTSP: Receive status read/pop register

A read to the GRXSTSP register returns the contents of the top of the Receive FIFO. A read to the
Receive Status Read and Pop register additionally pops the top data entry out of the RxFIFO. The core
ignores the receive status pop/read when the receive FIFO is empty and returns a value of
32’h0000_0000. The application must only pop the Receive Status FIFO when the Receive FIFO Non-
Empty bit of the Core Interrupt register (GINTSTS.RxFLvI) is asserted.

NOTE: Do not read this register’s reset value before configuring the core because the read value is ‘X’ in the simulation.

GRXSTSR =0x5000_001C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 141312110 9 8|7 6 5 4 3 2 1 0
Reserved FN PktSts DPID BCnt EPNum
- 0 0 0 0 0
24 FN Mode: Device only
21 Frame Number (FN)

This is the least significant 4 bits of the (micro) Frame number in
which the packet is received on the USB. This field is supported
only when isochronous OUT endpoints are supported.

Value After Reset: 0x0

20 PktSts Packet Status (PktSts)
17 Indicates the status of the received packet
* 4’b0001: Global OUT NAK (triggers an interrupt)
* 4’b0010: OUT data packet received
* 4’b0011: OUT transfer completed (triggers an interrupt)
* 4'’b0100: SETUP transaction completed (triggers an interrupt)
* 4’b0110: SETUP data packet received
* Others: Reserved
Reset: 4'h0
Values:
» 0x0 (DATAQ): DATAO
* 0x3 (MDATA): MDATA
» 0x2 (DATA1): DATA1
* 0x1 (DATA2): DATA2
Value After Reset: 0x0
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16 DPID Data PID (DPID)

15 Indicates the Data PID of the received OUT data packet
» 2’b00: DATAO
* 2’b10: DATA1
* 2’b01: DATA2
* 2’b11: MDATA
Reset: 2’h0
Values:
» 0x0 (DATAOQ): DATAO
» 0x3 (MDATA): MDATA
» 0x2 (DATA1): DATA1
» Ox1 (DATA2): DATA2
Value After Reset: 0x0

14 BCnt Byte Count (BCnt)

4 Indicates the byte count of the received data packet.
Value After Reset: 0x0

3 PNum Endpoint Number (EPNum)

0 Indicates the endpoint number to which the current received
packet belongs.
Values:

* 0x2 (CHEP2): Channel or EndPoint 2
» 0x0 (CHEPO): Channel or EndPoint 0
* 0x3 (CHEP3): Channel or EndPoint 3
* 0x4 (CHEP4): Channel or EndPoint 4
* 0x1 (CHEP1): Channel or EndPoint 1
Value After Reset: 0x0

_——~ o~ —~

22.2.10 GRXFSIZ: Receive FIFO size register

The application can program the RAM size that must be allocated to the RxFIFO.

GRXSIZ =0x5000_0024

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0
Reserved RxFDep
- 0x200
RW
10 RxFDep RxFIFO Depth (RxFDep)
0 This value is in terms of 32-bit words.

* Minimum value is 16

* Maximum value is 32,768

The power-on reset value of this register is specified as the Largest
Rx Data FIFO Depth during configuration.

You can write a new value in this field. Programmed values must
not exceed the power-on value.
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22.2.11 GNPTXFSIZ: Non-periodic transmit FIFO size register

The application can program the RAM size and the memory start address for the Non-periodic TxFIFO.

GNPTXFSIZ =0x5000_0028
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

INEPTxFODep INEPTxFOStAddr
0x0040 0x0200
RW RW
26 INEPTXFODep IN Endpoint TXFIFO 0 Depth (INEPTxFODep)

This value is in terms of 32-bit words.

* Minimum value is 16

* Maximum value is 32,768

The application can write a new value in this field. Programmed
values must not exceed the power-on value set in coreConsultant.
The power-on reset value of this field is specified during
coreConsultant configuration as Largest IN Endpoint FIFO 0

Depth
(parameter OTG_TX_DINEP_DFIFO_DEPTH_O).
19 INEPTXFOStAddr IN Endpoint FIFOO Transmit RAM Start

Address(INEPTxFOStAddr)

This field contains the memory start address for IN Endpoint
Transmit FIFO# 0.

Programmed values must not exceed the power-on value.

22.2.12 GHWCFG1: User HW config1 register

GHWCFG1=0x5000_0032

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0
EpDir
0
31 EpDir This 32-bit field uses two bits per endpoint to determine the
0 endpoint direction.
Endpoint

» Bits[1:0]: Endpoint 0 direction (always BIDIR)
« Bits [3:2]: Endpoint 1 direction, and so on.
Direction

+ 2’b00: BIDIR (IN and OUT) endpoint

* 2’b01: IN endpoint

* 2’b10: OUT endpoint

* 2’b11: Reserved
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22.2.13 GHWCFG2: User HW config2 register

GHWCFG2=0x5000_0048

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 O
j=2 )
c ©
B N kS o s 3
> @0 > 3 = >
) Ke) @ o z )
1) = N ]
Q N Q [ o Q
14 g 14 2 & x
o
1 Ox4 1 -
R R R
19 DynFifoSizing Dynamic FIFO Sizing Enabled (DynFifoSizing)
* 1'b0: No
* 1'b1: Yes
Values:

* 0x0 (DISABLED): Dynamic FIFO Sizing Disabled
* 0x1 (ENABLED): Dynamic FIFO Sizing Enabled

13 NumDevVEps Number of Device Endpoints (NumDeVEps)

10 Indicates the number of device endpoints supported by the core.
The range of this field is 0-4.
Values:

* 0x1 (ENDPT1): End point 1
* 0x4 (ENDPT4): End point 4
» 0x0 (ENDPTO): End point 0
* 0x2 (ENDPT2): End point 2
* 0x3 (ENDPT3): End point 3

9 FSPhyType Full-Speed PHY Interface Type (FSPhyType)
8 » 2’b01: Dedicated full-speed interface
Values:

» 0x1 (FS): Dedicated full-speed interface is supported
Value After Reset: 2’b01

22.2.14 GHWCFG3: User HW config2 register

GHWCFG3=0x5000_004C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 1312 1110 9 8|7 6 5 4 3 2 1 0
- © E= e
i HEIAEI: g =
o ela| e > S = [
a =5 o |E ) [ N c
2 AR g 2 2
o ok : | ¢
0x01D8 1 0 - 0x6 0x8

R RIR R R

31 DfifoDepth DFIFO Depth (DfifoDepth — EP_LOC_CNT)

16 This value is in terms of 32-bit words.

* Minimum value is 32
* Maximum value is 32,768

15 LPMMode LPM mode specified for Mode of Operation.
Values:
*+ 0x0 (DISABLED): LPM disabled
* 0x1 (ENABLED): LPM enabled
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BCSupport

This bit indicates the controller support for Battery Charger.
» 0 — No Battery Charger Support

+ 1 — Battery Charger support present

Values:

» 0x0 (DISABLED): No Battery Charger Support

» Ox1 (ENABLED): Battery Charger Support present

11

RstType

Reset Style for Clocked always Blocks in RTL (RstType)

» 1'b0: Asynchronous reset is used in the controller

» 1’b1: Synchronous reset is used in the controller

Values:

» 0x0 (ASYNCRST): Asynchronous reset is used in the core
* 0x1 (SYNCRST): Synchronous reset is used in the core

PktSizeWidth

Width of Packet Size Counters (PktSizeWidth)
+ 3'b000: 4 bits

+ 3'b001: 5 bits

* 3'b010: 6 bits

» 3'b011: 7 bits

+ 3'b100: 8 bits

* 3'b101: 9 bits

* 3'b110: 10 bits

* Others: Reserved

Values:

» 0x2 (BITS6): Width of Packet Size Counter 6
* 0x1 (BITS5): Width of Packet Size Counter 5
+ 0x6 (BITS10): Width of Packet Size Counter 10
» 0x5 (BITS9): Width of Packet Size Counter 9
* 0x3 (BITS7): Width of Packet Size Counter 7
+ 0x4 (BITS8): Width of Packet Size Counter 8
» 0x0 (BITS4): Width of Packet Size Counter 4

XferSizeWidth

Width of Transfer Size Counters (XferSizeWidth)
+ 4’b0000: 11 bits
* 4’b0001: 12 bits

* 4’b1000: 19 bits
* Others: Reserved
Values:
» 0x2 (WIDTH13): Width of Transfer Size Counter 13 bits
* 0x3 (WIDTH14): Width of Transfer Size Counter 14 bits
* 0x1 (WIDTH12): Width of Transfer Size Counter 12 bits
* 0x8 (WIDTH19): Width of Transfer Size Counter 19 bits
* 0x0 (WIDTH11): Width of Transfer Size Counter 11 bits
* 0x7 (WIDTH18): Width of Transfer Size Counter 18 bits
* 0x6 (WIDTH17): Width of Transfer Size Counter 17 bits
( ):
( ):

):
):

* 0x5 (WIDTH16): Width of Transfer Size Counter 16 bits
* 0x4 (WIDTH15): Width of Transfer Size Counter 15 bits
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22.2.15 GHWCFG4: User hardware config4 register

GHWCFG4=0x5000_0050

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 0
o a
<-(% n c 5 Lg
S |0 » ? ) 2 2| 8| 5| ©
o|s Ll [} (@] [} cl5l= > 0
3|0 Z 3 S 3 glc| 8 2
o3 o 2 2 || 8| E
) o =]
[m] zZ
111 0x4 - 0 - 0 1 0
RIR R R R|R R

31 DescDMA Scatter/Gather DMA configuration
* 1’b0: Non Dynamic configuration
* 1’b1: Dynamic configuration
Values:
* 0x0 (CONFIG1): Non Dynamic configuration
* Ox1 (CONFIG2): Dynamic configuration

30 DescDMAEnabled Scatter/Gather DMA configuration
* 1’b0: Non-Scatter/Gather DMA configuration
* 1’b1: Scatter/Gather DMA configuration
Values:
» 0x0 (DISABLE): Non-Scatter/Gather DMA configuration
» 0x1 (ENABLE): Scatter/Gather DMA configuration

29 INEps Number of Device Mode IN Endpoints Including Control Endpoints
26 (INEps)

+ 0: 1 IN Endpoint

 1: 2 IN Endpoints

* 4: 5 IN Endpoints

Values:

» 0x0 (ENDPT1): In Endpoint 1
» 0x1 (ENDPT2): In Endpoint 2
» 0x2 (ENDPT3): In Endpoint 3
* 0x3 (ENDPT4): In Endpoint 4

19 NumCtIEps Number of Device Mode Control Endpoints in Addition to Endpoint
16 0 (NumCtlEps)

Range: 0-4

Values:

* 0x1 (ENDPT1): End point 1
* 0x4 (ENDPT4): End point 4
* 0x0 (ENDPTO): End point 0
* 0x2 (ENDPT2): End point 2
* 0x3 (ENDPT3): End point 3

6 Hibernation Enable Hibernation (Hibernation)
* 1'b0: Hibernation feature not enabled
» 1’b1: Hibernation feature enabled
Values:
» Ox0 (DISABLED): Hibernation feature disabled
» 0x1 (ENABLED): Hibernation feature enabled
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AhbFreq

Minimum AHB Frequency Less Than 60 MHz (AhbFreq)

* 1’b0: No

*1'b1: Yes

Values:

* Ox0 (DISABLED): Minimum AHB Frequency More Than 60 MHz
* Ox1 (ENABLED): Minimum AHB Frequency Less Than 60 MHz

PartialPwrDn

Enable Partial Power Down (PartialPwrDn)

* 1’b0: Partial Power Down Not Enabled

» 1’b1: Partial Power Down Enabled

Values:

* 0x0 (DISABLED): Partial Power Down disabled
* Ox1 (ENABLED): Partial Power Down enabled

o w

NumbDevPerioEps

Number of Device Mode Periodic IN Endpoints
(NumDevPerioEps)
Range: 0-15

22.2.16 GLPMCFG: LPM config register

GLPMCFG =0x5000_0054

31 30 29 28 27 26 25 24|23 22 21 201918 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
L2 R%) < Q
‘2 U'; @ o s 0 @ X »
8 2|8 £ |8 3 8 |2 g & £ 1212 L &g
5 S|S5| & |8 3 5 |59 5 X 2|2 2 |3/
g &0 & |8 9 8 |85 2 o |2|g] T |gZ
= [ 14 o o Q| 3
14 I 14 s x = w| o <
|5 2 o S © T z
| — - o
- 00 0 - 0 - 0 0 0|0 0 010
RW | RW R RW R RW RW| R R RW | RW
29 LPM_RestoreSIpSts LPM Restore Sleep Status (LPM_RestoreSIpSts)
When the application power gates the core (Partial Power Down /
Hibernation) the application needs to program this bit to restore
the LPM status in the core.
The application needs to program this bit, during restore process,
based on whether it had decided to go into Shallow Sleep (Clock
Gating Only) or Deep Sleep (Power Gating) based on the BESL
value received from the Host
* 1’b0: The application puts the core in Shallow Sleep based on
BESL value from the Host
* 1’b1: The application puts the core in Deep Sleep based on
BESL value from the Host
Values:
» 0x0 (DISABLED): Puts the core in Shallow Sleep mode based
on the BESL value from the Host
» Ox1 (ENABLED): Puts the core in Deep Sleep mode based on
the BESL value from the Host
Value After Reset: 0x0
28 LPM_EnBESL LPM Enable BESL (LPM_EnBESL)
This bit enables the BESL feature as defined in LPM Errata
* 1’b0: The core works as per USB 2.0 Link Power Management
Addendum Engineering Change Notice to the USB 2.0
specification as of July 16, 2007
* 1’b1: The core works as per the LPM Errata
Values:
* 0x0 (DISABLED): BESL is disabled
» 0x1 (ENABLED): BESL is enabled as defined in LPM Errata
Value After Reset: 0x0
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27

LPM_RetryCnt_Sts

LPM Retry Count Status (LPM_RetryCnt_Sts)
Number of LPM Host Retries still remaining to be transmitted for
the current LPM sequence.

Values:

» 0x3 (RETRY_REM3): Three LPM retries remaining
* 0x4 (RETRY_REM4): Four LPM retries remaining

* 0x2 (RETRY_REM2): Two LPM retries remaining

* 0x1 (RETRY_REM1): One LPM retry remaining

* 0x6 (RETRY_REMB6): Six LPM retries remaining

* 0x5 (RETRY_REMS): Five LPM retries remaining

* 0x7 (RETRY_REM?7): Seven LPM retries remaining
* 0x0 (RETRY_REMO): Zero LPM retries remaining
Value After Reset: 0x0

23
21

LPM_Retry_Cnt

LPM Retry Count (LPM_Retry_Cnt)

Number of additional LPM retries that the HOST would perform if
the Device Response was an ERROR until a valid device
response is received (STALL/NYET/ACK).

Values:

* 0x3 (RETRY3): Three LPM retries

* 0x1 (RETRY1): One LPM retry

* 0x2 (RETRY2): Two LPM retries

* 0x0 (RETRYO): Zero LPM retries

* 0x7 (RETRY7): Seven LPM retries

* 0x4 (RETRY4): Four LPM retries

* 0x6 (RETRY®6): Six LPM retries

* 0x5 (RETRY5): Five LPM retries

Value After Reset: 0x0

16

L1ResumeOK

Sleep State Resume OK (L1ResumeOK)

Indicates that the application or host can start resume from Sleep
state. This bit is valid in LPM sleep (L1) state. It is set in sleep
mode after a delay of 50 micro sec (TL1Residency). The bit is
reset when SlpSts is 0.

* 1'b0: The application/core cannot start resume from Sleep state.
» 1’b1: The application/core can start resume from Sleep state.
Values:

» 0x0 (NOTOK): The application/core cannot start Resume from
Sleep state

» 0x1 (OK): The application/core can start Resume from Sleep
state

Value After Reset: 0x0

15

SlpSts

Port Sleep Status (SIpSts)

This bit is set as long as a Sleep condition is present on the USB
bus.

The core enters the Sleep state when an ACK response is sent to
an LPM transaction and the expiry of timer TL1TokenRetry.

The core comes out of sleep:

* When there is any activity on the USB line_state

» When the application writes to the Remote Wakeup Signaling bit
in the Device Control register (DCTL.RmtWkUpSig) or when the
application resets or soft-disconnects the device.

Values:

* 0x1 (CORE_IN_L1): In Device mode, the core enters the Sleep
state when an ACK response is sent to an LPM transaction

* 0x0 (CORE_NOT_IN_L1): In Device mode, this bit indicates core
isnotinlLl

Value After Reset: 0x0
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CoreL1Res

LPM response (CoreL1Res)

The response of the core to LPM transaction received is reflected
in these two bits.

Values:

» 0x0 (LPMRESP1): ERROR : No handshake response

* 0x1 (LPMRESP2): STALL response

* 0x2 (LPMRESP3): NYET response

» 0x3 (LPMRESP4): ACK response

Value After Reset: 0x0

HIRD_Thres

BESL/HIRD Threshold (HIRD_Thres)

* EnBESL = 1’b0: The core puts the PHY into deep low power
mode in L1 (by core asserting L1SuspendM) when HIRD value is
greater than or equal to the value defined in this field
HIRD_Thres[3:0] and HIRD_Thres[4] is set to 1b1l.

* ENBESL = 1’b1: The core puts the PHY into deep low power
mode in L1 (by core asserting L1SuspendM) when BESL value is
greater than or equal to the value defined in this field
BESL_Thres[3:0] and BESL_Thres [4] is set to 1’b1.

Value After Reset: 0x0

EnblSIpM

Enable utmi_sleep_n (EnblISIpM)

The application uses this bit to control utmi_sleep_n assertion to
the PHY in the L1 state.

* 1’b0: utmi_sleep_n assertion from the core is not transferred to
the external PHY.

* 1’b1: utmi_sleep_n assertion from the core is transferred to the
external PHY when utmi_I1_suspend_n cannot be asserted.
Values:

» 0x0 (DISABLED): utmi_sleep_n assertion from the core is not
transferred to the external PHY

* Ox1 (ENABLED): utmi_sleep_n assertion from the core is
transferred to the external PHY when utmi_I1_suspend_n cannot
be asserted

Value After Reset: 0x0

6

bRemoteWake

RemoteWakeEnable (bRemoteWake)

This field is read only. It is updated with the Received LPM Token
bRemoteWake bmAttribute when an ACK/NYET/STALL
response is sent to an LPM transaction.

Values:

» 0x0 (DISABLED): Remote Wakeup is disabled

» 0x1 (ENABLED): In device mode, this field takes the value of
remote wake up

Value After Reset: 0x0

5

HIRD

Host-Initiated Resume Duration (HIRD)

* EnBESL = 1'b0

Host Initiated Resume Duration.

This field is read only and is updated with the Received LPM
Token HIRD bmAttribute when an ACK/NYET/STALL response
is sent to an LPM transaction.

* EnBESL = 1'b1

Best Effort Service Latency (BESL).

This field is updated with the Received LPM Token BESL
bmAttribute when an ACK/NYET/STALL response is sent to an
LPM transaction.

Value After Reset: 0x0
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1 AppL1Res LPM response programmed by application (AppL1Res)
Handshake response to LPM token pre-programmed by device
application  software. =~ The response depends on
GLPMCFG.LPMCap. If GLPMCFG.LPMCap is 1'b0, the core
always responds with a NYET. If GLPMCFG.LPMCap is 1’b1, the
core responds as follows:
*1: ACK
Even though an ACK is pre-programmed, the core responds with
an ACK only on a successful LPM transaction. The LPM
transaction is successful if:
-There are no PID/CRCS5 errors in both the EXT token and the
LPM token (else ERROR)
-A valid bLinkState = 0001B (L1) is received in the LPM
transaction (else STALL)
-No data is pending in the Transmit queue (else NYET)
+ 0: NYET
The pre-programmed software bit is overridden for response to
LPM token when:
-The received bLinkState is not L1 (STALL response)
-An error is detected in either of the LPM token packets due to
corruption (ERROR response).
Values:
* 0x1 (ACK_RESP): The core responds with an ACK only on a
successful LPM transaction
* 0x0 (NYET_RESP): The core responds with a NYET when an
error is detected in either of the LPM token packets due to
corruption
Value After Reset: 0x0

0 LPMCap LPM-Capable (LPMCap)

The application uses this bit to control the controller LPM
capabilities. If the core operates as a non-LPM-capable host, it
cannot request the connected device/hub to activate LPM mode.
If the core operates as a non-LPM-capable device, it cannot
respond to any LPM transactions.

* 1'b0: LPM capability is not enabled.

* 1’b1: LPM capability is enabled.

Values:

» 0x0 (DISABLED): LPM capability is not enabled

* 0x1 (ENABLED): LPM capability is enabled

Value After Reset: 0x0
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22.2.17 GPWRDN: Global power down register

GPWRDN =0x5000_0058

3130 29 28 27 26 25 24{23 22 21 2019 18 17 16/15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
- | qJ
X Q9 | O
Q 2|2 3|38/8|8|2|2|5| ol E|S|e 3
3 S |B(3|8 2|25 B 22|22z |8|5|518 58|58
= = el ale| £ |S|S| 2 |2|8|B|Blog|Rlo|lela|xX|Ols|<|E
) © o|lolo| Q| 2| o |alo|le|lea|laldSlalo|c|ls|L|lalS|=
n = wmwwgowccccgﬁ(‘,“mQQDQED
A E elale 5|0|2|&|5/8|6/8/2/%0a|2 & 5|5 5|¥|z|2
s 2|» Slolglg|&lelel= glela o
n Q0|0 x| c
[apNa |
- - -1 0 |]0]J0O] - |O ojo0j0|j0|0|0|-|]0|0OfO|O|O]O
R R |RW|{RWN{ - |RW|RW|RW|RN|RN|RN|RW]|RW RW | RW | RW | RW | RW | RW
28 MultValldBC MultValldBC
24 Battery Charger ACA inputs in the following order:

* Bit 26 —rid_float

* Bit 25 — rid_gnd

*Bit24 —rid_a

* Bit 23 —rid_b

* Bit 22 —rid_c

These bits are present only if BC_SUPPORT = 1. Otherwise, these
bits are reserved and will read 5’'h0.

Values:

» Oxc (RID_A_RID_GND): OTG device as A-device, RID_A=1 and
RID_GND=1

* Ox4 (RID_A): OTG device as A-device

» 0x1f (RID_1): OTG device as A-device

* 0x10 (RID_FLOAT): ID_OTG pin is floating

» 0x0 (RID_0): OTG device as B-device

* 0x8 (RID_GND): ID_OTG pin is grounded

* 0x2 (RID_B): OTG device as B-device, cannot connect

* 0x12 (RID_B_RID_FLOAT): OTG device as B-device, cannot
connect, RID_B=1 and RID_FLOAT=1

» 0x11 (RID_C_RID_FLOAT): OTG device as B-device, can connect,
RID_C=1 and RID_FLOAT=1

* 0x1 (RID_C): OTG device as B-device, can connect

Value After Reset: 0x0

22 BsessVId B Session Valid (BsessVId)
This field reflects the B session valid status signal from the PHY.
* 1'b0: B-Valid is 0.
* 1’b1: B-Valid is 1.
This bit is valid only when GPWRDN.PMUActv is 1.
Values:
* 0x0 (NOTVALID): B_Valid is 0
» 0x1 (VALID): B_Valid is 1
Value After Reset: 0x0

20 LineState LineState
19 This field indicates the current linestate on USB as seen by the PMU
module.

*2’b00: DM =0, DP = 0.

*+2’b01: DM =0, DP =1.

*2’b10: DM =1, DP = 0.

* 2’b11: Not-defined.

This bit is valid only when GPWRDN.PMUActv is 1.
Values:

* 0x0 (LS1): Linestate on USB: DM =0, DP =0
* 0x2 (LS3): Linestate on USB: DM = 1, DP =0
» Ox1 (LS2): Linestate on USB: DM =0, DP =1
* 0x3 (LS4): Linestate on USB: Not-defined
Value After Reset: 0x0
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StsChnglIntMsk

StsChnglntMsk

Mask for StsChng Interrupt

Values:

* 0x1 (MASK): Mask for Status Change Interrupt

» 0x0 (NOMASK): No Status Change Interrupt Mask
Value After Reset: 0x0

17

StsChnglnt

Status Change Interrupt (StsChnglnt)

This field indicates a status change in either the IDDIG or BsessVId
signal.

» 1'b0: No Status change

» 1'b1: Status change detected

After receiving this interrupt the application should read the GPWRDN
register and interpret the change in BsesVId with respect to the
previous value stored by the application.

Values:

» 0x0 (DISABLED): No Status change

» 0x1 (ENABLED): Status change detected

Value After Reset: 0x0

14

ConnDetMsk

ConnDetMsk

Mask for ConnectDet interrupt

Values:

* 0x1 (MASK): Mask for ConnectDet Interrupt

* 0x0 (NOMASK): No ConnectDet Interrupt Mask
Value After Reset: 0x0

13

ConnectDet

ConnectDet

This field indicates that a new connect has been detected
* 1’b0: Connect not detected

* 1’b1: Connect detected

Values:

» 0x0 (DISABLED): Connect not detected

» 0x1 (ENABLED): Connect detected

Value After Reset: 0x0

12

DisconnectDetect
Msk

DisconnectDetectMsk

Mask For DisconnectDetect Interrupt

Values:

* 0x1 (MASK): Mask for DisconnectDetect Interrupt

» 0x0 (NOMASK): No DisconnectDetect Interrupt Mask
Value After Reset: 0x0

11

DisconnectDetect

DisconnectDetect

This field indicates that Disconnect has been detected by the PMU.
This field generates an interrupt. After detecting disconnect during
hibernation the application must not restore the core, but instead start
the initialization process.

» 1’b0: Disconnect not detected

» 1’b1: Disconnect detected

Values:

» 0x0 (DISABLED): Disconnect not detected

» 0x1 (ENABLED): Disconnect detected

Value After Reset: 0x0

10

ResetDetMsk

ResetDetMsk

Mask for ResetDetected interrupt

Values:

* 0x1 (MASK): Mask for ResetDetect Interrupt

* 0x0 (NOMASK): No ResetDetect Interrupt Mask
Value After Reset: 0x0
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9 ResetDetected

ResetDetected

This field indicates that Reset has been detected by the PMU module.
This field generates an interrupt.

* 1’b0: Reset Not Detected

» 1’b1: Reset Detected

Values:

» 0x0 (DISABLED): Reset not detected

» 0x1 (ENABLED): Reset detected

Value After Reset: 0x0

8 LineStageChange
Msk

LineStageChangeMsk

Mask for LineStateChange interrupt.

Values:

* 0x1 (MASK): Mask for LineStateChange Interrupt

* 0x0 (NOMASK): No LineStateChange Interrupt Mask
Value After Reset: 0x0

7 LnStsChng

Line State Change (LnStsChng)

This interrupt is asserted when there is a Linestate Change detected
by the PMU. The application should read GPWRDN.Linestate to
determine the current linestate on USB.

* 1'b0: No LineState change on USB

» 1'b1: LineState change on USB

This bit is valid only when GPWRDN.PMUActv is 1.

Values:

» 0x0 (DISABLED): No LineState change on USB

* 0x1 (ENABLED): LineState change on USB

Value After Reset: 0x0

5 PwrDnSwtch

Power Down Switch (PwrDnSwtch)

This bit indicates to the controller whether the VDD switch is in
ON/OFF state.

* 1’b0: The controller is in ON state

* 1’b1: The controller is in OFF state

Note: This bit must not be written to during normal mode of operation.
Values:

* 0x1 (OFF): The controller is in OFF state

» 0x0 (ON): The controller is in ON state

Value After Reset: 0x0

4 PwrDnRst_n

Power Down ResetN (PwrDnRst_n)

The application must program this bit to reset the core during the
Hibernation exit process.

* 1’b1: The controller is in normal operation

* 1’b0: reset the controller

Note: This bit must not be written to during normal mode of operation.
Values:

» Ox0 (DISABLE): Reset the controller

» 0x1 (ENABLE): The controller is in normal operation

Value After Reset: Ox1

3 PwrDnClmp

Power Down Clamp (PwrDnClmp)

The application must program this bit to enable or disable the clamps
to all the outputs of the core module to prevent the corruption of other
active logic.

* 1’b0: Disable PMU power clamp

* 1’b1: Enable PMU power clamp

Values:

» 0x0 (DISABLE): Disable PMU power clamp

» 0x1 (ENABLE): Enable PMU power clamp

Value After Reset: 0x0
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Restore

Restore

The application should program this bit to enable or disable restore
mode from the PMU module.

* 1'b0: The controller in normal mode of operation

» 1’b1: The controller in restore mode

Note: This bit must not be written to during normal mode of operation.
Values:

» 0x0 (DISABLE): The controller in normal mode of operation

* 0x1 (ENABLE): The controller in Restore mode

Value After Reset: 0x0

PMUActv

PMU Active (PMUACctv)

This is bit is to enable or disable the PMU logic.

* 1’b0: Disable PMU module

* 1’b1: Enable PMU module

Note: This bit must not be written to during normal mode of operation.
Values:

» 0x0 (DISABLE): Disable PMU module

* 0x1 (ENABLE): Enable PMU module

Value After Reset: 0x0

PMUIntSel

PMU Interrupt Select (PMUIntSel)

A write to this bit with 1’b1 enables the PMU to generate interrupts to
the application. During this state all interrupts from the
DWC_usb11_device_core module are blocked to the application.
Note: This bit must be set to 1'b1 before the core is put into
hibernation.

* 1’b0: Internal DWC_usb11_device_core interrupt is selected

* 1’b1: External DWC_usb11_device_pmu interrupt is selected

Note: This bit must not be written to during normal mode of operation.
Values:

* 0x0 (DISABLE): Internal DWC_usb11_device_core interrupt is
selected

* 0x1 (ENABLE): External DWC_usb11_device_pmu interrupt is
selected

Value After Reset: 0x0
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22.2.18 GDFIFOCFG: Global DFIFO configuration register

GDFIFOCFG =0x5000_005C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 0
EPInfoBaseAdd GDFIFOCfg
0x01D8 0x0200
RW RW

31 EPInfoBaseAddr EPInfoBaseAddr

16 This field provides the start address of the EP info controller

15 GDFIFOCfg GDFIFOCfg

0

This field is for dynamic programming of the DFIFO Size. This
value takes effect only when the application programs a non-zero
value to this register. The value programmed must conform to the
guidelines described in ‘FIFO RAM Allocation’. The core does not
have any corrective logic if the FIFO sizes are programmed
incorrectly.

22.2.19 DIEPTXFi: Device IN endpoint transmit FIFO size register i

Forl=1;1<= OTG_NUM_IN_EPS

DIEPTXFi =0x5000_013C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved

INEPnTxFDep

INEPNTxFStAddr

0

RW

RW

360

27
16

INEPNTXFDep

IN Endpoint TxFIFO Depth (INEPNTxFDep)

This value is in terms of 32-bit words.

* Minimum value is 16

* Maximum value is 32,768

The power-on reset value of this register is specified as the Largest
IN Endpoint FIFO number Depth. Programmed values must not
exceed the power-on value

INEPNTXFStAddr

IN  Endpoint  FIFOn
(INEPNTxFStAddr)
This field contains the memory start address for IN endpoint
Transmit FIFOn (0<n< = 15). The power-on reset value of this
register is specified as the Largest Rx Data FIFO Depth.
Programmed values must not exceed the power-on value.

Transmit RAM  Start  Address
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22.2.20 DCFG: Device configuration register

DCFG =0x5000_0800

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13121110 9 8|7 6 5 4 3 2 10
s |2 FE:
= < <§( ks S| 85| = 5 N|E| o
g = |o 2 /2|6 = 2 Sl2| &
= c | o @ Sl ol WL < S99 %
0 o |3 7 Slalo] & > |2 @
Q [ o) (0] ©| QA &J 8 © ﬁ (@]
14 K= o E|K|l<e S I N
L L w| =
0x02 0 0 0 0 0 0 0|0 O
RW RW | RW RW RW | Rw RW RW [ RW | RW
31 ResValid Resume Validation Period (ResValid)
26 This field is effective only when DCFG.Ena32KhzSusp is set. It will
control the resume period when the core resumes from suspend.
The core counts for ResValid number of clock cycles to detect a
valid resume when this is set
Value After Reset: 0x2
25 PerSchintvl Periodic Scheduling Interval (PerSchintvl)
24 PerSchintvl must be programmed for Scatter/Gather DMA mode.

This field specifies the amount of time the Internal DMA engine must
allocate for fetching periodic IN endpoint data. Based on the
number of periodic endpoints, this value must be specified as 25,
50 or 75% of (micro) frame.

* When any periodic endpoints are active, the internal DMA engine
allocates the specified amount of time in fetching periodic IN
endpoint data.

* When no periodic endpoints are active, Then the internal DMA
engine services non-periodic endpoints, ignoring this field.

« After the specified time within a (micro) frame, the DMA switches
to fetching for non-periodic endpoints.

-2’b00: 25% of (micro) frame.

-2’b01: 50% of (micro) frame.

-2'b10: 75% of (micro) frame.

-2’b11: Reserved.

Reset: 2’b00

Values:

* 0x0 (MF25): 25% of (micro)frame

* 0x2 (MF75): 75% of (micro)frame

» 0x3 (RESERVED): Reserved

* 0x1 (MF50): 50% of (micro)frame

Value After Reset: 0x0

23 DescDMA Enable Scatter/gather DMA in device mode (DescDMA).
When the Scatter/Gather DMA option selected during configuration
of the RTL, the application can Set this bit during initialization to
enable the Scatter/Gather DMA operation.
Note: This bit must be maodified only once after a reset. The following
combinations are available for programming:
* GAHBCFG.DMAEN=0,DCFG.DescDMA=0 => Invalid
* GAHBCFG.DMAEN=0,DCFG.DescDMA=1 => Invalid
* GAHBCFG.DMAEN=1,DCFG.DescDMA=0 => Invalid
* GAHBCFG.DMAEn=1,DCFG.DescDMA=1 => Scatter/Gather
DMA mode
Values:
» 0x0 (DISABLED): Disable Scatter/Gather DMA
* 0x1 (ENABLED): Enable Scatter/Gather DMA
Value After Reset: 0x0
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15

ErraticIntMsk

Erratic Error Interrupt Mask

* 1’b1: Mask early suspend interrupt on erratic error

» 1'b0: Early suspend interrupt is generated on erratic error
Values:

» 0x1 (MASK): Mask early suspend interrupt on erratic error

* 0x0 (NOMASK): Early suspend interrupt is generated on erratic
error

Value After Reset: 0x0

13

EnDevOutNak

Enable Device OUT NAK (EnDevOutNak)

This bit enables setting NAK for Bulk OUT endpoints after the
transfer is completed for Device mode Descriptor DMA

* 1’b0 : The core does not set NAK after Bulk OUT transfer complete
* 1’b1 : The core sets NAK after Bulk OUT transfer complete

It is one time programmable after reset like any other DCFG register
bits.

Values:

» 0x0 (DISABLED):

The core does not set NAK after Bulk OUT transfer complete

* Ox1 (ENABLED): The core sets NAK after Bulk OUT transfer
complete

Value After Reset: 0x0

12
11

PerFrint

Periodic Frame Interval (PerFrint)

Indicates the time within a (micro) frame at which the application
must be notified using the End Of Periodic Frame Interrupt. This
can be used to determine If all the isochronous traffic for that (micro)
frame is complete.

* 2'b00: 80% of the (micro)frame interval

* 2’'b01: 85%

* 2'b10: 90%

*2'b11: 95%

Values:

» 0x0 (EOPF80): 80% of the (micro)frame interval

» 0x1 (EOPF85): 85% of the (micro)frame interval

* 0x3 (EOPF95): 95% of the (micro)frame interval

* 0x2 (EOPF90): 90% of the (micro)frame interval

Value After Reset: 0x0

DevAddr

Device Address (DevAddr)

The application must program this field after every SetAddress
control command.

Value After Reset: 0x0

Ena32KhzSusp

Enable 32 KHz Suspend mode (Ena32KhzSusp)

As FS PHY interface is chosen, when this bit is set, the core expects
that the PHY clock during Suspend is switched from 48 MHz to 32
KHz.

Values:

* 0x0 (DISABLED): USB 1.1 Full-Speed Serial Transceiver not
selected

* 0x1 (ENABLED):

USB 1.1 Full-Speed Serial Transceiver Interface selected

Value After Reset: 0x0
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2

NZStsOUTHShk

Non-Zero-Length Status OUT Handshake (NZStsOUTHShk)

The application can use this field to select the handshake the core
sends on receiving a nonzero-length data packet during the OUT
transaction of a control transfer’s Status stage.

* 1’b1: Send a STALL handshake on a nonzero-length status OUT
transaction and do not send the received OUT packet to the
application.

» 1’b0: Send the received OUT packet to the application (zero-length
or nonzero-length) and send a handshake based on the NAK and
STALL bits for the endpoint in the Device Endpoint Control register.
Values:

» 0x0 (SENDOUT):

Send the received OUT packet to the application (zero-length or
non-zero length) and send a handshake based on NAK and STALL
bits for the endpoint in the Device Endpoint Control Register

* 0x1 (SENDSTALL):

Send a STALL handshake on a nonzero-length status OUT
transaction and do not send the received OUT packet to the
application

Value After Reset: 0x0

DevSpd

Device Speed (DevSpd)

Indicates the speed at which the application requires the core to
enumerate, or the maximum speed the application can support.
However, the actual bus speed is determined only after the connect
sequence is completed, and is based on the speed of the USB host
to which the core is connected.

Values:

» 0x0 (Reserved0): Reserved

» 0x1 (Reserved1): Reserved

* 0x3 (USBFS1148): Full speed USB 1.1 transceiver clock is 48 MHz
* 0x2 (USBLS116): Low speed USB 1.1 transceiver clock is 6 MHz
Value After Reset: 0x0

363



22. USB interface A31G32x User’s manual

22.2.21 DCTL: Device control register

DCTL =0x5000_0804

31 30 29 28 27 26 25 24|23 22212019 18 17 16(15 141312 1 10 9 8|7 6 5 4 3 2 1 O
%< o
S oL o
gl o o 2 g 53|33 3|3 DLl c|@
@ om|E > Ol o Z2|Z2|Z2|Z = S| ©| 8|2
e ol 5| ¢ C le|lslE|E|SlE] & |S g2
@ o|QISE|l S |02l = ZZ|2|x
173 o1e|QlL| o |e|lsS|alo » ElZ|alz
: 218|358 © |8 2|83/8|5] "~ |3|2|5|F
Q zZ
o 5 Z| > E Oln|lo|wn oG o
[m]
- 00|00 0 -10]1010 0 0 001110
RW [RW [ RW | RW | RW W RW RW RW | RW
18 DeepSleepBESLReject DeepSleepBESLReject

« 1: Deep Sleep BESL Reject feature is enabled

« 0: Deep Sleep BESL Reject feature is disabled

When enabled Core rejects LPM request with HIRD value
greater than HIRD threshold programmed. NYET response is
sent for LPM tokens with HIRD value greater than HIRD
threshold. By default, the Deep Sleep BESL Reject feature is
disabled.

Values:

» 0x0 (DISABLED): Deep Sleep BESL Reject feature is disabled
» 0x1 (ENABLED): Deep Sleep BESL Reject feature is enabled
Value After Reset: 0x0

17 EnContOnBNA Enable Continue on BNA (EnContOnBNA)
This bit enables the core to continue on BNA for Bulk OUT
endpoints. With this feature enabled, when a Bulk OUT
endpoint receives a BNA interrupt the core starts processing
the descriptor that caused the BNA interrupt after the endpoint
re-enables the endpoint.
* 1’b0: After receiving BNA interrupt, the core disables the
endpoint. When the endpoint is re-enabled by the application,
the core starts processing from the DOEPDMA descriptor.
* 1’b1: After receiving BNA interrupt, the core disables the
endpoint. When the endpoint is re-enabled by the application,
the core starts processing from the descriptor that received the
BNA interrupt. It is a one-time programmable after reset bit like
any other DCTL register bits.
Values:
* 0x0 (DISABLED): Core disables the endpoint after receiving
BNA interrupt. When application re-enables the endpoint, core
starts processing from the DOEPDMA descriptor
* Ox1 (ENABLED): Core disables the endpoint after receiving
BNA interrupt. When application re-enables the endpoint, core
starts processing from the descriptor that received the BNA
interrupt.
Value After Reset: 0x0

16 NakOnBble NAK on Babble Error (NakOnBble)
Set NAK automatically on babble (NakOnBble). The core sets
NAK automatically for the endpoint on which babble is received.
Values:
» 0x0 (DISABLED): Disable NAK on Babble Error
» 0x1 (ENABLED): NAK on Babble Error
Value After Reset: 0x0
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IgnrFrmNum

Ignore Frame number for Isochronous End points
(lgnrFrmNum)

Do not program IgnrFrmNum bit to 1’b1 when the core is
operating in threshold mode.

When this bit is enabled, there must be only one packet per
descriptor.

« 0: The core transmits the packets only in the frame number in
which they are intended to be transmitted.

* 1: The core ignores the frame number, sending packets
immediately as the packets are ready.

In Scatter/Gather DMA mode, if this bit is enabled, the packets
are not flushed when an ISOC IN token is received for an
elapsed frame.

Values:

* 0x0 (DISABLED):

The core transmits the packets only in the frame number in
which they are intended to be transmitted

* 0x1 (ENABLED):

The core ignores the frame number, sending packets
immediately as the packets are ready

Value After Reset: 0x0

14

GMC

Global Multi Count (GMC)

GMC must be programmed only once after initialization. This
field indicates the number of packets to be serviced for that end
point before moving to the next end point. It is only for non-
periodic endpoints.

* 2'b00: Invalid.

* 2’b01: 1 packet.

* 2’b10: 2 packets.

* 2’b11: 3 packets.

Values:

* 0x0 (NOTVALID): Invalid

* 0x1 (ONEPACKET): 1 packet

* 0x2 (TWOPACKET): 2 packets

* 0x3 (THREEPACKET): 3 packets

Value After Reset: 0x0

11

PWRONPrgDone

Power-On Programming Done (PWRONPrgDone)

The application uses this bit to indicate that register
programming is completed after a wake-up from Power Down
mode.

Values:

* 0x1 (DONE): Power-On Programming Done

* 0x0 (NOTDONE): Power-On Programming not done

Value After Reset: 0x0

10

CGOUTNak

Clear Global OUT NAK (CGOUTNak)

A write to this field clears the Global OUT NAK.
Values:

* 0x0 (DISABLED): Disable Clear Global OUT NAK
» 0x1 (ENABLED): Clear Global OUT NAK

Value After Reset: 0x0

SGOUTNak

Set Global OUT NAK (SGOUTNak)

A write to this field sets the Global OUT NAK. The application
uses this bit to send a NAK handshake on all OUT endpoints.
The application must set this bit only after making sure that the
Global OUT NAK Effective bit in the Core Interrupt Register
(GINTSTS.GOUTNakEff) is cleared.

Values:

+ 0x0 (DISABLED): Disable Global OUT NAK

» 0x1 (ENABLED): Set Global OUT NAK

Value After Reset: 0x0
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8 CGNPInNak Clear Global Non-periodic IN NAK (CGNPInNak)
A write to this field clears the Global Non-periodic IN NAK.
Values:
» 0x0 (DISABLE): Disable Global Non-periodic IN NAK
* Ox1 (ENABLE): Clear Global Non-periodic IN NAK
Value After Reset: 0x0

7 SGNPInNak Set Global Non-periodic IN NAK (SGNPInNak)
A write to this field sets the Global Non-periodic IN NAK.The
application uses this bit to send a NAK handshake on all non-
periodic IN endpoints. The core can also Set this bit when a
timeout condition is detected on a non-periodic endpoint in
shared FIFO operation. The application must Set this bit only
after making sure that the Global IN NAK Effective bit in the
Core Interrupt Register (GINTSTS.GINNakEff) is cleared
Values:
» 0x0 (DISABLE): Disable Global Non-periodic IN NAK
* 0x1 (ENABLE): Set Global Non-periodic IN NAK
Value After Reset: 0x0

6 TstCtl Test Control (TstCtl)

4 » 3'b000: Test mode disabled
* 3’'b001: Test_J mode
* 3'b010: Test_K mode
* 3'b011: Test. SEO_NAK mode
* 3'b100: Test_Packet mode
* 3'b101: Test_Force_Enable
* Others: Reserved
Values:
* 0x2 (TESTK): Test_K mode
* Ox4 (TESTPM): Test_Packet mode
» 0x0 (DISABLED): Test mode disabled
* 0x5 (TESTFE): Test_force_Enable
* 0x1 (TESTJ): Test_J mode
* 0x3 (TESTSN): Test_SEO_NAK mode
Value After Reset: 0x0

3 GOUTNakSts Global OUT NAK Status (GOUTNakSts)
* 1’b0: A handshake is sent based on the FIFO Status and the
NAK and STALL bit settings.
* 1’b1: No data is written to the RxFIFO, irrespective of space
availability. Sends a NAK handshake on all packets, except on
SETUP transactions. All isochronous OUT packets are
dropped.
Values:
* 0x1 (ACTIVE): No data is written to the RxFIFO, irrespective
of space availability. Sends a NAK handshake on all packets,
except on SETUP transactions. All isochronous OUT packets
are dropped.
* 0x0 (INACTIVE): A handshake is sent based on the FIFO
Status and the NAK and STALL bit settings.
Value After Reset: 0x0

2 GNPINNakSts Global Non-periodic IN NAK Status (GNPINNakSts)

* 1’b0: A handshake is sent out based on the data availability in
the transmit FIFO.

* 1’b1: A NAK handshake is sent out on all non-periodic IN
endpoints, irrespective of the data availability in the transmit
FIFO.

Values:

* Ox1 (ACTIVE): A NAK handshake is sent out on all non-
periodic IN endpoints, irrespective of the data availability in the
transmit FIFO.

» 0x0 (INACTIVE): A handshake is sent out based on the data
availability in the transmit FIFO

Value After Reset: 0x0
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1 SftDiscon Soft Disconnect (SftDiscon)
The application uses this bit to signal the controller to do a soft
disconnect. As long as this bit is Set, the host does not see that
the device is connected, and the device does not receive
signals on the USB. The core stays in the disconnected state
until the application clears this bit.
* 1’b0: Normal operation. When this bit is cleared after a soft
disconnect, the core generates a device connect event to the
USB host. When the device is reconnected, the USB host
restarts device enumeration.
* 1’b1: The core generates a device disconnect event to the USB
host.
Note:
« This bit is not impacted by a soft reset.
Values:
» 0x1 (DISCONNECT): The core generates a device disconnect
event to the USB host
* 0x0 (NODISCONNECT): The core generates a device connect
event to the USB host
Value After Reset: Ox1

0 RmtWkUpSig Remote Wakeup Signaling (RmtWkUpSig)

When the application sets this bit, the core initiates remote
signaling to wake up the USB host. The application must Set
this bit to instruct the core to exit the Suspend state. As
specified in the USB 2.0 specification, the application must
clear this bit 1-15 ms after setting it.

Remote Wakeup Signaling (RmtWkUpSig) When LPM is
enabled, In L1 state the behavior of this bit is as follows: When
the application sets this bit, the core initiates L1 remote
signaling to wake up the USB host. The application must set
this bit to instruct the core to exit the Sleep state. As specified
in the LPM specification, the hardware will automatically clear
this bit after a time of 50 micro sec (TL1DevDrvResume) after
set by application. Application should not set this bit when
GLPMCFG bRemoteWake from the previous LPM transaction
was zero.

Values:

* 0x0 (DISABLEDRMWKUP): Core does not send Remote
Wakeup Signaling

* 0x1 (ENABLERMWKUP): Core sends Remote Wakeup
Signaling

Value After Reset: 0x0
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DSTS =0x5000_0808

31 30 29 28 27 26 25 24

232221201918 17 16|11514 1312110 9 8|7 6 5 4 3 2 1 O

o @ o | 3 n
2 @ i S 4| & | &
@ 4 L @ Ll g |2
@ > @) ® El 3 |3
: 8 @ g |u] §|o
- 0 0 - 0 1 0

23 DevLnSts Device Line Status (DevLnSts)

22 Indicates the current logic level USB data lines
» DevLnSts[1]: Logic level of D+
* DevLnSts|[0]: Logic level of D-

Value After Reset: 0x0

21 SOFFN Number of the Received SOF (SOFFN)

8 Note: This register may return a non-zero value if read immediately after
power-on reset. In case the register bit reads non-zero immediately
after power-on reset, it does not indicate that SOF has been received
from the host. The read value of this interrupt is valid only after a valid
connection between host and device is established.

Value After Reset: 0x0

3 ErrticErr Erratic Error (ErrticErr)

The core sets this bit to report any erratic errors due to PHY error).
Because of erratic errors, the controller goes into Suspended state and
an interrupt is generated to the application with Early Suspend bit of the
Core Interrupt register (GINTSTS.ErlySusp). If the early suspend is
asserted due to an erratic error, the application can only perform a soft
disconnect recover.

Values:

* 0x1 (ACTIVE): Erratic Error

» 0x0 (INACTIVE): No Erratic Error

Value After Reset: 0x0

2 EnumSpd Enumerated Speed (EnumSpd)

1 Indicates the speed at which the controller has come up after speed
detection through a chirp sequence.

* 2’b10: Low speed (PHY clock is running at 6 MHz)
* 2’b11: Full speed (PHY clock is running at 48 MHz)
Values:
» 0x3 (FS48): Full speed (PHY clock is running at 48 MHz)
» 0x0 (Reserved0): Reserved
* 0x2 (LS6): Low speed (PHY clock is running at 6 MHz)
* 0x1 (Reserved1): Reserved
Value After Reset: Ox1
0 SuspSts Suspend Status (SuspSts)

In Device mode, this bit is set as long as a Suspend condition is detected
on the USB. The core enters the Suspended state when there is no
activity on the phy_line_state_i signal for an extended period of time.
The core comes out of the suspend

« When there is any activity on the phy_line_state_i signal, or

» When the application writes to the Remote Wakeup Signaling bit in the
Device Control register (DCTL.RmtWkUpSig).

When the core comes out of the suspend, this bit is set to 1°b0.

Values:

* 0x1 (ACTIVE): Suspend state

* 0x0 (INACTIVE): No suspend state

Value After Reset: 0x0
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22.2.23 DIEPMSK: Device IN endpoint common interrupt mask register

DIEPMSK =0x5000_0810
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RW RW | RW RW [ RW | RW | RW [ RW | RW | RW
13 NAKMsk NAK interrupt Mask (NAKMsk)
Values:

* 0x0 (MASK): Mask NAK Interrupt
* 0x1 (NOMASK): No Mask NAK Interrupt
Value After Reset: 0x0

9 BNAInIntrMsk BNA interrupt Mask (BNAInIntrMsk)
Values:
* 0x0 (MASK): Mask BNA Interrupt
* 0x1 (NOMASK): No BNA Interrupt Mask
Value After Reset: 0x0

8 TxfifoUndrnMsk Fifo Underrun Mask (TxfifoUndrnMsk)
Values:
* 0x0 (MASK): Mask Fifo Underrun Interrupt
* 0x1 (NOMASK): No Fifo Underrun Interrupt Mask
Value After Reset: 0x0

6 INEPNakEffMsk IN Endpoint NAK Effective Mask (INEPNakEffMsk)
Values:
» 0x0 (MASK): Mask IN Endpoint NAK Effective Interrupt
* 0x1 (NOMASK): No IN Endpoint NAK Effective Interrupt Mask
Value After Reset: 0x0

5 INTKknEPMisMsk IN Token received with EP Mismatch Mask (INTknEPMisMsk)
Values:
* 0x0 (MASK): Mask IN Token received with EP Mismatch Interrupt
* 0x1 (NOMASK):
No Mask IN Token received with EP Mismatch Interrupt
Value After Reset: 0x0

4 INTKknTXFEmpMsk IN Token Received When TxFIFO Empty Mask
(INTKNTXFEmpMsk)
Values:
* 0x0 (MASK): Mask IN Token Received When TxFIFO Empty
Interrupt

* 0x1 (NOMASK):
No IN Token Received When TxFIFO Empty Interrupt
Value After Reset: 0x0

3 TimeOUTMsk Timeout Condition Mask (TimeOUTMsk) (Non-isochronous
endpoints)
Values:
* 0x0 (MASK): Mask Timeout Condition Interrupt
* 0x1 (NOMASK): No Timeout Condition Interrupt Mask
Value After Reset: 0x0
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AHBErMsk

AHB Error Mask (AHBErrMsk)

Values:

* 0x0 (MASK): Mask AHB Error Interrupt

* 0x1 (NOMASK): No AHB Error Interrupt Mask
Value After Reset: 0x0

EPDisbldMsk

Endpoint Disabled Interrupt Mask (EPDisbldMsk)
Values:

* 0x0 (MASK): Mask Endpoint Disabled Interrupt

» 0x1 (NOMASK): No Endpoint Disabled Interrupt Mask
Value After Reset: 0x0

XferComplMsk

Transfer Completed Interrupt Mask (XferComplMsk)
Values:

» 0x0 (MASK): Mask Transfer Completed Interrupt

* 0x1 (NOMASK): No Transfer Completed Interrupt Mask
Value After Reset: 0x0

22.2.24 DOEPMSK: Device OUT endpoint common interrupt mask register

DOEPMSK =0x5000_0814

31 30 29 28 27 26 25 24|23 2221201918 17 16|15 14 13 12110 9 8|7 6 5 4 3 2 1 O
< | & wl ) X~
0 T | = -
o ﬁxﬁv§§0£58ﬁﬁ§§
2 =22 2 |E|5le|8|8 |z 2|38
@ FlSiol o |=|8loloa|alSla|glalE
0 WZliol 2 2XleglsiF|l2m] 28
Q > = © O|a|9|(xx|a|~]|B alo
o z|Z|8| ¢ |g|3|2(8|2|5|A|%|a|s
iR m|®|0 W
- 0[{0]|0 - 0|0 0|{0|0|j0O|0O|O]|O
RW | RW | RW RW | RW RW [ RW | RW | RW [ RW | RW | RW
14 NYETMsk NYET interrupt Mask (NYETMsk)
Values:
* 0x0 (MASK): Mask NYET Interrupt
* 0x1 (NOMASK): No NYET Interrupt Mask
Value After Reset: 0x0
13 NAKMsk NAK interrupt Mask (NAKMsk)
Values:
* 0x0 (MASK): Mask NAK Interrupt
* 0x1 (NOMASK): No NAK Interrupt Mask
Value After Reset: 0x0
12 BbleErrMsk Babble Error interrupt Mask (BbleErrMsk)
Values:
* 0x0 (MASK): Mask Babble Error Interrupt
* 0x1 (NOMASK): No Babble Error Interrupt Mask
Value After Reset: 0x0
9 BnaOutlintrMsk BNA interrupt Mask (BnaOutintrMsk)
Values:
* 0x0 (MASK): Mask BNA Interrupt
* 0x1 (NOMASK): No BNA Interrupt Mask
Value After Reset: 0x0
8 OutPktErrMsk OUT Packet Error Mask (OutPktErrMsk)

Values:

» 0x0 (MASK): Mask OUT Packet Error Interrupt

» 0x1 (NOMASK): No OUT Packet Error Interrupt Mask
Value After Reset: 0x0
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Back2BackSETup

Back-to-Back SETUP Packets Received Mask
(Back2BackSETup)

Applies to control OUT endpoints only.

Values:

* 0x0 (MASK): Mask Back-to-Back SETUP Packets Received
Interrupt

» 0x1 (NOMASK):

No Back-to-Back SETUP Packets Received Interrupt Mask

Value After Reset: 0x0

StsPhseRcvdMsk

Status Phase Received Mask (StsPhseRcvdMsk)
Applies to control OUT endpoints only.

Values:

* 0x0 (MASK): Status Phase Received Mask

* 0x1 (NOMASK): No Status Phase Received Mask
Value After Reset: 0x0

OUTTKnEPdisMsk

OUT Token Received when Endpoint Disabled Mask
(OUTTKnEPdisMsk)

Applies to control OUT endpoints only.

Values:

* 0x0 (MASK):

Mask OUT Token Received when Endpoint Disabled Interrupt

* 0x1 (NOMASK):

No OUT Token Received when Endpoint Disabled Interrupt Mask
Value After Reset: 0x0

SetUPMsk

SETUP Phase Done Mask (SetUPMsk)

Applies to control endpoints only.

Values:

* 0x0 (MASK): Mask SETUP Phase Done Interrupt

* Ox1 (NOMASK): No SETUP Phase Done Interrupt Mask
Value After Reset: 0x0

AHBErMsk

AHB Error (AHBErrMsk)

Values:

* 0x0 (MASK): Mask AHB Error Interrupt

* 0x1 (NOMASK): No AHB Error Interrupt Mask
Value After Reset: 0x0

EPDisbldMsk

Endpoint Disabled Interrupt Mask (EPDisbldMsk)
Values:

* 0x0 (MASK): Mask Endpoint Disabled Interrupt

* 0x1 (NOMASK): No Endpoint Disabled Interrupt Mask
Value After Reset: 0x0

XferComplMsk

Transfer Completed Interrupt Mask (XferComplMsk)
Values:

* 0x0 (MASK): Mask Transfer Completed Interrupt

* 0x1 (NOMASK): No Transfer Completed Interrupt Mask
Value After Reset: 0x0
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22.2.25 DAINT: Device all endpoints interrupt register

DAINT =0x5000_0818

31 30 29 28 27 26 25 24|23 2221 20 19 18 17 16|151413121110 9 8|7 6 5 4 3 2 1 O
AR EVIR = E=]
g S EEE|E c HEEIEE
o|o|o|oa|a =\l =slsl=|=
2 Wiy W Wy 3 i g il i iy
Q 5| 3| 3| 3| 3 (&) c|lc|lc|c|c
o Oo|O0|0O0|0O]|O o i
- 0|{0|0]0]O0 - 0[0]|0
RIR|IR|R|R .
20 OUutEPInt4 OUT Endpoint 4 Interrupt Bit
Value After Reset: 0x0
19 OutEPINt3 OUT Endpoint 3 Interrupt Bit
Value After Reset: 0x0
18 OUutEPINt2 OUT Endpoint 2 Interrupt Bit
Value After Reset: 0x0
17 OutEPINnt1 OUT Endpoint 1 Interrupt Bit
Value After Reset: 0x0
16 OUutEPINt0 OUT Endpoint 0 Interrupt Bit
Values:
* 0x1 (ACTIVE): OUT Endpoint O Interrupt
» 0x0 (INACTIVE): No Interrupt
Value After Reset: 0x0
4 InEpInt4 IN Endpoint 4 Interrupt Bit
Value After Reset: 0x0
3 InEpInt3 IN Endpoint 3 Interrupt Bit
Value After Reset: 0x0
2 InEpInt2 IN Endpoint 2 Interrupt Bit
Value After Reset: 0x0
1 InEpintl IN Endpoint 1 Interrupt Bit
Value After Reset: 0x0
0 InEpInt0 IN Endpoint O Interrupt Bit
Values:

» 0x1 (ACTIVE): IN Endpoint O Interrupt
* 0x0 (INACTIVE): No Interrupt
Value After Reset: 0x0
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22.2.26 DAINTMSK: Device all endpoints interrupt mask register

DAINTMSK =0x5000_081C

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16(151413121110 9 8|7 6 5 4 3 2 1 O
t|olN|l=|O
g E|E|EE|E g HEIEEE
olo|o|o|a === |5|=
2 Wi W W W 3 g v vt vl v
Q S| 3| 3| 3| 3 Q c|lc|lc|lc|c
o O|O0|O0|0O|O o i
- 010|000 - 0(0|0]|0]O0
RW [ RW [ RW | RW | RW RW | RW [ RW [ RW | RW
20 OutEPMsk4 OUT Endpoint 4 Interrupt mask Bit
Value After Reset: 0x0
19 OutEPMsk3 OUT Endpoint 3 Interrupt mask Bit
Value After Reset: 0x0
18 OutEPMsk2 OUT Endpoint 2 Interrupt mask Bit
Value After Reset: 0x0
17 OutEPMsk1 OUT Endpoint 1 Interrupt mask Bit
Value After Reset: 0x0
16 OutEPMskO OUT Endpoint 0 Interrupt mask Bit
Values:

* 0x0 (MASK): OUT Endpoint O Interrupt mask
* 0x1 (NOMASK): No Interrupt mask
Value After Reset: 0x0

4 INnEpMsk4 IN Endpoint 4 Interrupt mask Bit
Value After Reset: 0x0

3 INEpMsk3 IN Endpoint 3 Interrupt mask Bit
Value After Reset: 0x0

2 INnEpMsk2 IN Endpoint 2 Interrupt mask Bit
Value After Reset: 0x0

1 INnEpMsk1 IN Endpoint 1 Interrupt mask Bit
Value After Reset: 0x0

0 INEpMskO IN Endpoint O Interrupt mask Bit
Values:

» 0x0 (MASK): IN Endpoint O Interrupt mask
* 0x1 (NOMASK): No Interrupt mask
Value After Reset: 0x0

\BO\ 373

SEMICONDUCTOR



22. USB interface

A31G32x User’s manual

22.2.27 DTHRCTL: Device threshold control register

DTHRCTL =0x5000_0830

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
[«

K SIS S c ) % c c |
9] w| ® o w 1) & ) w| <
= < 2 = = c P = &=
L) ol o = = @ < < =0
2 S| 8 B = 8 | & = 0|2
14 <| X (4 o 12 I ~ Q15
< pd

1] - 0x008 0 0 0x008 0|0

RW RW RW RW RW RW | RW

27 ArbPrkEn Arbiter Parking Enable (ArbPrkEn)

This bit controls internal DMA arbiter parking for IN endpoints.
When thresholding is enabled and this bit is Set to one, Then the
arbiter parks on the IN endpoint for which there is a token received
on the USB. This is done to avoid getting into underrun conditions.
By Default the parking is enabled.

Values:

» 0x0 (DISABLED): Disable DMA arbiter parking

» 0x1 (ENABLED): Enable DMA arbiter parking for IN endpoints
Value After Reset: Ox1

25 RxThrLen Receive Threshold Length (RxThrLen)

17 This field specifies Receive thresholding size in DWORDS. This
field also specifies the amount of data received on the USB before
the core can start transmitting on the AHB. The threshold length
has to be at least eight DWORDS. The recommended value for
ThrLen is to be the same as the programmed AHB Burst Length
(GAHBCFG.HbstLen).

Value After Reset: 0x8

16 RXThrEn Receive Threshold Enable (RxThrEn)

When this bit is set, the core enables thresholding in the receive
direction.
Note: We recommends that you do not enable RxThrEn, because
it may cause issues in the RxFIFO especially during error
conditions such as RxError and Babble.
Values:
+ 0x0 (DISABLED): Disable thresholding
» 0x1 (ENABLED): Enable thresholding in the receive direction
Value After Reset: 0x0
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12

AHBThrRatio

AHB Threshold Ratio (AHBThrRatio)

These bits define the ratio between the AHB threshold and the
MAC threshold for the transmit path only. The AHB threshold
always remains less than or equal to the USB threshold, because
this does not increase overhead. Both the AHB and the MAC
threshold must be DWORD-aligned. The application needs to
program TxThrLen and the AHBThrRatio to make the AHB
Threshold value DWORD aligned. If the AHB threshold value is
not DWORD aligned, the core might not behave correctly. When
programming the TxThrLen and AHBThrRatio, the application
must ensure that the minimum AHB threshold value does not go
below 8 DWORDS to meet the USB turnaround time
requirements.

» 2’b00: AHB threshold = MAC threshold

» 2’b01: AHB threshold = MAC threshold / 2

* 2’b10: AHB threshold = MAC threshold / 4

» 2’b11: AHB threshold = MAC threshold / 8

Values:

* 0x1 (THRESONE): AHB threshold = MAC threshold /2

* 0x2 (THRESTWO): AHB threshold = MAC threshold /4

* 0x3 (THRESTHREE): AHB threshold = MAC threshold /8

» 0x0 (THRESZERO): AHB threshold = MAC threshold

Value After Reset: 0x0

10

TxThrLen

Transmit Threshold Length (TxThrLen)

This field specifies Transmit thresholding size in DWORDS. This
also forms the MAC threshold and specifies the amount of data in
bytes to be in the corresponding endpoint transmit FIFO, before
the core can start transmit on the USB. The threshold length has
to be at least eight DWORDS when the value of AHBThrRatio is
2’h00. In case the AHBThrRatio is non zero the application needs
to ensure that the AHB Threshold value does not go below the
recommended eight DWORD. This field controls both isochronous
and non-isochronous IN endpoint thresholds. The recommended
value for ThrLen is to be the same as the programmed AHB Burst
Length (GAHBCFG.HbstLen).

Value After Reset: 0x8

1

ISOThrEn

ISO IN Endpoints Threshold Enable. (ISOThrEn) When this bit is
Set, the core enables thresholding for isochronous IN endpoints.
Values:

+ 0x0 (DISABLED): No thresholding

* 0x1 (ENABLED): Enables thresholding for isochronous IN
endpoints

Value After Reset: 0x0

NonISOThrEn

Non-ISO IN Endpoints Threshold Enable. (NonISOThrEn)

When this bit is Set, the core enables thresholding for Non
Isochronous IN endpoints.

Values:

* 0x0 (DISABLED): No thresholding

* 0x1 (ENABLED): Enable thresholding for non-isochronous IN
endpoints

Value After Reset: 0x0
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DIEPEMPMSK =0x5000_0834

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16

151413121110 9 8

76 543 210

Reserved INEpTXfEmpMsk
- 0
RW
0 INEpTXfEmpMsk IN EP Tx FIFO Empty Interrupt Mask Bits (INEpTXfEmpMsk)

These bits acts as mask bits for DIEPINTn. TXFEmp interrupt, one

bit per IN Endpoint:

Bit O for IN EP 0, bit 4 for IN EP 4
Values:
* 0x8 (EP3_MASK): Mask IN EP3 Tx FIFO Empty Interrupt
* 0x10 (EP4_MASK): Mask IN EP4 Tx FIFO Empty Interrupt
* 0x1 (EPO_MASK): Mask IN EPO Tx FIFO Empty Interrupt

* 0x2 (
* Ox4 (

Value After Reset: 0x0

EP1_MASK): Mask IN EP1 Tx FIFO Empty Interrupt
EP2_MASK): Mask IN EP2 Tx FIFO Empty Interrupt

22.2.29 DIEPCTLO: Device control IN endpoint 0 control register

DIEPCTL0=0x5000_0900

376

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 10

ol ol 8 |yl £ B g |28 G B

ool 5 |2 2 |El8| 2 |2/8/2 5 2

NEl 8158 % |98 |28 S g =
o F x| Y| Zlx 4 4

0]0 0 0 0 0 1 - 0

RW|RW W RW RW R RW

31 EPEna Endpoint Enable (EPEna)

When Scatter/Gather DMA mode is enabled, for IN endpoints this bit
indicates that the descriptor structure and data buffer with data ready to

transmit is setup.
Values:

» 0x1 (ACTIVE): Enable Endpoint

* 0x0 (INACTIVE): No action
Value After Reset: 0x0

\BO\

SEMICONDUCTOR




A31G32x User’s manual

22. USB interface

30

EPDis

Endpoint Disable (EPDis)

The application sets this bit to stop transmitting data on an endpoint,
even before the transfer for that endpoint is complete. The application
must wait for the Endpoint Disabled interrupt before treating the
endpoint as disabled. The core clears this bit before setting the
Endpoint Disabled Interrupt. The application must Set this bit only if
Endpoint Enable is already set for this endpoint.

Values:

» 0x1 (ACTIVE): Disabled Endpoint

» 0x0 (INACTIVE): No action

Value After Reset: 0x0

27

SNAK

Set NAK (SNAK) A write to this bit sets the NAK bit for the endpoint.
Using this bit, the application can control the transmission of NAK
handshakes on an endpoint. The core can also set this bit for an
endpoint after a SETUP packet is received on that endpoint.

Values:

» 0x0 (NOSET): No action

* 0x1 (SET): Set NAK

Value After Reset: 0x0

26

CNAK

Clear NAK (CNAK) A write to this bit clears the NAK bit for the endpoint.
Values:

* 0x1 (CLEAR): Clear NAK

* 0x0 (NOCLEAR): No action

Value After Reset: 0x0

25
22

TxXFNum

TXFIFO Number (TXxFNum)

« For Dedicated FIFO operation, this value is set to the FIFO number
that is assigned to IN Endpoint.

Values:

* 0x3 (TXFIFO3): Tx FIFO 3

* 0x4 (TXFIFO4): Tx FIFO 4

» 0x0 (TXFIFOO0): Tx FIFO 0

* 0x1 (TXFIFO1): Tx FIFO 1

* 0x2 (TXFIFO2): Tx FIFO 2

Value After Reset: 0x0

21

Stall

STALL Handshake (Stall)

The application can only set this bit, and the core clears it, when a
SETUP token is received for this endpoint. If a NAK bit, Global
Nonperiodic IN NAK, or Global OUT NAK is set along with this bit, the
STALL bit takes priority.

Values:

* 0x1 (ACTIVE): Stall Handshake

» 0x0 (INACTIVE): No Stall

Value After Reset: 0x0

19
18

EPType

Endpoint Type (EPType)
Hardcoded to 00 for control.
Values:

* 0x0 (ACTIVE): Endpoint Control O
Value After Reset: 0x0

17

NAKSts

NAK Status (NAKSts)

Indicates the following:

* 1’b0: The core is transmitting non-NAK handshakes based on the FIFO
status

* 1’b1: The core is transmitting NAK handshakes on this endpoint.
When this bit is set, either by the application or core, the core stops
transmitting data, even If there is data available in the TxFIFO.
Irrespective of this bit's setting, the core always responds to SETUP
data packets with an ACK handshake.

Values:

* 0x1 (ACTIVE):

The core is transmitting NAK handshakes on this endpoint

* 0x0 (INACTIVE):

The core is transmitting non-NAK handshakes based on the FIFO status
Value After Reset: 0x0
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15 USBACtEP USB Active Endpoint (USBACLEP)
This bit is always SET to 1, indicating that control endpoint 0 is always
active in all configurations and interfaces.
Values:
» 0x1 (ACTIVEO): Control endpoint is always active
Value After Reset: Ox1

1 MPS Maximum Packet Size (MPS)

0 Applies to IN and OUT endpoints.
The application must program this field with the maximum packet size
for the current logical endpoint.

* 2’b00: 64 bytes

* 2’b01: 32 bytes

*2'b10: 16 bytes

*2'b11: 8 bytes

Values:

* 0x2 (BYTES16): 16 bytes
* 0x1 (BYTES32): 32 bytes
* 0x0 (BYTES64): 64 bytes
» 0x3 (BYTESS): 8 bytes
Value After Reset: 0x0

22.2.30 DIEPINTO: Device IN endpoint 0 interrupt register

DIEPINT0=0x5000_0908

31 30 29 28 27 26 25 24|23 222120191817 16|15 14 13 121110 9 8|7 6 5 4 3 2 1 0
o 8 ‘5_ [ o s = o| W = W o = e} Q

2 R R EE R EHED:

o Flclel o Z|2|Wjz/UE|lo|la|ls|O

@ w| sl @ |Z|Le|k|a|S|lc|e|lT|?|x

9] > | < | m O |m|E|X|w ElXleo|<|a|o

14 S|z 14 = Z|z E 14 w2

0/0(0 ojoj1j0fofo|-|0|0}|0

RW | RW | RW RW [ RW | R [RW|RW|RW RW | RW | RW

14 NYETIntrpt NYET Interrupt (NYETIntrpt)

The core generates this interrupt when a NYET response is
transmitted for a non isochronous OUT endpoint.

Values:

* 0x1 (ACTIVE): NYET Interrupt

» 0x0 (INACTIVE): No interrupt

Value After Reset: 0x0

13 NAKIntrpt NAK Interrupt (NAKInterrupt)
The core generates this interrupt when a NAK is transmitted or
received by the device. <brIn case of isochronous IN endpoints
the interrupt gets generated when a zero length packet is
transmitted due to un-availability of data in the TXFifo.
Values:
* 0x1 (ACTIVE): NAK Interrupt
* 0x0 (INACTIVE): No interrupt
Value After Reset: 0x0

12 BbleErr NAK Interrupt (BbleErr)
The core generates this interrupt when babble is received for the
endpoint.
Values:
» 0x1 (ACTIVE): BbleErr interrupt
* 0x0 (INACTIVE): No interrupt
Value After Reset: 0x0
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9 BNAIntr BNA (Buffer Not Available) Interrupt (BNAIntr)
The core generates this interrupt when the descriptor accessed is
not ready for the Core to process, such as DMA done.
Values:
* 0x1 (ACTIVE): BNA interrupt
» 0x0 (INACTIVE): No BNA interrupt
Value After Reset: 0x0
8 TxfifoUndrn Fifo Underrun (TxfifoUndrn)
Applies to IN endpoints only.
The core generates this interrupt when it detects a transmit FIFO
underrun condition in threshold mode for this endpoint.
Values:
» 0x1 (ACTIVE): Fifo Underrun interrupt
» 0x0 (INACTIVE): No Fifo Underrun interrupt
Value After Reset: 0x0
7 TXFEmp Transmit FIFO Empty (TXFEmp)
This bit is valid only for IN Endpoints
This interrupt is asserted when the TxFIFO for this endpoint is
either half or completely empty. The half or completely empty
status is determined by the TxFIFO Empty Level bit in the Core
AHB Configuration register (GAHBCFG.NPTXFEmpLvl)).
Values:
* 0x1 (ACTIVE): Transmit FIFO Empty interrupt
» 0x0 (INACTIVE): No Transmit FIFO Empty interrupt
Value After Reset: Ox1
6 INEPNakEff IN Endpoint NAK Effective (INEPNakEff)
Applies to periodic IN endpoints only.
This bit can be cleared when the application clears the IN endpoint
NAK by writing to DIEPCTLN.CNAK.
This interrupt indicates that the core has sampled the NAK bit
Set (either by the application or by the core).
The interrupt indicates that the IN endpoint NAK bit Set by the
application has taken effect in the core.
This interrupt does not guarantee that a NAK handshake is sent on
the USB. A STALL bit takes priority over a NAK bit.
Values:
» 0x1 (ACTIVE): IN Endpoint NAK Effective interrupt
+ 0x0 (INACTIVE): No IN Endpoint NAK Effective interrupt
Value After Reset: 0x0
5 INTknEPMis IN Token Received with EP Mismatch (INTknEPMis)
Applies to non-periodic IN endpoints only.
Indicates that the data in the top of the non-periodic TxFIFO
belongs to an endpoint other than the one for which the IN token
was received. This interrupt is asserted on the endpoint for which
the IN token was received.
Values:
» 0x1 (ACTIVE): IN Token Received with EP Mismatch interrupt
* 0xO (INACTIVE): No IN Token Received with EP Mismatch
interrupt
Value After Reset: 0x0
4 INTKkNnTXFEmMp IN Token Received When TxFIFO is Empty (INTknTXFEmp)

Applies to non-periodic IN endpoints only.

Indicates that an IN token was received when the associated
TXFIFO (periodic/non-periodic) was empty. This interrupt is
asserted on the endpoint for which the IN token was received.
Values:

* 0x1 (ACTIVE): IN Token Received when TxFIFO Empty Interrupt
* Ox0O (INACTIVE): No IN Token Received when TxFIFO Empty
interrupt

Value After Reset: 0x0
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2 AHBErT AHB Error (AHBEIT)
Applies to IN and OUT endpoints.
This is generated only in Internal DMA mode when there is an AHB
error during an AHB read/write. The application can read the
corresponding endpoint DMA address register to get the error
address.
Values:
» 0x1 (ACTIVE): AHB Error interrupt
* 0x0 (INACTIVE): No AHB Error Interrupt
Value After Reset: 0x0

1 EPDisbld Endpoint Disabled Interrupt (EPDisbld)
Applies to IN and OUT endpoints.
This bit indicates that the endpoint is disabled per the application’s
request.
Values:
» 0x1 (ACTIVE): Endpoint Disabled Interrupt
» 0x0 (INACTIVE): No Endpoint Disabled Interrupt
Value After Reset: 0x0

0 XferCompl Transfer Completed Interrupt (XferCompl)
Applies to IN and OUT endpoints.
* When Scatter/Gather DMA mode is enabled
-For IN endpoint this field indicates that the requested data from
the descriptor is moved from external system memory to internal
FIFO.
-For OUT endpoint this field indicates that the requested data from
the internal FIFO is moved to external system memory. This
interrupt is generated only when the corresponding endpoint
descriptor is closed, and the I0C bit for the corresponding
descriptor is set.
Values:
» 0x1 (ACTIVE): Transfer Completed Interrupt
» 0x0 (INACTIVE): No Transfer Complete Interrupt
Value After Reset: 0x0

22.2.31 DIEPDMAQO: Device IN endpoint 0 DMA address register

DIEPDMA0=0x5000_0914
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 O

DMAAddr
0
RW
31 DMAAddr DMAAddr
0 This field indicates the base pointer for the descriptor list

380 \ BO\

SEMICONDUCTOR



A31G32x User’s manual 22. USB interface

22.2.32 DTXFSTSO0: Device IN endpoint transmit FIFO status register 0

DTXFSTS0=0x5000_0918
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved INEPTXFSpcAvail
- 0x0040
R
15 INEPTXFSpcAvail IN Endpoint TXFIFO Space Avail (INEPTXFSpcAvail)
0 Indicates the amount of free space available in the Endpoint
TXFIFO.

Values are in terms of 32-bit words.

» 16'h0: Endpoint TxFIFO is full

* 16’h1: 1 word available

» 16’h2: 2 words available

* 16’hn: n words available (where 0 n 32,768)
» 16’h8000: 32,768 words available

* Others: Reserved

22.2.33 DIEPDMABO: Device IN endpoint 16 buffer address register

DIEPDMAB0=0x5000_091C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 O

DMABufferAddr
0
31 DMABufferAddr Holds the current buffer address. This register is updated as and
0 when the data transfer for the corresponding end point is in
progress.
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22.2.34 DIEPCTLiI : Device control IN endpoint i control register
Forl=1;1<=0TG_NUM_IN_EPS

DIEPCTLi =0x5000_0920

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0

- o o o
Olo| @ |v|v 1S _|lo| & |2 w @

o a
N R el - g o |Z%g &
0|0 0 0] - 0 0[{0]|0 - 0
RW | RW RW RW R RW
31 EPEna Endpoint Enable (EPEna)

Applies to IN and OUT endpoints.

* When Scatter/Gather DMA mode is enabled,

-For IN endpoints this bit indicates that the descriptor structure and
data buffer with data ready to transmit is setup.

-For OUT endpoint it indicates that the descriptor structure and
data buffer to receive data is setup.

» The core clears this bit before setting any of the following
interrupts on this endpoint:

-SETUP Phase Done

-Endpoint Disabled

-Transfer Completed

Note: For control endpoints in DMA mode, this bit must be set to
be able to transfer SETUP data packets in memory.

Values:

» 0x1 (ACTIVE): Enable Endpoint

» 0x0 (INACTIVE): No Action

Value After Reset: 0x0

30 EPDis Endpoint Disable (EPDis)
Applies to IN and OUT endpoints.
The application sets this bit to stop transmitting/receiving data on
an endpoint, even before the transfer for that endpoint is complete.
The application must wait for the Endpoint Disabled interrupt
before treating the endpoint as disabled. The core clears this bit
before setting the Endpoint Disabled interrupt. The application
must set this bit only if Endpoint Enable is already set for this
endpoint.
Values:
* 0x1 (ACTIVE): Disable Endpoint
* 0x0 (INACTIVE): No Action
Value After Reset: 0x0

27 SNAK Set NAK (SNAK)
A write to this bit sets the NAK bit for the endpoint.
Using this bit, the application can control the transmission of NAK
handshakes on an endpoint. The core can also Set this bit for an
endpoint after a SETUP packet is received on that endpoint.
Values:
* 0x1 (ACTIVE): Set NAK
+ 0x0 (INACTIVE): No Set NAK
Value After Reset: 0x0

382 \BO\

SEMICONDUCTOR



A31G32x User’s manual

22. USB interface

26 CNAK Clear NAK (CNAK)

A write to this bit clears the NAK bit for the endpoint.
Values:

* 0x1 (ACTIVE): Clear NAK

* 0x0 (INACTIVE): No Clear NAK

Value After Reset: 0x0

25 TxFNum TxFIFO Number (TxFNum)

22 Dedicated FIFO Operation: These bits specify the FIFO number
associated with this endpoint. Each active IN endpoint must be
programmed to a separate FIFO number. This field is valid only
for IN endpoints.

Values:

* 0x3 (TXFIFO3): Tx FIFO 3
* 0x4 (TXFIFO4): Tx FIFO 4
* 0x0 (TXFIFOO): Tx FIFO 0
* O0x1 (TXFIFO1): Tx FIFO 1
* 0x2 (TXFIFO2): Tx FIFO 2
Value After Reset: 0x0

21 Stall STALL Handshake (Stall)

Applies to non-control, non-isochronous IN and OUT endpoints
only.
The application sets this bit to stall all tokens from the USB host to
this endpoint. If a NAK bit, Global Non-periodic IN NAK, or Global
OUT NAK is set along with this bit, the STALL bit takes priority.
Only the application can clear this bit, never the core.
Applies to control endpoints only.
The application can only set this bit, and the core clears it, when a
SETUP token is received for this endpoint. If a NAK bit, Global
Non-periodic IN NAK, or Global OUT NAK is set along with this bit,
the STALL bit takes priority. Irrespective of this bit's setting, the
core always responds to SETUP data packets with an ACK
handshake.
Values:
* 0x1 (ACTIVE): STALL All Active Tokens
» 0x0 (INACTIVE): STALL All non-active tokens
Value After Reset: 0x0
19 EPType Endpoint Type (EPType) This is the transfer type supported by this
18 logical endpoint.

* 2’b00: Control

* 2’b01: Isochronous

* 2’b10: Bulk

* 2’b11: Interrupt

Values:

* 0x2 (BULK): Bulk

» 0x3 (INTERRUP): Interrupt

* 0x0 (CONTROL): Control

* 0x1 (ISOCHRONOUS): Isochronous
Value After Reset: 0x0
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17

NAKSts

NAK Status (NAKSts)

Indicates the following:

* 1’b0: The core is transmitting non-NAK handshakes based on the
FIFO status.

» 1’b1: The core is transmitting NAK handshakes on this endpoint.
When either the application or the core sets this bit:

» The core stops receiving any data on an OUT endpoint, even if
there is space in the RxFIFO to accommodate the incoming
packet.

* For non-isochronous IN endpoints: The core stops transmitting
any data on an IN endpoint, even if there data is available in the
TxFIFO.

* For isochronous IN endpoints: The core sends out a zero-length
data packet, even if there data is available in the TXFIFO.
Irrespective of this bit's setting, the core always responds to
SETUP data packets with an ACK handshake.

Values:

* 0x1 (NAK):

The core is transmitting NAK handshakes on this endpoint

* 0x0 (NONNAK):

The core is transmitting non-NAK handshakes based on the FIFO
status

Value After Reset: 0x0

16

DPID

Endpoint Data PID (DPID)

Applies to interrupt/bulk IN and OUT endpoints only.

Contains the PID of the packet to be received or transmitted on this
endpoint. The application must program the PID of the first packet
to be received or transmitted on this endpoint, after the endpoint
is activated. The applications use the SetD1PID and SetDOPID
fields of this register to program either DATAO or DATAL PID.

* 1’b0: DATAOQ

* 1’b1: DATA1

Values:

* 0x0 (DATAOEVENFRM): DATAO or Even Frame

* 0x1 (DATA1ODDFRM): DATA1 or Odd Frame

Value After Reset: 0x0

15

USBACtEP

USB Active Endpoint (USBACtEP)

Indicates whether this endpoint is active in the current
configuration and interface. The core clears this bit for all
endpoints (other than EP 0) after detecting a USB reset. After
receiving the SetConfiguration and Setinterface commands, the
application must program endpoint registers accordingly and set
this bit.

Values:

» 0x0 (DISABLED): Not Active

» 0x1 (ENABLED): USB Active Endpoint

Value After Reset: 0x0

MPS

Maximum Packet Size (MPS)

The application must program this field with the maximum packet
size for the current logical endpoint. This value is in bytes.

Value After Reset: 0x0
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22.2.35 DIEPINTiI: Device IN endpoint | interrupt register
Forl=1;1<=0TG_NUM_IN_EPS

DIEPINT0=0x5000_0928

31 30 29 28 27 26 25 24|23 222120191817 16|15 14 13 121110 9 8|7 6 5 4 3 2 1 0
— c = | 0| E —

o 8 ‘6_ [ o = 5 o|Ww = w o = o Q

2 ElE|d| 2 |E|EE|5|0|%|2|d|g|5
Q Flg|ll © L3 n|lZlel=El9|2/a0

(7] w re) 7] Z| 2|k ol Slcsle|xT als

4 > ol @ |8|R|F|UE|IE|@|< |
z [ 2 Z|z X

0(0(0 ojoj1j0fofo|-(0|0|0

RW | RW | RW RW [ RW | R [RW|RW|RW RW | RW | RW

14 NYETIntrpt NYET Interrupt (NYETIntrpt)

The core generates this interrupt when a NYET response is
transmitted for a non isochronous OUT endpoint.

Values:

* 0x1 (ACTIVE): NYET Interrupt

» 0x0 (INACTIVE): No NYET interrupt

Value After Reset: 0x0

13 NAKIntrpt NAK Interrupt (NAKInterrupt)
The core generates this interrupt when a NAK is transmitted or
received by the device. In case of isochronous IN endpoints the
interrupt gets generated when a zero length packet is transmitted
due to un-availability of data in the TXFifo.
Values:
* 0x1 (ACTIVE): NAK Interrupt
+ 0x0 (INACTIVE): No NAK interrupt
Value After Reset: 0x0

12 BbleErr NAK Interrupt (BbleErr)
The core generates this interrupt when babble is received for the
endpoint.
Values:
» 0x1 (ACTIVE): BbleErr interrupt
» 0x0 (INACTIVE): No interrupt
Value After Reset: 0x0

9 BNAIntr BNA (Buffer Not Available) Interrupt (BNAIntr)
The core generates this interrupt when the descriptor accessed is
not ready for the Core to process, such as Host busy or DMA done.
Values:
* 0x1 (ACTIVE): BNA interrupt
» 0x0 (INACTIVE): No BNA interrupt
Value After Reset: 0x0

8 TxfifoUndrn Fifo Underrun (TxfifoUndrn)
Applies to IN endpoints Only
This bit is valid only If thresholding is enabled. The core generates
this interrupt when it detects a transmit FIFO underrun condition
for this endpoint.
Values:
* Ox1 (ACTIVE): TXFIFO Underrun interrupt
+» 0x0 (INACTIVE): No Tx FIFO Underrun interrupt
Value After Reset: 0x0
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7 TXFEmp

Transmit FIFO Empty (TXFEmp)

This bit is valid only for IN endpoints

This interrupt is asserted when the TxFIFO for this endpoint is
either half or completely empty. The half or completely empty
status is determined by the TXFIFO Empty Level bit in the Core
AHB Configuration register (GAHBCFG.NPTXFEmpLvl)).

Values:

* Ox1 (ACTIVE): Transmit FIFO Empty interrupt

» 0x0 (INACTIVE): No Transmit FIFO Empty interrupt

Value After Reset: Ox1

6 INEPNakEff

IN Endpoint NAK Effective (INEPNakEff)

Applies to periodic IN endpoints only.

This bit can be cleared when the application clears the IN endpoint
NAK by writing to DIEPCTLN.CNAK.

This interrupt indicates that the core has sampled the NAK bit

Set (either by the application or by the core). The interrupt indicates
that the IN endpoint NAK bit Set by the application has taken effect
in the core.

This interrupt does not guarantee that a NAK handshake is sent on
the USB. A STALL bit takes priority over a NAK bit.

Values:

» 0x1 (ACTIVE): IN Endpoint NAK Effective interrupt

» 0x0 (INACTIVE): No Endpoint NAK Effective interrupt

Value After Reset: 0x0

5 INTKnEPMis

IN Token Received with EP Mismatch (INTknEPMis)

Applies to non-periodic IN endpoints only.

Indicates that the data in the top of the non-periodic TxFIFO
belongs to an endpoint other than the one for which the IN token
was received. This interrupt is asserted on the endpoint for which
the IN token was received.

Values:

» 0x1 (ACTIVE): IN Token Received with EP Mismatch interrupt

* 0xO (INACTIVE): No IN Token Received with EP Mismatch
interrupt

Value After Reset: 0x0

4 INTKNTXFEmp

IN Token Received When TxFIFO is Empty (INTknTXFEmp)
Applies to non-periodic IN endpoints only.

Indicates that an IN token was received when the associated
TxFIFO (periodic/non-periodic) was empty. This interrupt is
asserted on the endpoint for which the IN token was received.
Values:

* 0x1 (ACTIVE): IN Token Received Interrupt

» 0x0 (INACTIVE): No IN Token Received interrupt

Value After Reset: 0x0

2 AHBErT

AHB Error (AHBETT)

Applies to IN and OUT endpoints.

This is generated only in Internal DMA mode when there is an AHB
error during an AHB read/write. The application can read the
corresponding endpoint DMA address register to get the error
address.

Values:

» 0x1 (ACTIVE): AHB Error interrupt

» 0x0 (INACTIVE): No AHB Error Interrupt

Value After Reset: 0x0
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1 EPDisbld Endpoint Disabled Interrupt (EPDisbld)
Applies to IN and OUT endpoints.
This bit indicates that the endpoint is disabled per the application’s
request.
Values:
» 0x1 (ACTIVE): Endpoint Disabled Interrupt
» 0x0 (INACTIVE): No Endpoint Disabled Interrupt
Value After Reset: 0x0

0 XferCompl Transfer Completed Interrupt (XferCompl)
Applies to IN and OUT endpoints.
* When Scatter/Gather DMA mode is enabled
-For IN endpoint this field indicates that the requested data from
the descriptor is moved from external system memory to internal
FIFO.
-For OUT endpoint this field indicates that the requested data from
the internal FIFO is moved to external system memory. This
interrupt is generated only when the corresponding endpoint
descriptor is closed, and the IOC bit for the corresponding
descriptor is set.
Values:
* 0x1 (ACTIVE): Transfer Complete Interrupt
» 0x0 (INACTIVE): No Transfer Complete Interrupt
Value After Reset: 0x0

22.2.36 DIEPDMA.I: Device IN endpoint | DMA address register
Forl=1;1<=0TG_NUM_IN_EPS

DIEPDMAI =0x5000_0934

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
DMAAddr
0
RW
31 DMAAddr Holds the start address of the external memory for storing or
0 fetching endpoint data.

Note: For control endpoints, this field stores control OUT data
packets as well as SETUP transaction data packets. When more
than three SETUP packets are received back-to-back, the SETUP
data packet in the memory is overwritten.

This register is incremented on every AHB transaction. The
application can give only a DWORD-aligned address.

* When Scatter/Gather DMA mode is not enabled, the application
programs the start address value in this field.

* When Scatter/Gather DMA mode is enabled, this field indicates
the base pointer for the descriptor list.
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22.2.37 DTXFSTSi: Device IN endpoint transmit FIFO status register i
Device IN Endpoint Transmit FIFO Status Register i. Device IN Endpoint | DMA Address Register

DTXFSTSi =0x5000_0938
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved INEPTxFSpcAvail
- 0x0040
R
15 INEPTXFSpcAvail IN Endpoint TXFIFO Space Avail (INEPTXFSpcAvail)
0 Indicates the amount of free space available in the Endpoint
TXFIFO.

Values are in terms of 32-bit words.

* 16’h0: Endpoint TxFIFO is full

* 16’h1: 1 word available

» 16’h2: 2 words available

» 16’hn: n words available (where 0 n 32,768)
» 16’h8000: 32,768 words available

* Others: Reserved

22.2.38 DIEPDMAB:I: Device IN endpoint | buffer address register

Device IN Endpoint | Buffer Address Register.

Forl=1;1<= OTG_NUM_IN_EPS

DIEPDMABI =0x5000_093C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 O

DMABufferAddr
0
31 DMABufferAddr Holds the current buffer address. This register is updated as and
0 when the data transfer for the corresponding end point is in

progress.
This register is present only in Scatter/Gather DMA mode.
Otherwise this field is reserved.
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22.2.39 DOEPCTLO: Device control OUT endpoint 0 control register

DOEPCTL0=0x5000_0B00

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16{15 1413121110 9 8(7 6 5 4 3 2 10
i) e o | O i)
T | » O |v|x¥ _ 2 |2jo|W 1)
mol 5§ 22§ (/2 > |25 2% 5 2
ool o |Z2(Z2 I hlon| o |<|o|lm ® s
| w () w| O [0)) w = D on (0]
x 14 x| 3 o
0|0 - - 0|0 0 0|-1|1 - 0
RW | RW RW | RW R
31 EPEna Endpoint Enable (EPEna)
* When Scatter/Gather DMA mode is enabled, for OUT endpoints
this bit indicates that the descriptor structure and data buffer to
receive data is setup.
» The core clears this bit before setting any of the following
interrupts on this endpoint:
-SETUP Phase Done
-Endpoint Disabled
-Transfer Completed
Note: This bit must be set for the core to transfer SETUP data
packets into memory.
Values:
» 0x1 (ACTIVE): Enable Endpoint
+ 0x0 (INACTIVE): No action
Value After Reset: 0x0
30 EPDis Endpoint Disable (EPDis)
The application cannot disable control OUT endpoint 0.
Values:

» 0x0 (INACTIVE): No Endpoint disable
Value After Reset: 0x0

27 SNAK Set NAK (SNAK)
A write to this bit sets the NAK bit for the endpoint. Using this bit,
the application can control the transmission of NAK handshakes
on an endpoint. The core can also set bit on a Transfer Completed
interrupt, or after a SETUP is received on the endpoint.
Values:
* 0x0 (NOSET): No action
* 0x1 (SET): Set NAK
Value After Reset: 0x0

26 CNAK Clear NAK (CNAK)
A write to this bit clears the NAK bit for the endpoint.
Values:
+ 0x1 (CLEAR): Clear NAK
* 0x0 (NOCLEAR): No action
Value After Reset: 0x0

21 Stall STALL Handshake (Stall)
The application can only set this bit, and the core clears it, when a
SETUP token is received for this endpoint. If a NAK bit or Global
OUT NAK is Set along with this bit, the STALL bit takes priority.
Irrespective of this bit's setting, the core always responds to
SETUP data packets with an ACK handshake.
Values:
* 0x1 (ACTIVE): Stall Handshake
+ 0x0 (INACTIVE): No Stall
Value After Reset: 0x0
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20 Snp Snoop Mode (Snp)
This bit configures the endpoint to Snoop mode. In Snoop mode,
the core does not check the correctness of OUT packets before
transferring them to application memory.
Values:
» 0x0 (DISABLED): Snoop Mode disabled
» 0x1 (ENABLED): Snoop Mode enabled
Value After Reset: 0x0

19 EPType Endpoint Type (EPType)

18 Hardcoded to 2'b00 for control.
Values:
» 0x0 (ACTIVE): Endpoint Control 0
Value After Reset: 0x0

17 NAKSts NAK Status (NAKSts)
Indicates the following:
* 1’b0: The core is transmitting non-NAK handshakes based on the
FIFO status.
* 1'b1: The core is transmitting NAK handshakes on this endpoint.
When either the application or the core sets this bit, the core stops
receiving data, even If there is space in the RxFIFO to
accommodate the incoming packet. Irrespective of this bit's
setting, the core always responds to SETUP data packets with an
ACK handshake.
Values:
* 0x1 (ACTIVE):
The core is transmitting NAK handshakes on this endpoint
* 0x0 (INACTIVE):
The core is transmitting non-NAK handshakes based on the FIFO
status
Value After Reset: 0x0

15 USBACtEP USB Active Endpoint (USBACtEP)
This bit is always set to 1, indicating that a control endpoint O is
always active in all configurations and interfaces.
Values:
* 0x1 (ACTIVE): USB Active Endpoint 0
Value After Reset: 0x1

1 MPS Maximum Packet Size (MPS)

0 The maximum packet size for control OUT endpoint O is the same

as what is programmed in control IN Endpoint 0.
* 2’b00: 64 bytes

* 2’b01: 32 bytes

* 2’b10: 16 bytes

* 2’b11: 8 bytes

Values:

* 0x2 (BYTE16): 16 bytes
* 0x3 (BYTES): 8 bytes

* 0x1 (BYTE32): 32 bytes
* 0x0 (BYTE64): 64 bytes
Value After Reset: 0x0
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22.2.40 DOEPINTO: Device OUT endpoint 0 interrupt register

DOEPINT0=0x5000_0B08

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 14 13 121110 9 8|7 6 5 4 3 2 1 O
° Blgle| B |s tg%%ﬁ - -

2 ZlElu| 2 |E|E|2|8%|ES|ulgls

() oL o |<|p| o 0| xX|% |0 O

g w3l 812|583 £ESZES

i Z1Z|? e P0|e|8|a|lo| |T|lulx

mln|O
0|00 - o0|0|-|]0|0|0|O|O|O]O
RW [ RW | RW . RW | RW RW | RW [ RW | RW | RW | RW | RW
14 NYETIntrpt NYET Interrupt (NYETIntrpt)

The core generates this interrupt when a NYET response is
transmitted for a non isochronous OUT endpoint.

Values:

* 0x1 (ACTIVE): NYET Interrupt

* 0x0 (INACTIVE): No NYET interrupt

Value After Reset: 0x0

13 NAKIntrpt NAK Interrupt (NAKInterrupt)
The core generates this interrupt when a NAK is transmitted or
received by the device. In case of isochronous IN endpoints the
interrupt gets generated when a zero length packet is transmitted
due to un-availability of data in the TXFifo.
Values:
* 0x1 (ACTIVE): NAK Interrupt
+ 0x0 (INACTIVE): No NAK interrupt
Value After Reset: 0x0

12 BbleErr NAK Interrupt (BbleErr)
The core generates this interrupt when babble is received for the
endpoint.
Values:
* 0x1 (ACTIVE): BbleErr interrupt
» 0x0 (INACTIVE): No BbleErr interrupt
Value After Reset: 0x0

9 BNAIntr BNA (Buffer Not Available) Interrupt (BNAIntr)
The core generates this interrupt when the descriptor accessed is
not ready for the core to process, such as Host busy or DMA done.
Values:
* 0x1 (ACTIVE): BNA interrupt
» 0x0 (INACTIVE): No BNA interrupt
Value After Reset: 0x0

8 OutPktErr OUT Packet Error (OutPktErr)
Applies to OUT endpoints Only
This interrupt is valid only when thresholding is enabled.
This interrupt is asserted when the core detects an overflow or a
CRC error for non-Isochronous OUT packet.
Values:
» 0x1 (ACTIVE): OUT Packet Error
» 0x0 (INACTIVE): No OUT Packet Error
Value After Reset: 0x0

6 Back2BackSETup Back-to-Back SETUP Packets Received (Back2BackSETup)
Applies to Control OUT endpoints only.
This bit indicates that the core has received more than three back-
to-back SETUP packets for this particular endpoint. For
information about handling this interrupt,
Values:
» 0x1 (ACTIVE): Back-to-Back SETUP Packets Received
» 0x0 (INACTIVE): No Back-to-Back SETUP Packets Received
Value After Reset: 0x0
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5 StsPhseRcvd

Status Phase Received for Control Write (StsPhseRcvd)

This interrupt is valid only for Control OUT endpoints.

This interrupt is generated only after the core has transferred all
the data that the host has sent during the data phase of a control
write transfer, to the system memory buffer.

The interrupt indicates to the application that the host has switched
from data phase to the status phase of a Control Write transfer.
The application can use this interrupt to ACK or STALL the Status
phase, after it has decoded the data phase.

Values:

» Ox1 (ACTIVE): Status Phase Received for Control Write

» 0x0 (INACTIVE): No Status Phase Received for Control Write
Value After Reset: 0x0

4 OUTTknEPdis

OUT Token Received When Endpoint Disabled (OUTTknEPdis)
Applies only to control OUT endpoints.

Indicates that an OUT token was received when the endpoint was
not yet enabled. This interrupt is asserted on the endpoint for
which the OUT token was received.

Values:

» 0x1 (ACTIVE): OUT Token Received When Endpoint Disabled

* 0x0 (INACTIVE): No OUT Token Received When Endpoint
Disabled

Value After Reset: 0x0

3 SetUp

SETUP Phase Done (SetUp)

Applies to control OUT endpoints only.

Indicates that the SETUP phase for the control endpoint is
complete and no more back-to-back SETUP packets were
received for the current control transfer. On this interrupt, the
application can decode the received SETUP data packet.

Values:

* 0x1 (ACTIVE): SETUP Phase Done

» 0x0 (INACTIVE): No SETUP Phase Done

Value After Reset: 0x0

2 AHBErT

AHB Error (AHBETT)

Applies to IN and OUT endpoints.

This is generated when there is an AHB error during an AHB
read/write. The application can read the corresponding endpoint
DMA address register to get the error address.

Values:

* 0x1 (ACTIVE): AHB Error interrupt

» 0x0 (INACTIVE): No AHB Error Interrupt

Value After Reset: 0x0

1 EPDisbld

Endpoint Disabled Interrupt (EPDisbld)

Applies to IN and OUT endpoints.

This bit indicates that the endpoint is disabled per the application’s
request.

Values:

» 0x1 (ACTIVE): Endpoint Disabled Interrupt

» 0x0 (INACTIVE): No Endpoint Disabled Interrupt

Value After Reset: 0x0

0 XferCompl

Transfer Completed Interrupt (XferCompl)

Applies to IN and OUT endpoints.

« For IN endpoint this field indicates that the requested data from
the descriptor is moved from external system memory to internal
FIFO.

» For OUT endpoint this field indicates that the requested data from
the internal FIFO is moved to external system memory. This
interrupt is generated only when the corresponding endpoint
descriptor is closed, and the I0C bit for the corresponding
descriptor is Set.

Values:

* 0x1 (ACTIVE): Transfer Complete Interrupt

» 0x0 (INACTIVE): No Transfer Complete Interrupt

Value After Reset: 0x0
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22.2.41 DOEPDMAO: Device OUT endpoint 0 DMA address register

DOEPDMA0=0x5000_0B14

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
DMAAddr
0
RW
31 DMAAddr Holds the start address of the external memory for storing or
0 fetching endpoint data.

Note: For control endpoints, this field stores control OUT data
packets as well as SETUP transaction data packets. When more
than three SETUP packets are received back-to-back, the SETUP
data packet in the memory is overwritten.

This register is incremented on every AHB transaction. The
application can give only a DWORD-aligned address. When
Scatter/Gather DMA mode is enabled, this field indicates the base
pointer for the descriptor list.

22.2.42 DOEPDMABO: Device OUT Endpoint 16 Buffer Address Register

DOEPDMAB0=0x5000_0B1C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 O
DMABufferAddr
0
31 DMABufferAddr Holds the current buffer address. This register is updated as and
0 when the data transfer for the corresponding end point is in

progress. This register is present only in Scatter/Gather DMA
mode. Otherwise this field is reserved.
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22.2.43 DOEPCTLI: Device control OUT endpoint | control register

Device Control OUT Endpoint | Control Register.

For | =1;1<= OTG_NUM_IN_EPS

DOEPCTLi =0x5000_0B20

31 30 29 28 27 26 25 24|23 22 21 20 1918 17 1615141312110 9 8|7 6 5 4 3 2 1 0
[a)i¥a) e o ]
o|lw|lrlay ) _ e | A L [}
a|8E81£12] & |z|2| 5222 = 4
alh2215|8 2 b h| o [<|a|d @ =
&[5 iz wi=119 i
0|{0|0]|O - 0|0 0 0|0|0 0
RW | RW W RW | RW R RW
31 EPEna Endpoint Enable (EPEna)
Applies to IN and OUT endpoints.
* For IN endpoints this bit indicates that the descriptor structure
and data buffer with data ready to transmit is setup.
* For OUT endpoint it indicates that the descriptor structure and
data buffer to receive data is setup.
The core clears this bit before setting any of the following interrupts
on this endpoint:
* SETUP Phase Done
» Endpoint Disabled
* Transfer Completed
Note: For control endpoints in DMA mode, this bit must be set to
be able to transfer SETUP data packets in memory.
Values:
» 0x1 (ACTIVE): Enable Endpoint
* 0x0 (INACTIVE): No Action
Value After Reset: 0x0
30 EPDis Endpoint Disable (EPDis)
Applies to IN and OUT endpoints.
The application sets this bit to stop transmitting/receiving data on
an endpoint, even before the transfer for that endpoint is complete.
The application must wait for the Endpoint Disabled interrupt
before treating the endpoint as disabled. The core clears this bit
before setting the Endpoint Disabled interrupt. The application
must set this bit only if Endpoint Enable is already set for this
endpoint.
Values:
* 0x1 (ACTIVE): Disable Endpoint
+ 0x0 (INACTIVE): No Action
Value After Reset: 0x0
29 SetD1PID Set DATAL PID (SetD1PID)
* Applies to interrupt and bulk IN and OUT endpoints only.
» Writing to this field sets the Endpoint Data PID (DPID) field in this
register to DATAL.
Values:
+ 0x0 (DISABLED): Disables Set DATA1 PID or Do not force Odd
Frame
» 0x1 (ENABLED): Set Endpoint Data PID to DATA1 or Sets
EO_FrNum field to odd (micro)frame
Value After Reset: 0x0
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28

SetDOPID

Set DATAO PID (SetDOPID)

« Applies to interrupt/bulk IN and OUT endpoints only.

» Writing to this field sets the Endpoint Data PID (DPID) field in this
register to DATAO.

Values:

» 0x0 (DISABLED): Disables Set DATAO PID or Do not force Even
Frame

* Ox1 (ENABLED): Set Endpoint Data PID to DATAO or Sets
EO_FrNum field to odd (micro)frame

Value After Reset: 0x0

27

SNAK

Set NAK (SNAK)

A write to this bit sets the NAK bit for the endpoint.

Using this bit, the application can control the transmission of NAK
handshakes on an endpoint. The core can also set this bit for an
endpoint after a SETUP packet is received on that endpoint.
Values:

» 0x1 (ACTIVE): Set NAK

* 0x0 (INACTIVE): No Set NAK

Value After Reset: 0x0

26

CNAK

Clear NAK (CNAK) A write to this bit clears the NAK bit for the
endpoint.

Values:

* 0x1 (ACTIVE): Clear NAK

» 0x0 (INACTIVE): No Clear NAK

Value After Reset: 0x0

21

Stall

STALL Handshake (Stall)

Applies to non-control, non-isochronous IN and OUT endpoints
only.

The application sets this bit to stall all tokens from the USB host to
this endpoint. If a NAK bit, Global Non-periodic IN NAK, or Global
OUT NAK is set along with this bit, the STALL bit takes priority.
Only the application can clear this bit, never the core.

Applies to control endpoints only.

The application can only set this bit, and the core clears it, when a
SETUP token is received for this endpoint. If a NAK bit, Global
Non-periodic IN NAK, or Global OUT NAK is set along with this bit,
the STALL bit takes priority. Irrespective of this bit's setting, the
core always responds to SETUP data packets with an ACK
handshake.

Values:

* 0x1 (ACTIVE): STALL All Active Tokens

» 0x0 (INACTIVE): STALL All non-active tokens

Value After Reset: 0x0

20

Snp

Snoop Mode (Snp)

Applies to OUT endpoints only.

This bit configures the endpoint to Snoop mode. In Snoop mode,
the core does not check the correctness of OUT packets before
transferring them to application memory.

Values:

» 0x0 (DISABLE): Disable Snoop Mode

* 0x1 (ENABLE): Enable Snoop Mode

Value After Reset: 0x0

19
18

EPType

Endpoint Type (EPType)

This is the transfer type supported by this logical endpoint.
+ 2’b00: Control

* 2’b01: Isochronous

* 2’b10: Bulk

* 2’b11: Interrupt

Values:

* 0x2 (BULK): Bulk

» 0x3 (INTERRUPT): Interrupt

* 0x0 (CONTROL): Control

* 0x1 (ISOCHRONOUS): Isochronous
Value After Reset: 0x0
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17

NAKSts

NAK Status (NAKSts)

Indicates the following:

* 1’b0: The core is transmitting non-NAK handshakes based on the
FIFO status.

» 1’b1: The core is transmitting NAK handshakes on this endpoint.
When either the application or the core sets this bit:

» The core stops receiving any data on an OUT endpoint, even if
there is space in the RxFIFO to accommodate the incoming
packet.

* For non-isochronous IN endpoints: The core stops transmitting
any data on an IN endpoint, even if there data is available in the
TxFIFO.

* For isochronous IN endpoints: The core sends out a zero-length
data packet, even if there data is available in the TXFIFO.
Irrespective of this bit's setting, the core always responds to
SETUP data packets with an ACK handshake.

Values:

* 0x1 (NAK):

The core is transmitting NAK handshakes on this endpoint

» 0x0 (NONNAK):

The core is transmitting non-NAK handshakes based on the FIFO
status

Value After Reset: 0x0

16

DPID

Endpoint Data PID (DPID)

Applies to interrupt/bulk IN and OUT endpoints only.

Contains the PID of the packet to be received or transmitted on this
endpoint. The application must program the PID of the first packet
to be received or transmitted on this endpoint, after the endpoint
is activated. The applications use the SetD1PID and SetDOPID
fields of this register to program either DATAO or DATA1 PID.

* 1’b0: DATAOQ

* 1’b1: DATA1

Values:

» 0x1 (ACTIVE): Endpoint Data PID active

» 0x0 (INACTIVE): Endpoint Data PID not active

Value After Reset: 0x0

15

USBACtEP

USB Active Endpoint (USBACtEP)

Indicates whether this endpoint is active in the current
configuration and interface. The core clears this bit for all
endpoints (other than EP 0) after detecting a USB reset. After
receiving the SetConfiguration and Setinterface commands, the
application must program endpoint registers accordingly and set
this bit.

Values:

» 0x0 (DISABLED): Not Active

» 0x1 (ENABLED): USB Active Endpoint

Value After Reset: 0x0

MPS

Maximum Packet Size (MPS)

The application must program this field with the maximum packet
size for the current logical endpoint. This value is in bytes.

Value After Reset: 0x0
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22.2.44 DOEPINTi: Device OUT endpoint | interrupt register

Forl=1;1<= OTG_NUM_IN_EPS

DOEPINTi =0x5000_0B28

31 30 29 28 27 26 25 24(23 2221201918 17 16|15 14 13 12 1 10 9 8|7 6 5 4 3 2 1 O
3 Elalcl2|8l =53 g 2le -

2 ElE|u|@l2|E|El2|8l%|E|5am|B|5

o Flc|l2l/5lo(<|a|o ol = |00

8 L8282 3835 E8ZEs

@ Z|IZ|P|2E|e|®|ole|8|4|D <l

mi o»n|O
- o|o0oj0j0O|-|0]O0 o0j0|0j0|0O|0O]O
RW [ RW [ RW | RW RW | RW RW [ RW | RW | RW | RW | RW | RW

14

NYETIntrpt

NYET Interrupt (NYETIntrpt)

The core generates this interrupt when a NYET response is
transmitted for a non isochronous OUT endpoint.

Values:

* 0x1 (ACTIVE): NYET Interrupt

* 0x0 (INACTIVE): No NYET interrupt

Value After Reset: 0x0

13

NAKIntrpt

NAK Interrupt (NAKInterrupt)

The core generates this interrupt when a NAK is transmitted or
received by the device.

In case of isochronous IN endpoints the interrupt gets generated
when a zero length packet is transmitted due to un-availability of
data in the TXFifo.

Values:

* 0x1 (ACTIVE): NAK Interrupt

» 0x0 (INACTIVE): No NAK interrupt

Value After Reset: 0x0

12

BbleErr

NAK Interrupt (BbleErr)

The core generates this interrupt when babble is received for the
endpoint.

Values:

» 0x1 (ACTIVE): BbleErr interrupt

» 0x0 (INACTIVE): No BbleErr interrupt

Value After Reset: 0x0

11

PktDrpSts

Packet Drop Status (PktDrpSts)

This bit indicates to the application that an ISOC OUT packet has
been dropped. This bit does not have an associated mask bit and
does not generate an interrupt.

Dependency: This bit is valid in non Scatter/Gather DMA mode
when periodic transfer interrupt feature is selected.

Values:

* 0x1 (ACTIVE): Packet Drop Status interrupt

» 0x0 (INACTIVE): No interrupt

Value After Reset: 0x0

BNAIntr

BNA (Buffer Not Available) Interrupt (BNAIntr)

This bit is valid only when Scatter/Gather DMA mode is enabled.
The core generates this interrupt when the descriptor accessed is
not ready for the Core to process, such as Host busy or DMA done
Values:

* 0x1 (ACTIVE): BNA interrupt

+ 0x0 (INACTIVE): No BNA interrupt

Value After Reset: 0x0
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8 OutPktErr OUT Packet Error (OutPktErr)
Applies to OUT endpoints Only
This interrupt is valid only when thresholding is enabled. This
interrupt is asserted when the core detects an overflow or a CRC
error for non-Isochronous OUT packet.
Values:
» 0x1 (ACTIVE): OUT Packet Error
» 0x0 (INACTIVE): No OUT Packet Error
Value After Reset: 0x0

6 Back2BackSETup Back-to-Back SETUP Packets Received (Back2BackSETup)
Applies to Control OUT endpoints only.
This bit indicates that the core has received more than three back-
to-back SETUP packets for this particular endpoint. For
information about handling this interrupt,
Values:
» 0x1 (ACTIVE): Back-to-Back SETUP Packets Received
» 0x0 (INACTIVE): No Back-to-Back SETUP Packets Received
Value After Reset: 0x0

5 StsPhseRcvd Status Phase Received for Control Write (StsPhseRcvd)
This interrupt is valid only for Control OUT endpoints.
This interrupt is generated only after the core has transferred all
the data that the host has sent during the data phase of a control
write transfer, to the system memory buffer.
The interrupt indicates to the application that the host has switched
from data phase to the status phase of a Control Write transfer.
The application can use this interrupt to ACK or STALL the Status
phase, after it has decoded the data phase. This is applicable only
in Case of Scatter Gather DMA mode.
Values:
* 0x1 (ACTIVE): Status Phase Received for Control Write
» 0x0 (INACTIVE): No Status Phase Received for Control Write
Value After Reset: 0x0

4 OUTTknEPdis OUT Token Received When Endpoint Disabled (OUTTknEPdis)
Applies only to control OUT endpoints.
Indicates that an OUT token was received when the endpoint was
not yet enabled. This interrupt is asserted on the endpoint for
which the OUT token was received.
Values:
» 0x1 (ACTIVE): OUT Token Received When Endpoint Disabled
* 0x0 (INACTIVE): No OUT Token Received When Endpoint
Disabled
Value After Reset: 0x0

3 SetUp SETUP Phase Done (SetUp)
Applies to control OUT endpoints only.
Indicates that the SETUP phase for the control endpoint is
complete and no more back-to-back SETUP packets were
received for the current control transfer. On this interrupt, the
application can decode the received SETUP data packet.
Values:
* 0x1 (ACTIVE): SETUP Phase Done
+ 0x0 (INACTIVE): No SETUP Phase Done
Value After Reset: 0x0

2 AHBErT AHB Error (AHBETT)

Applies to IN and OUT endpoints.

This is generated only in Internal DMA mode when there is an AHB
error during an AHB read/write. The application can read the
corresponding endpoint DMA address register to get the error
address.

Values:

» 0x1 (ACTIVE): AHB Error interrupt

» 0x0 (INACTIVE): No AHB Error Interrupt

Value After Reset: 0x0
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1 EPDisbld Endpoint Disabled Interrupt (EPDisbld)
Applies to IN and OUT endpoints.
This bit indicates that the endpoint is disabled per the application’s
request.
Values:
» 0x1 (ACTIVE): Endpoint Disabled Interrupt
» 0x0 (INACTIVE): No Endpoint Disabled Interrupt
Value After Reset: 0x0

0 XferCompl Transfer Completed Interrupt (XferCompl)
Applies to IN and OUT endpoints.
* When Scatter/Gather DMA mode is enabled
-For IN endpoint this field indicates that the requested data from
the descriptor is moved from external system memory to internal
FIFO.
-For OUT endpoint this field indicates that the requested data from
the internal FIFO is moved to external system memory. This
interrupt is generated only when the corresponding endpoint
descriptor is closed, and the I0C bit for the corresponding
descriptor is Set.
Values:
* 0x1 (ACTIVE): Transfer Complete Interrupt
» 0x0 (INACTIVE): No Transfer Complete Interrupt
Value After Reset: 0x0

22.2.45 DOEPDMAI: Device OUT Endpoint | DMA Address Register
Forl=1;1<=0TG_NUM_IN_EPS

DOEPDMAI =0x5000_0B34

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13121110 9 8|7 6 5 4 3 2 1 O
DMAAddr
0
RW
31 DMAAddr Holds the start address of the external memory for storing or
0 fetching endpoint data.

Note: For control endpoints, this field stores control OUT data
packets as well as SETUP transaction data packets. When more
than three SETUP packets are received back-to-back, the SETUP
data packet in the memory is overwritten.

This register is incremented on every AHB transaction. The
application can give only a DWORD-aligned address.

* When Scatter/Gather DMA mode is enabled, this field indicates
the base pointer for the descriptor list.
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22.2.46 DOEPDMABI: Device OUT Endpoint | Buffer Address Register

Forl=1;1<= OTG_NUM_IN_EPS

DOEPDMABi =0x5000_0B3C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

DMABufferAddr

31 DMABufferAddr

Holds the current buffer address. This register is updated as and
when the data transfer for the corresponding end point is in

progress.

22.2.47 PCGCCTL: Power and Clock Gating Control Register

PCGCCTL =0x5000_0E00

31 30 29 28 27 26 25 24|23 22 21 2019 18 17 16|15 14 13121110 9 8|7 6 5 4 3 2 1 O
e ARERERE
2l © |3l8|3|g|®RIT o|x|x
gl ¢ (2121589212 E|28
RestoreValue o @ glol2lo|Llo|21Q|a|a
o AN =N I G R I i A =
@ ¥ || -g | Hp| a|lo|n
L 12 Y i o
0 0 0|-|10j0]|O0 00|00
RW RW - RW R RW RW | RW | RW | Rw
31 RestoreValue Restore Value (RestoreValue)

14

When Hibernation mode is enabled, the RestoreValue needs to be
read at SAVE_POINT to store in non-volatile memory and at
RESTORE_POINT restored before PCGCCTL.EssRegRestored
field is set.

* [31] if_dev_mode

-1: core restored as device

* [30:29] p2hd_prt_spd (PRT speed)

-01: FS

-10: LS

-11: Reserved

* [28:27] p2hd_dev_enum_spd (Device enumerated speed)

-10: LS

-11: FS (48 MHz clk)

* [26:20] mac_dev_addr (MAC device address) Device address

* [19] mac_termselect (Termination selection)

-1: FS_TERM (Program for Full Speed)

* [18:17] mac_xcvrselect (Transceiver select)

-01: FS_XCVR (Full Speed)

-10: LS_XCVR (Low Speed)

-11: LFS_XCVR (Reserved)

* [15:14] prt_clk_sel (Refer prt_clk_sel table) Defines port clock
select for different speeds.
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13 EssRegRestored Essential Register Values Restored (EssRegRestored)
A write of one into this field indicates that register values of
essential registers have been restored. For definition of essential
registers, refer programming flow section for Hibernation.
Values:
» 0x0 (NOT_RESTORED): Register values of essential registers
are not restored
» Ox1 (RESTORED): Register values of essential registers have
been restored
9 RestoreMode Restore Mode (RestoreMode)
The application should program this bit to specify the restore mode
during RESTORE POINT before programming
PCGCCTL.EssRegRest bit is set.
* Device Mode:
-1’b0: Device-initiated Remote Wakeup
-1’b1: Host-initiated Resume, Host-initiated Reset
Values:
» Ox0 (DISABLED): In Device mode, this bit indicates Device-
initiated Remote Wakeup
» 0x1 (ENABLED): In Device mode, this bit indicates Host-initiated
Resume and Reset
7 L1Suspended L1 Deep Sleep
Indicates that the PHY is in deep sleep when in L1 state.
Values:
» 0x1 (ACTIVE): Deep Sleep
* 0x0 (INACTIVE): Non Deep Sleep
6 PhySleep PHY In Sleep
Indicates that the PHY is in Sleep State.
Values:
* 0x1 (ACTIVE): Phy in Sleep state
+ 0x0 (INACTIVE): Phy not in Sleep state
5 Enbl_L1Gating Enable Sleep Clock Gating
If this bit is set, core internal clock gating is enabled sleep state if
utmi_Il1_suspend_n cannot be asserted by the core.
The PHY clock will not be gated in sleep state if Enbl_L1Gating is
not set.
Values:
» 0x0 (DISABLED): The PHY clock is not gated in Sleep state
» Ox1 (ENABLED): The Core internal clock gating is enabled in
Sleep state
3 RstPdwnModule Reset Power-Down Modules (RstPdwnModule)
This bit is valid only in Partial Power-Down mode.
* The application sets this bit when the power is turned off.
» The application clears this bit after the power is turned on and the
PHY clock is up.
Note: The R/W of all core registers are possible only when this bit
is set to 1b0.
Values:
» Ox1 (OFF): Power is turned off
* 0x0 (ON): Power is turned on
2 PwrClmp Power Clamp (PwrClmp)

This bit is valid only in Partial Power-Down mode

» The application sets this bit before the power is turned off to
clamp the signals between the power-on modules and the power-
off modules.

» The application clears the bit to disable the clamping before the
power is turned on.

Values:

» 0x0 (DISABLED): Clears this bit to disable the clamping before
the power is turned on

» 0x1 (ENABLED): In only Partial Power-Down mode, sets this bit
to clamp the signals between the power-on modules and the
power-off modules before the power is turned off
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1 GateHclk Gate Hclk (GateHclk)
» The application sets this bit to gate hclk to modules other than
the AHB Slave and Master and wakeup logic when the USB is
suspended or the session is not valid.
* The application clears this bit when the USB is resumed or a new
session starts.
Values:
» 0x0 (DISABLED): Clears this bit when the USB is resumed or a
new session starts
» Ox1 (ENABLED): Sets this bit to gate hclk to modules when the
USB is suspended or the session is not valid

0 StopPclk Stop Pclk (StopPclk)

* The application sets this bit to stop the PHY clock (phy_clk) when
the USB is suspended, the session is not valid, or the device is
disconnected.

* The application clears this bit when the USB is resumed or a new
session starts.

Values:

* 0x0 (DISABLED): Disable Stop Pclk

» 0x1 (ENABLED): Enable Stop Pclk
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22.3  Functional description

22.3.1 USB device

USB devices are peripherals communicated to a USB Host. Devices are implemented by adding USB
Software Stack. USB Device peripherals can have one or more of the following USB Device Classes.

* Human Interface Device (HID) is typically used for devices such as keyboards, mouse, or
joysticks.

*  Communication Device Class (CDC) provides virtual communication port functionality to the
USB Host.

* Mass Storage Class (MSC) is used to allow access to various storage devices to the USB
Host.

*  Custom Class provides a vendor specific USB Device Class.
*  For more information about USB Device Classes, it can be found on USB-IF homepage.

USB Host initiates all data of USB Communication. USB consist of one or more transactions. The data
sends and receives from Endpoints.

Starting transaction, USB need to make Pipes between Device and Host logically. Host sends data from
OUT Endpoint. Host receives data from IN Endpoint.

An endpoint acts as a kind of buffer. It can be configured to support four transfer types defined in the
USB specification.

*  Control Transfer is typically used to setup an USB device. It always uses IN/OUT Endpoint 0.
* Interrupt Transfer can be used where data is sent regularly, for example for status updates.

* Isochronous Transfer transmits real-time data such as audio and video. It has a guaranteed,
fixed bandwidth, but no error detection.

*  Bulk Transfer can be used to send data where timing is not important, for example to a printer.

Data is transferred in so called transactions. Normally, they consist of three packets:

* Token packet is the header defining the transaction type and direction, the device address,
and the endpoint.

* Datais transferred in a data packet.

*  Final status of the transaction is acknowledges in the handshake packet.
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USB packet format is describes in Figure 153.

Token Data Handshake
packet packet packet

Figure 153. USB Packet Field

Table 87. USB Packet PID

Token packets

ouT 0001b Beginning of OUT transaction

IN 1001b Start of an IN transaction

SETUP 0101b Signals beginning of a Control Transaction
SOF 1101b Start of Frame packet

Data packets

DATAO 0010b Clears the toggle bit in the data packet
DATA1 1011b Sets the toggle bit in the data packet
Handshake

ACK 0110b Transmission successfully completed
NACK 1010b Transmission unsuccessful

STALL 1110b delayed response, retry needed
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22.3.2 USB descriptors

USB devices report their attributes by using descriptors, which are data structures with a defined format.

When a USB device is attached to the USB bus, a host uses a process known as bus enumeration to
identify and configure the device. If the enumeration is finished, the device can service the active
endpoints to exchange data with the USB Host.

Following is the most commonly used descriptors:

*  Device Descriptor

*  Configuration Descriptor
* Interface Descriptor

*  Endpoint Descriptor

e  String Descriptor

Device
Descriptor

Configuration
Descriptor

Interface Interface

Descriptor Descriptor
EndPoint EndPoint EndPoint
Descriptor Descriptor Descriptor

Figure 154. USB Descriptor Hierarchy
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22.3.3 USB operation

Reliable operation of USB requires the followings:

1. USB power system: There are 2 way of supplying USB power.

— First, integrated 3.3V LDO can be supplied to USB module. SCU_VDCCON register is set
to 0xA3000000.

— Second, 3.3V VDDIO2 can be supplied to USB module. SCU_VDCCON register is set to
0xAA00200 and 21bit of PCU_USBCON register is set to 1.

2. USB clock speed: 48MHz clock speed is required for full speed USB. For reliable
communication, USB recommends to use the clock which is a tolerance of £2500 ppm(0.25%).
For more information, please refer to Chapter 4.2 Clock System.

3. USB port control (D+, D-): A user needs to configure PCU_USBCON register for corresponding
USB function. The register regards to characteristics of USB port such as pull up/down and
drive strength option.

— Example code for the device using full speed USB: PCU_USBCON will be set as shown

below:
USBCON =  (0x7 << 28) | (0x7 << 24) /[Drive Strengthen
| (0x1 << 23) | (0x0 << 22) | (0x1 << 21) /ICONTROL_EN//PHY_SUSPEND//VREF_SEL
| (0x0 << 19) | (0x0 << 18) //IPD_ENDN, DP
| (0x0 << 17) | (Ox1 << 16) //PU_ENDN, DP
| (0x0 << 12) | (0x0 << 8) /IVIH_CON//VIL_CON
| (0x7 << 4) | (0x7 << 0); //IPD_CON//PU_CON

4. Device initialization, connection, and disconnection: The application must perform the
following steps to initialize the controller at a device.

— Program the following fields in DCFG register.
i. DescDMA bit
ii. Device Speed
iii. NonZero Length Status OUT Handshake
iv. Periodic Frame Interval (If Periodic Endpoints are supported)

— Program the Device threshold control register. This is required only if you are planning to
enable thresholding.

— Clear the DCTL.SftDiscon bit. The controller issues a connection after this bit is cleared.
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— Program the GINTMSK register to unmask the following interrupts.
i. USB Reset
. Enumeration Done
iii. Early Suspend
iv. USB SuspenD
V. SOF

—  Wait for the GINTSTS.USBReset interrupt, which indicates a reset has been detected on
the USB and lasts for about 10 ms. Initialization on USB Reset.

i. DOEPCTLN.SNAK = 1 (for all OUT endpoints)
. DAINTMSK.INEPO = 1 (control O IN endpoint)

iii. DAINTMSK.OUTEPO = 1 (control 0 OUT endpoint)

iv. DOEPMSK.SETUP =1

V. DOEPMSK.XferCompl = 1

Vi. DIEPMSK.XferCompl = 1

vii. DIEPMSK.TimeOut = 1

— Reset the Device Address field in Device Configuration Register (DCFG).

i. USB->DCFG &= ~(0x7f << 4); llclear

—  Wait for the GINTSTS.EnumerationDone interrupt. This interrupt indicates the end of reset
on the USB. Initialization on Enumeration Completion.

i. On the Enumeration done interrupt (GINTSTS.EnumDone, read the DSTS register to
determine the enumeration speed.

ii. Program the DIEPCTLO.MPS field to set the maximum packet size. This step
configures control endpoint 0. The maximum packet size for a control endpoint
depends on the enumeration speed.

iii. The descriptors must be set up in memory before enabling the endpoint.
= DOEPCTLO.EPEna=1

iv. Unmask the SOF interrupt.
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If VBUS is on when the device is connected to the USB cable, the device connection flow is as follows:

1. The device triggers the GINTSTS.SessReqInt [bit 30] interrupt bit.

2. When the device application detects the GINTSTS.SessReqint interrupt, it programs the
required bits in the DCFG register.

3. When the Host drives Reset, the Device triggers GINTSTS.USBRst [bit 12] on detecting the
Reset.

The device session ends when the USB cable is disconnected or if the VBUS is switched off by the
Host. The device disconnect flow is as follows:

1. When the USB cable is unplugged or when the VBUS is switched off by the Host, the Device
controller triggers GINTSTS.USBRst [bit 12] interrupt bit.

2. When the device application detects GINTSTS.USBRst, the application sets a time-out check
for SET ADDRESS Control Xfer from Host.

3. If application does not receive SET ADDRESS Control Xfer from Host before the time-out
period, it is treated as a device disconnection.

22.3.4 USB transfer

In this section, a sequence that an application must do when it receives a command from Host.

The application must do the followings when it receives a SetAddress command in a SETUP packet:
1. Program the DCFG register with the device address received in the SetAddress command.
2. Program the controller to send out a status IN packet.

The application must do the followings when it receives a SetConfiguration or Setinterface command
in a SETUP packet.

1. The application must program the endpoint registers of the endpoints affected by this
command.

2. Atfter all required endpoints are configured, the application must program the controller to send
a status IN packet.

Following procedure describes how the application initializes the channel and provides information on
transfers IN/OUT EndPoint. Data buffers are presented through descriptor structures:

1. The application prepares the descriptors, and sets the DIEPCTLn/DOEPCTLn.EPEna bit.

2. The DMA fetches the corresponding descriptor (initially determined by
DIEPDMAN/DOEPDMARN).

3. The DMA internally sets the transfer size from descriptor back to DIEPTSIZn/DOEPTSIZn.
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4. From this point onwards, the current device flow executes.

5. Once the transfer size data is moved by the DMA, the DMA checks for further links in the
descriptor chain.

6. If this is the last descriptor, the DMA sets the DIOEPINTn.XferCompl interrupt.

22.3.5 USB software example

This section describes how to implement USB software and how to use USB application between host
and a device.

1) CDC(Virtual Comport)

Assuming that CDC (Communications Device Class) provides the developer with a simple data
exchange interface, as a brief example of this interface, a simple application can be introduced in the
followings. It (ACM class) results in a virtual COM port on the host.

Refer to VCP (Virtual COM port) example project. This application sends and receives a string over
USB to a virtual COM port on the host. Terminal emulator program such as Tera Term and Putty will be
required for users.

Termainal emulator Termainal emulator

(Tera Term)

(Tera Term)
1 .

2

D+ Tx -> RX

USB USB
Host Device

PC, Mobile, etc. MCU UART Serial to USB

Figure 155. USB Communication using Software

Application example

1. Open USB VCP test example project. Compile and download the project.
2. PC (Host) USB connect to MCU (Device) USB port.

3. After PC (Host) recognize USB Device, user need to set up Com Port Driver (inf file).
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4. Open Windows OS — Device Manager console

& Monitors
&¥ Network adapters
4 - I35 Other devices
l U Universal Senial Bus (USB) Controller
L} Processors
% Sound, video and game controllers
M System devices

@ Universal Serial Bus controllers

Figure 156 Application Example: Open Windows OS

5. Update manually the driver software. ABOV provides G324_Comport_Driver.inf file.

6. Check the Com port to recognize USB Device properly.

-
») Imaging devices

— Keyboards

I Mice and other pointing devices

™ Montors

o Network adapters
2 Other devices
KR Portable Devices

onts (LOM & L )
'S USB Senal Port (COM3)

. ront queves

= Printers

Figure 157. Application Example: Check COM Port

7. Open Tera Term for Serial to USB (UART) and USB.

8. After setting the connection, the user sends a character from USB to UART. Tera Term (UART)

prints the character after receiving. Conversely, the user sends a character from UART to USB.
Tera Term (USB) prints the character.

9. Following figures are examples, printing a string “ABOV From xxx DATA”.

T COM27T - Tera Term VT — O * i
File Edit Setup Control Window Help

BOM Fron UART DATH

B0V Fron USE DATA.

Tera Term connected to USB

Tera Term connected to UART

Figure 158. Application Example: Printing Characters
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2)

HID(Custom Data-pipe)

It is possible to use custom data exchange based on the HID class.

22. USB interface

Refer to HID(HID_Custom) example project. This application sends and receive a string over USB to a

HID GUI tool(Including USB example project —> PC_Tool folder) on the host.

mo o w »

m
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Termainal emulator
(PC Tool for HID)

HID Data-pipe

UsB

PC, Mobile, etc. Host

D+

Device

MCU

UART

Figure 159. HID Block Diagram

PC(Host) USB connect to MCU(Device) usb port.

Open Windows OS — Device Manager console

Open HID PC GUI Tool for communicating via USB.

Check the HID device to recognize USB Device properly.

ol USB HID PIPE Example GUI — [m] X
Keep Send Data Data Format
HEX
AAS gASCII Send(Enter)

USE HOST (PC)

UI5B DEVICE (MCLU)

201910728 25 214:45 My device wag
found,

55 A4 55 AA S5 A4 55 A
55 AA 55 AA S5 A4 55 AA
55 AA 55 A4 55 A& 55 AN
55 A4 55 A4 55 A& 55 A
55 A% 55 A4 55 A& 55 AN
55 A% 55 A4 55 A& 55 AN

(Recieve Data) 2019-10-28 2% 2:14:5255
Ad 55 a4 55 AA S5 AL

55 AA 55 A4 55 A& 55 AN
55 A4 55 A4 55 A& 55 A
55 A% 55 A4 55 A& 55 AN
55 AL G5 A4 G5 AS 55 A4
55 A& 55 AA 55 A4 55 AN
55 AA 55 AA S5 A4 55 A
55 A4 55 AA 55 A4 55 A

(Recieve Data) 2018-10-28 2% 2145355

Ak 55 A8 55 AR 55 AL

55 AL G5 A4 G5 AS 55 A4
55 A& 55 AA 55 A4 55 AN
55 AA 55 AA S5 A4 55 A
55 AA 55 AA S5 A4 55 AA
55 AA 55 A4 55 A& 55 AN
55 A4 55 A4 55 A& 55 A
55 A4 55 A4 55 A& 55 AN

<

WID (Wendor 1D
‘IAZQ ‘
PID (Product ID
‘TDDZ ‘
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Figure 160. USB HID PIPE Example GUI

Open USB VCP test example project. Complie and download the project.

As shown in the Figure 160 below. (For example, receive a string “0x55 0xAA...”)
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B Hardware
As shown in a detailed reference design.
1. D+, D-line: 33Q
2. VDDIO2 : There are 2 options.
Internal USB power(VDD33) -> Floating, or External USB power -> supply 3.3V

3. For reliable communication, the USB specification requires the clock have a tolerance of
+2500 ppm.

In order to meet this condition, It is recommended to use a crystal and PLL.

——w—]
o+ USB
D- :I__W\__Connector

> Floating
(3% ) or
— 3.3V(USB external Power)
W VDD!O2 :l—r—T
N 0.uF ==
= T
— — o 18F
I ,-').(-;Ta;i | C1
Bkl 5 | =
XOUT ——1— =
| e | c =
(. 18pF

Figure 161. Crystal Design Guide
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23. Real-time clock (RTC)

Real-time clock (RTC) of A31G32x series provides an automatic wakeup function to manage all low-
power modes.

The RTC is an independent BCD timer/counter. It provides a time-of-day clock/calendar with
programmable alarm interrupt. In addition, it includes a periodic programmable wakeup flag with
interrupt capability. Eight RTC counters contain the sub-seconds, seconds, minutes, hours, week, day,
month, and year expressed in binary coded decimal format (BCD). Compensations for 28-, 29- (leap
year), 30-, and 31-day months are performed automatically. An error correction is available to
compensate for variations in crystal oscillator accuracy.

In any mode of operation, the sub-second counter is never accessible. In normal operating mode, seven
RTC counters are protected from read and write access. Read and write operation is possible only in
RW mode. As long as the supply voltage remains in the operating range, the RTC never stops,
regardless of the device status (run mode, low-power mode or under reset).

The RTC features the followings:

*  LSI40KHz and MCCRS5 clock as RTC clock (fRTC)
*  Counters of year, month, week, day, hour, minute, and second (up to 99 years)

*  Constant-period matching interrupt function (period: 0.5 seconds, 1 second, 1 minute, 1 hour,
1 day, 1 month)

e Alarm interrupt function (alarm: week, hour, minute)

* Timestamp interrupt and function

*  Pin output of 1Hz clock

*  Error correction by 1.53ppm resolution when using 32768Hz LSE
*  Backup power mode operation support

* Four 32-bit backup registers (BKUR1~4) implemented in the RTC domain (remaining
powered-on by VBAT when the VDD power is switched off)

Internal clock frequency for the RTC clock is detailed in electrical characteristic.
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23.1 RTC block diagram

In this section, RTC block diagram is introduced in Figure 162.

rising
I——
TS_IN edge_detect falling
‘ ALARMWW ‘ ‘ ALARMWH ‘ ‘ ALARMWM ‘ WALIE
TS_EDGE_S l
|y A > =
LS140KHZ
MCCRS fatc
PPCLKSR K

TIME_TS ‘ ‘

S S S S S

SEC MIN HOUR DAY WEEK MONTH YEA
(7-bit) (7 bit) (e bit) (6 bit) (3 bit) (5 bit) (8- m)
RTCE T T T T T T %

RWST ‘ Input range & BCD check

‘ Buffer H Buffer ‘4—{ Buffer ‘4—{ Buffer ‘4—{ Buffer ‘4—{ Buffer ‘4—{ Buffer ‘47 WRITE

INTRTC

DATE_TS ‘

ERRCOR

SUBDR

CT[2:0]

RTC_1Hz

Figure 162. RTC Block Diagram
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23.2 Registers
Base address of RTC block is introduced in the followings:
Table 88. Base Address of RTC Interface
Name Base address
RTC 0x4000_6100
Table 89. RTC Register Map
Name Offset Type | Description Reset value Reference
RTCCR 0x0000 | RW RTC Control Register 0x0000_0000 | 23.2.1
ERRCOR 0x0008 | RW Watch Error Correction Register 0x0000_0000 | 23.2.2
SEC 0x000C | RW Second Counter Register 0x0000_0000 | 23.2.3
MIN 0x0010 | RW Minute Counter Register 0x0000_0000 | 23.24
HOUR 0x0014 | RW Hour Counter Register 0x0012_0000 | 23.2.5
DAY 0x0018 | RW Day Counter Register 0x0001_0000 | 23.2.6
WEEK 0x001C | RW Week Counter Register 0x0000_0000 | 23.2.7
MONTH 0x0020 | RW Month Counter Register 0x0001_0000 | 23.2.8
YEAR 0x0024 | RW Year Counter Register 0x0000_0000 | 23.2.9
ALARMW 0x0028 | RW | Alarm Minute Register 0x0000_0000 | 23.2.10
SUBDR 0x002C | RW Sub-second counter compare | 0x0001-FFFF | 23.2.11
register
TIME_TS 0x0030 | RW TimeStamp time register 0x0000_0000 23.2.12
DATE_TS 0x0034 | RW TimeStamp date register 0x0000_0000 23.2.13
BKUR1 0x0038 | RW Backup register 1 0x0000_0000 23.2.14
BKUR2 0x003C | RW Backup register 2 0x0000_0000
BKURS3 0x0040 | RW Backup register 3 0x0000_0000
BKUR4 0x0044 | RW Backup register 4 0x0000_0000
RTCPFCR | 0x0048 | RW RTC Pin Function Configuration | 0x0000_0000 | 23.2.15
register
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23.2.1 RTCCR: RTC control register

RTCCR is a 32-bit register for controlling the RTC. You can set the alarm, constant-period matching,

timestamp, etc. before activating the RTC. Changing this register during RTC operation may cause
malfunction, so be sure to change while RTCE=0.

RTCCR=0x4000_6100

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 0
m
Zlw p= oz z' olwl 8 |o =l e
oL Reserved S 5 |8 9 |4l % < Reserved g <§(
Ele = el 9 F= e = ¥l
E|
00 - 0 0 0|0 0 0|0 - 0 - 0|0
RW | RW RW RW RW{RW| RW [RW]|RW RW . RW [RW
31 RTCEN RTC clock input enable
0 RTC clock input disabled
1 RTC clock input enabled
NOTE:
If RTCEN = 0, writing to RTC registers is ignored. If the registers are read, only default
values are read. (SEC to YEAR, ALARMWx, ERRCOR)
30 RTCE RTC counter run
0 RTC counter stop
1 RTC counter run
20 AMPM Hour system selection
0 12-hour system (a.m. and p.m. are displayed.)
1 24-hour system
NOTE:
AMPM can only be changed in RW mode. HOUR value for the 12-hour system and the 24-
hour system are shown in Table 90.
19 CT Period selection of constant-period matching
17 000 Constant-period matching disabled
001 Once per 0.5 s (synchronized with second count up)
010 Once per 1 s (same time as second count up)
011 Once per 1 m (second 0 of every minute)
100 Once per 1 hour (minute 0 and second 0 of every hour)
101 Once per 1 day (hour 0, minute 0, and second 0 of every day)
110 Once per 1 month (Day 1, hour 0 a.m., minute 0, and second
0 of every month)
111 reserved
16 RIFG Constant-period matching flag
0 Constant-period matching is not generated
1 Constant-period matching is generated
NOTE:
This flag is reset when “0” is written to it. Writing “1” to it is invalid.
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23.RTC

15 TSEN Timestamp enable
0 Timestamp disabled
1 Timestamp enabled
NOTE:
If timestamp wakeup is used in standby mode, PC13 must be set to timestamp function in
run mode.
14 TS_EDGE_SEL Timestamp event active edge selection
13 00 Falling edge
01 Rising edge
10 Falling/rising
11 Reserved
12 TSFG Time stamp event flag
0 Timestamp event is not generated
1 Timestamp event is generated
NOTE:
This flag is reset when “0” is written to it. Writing “1” to it is invalid.
11 WAIE Alarm enable
0 Alarm is disabled
1 Alarm is enabled
8 WAFG Alarm flag
0 Alarm is not generated
1 Alarm is generated
NOTE:
This flag is reset when “0” is written to it. Writing “1” to it is invalid.
1 RWST RW mode status flag
0 Run mode
1 RW mode
NOTE:
WST is a signal that synchronizes RWAIT to RTC clock (frrc). This indicates that it is in the
RW mode for reading and writing the RTC counter. Before reading and writing the RTC
counter, confirm that the value of this flag is “1”.
0 RWAIT RW mode set
0 RW mode is unset
1 RW mode is set
NOTES:

1.  Constant-period matching interrupts, alarm match interrupts and timestamp interrupts use
the same interrupt source.

2. When using these three types of interrupts at the same time, which interrupt occurred can
be judged by checking the Constant-period matching flag (RIFG), the alarm detection
status flag (WAFG), and the timestamp event flag (TSFG) upon RTC interrupt occurrence.

3. 25us delay required after RTCEN enable.

Example code)
RTCCR =| 0x01 (RTCEN enable)
NOP; ... NOP; /I 25us
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23.2.2 ERRCOR: Error correction register

ERRCOR is a 32-bit register. This register is used to correct the watch with high accuracy when it is

slow or fast by changing the value that overflows from the sub-second counter register to the second
counter register (SEC).

ERRCOR=0x4000_6108

31 30292827262524‘232221 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 O
>l 8| E
eI Reserved CORDATA
alololo
21O
o
0(0|-1]0 - 0x00000
RWRW| - [RW - RW
31 DEV Setting of watch error correction timing.
0 Corrects watch error when the second digits are at 00, 20, or
40 (every 20 seconds).
1 Corrects watch error only when the second digits are at 00
(every 60 seconds).
30 DIR Setting of watch error correction direction
0 Decreases by CORDATA.
1 Increases by CORDATA.
28 COREN Enable watch error correction
0 Disable
1 Enable
16 CORDATA Setting of watch error correction data
0 When CORDATA=0, the watch error is not corrected.
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23.2.3 SEC: Second counter register

SEC is a 7-bit register that takes a value of ‘00’ to ‘59’ (decimal) and indicates the count value of seconds.
It counts up when the sub-second counter register overflows. When data is written to this register, it is
written to a buffer and then to the counter when RWST bit is changed to ‘0’.

Set a decimal value of ‘00’ to ‘59’ to this register in BCD code. If a value that is not a BCD code is written,
it is ignored. If a value outside the range is written, the reset value is written.

SEC =0x4000_610C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved SEC
- 0x00
RW
6 SEC Second Counter Register

23.2.4  MIN: Minute counter register

MIN is a 7-bit register that takes a value of ‘00’ to ‘59’ (decimal) and indicates the count value of minutes.
It counts up when the second counter overflows. When data is written to this register, it is written to a
buffer and then to the counter when RWST bit is changed to ‘0. Even if the second counter register
overflows while this register is being written, the overflow is ignored and MIN register is set to the value
written.

Set a decimal value of ‘00’ to ‘59’ to this register in BCD code. If a value that is not a BCD code is written,
it is ignored. If a value outside the range is written, the reset value is written.

MIN =0x4000_6110
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved MIN
- 0x00
RW
6 MIN Minute Counter Register
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23.2.5 HOUR: Hour counter register

HOUR is a 6-bit register that takes a value of ‘00’ to ‘23’ (‘01’ to 12’ and 21’ to ‘32" when AMPM=0,
decimal) and indicates the count value of hours. It counts up when the minute counter overflows. When
data is written to this register, it is written to a buffer and then to the counter when RWST bit is changed
to ‘0’. Even if the minute counter register overflows while this register is being written, the overflow is
ignored and HOUR register is set to the value written.

Specify a decimal value of ‘00’ to ‘23’ (‘01 to ‘12" and ‘21’ to ‘32’ when AMPM=0) by using BCD code
according to the time system specified using bit 20 (AMPM) of real-time clock control register (RTCCR).

If the AMPM bit value is changed, the values of the HOUR register and ALARMWH register change
according to the specified time system. If a value that is not a BCD code is written, it is ignored. If a
value outside the range is written, the reset value is written. Reset signal clears this register to 12H.

HOUR =0x4000_6114
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 0

Reserved HOUR
- 0x12
RW
5 HOUR Hour counter Reigster

Table 90 shown below introduces relationship between the setting value of the AMPM bit, the hour count
register (HOUR) value, and time.

Table 90. Specified time system by AMPM

24-hour display (AMPM = 1) 12-hour display (AMPM = 0)

Time HOUR Time HOUR Time HOUR Time HOUR
12 a.m. OO0H 12 p.m. 12H 12 a.m. 12H 12 p.m. 32H
1am. 01H 1p.m. 13H 1a.m. 01H 1 p.m. 21H
2am. 02H 2p.m. 14H 2am. 02H 2p.m. 22H
3am. 03H 3p.m. 15H 3am. 03H 3 p.m. 23H

4 a.m. 04H 4 p.m. 16H 4 a.m. 04H 4 p.m. 24H
5am. 05H 5p.m. 17H 5a.m. 05H 5p.m. 25H

6 a.m. O6H 6 p.m. 18H 6a.m. 06H 6 p.m. 26H
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Table 90. Specified time system by AMPM (continued)

24-hour display (AMPM = 1) 12-hour display (AMPM = 0)

7 a.m. 07H 7 p.m. 19H 7 a.m. 07H 7 p.m. 27H
8 a.m. 08H 8 p.m. 20H 8am. 08H 8 p.m. 28H
9a.m. 09H 9 p.m. 21H 9a.m. 09H 9p.m. 29H
10 a.m. 10H 10 p.m. 22H 10 a.m. 10H 10 p.m. 30H
11 a.m. 11H 11 p.m. 23H 11 a.m. 11H 11 p.m. 31H

23.2.6 DAY: Day counter register

DAY is a 6-bit register that takes a value ranging from ‘01’ to ‘31’ (decimal) and indicates the count value
of days. It counts up when the hour counter overflows. This counter counts the followings:

*  ‘01'to ‘31’ (January, March, May, July, August, October, December)
*  ‘01'to ‘30’ (April, June, September, November)

* ‘01’ to ‘29’ (February, leap year)

* ‘01 to ‘28’ (February, normal year)

When data is written to this register, it is written to a buffer and then to the counter when RWST bit is
changed to ‘0’. Even if the hour counter register overflows while this register is being written, this
overflow is ignored and DAY register is set to the value written. Set a decimal value of ‘01’ to ‘31’
(corresponding to the month) to this register in BCD code. If a value that is not a BCD code is written,
it is ignored. If a value outside the range is written, the reset value is written.

DAY =0x4000_6118

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413121110 9 8|7 6 5 4 3 2 1 0
Reserved DAY
- 0x00
RW
5 DAY Day Counter Register
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23.2.7 WEEK: Week counter register

WEEK is a 3-bit register that takes a value ranging from ‘0’ to ‘6’ (decimal) and indicates the count value
of weekdays.

It counts up in synchronization with the day counter. When data is written to this register, it is written to
a buffer and then to the counter when RWST bit is changed to ‘0’. Set a decimal value of 0 to 6 to this
register. If a value outside the range is written, the reset value is written.

There is no corresponding WEEK value according to DAY. Select a value from ‘0’ to ‘6’ that corresponds
to the day of the week and use it sequentially. After reset release, set the week counter register as you
selected.

DAY =0x4000_611C
31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16{15 1413121110 9 8(7 6 5 4 3 2 1 0

Reserved WEEK
- 0x0
RW
2 WEEK Week Counter Register

23.2.8 MONTH: Month counter register

MONTH is a 5-bit register that takes a value ranging from ‘01’ to ‘12’ (decimal) and indicates the count
value of months. It counts up when the day counter overflows. When data is written to this register, it is
written to a buffer and then to the counter when RWST bit is changed to ‘0’. Even if the day counter
register overflows while this register is being written, the overflow is ignored and MONTH register is set
to the value written.

Set a decimal value of ‘01’ to “12’ to this register in BCD code. If a value that is not a BCD code is written,
it is ignored. If a value outside the range is written, the reset value is written.

SEC =0x4000_6120
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0

Reserved MONTH

- 0x00
RW
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4 MONTH Month Counter Register

23.2.9 YEAR: Year counter register

YEAR is an 8-bit register that takes a value ranging from ‘00’ to ‘99’ (decimal) and indicates the count
value of years. It counts up when the month counter register overflows. Values 00, 04, 08, ..., 92, and
96 indicate a leap year.

When data is written to this register, it is written to a buffer and then to the counter when RWST bit is
changed to ‘0’. Even if the MONTH register overflows while this register is being written, the overflow is
ignored and YEAR register is set to the value written.

Set a decimal value of ‘00’ to ‘99’ to this register in BCD code. If a value that is not a BCD code is written,
it is ignored.

YEAR =0x4000_6124

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14131211 10 9 8|7 6 5 4 3 2 1 O
Reserved YEAR
- 0x00
RW
7 YEAR Year Counter Reigster

23.2.10 ALARMW: Alarm register

ALARMW sets alarm time by configuring minute, hour and week of alarm.

ALARMWM =0x4000_6128
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|1514 1312110 9 8|7 6 5 4 3 2 1 O

o] o]
() ()
Reserved ALARMWW % ALARMWH % ALARMWM
i i
- 0x00 - 0x00 - 0x00
RW . RW . RW
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22 ALARMWW This register is used to set day of the week for the alarm. Each of the seven

16 bits represents a day of the week, so that duplicate days of the week can
be selected.

13 ALARMWH This register is used to set hours of the alarm. Set a decimal value of 00 to

8 23, 01 to 12, or 21 to 32 to this register according to AMPM in BCD code.
If a value outside the range is set, the alarm is not detected.

6 ALARMWM This register is used to set minutes of the alarm. Set a decimal value of 00

0 to 59 to this register in BCD code. If a value outside the range is set, the

alarm is not detected.

23.2.11 SUBDR: Sub-second counter compare register

SUBDR is a 32-bit register. This register determines the sub-second counter matching value and
provides the desired frequency clock to the second counter register.

ALARMWH =0x4000_612C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16/15 1413121110 9 8|7 6 5 4 3 2 1 O
Reserved SUBDR
- Ox1FFFF
RW
36 SUBDR Sub-second counter Compare Reigster

23.2.12 TIME_TS: TimeStamp time register

TIME_TS automatically saves the current time when a timestamp event occurs.

ALARMWW =0x4000_6130

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 0
Reserved HOUR_TS MIN_TS SEC_TS
- 0x00 0x00 0x00
R R R

23 HOUR_TS HOUR stored when the timestamp event occurred

16

15 MIN_TS MIN stored when the timestamp event occurred

8

7 SEC_TS SEC stored when the timestamp event occurred

0
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23.2.13 DATE_TS: TimeStamp date register

DATE_TS automatically saves the current date when a timestamp event occurs.

ALARMWW =0x4000_6134

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0
YEAR_TS MONTH_TS WEEK_TS DAY_TS
0x00 0x00 0x00 0x00
R R R R
31 YEAR_TS YEAR stored when the timestamp event occurred

34

23 MONTH_TS MONTH stored when the timestamp event occurred
16

15 WEEK_TS WEEK stored when the timestamp event occurred
8

7 DAY_TS DAY stored when the timestamp event occurred

0

23.2.14 BKUPDR: Backup register 1 to 4

BKUPDR is a 32-bit register. This register is used to store the necessary data in the backup power
mode.

BKUR1 =0x4000_6138, BKUR2 =0x4000_613C, BKUR3 =0x4000_6140, BKUR4 =0x4000_6144

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O
BKUPDR
0x00000000
RW
31 BKUPDR Backup Register
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23.2.15 RTCPFCR: RTC pin function configuration register

RTCPFCR defines function and status of the PC13, PC14 and PC15. Controls the status of PC13,
PC14, and PC15 ports in all modes (RUN, IDLE, STOP, STANDBY, BACKUP POWER). When set to
OUTPUT, the value of the PCU (Port Control Unit) register is ignored. When set to INPUT (Floating),
the PCU.MODE register must also be set to Input.

BKUR1 =0x4000_6138, BKUR2 =0x4000_613C, BKUR3 =0x4000_6140, BKUR4 =0x4000_6144

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121 10 9 8|7 6 5 4 3 2 1 O
w w w|Z
& |=lalo|ala] 8 |5 4
™2 () ol=2| ol e) - 2
Reserved = %§<>(§<>‘:§<>‘:§
o lgbb 3T 2 |87
O ololo|lol © |olg
g [E2(L2LL & |2 o
- 0 -/0(0|0|0] OO (OO
RW RW [RW |RW|RW | RW [RW]|RW
10 WKUPEN PC13 wakeup event enable
9 XX Disable wakeup event
11 Enable wakeup event
7 PC15MODE PC15 mode
0 Floating.
1 Push-pull output if LSE is disabled
6 PC15VALUE PC15 value
If the LSE is disabled and PC15MODE=1, PC15VALUE configures the
PC15 output data
5 PC14MODE PC14 mode
0 Floating.
1 Push-pull output if LSE is disabled
4 PC14VALUE PC14 value
If the LSE is disabled and PC14MODE=1, PC14VALUE configures the
PC14 output data
3 PC13MODE PC13 mode
2 000  Floating.
01 RTC_TS input
NOTE: If timestamp wakeup is used in standby mode, PC13
must be set to timestamp function (AF7) in run mode.
10 Push-pull output
11 RTC_OUT push-pull output
1 PC13VALUE PC13 value
If PC13MODE=10, PC13VALUE configures the PC13 output data
0 PC13WKUPEN Wakeup pin enable

0 PC13 is not used as wakeup pin.
1 PC13 is used as wakeup pin. (Only Rising Edge wakeup)
NOTE:

When this bit is set to 1, PC13 enters the input state, and PC13MODE
setting is ignored. RTC time stamp operation is possible if it is enabled.
PC13 wakeup event is enabled when PC13WKUPEN=1 and
WKUPEN=1.

NOTE: When PC13 is used as Standby mode wakeup Pin, RTCPFCR must be initialized
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23.3

Functional description

RTC clock (fRTC) input to the sub-second counter is determined by MCCR5 and PPCLKSR.5. By
setting the SUBDR register value corresponding to the RTC clock, the sub-second counter output, that

is, input clock of the SEC, can be 1Hz.

In Standby mode or backup power mode, only LSE and LSI40kHz operate, so the clock source must

be changed.
Table 91. SUBDR and RTC Clock Combination for 1Hz
RTCCSEL RTCDIV fRTC SUBDR ERROR
LSI (40KHz) 1 40KHz 0x0000_9C40-1 | —
LSE (32.768KHz) | 1 32.768KHz 0x0000_8000-1 | —
23.3.1 Starting the RTC Operation

To start the RTC, a user should follow the procedure below:

1.

Set the system configure register to enable RTC peripherals (PER2.29, PCERZ2.29,
PRER2.29).

Select the RTC clock source by configuring MCCR5 and PPCLKSR.
Set the RTCEN bit to 1, while the oscillation of the clock is stable.

Set the necessary control registers such as alarm, timestamp, and constant-period matching
etc. before activating the RTC counter.

Set the AMPM register for specified time system. If error correction is required, set the
ERRCOR register.

After all the settings are completed, when the RTC counter is read for run, activate RTC by
setting RTCE to 1.

Wait at least a clock of RTC after setting the counter when RTCEN =1 and RTCE = 0.
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C STTRT )

’ RTC Function enable ‘ PER2.29
|

RTC peripheral clock POERD.29
enable
[
’ RTC Reset enable ‘ PRER2.29
PPCLKSRI[5]
’ Select RTC clock source ‘ MCCR5[10-8]
MCCR5[7:0]

RTCEN=1 ‘

Wait 1 /fmc ‘

|

Setting SUBDR ‘

[

Setting SEC to YEAR

[

[

Clearing Interrupt Flag

[

|
|
|
|

Setting ERRCOR ‘
RTCE=1 ‘

» Yes

RTCIFR=1?

Supply input clock (farc).

Start counter operation.

Figure 163. Start Operation Sequence of RTC

23.3.2 RTC RW mode (read and write mode)

RTC counter read and write operations are not allowed in the RTC run state. Only RTC counters can
be read and written in RW mode only. The RWAIT bit must be set to 1 to enter RW mode. RWST
indicates that it is in RW mode and synchronized to the RTC clock. In order to perform read or write

operation, be sure to check RWST = ‘1’ before proceeding. To exit RW mode, set RWAIT to ‘0’.
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Stops SEC to YEAR counters.
Mode to read and write count values

Reads SEC to YEAR registers.
Writes SEC to YEAR registers.

RWAIT=1
— RWST=1?
No
Yes
Reading SEC to YEAR
Writing SEC to YEAR
|
RWAIT=0
— RWST=0?
No
Yes
( next >

Figure 164. Read Operation Sequence of RTC

The value written in RW mode is loaded into the RTC counter at the end of RW mode. In RW mode,

the SEC to YEAR counters stop counting and only the sub-second counter is continuing to count.

Therefore, even if the sub-second counter match is repeated several times in RW mode, it will be
applied only once at the end of RW mode. For this reason, RW mode operation should be done in 1
second. When writing to the SEC in RW mode, even if a sub-second counter overflow occurs, it is

ignored.

NOTES:

1. Complete the series of process of setting the RWAIT bit to ‘1’ to clearing the RWAIT bit to ‘0’ within ‘1’ second.

2. The second counter register (SEC), minute counter register (MIN), hour counter register (HOUR), week counter
register (WEEK), day counter register (DAY), month counter register (MONTH), and year counter register (YEAR)

may be read/written in any sequence.

3. All registers do not have to be read and only some registers may be read or written.

When changing the values of the SEC, MIN, HOUR, WEEK, DAY, MONTH, and YEAR register while the counter
operates (RTCE = 1), rewrite the values of the MIN register after disabling interrupt servicing INTRTC by using the
interrupt mask flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after rewriting the MIN register.
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Sub-second counter match in RW mode

RTCE 1

RTC clock

Sub-second
(SUBDR=M)

sub-second
match

RWAIT

RWST

59 00 X

S N S

write 20

—sec count up at the end of RW mode

MIN 7

SEC 58 ) 59
EX

b

20

21

Figure 165. Sub-second Counter Match in RW Mode

Sub-second counter match in RW mode when writing to SEC

RTCE

1
RTC clock

Sub-second
(SUBDR=M)
sub-second
match
4 sub-second counter match is ignored
RWAIT
RWST
write 30
SEC 58 x 59 \AX 30 X 31 X 32 X 33 X
write 20

MIN 57 X

b

20

Figure 166. Sub-second Counter Match in RW Mode when Writing to SEC
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23.3.3 RTC alarm setting

To activate the alarm function of RTC, write ‘1’ to WALIE of RTCCR. Alarm time can be set with three
registers ALARMWM, ALARMWH and ALARMWW. The alarm week register (ALARMWW), alarm hour
register (ALARMWH), and alarm week register (ALARMWW) may be written in any sequence.

Check the WAFG of RTCCR to see that an alarm has occurred. Constant-period matching interrupts,
alarm match interrupts and timestamp interrupts use the same interrupt source. When using these three
types of interrupts at the same time, which interrupt occurred can be judged by checking the Constant-
period matching flag (RIFG), the alarm detection status flag (WAFG), and the timestamp event flag
(TSFG) upon RTC interrupt occurrence.

< START >

Setting ALARMWM,
ALARMWH, ALARMWW

WALE=1 Match operation of alarm is valid.

Sets alarm minute/hour/week registers.

RTC interrupt occur ?

7\
o
y

WAFG=1?

i

Yes

C Alarm interrupt processing >

Figure 167. Alarm Operation Sequence of RTC

There is an ALARMWW bit corresponding to the Week counter register, and each bit of ALARMWW
indicates the day of the week. Therefore, it is possible to set an alarm for a duplicate day of the week.
Refer to Table 92 and Table 93.

Table 92. WEEK and ALARMWW Registers

WEEK ALARMWW
Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
0 0 0 0 0 0 0 1
1 0 0 0 0 0 1 0
2 0 0 0 0 1 0 0
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Table 92. WEEK and ALARMWW Registers (continued)

WEEK ALARMWW
Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
3 0 0 0 1 0 0 0
4 0 0 1 0 0 0 0
5 0 1 0 0 0 0 0
6 1 0 0 0 0 0 0
Table 93. Example of Setting the Alarm
Time of alarm Day (ALARMWW) 12-hour display | 24-hour display
Sunday Monday Tuesday Wednesday Thursday Friday Saturday Hour Minute Hour Minute
w w w w w w w ALARMWH | ALARMWM | ALARMWH | ALARMWM
w w w w w w w
0 1 2 3 4 5 6
Every day, 0:00 a.m. 1 1 1 1 1 1 1 12 00 00 00
Every day, 1:30 a.m. 1 1 1 1 1 1 1 01 30 01 30
Every day, 11:59 a.m. 1 1 1 1 1 1 1 11 59 11 59
Monday through 0 1 1 1 1 1 0 32 00 12 00
Friday, 0:00 p.m.
Sunday, 1:30 p.m. 1 0 0 0 0 0 0 21 30 13 30
Monday, Wednesday, | 1 0 1 0 0 0 31 59 23 59
11:59 p.m.

23.3.4 RTC Constant-period matching

You can cause the flag (RIFG) to occur at regular intervals. Depending on the CT value of RTCCR, a
flag is generated once every 0.5 second, 1 second, 1 minute, 1 hour, 1 day, 1month. However, this
period is the value when the sub-second counter outputs 1 Hz. Constant-period matching does not
occur when the RTC value is zero. If the RTC interrupt is enabled on the NVIC, the Constant-period
matching flag is used as the interrupt source. In this case, you can wakeup periodically in standby mode.
Since the RTC interrupt and RTC alarm and RTC time stamp are also assigned together with the
constant-period matching, if the RTC interrupt occurs, the interrupt handler can check the FLAG to see
which interrupt has been occurred.

23.3.5 RTC Timestamp

Timestamp function is provided when external pin input occurs. Timestamp can be activated by writing
1 to TSEN in the RTCCR register, and TS_EDGE_SEL determines the edge of the timestamp input.
When the Timestamp input is received, the value of the RTC counter register at that time is stored in
TIME_TS, DATA_TS, and the RTC continues counting.
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23.3.6 RTC 1Hz output

RTC supports 1Hz clock output to RTC_OUT pin. PC13MODE of RTCPFCRJ[3:2] must be set to
RTCOUT. The 1Hz clock is the frequency when using LSE 32.768KHz as RTC clock and SUBDR is
written 0x00007FFF. The RTC 1 Hz output can be used for error correction of the RTC counter.

23.3.7 Error correction of RTC

The watch can be corrected with high accuracy when it is slow or fast, by configuring a value to the
error correction register (ERRCOR). The correction value is 1, 2, 3, 4, ... 2"2-3, 2"32.2 2%32.1 or -1, -2,
-3,-4,...-2'%2-3,-2"2.2 .2"32.1,

Target frequency is resulted after performing the correction. The range of value that can be corrected
by using the watch error correction register (ERRCOR) is shown below in Table 94 and Table 95.

Table 94. Correction Resolution by Frequency

fRTC = 32,768HZ fRTC = 48MHz fRTC = 40,000HZ
Correction | DEV=0 DEV =1 DEV =0 DEV =1 DEV =0 DEV =1
Data
Minimum +1.53ppm +0.51ppm +0.001ppm +0.0003ppm +1.25ppm +0.41ppm
resolution
1 +1.53 ppm +0.51 ppm +0.0010 ppm +0.0003 ppm +1.25 ppm +0.41 ppm
2 +3.05 ppm +1.02 ppm +0.0021 ppm +0.0007 ppm +2.50ppm +0.83 ppm
3 +4.58 ppm +1.52 ppm +0.0031 ppm +0.0010 ppm +3.75ppm +1.25 ppm
122 +186.2 ppm +62.1 ppm +0.1271 ppm +0.0423 ppm +152.5 ppm +50.8 ppm
123 +187.7 ppm +62.6 ppm +0.1281 ppm +0.0427 ppm +153.7 ppm +51.2ppm
124 +189.2 ppm +63.0 ppm +0.1292 ppm +0.0431 ppm +155.0 ppm +51.7 ppm
1024 +1562.5 ppm +520 ppm +1.0667 ppm +0.3556 ppm +1280.0 ppm | +£427 ppm
32768 +50000 ppm +16667 ppm +34.133 ppm +11.378 ppm +40960 ppm +13653 ppm
1048576 — — +1092.27 ppm | £364.09 ppm — —
28800000 — +30000 ppm +10000 ppm — —
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Example of calculating the correction value

Following expression is used for calculation of the correction value which is used when correcting the

count value of internal counter (32-bit):

(DEV = 0): Correction value = Number of correction counts in 1 minute + 3 = (fRTC + 32768 -
1) x (32768 x 60 + 3)

(DEV = 1): Correction value = Number of correction counts in 1 minute = (fRTC + 32768 - 1) x
(32768 x 60)

Correction example

Example procedure to correct from 32772.3Hz to 32768Hz (32772.3 Hz — 131.2 ppm) is shown below:

1.

Measuring the oscillation frequency: The fRTC is measured by outputting to RTC_OUT pin
when the ERRCOR register is set to its initial value (0x00000000).

Calculating the correction value: Assume the target frequency to be 32768 Hz (32772.3Hz—
131.2ppm) and DEV to be 0.

— Correction value = (fRTC + 32768 — 1) x 32768 x 60 + 3 = (32772.3 + 32768 — 1) x 32768
x 60 +3 =86

Calculating the values to be set to (ERRCOR): If the correction value is 0 or larger (when
slowing), assume DIR to be 1.

Consequently, when correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm),
setting the error correction register such that DEV is 0 and the correction value is 86 results in
32768 Hz (0 ppm)

— ERRCOR = 0x5000_0056

NOTE: If the CORDATA value exceeds the clock frequency range, it may malfunction.
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23.3.8 BKUPDR and RTCPFCR registers

BKUPDR Register use only backup power mode. This register is retained when wakeup in backup
power mode. In Backup power mode, it is wakeup after storing the value in BKUPDR register. If
BKUPDR register value is held in Run state, it can be confirmed that wakeup is normally performed in
backup power mode. For example can change the Timer Duty. See the picture below.

When wakeup in backup power mode, the timer register is initialized and must be set again.

RUN MODE

¥

*TIMER Operate(Duty 50%)

v

BKUPDR = *OxAAS55AA55

¥

Backup Power Mode

v

Wake-up

BKUPDR
OxAAS5AASS 2?7

*TIMER Operate(Duty 10%)

¥

RUN MODE «

* User can customize

Figure 168. Configuring Sequence of BKUPDR Register

In Standby & Backup power mode, GPIO ports except PC13, PC14 and PC15 cannot be used.
Therefore, it is used to check RTC output (PC13) and PC14 and PC15 pins operating in standby &
backup power mode, and Wakeup (PC13) in STANDBY mode.

PC14, PC15 cannot be used as push pull output when LSE is used with SXIN SXOUT pin of LSE. Must
not use LSE to use PC14, PC15 as PUSH PULL OUTPUT.
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Table 95. PC13, PC14, PC15 Function in RTCPFCR register

Floating Push-Pull output | RTC_TS RTC_OUT *Standby  Wake-up
Source
PC13 | O @) O o O
PC14 | O o] X X X
PC15 | O o] X X X

PC13 pin wakeup of the RTCPFCR is used only in Standby mode and is not related to the wakeup of
the RTC block. Figure 169 shows sequence of PC13 pin wakeup operation.

RUN MODE

¥

RTCPFCR[10:9]= 11b'
WKUPEN
: PC13 wakeup event enable

¥

RTCPFCRIO]= 1b'
PC13WKUPEN(Only Rising Edge)
:PC13 is used as wakeup pin

I

STANDBY MODE

PC13 Rising Edge ? IN

STANDBY MODE Wake-Up

l

RTCPFCR Initialized

NOTE:
1. PC13 Pin wake-up only works with Rising Edge, and RTCPFCR must be initialized after wakeup.

Figure 169. PC13 wakeup in Standby Mode
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24. Temp sensor

Temp sensor is to use the internal oscillator LSITS by default, which has a large temperature variation.
The temperature-dependent LSITS frequency can be calculated based on a precisely trimmed internal
oscillator or an external clock. Reference clock and sense clock of the temp sensor can be changed by
configuring TSENSECON register. When selecting the clock, frequency of the reference clock must be
faster than the sense clock frequency. In SCU, each clock must be activated by configuring
corresponding register. If value of TSREFCNT using REF clock matches the TSREFPERIOD set by the
user, a match flag is generated and frequency of the sense clock is calculated by reading the value of
TSSENSECNT at this time. Match flags can be used as interrupt sources.

Note) In order to use the sensor properly, it should be set the reference clock of temperature sensor is minimum

8MHz.

Glossary for this chapter

*  HSI_I: HSI clock set by CSCR

* MCLK: System clock set by SCCR

*  LSE: External sub oscillator

e LSITS: Internal temp sense oscillator

*  LSI750KHz: Internal 750KHz oscillator

J LSI40KHz: Internal 40KHz oscillator

24.1  Temp sensor block diagram

HSI_| ——»|

MCLK ———» TSREFPERIOD

MOSC ———»| [

SOSC ———»| |

[
refelk TSREFCNT
(20 bit)
MCCR5.TSREFCL

K_SEL

TSINTEN

Interrupt
TSFLAG

LSITS ——
LSI750KHZ ————»|

LSI40KHZ ———

clear

HSI_| ———» TSSENSECNT

/F senseclk (16 bit)
TSSTART

MCCRS5.TSSENSE
CLK_SEL

Figure 170. Temp Sensor Block Diagram
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24.2  Registers
Base address of a temp sensor block is introduced in the followings:

Table 96. Base Address of TSENSE Interface

Name Base address
TSENSE 0x4000_6300

Table 97. TSENSE Register Map

Name Offset Type | Description Reset value Reference
TSENSECON 0x0000 | RW Temp Sensor Control | 0x0000_0000 | 24.2.1
Register

TSREFPERIOD | 0x0004 | RW Temp Sensor Reference | 0xO00F_FFFF | 24.2.2
Clock period Register

TSSENSECNT | 0x0008 |R Temp Sensor Sense Clock | 0x0000 0000 | 24.2.3
Count Register

24.2.1 TSENSECON: Temp sensor control register

TSENSECON =0x4000_6300

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{1514 13121110 9 8|7 6 5 4 3 2 1 O
Z
w2 &=
Eld|<|W
Reserved Z L0
K2R E22R%)
ND|ND|D|H
=|F|F
- oj0|0]|O0
RW [ RW [ RW | RW
3 TSSINTEN Temp Sensor interrupt enable
0 Temp sensor interrupt disabled
1 Temp sensor interrupt enabled
2 TSSFLAG Temp Sensor CNT match flag
0 Temp sensor CNT match flag is not generated
1 Temp sensor CNT match flag not generated
NOTE:
This flag is reset when “1” is written to it. Writing “0” to it is invalid.
1 TSSTART Temp Sensor start
0 Wait
1 Clear & start
0 TSSEN Temp Sensor enable
0 Temp Sensor disabled
1 Temp Sensor enabled
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24.2.2 TSREFPEROID: Temp sensor reference clock period register

TSENSECON =0x4000_6304
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 0

Reserved TSREFPERIOD
- OxFFFFF
RW
19 TSREFPERIOD Temp Sensor Reference Clock Period Register

24.2.3 TSSENSECNT: Temp sensor sense clock count register

TSENSECON =0x4000_6308

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 141312110 9 8|7 6 5 4 3 2 1 O
Reserved TSSENSECNT
- 0x00
R
15 Temp Sensor Reference Count Register
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24.3  Functional discription

24.3.1 How to calculate and convert to temperature

To convert to temperature, two temperature values in the region of OTP should be read.

The region of OTP includes the specific value of two temperature(85°C and 30°C). These value

calculate to slope and offset of temperature. There is a guide related to converting to temperature.

Refer to the Table 98

Table 98. Specific temperature value in the region of OTP

Variable Temperature | Address of OTP | Note

Specific 85°C 0x3F0103F4

value Value characteristics vary by sample
30°C Ox3F0103F8

Convert the temperature as shown below.

Read two specific values about temperature(85°C and 30°C)

Divide each value by 8192(0x2000) and multiply system clock / TSREFPEROID register.
85°C is X, 30°C is Y. (8192 is a fixed value)

Slope =(85-30)/ (X -Y), Offset = 30 — (Slope x Y)

Temperature(°C) = Slope x TSSENSECNT + offset

For example, Reference period of temperature is 1kHz. TSREFPEROID is system clock / 1000.
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25. Electrical characteristics

25.1  Absolute maximum ratings

Important notice

Absolute maximum ratings are limiting values of operating and environmental conditions which should

not be exceeded under the worst possible conditions.

Table 99. Absolute maximum rating

Parameter Symbol Ratings Unit Note

Supply VDD -0.3-+6.5 \% —

Voltage

Normal Pin \ -0.3-VvVDD+0.3 |V Voltage on any pin with respect to VSS
Vo -0.3-VDD+0.3 |V
loH 25 mA Maximum current output sourced by (lon per

I/O pin)

Zlon 100 mA Maximum current (Zlon)
lou 22 mA Maximum current sunk by (lo. per 1/O pin)
ZloL 88 mA Maximum current (ZloL)

Total Power | Tp 300 mw —

Dissipation

Storage TstG -55 — +125 °C —

Temperature
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25.2 Recommended operating conditions
Table 100. Recommended Operating Condition
(Temperature: -40°C to +85°C)
Parameter Symbol Condition Min Typ. Max Unit
Supply Voltage VDD — 1.8 — 55 V
Use USB function 3.0 — 5.5 \Y
Operating FREQ HSE 2 — 16 MHz
Frequency LSE — 32.768 | — KHz
HSI 46.56 48 49.44 MHz
LSI750kHz 600 750 900 KHz
LSI40kHz 22.8 40 62.6 KHz
Operating Top Top -40 — +85 °C
Temperature
Supply Rise Rate | tvop — — — 10 V/ms
Supply Fall Rate trvop — — — 10 V/ms
NOTE: AVDD must always be equal to or greater than VDDEXT
25.3 ADC characteristics
Table 101. ADC Electrical Characteristics
(Temperature: -40°C to +85°C)
Parameter Symbol Condition Min Typ. Max unit
Operating voltage AVDD 2.7 5 5.5 \%
Resolution 12 Bit
Operating current IDDA AVDD = 5.0V 1.6 mA
@fmck = 24MHz
Analog input range Van VSS AVDD |V
Conversion rate Fconv @AVDD > 3.6V — 15 MHz
@AVDD > 3.0V 1 MHz
@AVDD > 2.7V 0.5 MHz
Operating frequency ACLK 25 MHz
DC accuracy INL AVDD = 5.0V +3 +6 LSB
DNL AVDD = 5.0V +2 +3 LSB
Error Of Bottom EOB 4 LSB
Error Of Top EOT 4 LSB

NOTE) AVDD must always be equal to or greater than VDDEXT
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25.4 DAC characteristics

Table 102. DAC Electrical Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol | Condition Min Typ. | Max unit
Operating voltage AVDD 2.7 5 55 Vv
Resolution - - - 10 BIT
Load Resistance Rions Load connected to VSS 5 - - kQ
with Buffer Load connected to VAVDD 25 - - kQ
o oo | | m e
\?thage Output Daour 0.2 - '_A%/EZ)D \%
Operating Current lavob,ms | No load, middle code(0x200) - 1.48 | 0.95 mA
- No R-Load, DAC Output - 1 2
DNL i R-Load=5kQ, C-Load=50pF, | 12 8 LSB
DAC Output
- No R-Load, DAC Output - 13 5
INL i R-Load=5kQ, C-Load=50pF, | 14 18 LSB
DAC Output
Offset Error is difference
S e ot e N DR LR [
value(AVDD/2)
Gain Error - - 1.0 - %
Conversion Time tseTTLING - 2 4 us
Stop Current - 2 400 nA
NOTE

1. AVDD must always be equal to or greater than VDDEXT
2.  Data based on characterization results, not tested in production

25.5 Power on reset characteristics

Table 103. POR Electrical Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol Conditions Min Typ Max Units
POR set level Vset - 1.05 1.2 1.35 Y,
POR reset level Vreset — 0.9 11 1.3 \%
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25.6 Low voltage reset/indicator characteristics

Table 104. Low Voltage Reset/Indicator Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol Conditions Min Typ Max Units
Operating voltage VDD 15 5 55 \%
Detection level Vivr Rising voltage 1.56 1.68 1.80 \%
LevelO
Falling voltage - 1.63 1.74
Rising voltage 1.65 1.77 1.89
Levell
Falling voltage 1.60 1.72 1.84
Rising voltage 1.74 1.87 2.00
Level2
Falling voltage 1.70 1.82 1.94
Rising voltage 1.85 1.99 2.13
Level3
Falling voltage 1.81 1.94 2.07
Rising voltage 1.95 2.09 2.23
Leveld
Falling voltage 1.89 2.03 2.17
Rising voltage 2.07 2.22 2.37
Level5
Falling voltage 2.01 2.16 2.31
Rising voltage 2.23 2.40 2.57
Level6
Falling voltage 2.19 2.35 2.51
Rising voltage 241 2.59 2.77
Level7
Falling voltage 2.35 2.52 2.69
Rising voltage 2.61 2.80 2.99
Level8
Falling voltage 2.53 2.72 291
Rising voltage 2.96 3.18 3.40
Level9
Falling voltage 2.89 3.10 3.31
Rising voltage 3.10 3.33 3.56
Levell0
Falling voltage 3.02 3.24 3.46
Rising voltage 3.50 3.76 4.02
Levelll
Falling voltage 3.41 3.66 3.91
Rising voltage 3.63 3.90 417
Levell2
Falling voltage 3.53 3.79 4.05
Rising voltage 3.93 4.22 451
Levell3
Falling voltage 3.83 4.11 4.39
Rising voltage 4.09 4.40 4.71
Levell4
Falling voltage 3.99 4.28 4.57
Rising voltage 4.37 4.69 5.01
Levell5
Falling voltage 4.26 4.57 4.88
Hysteresis — — 100 200 mV
Noise cancelling time — — 2 - us
Operation current Iop — 3.5 5 UA
Operation current(STOP) Iop, sToP — 25 3 nA
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25.7 High frequency internal RC oscillator characteristics

Table 105. High Frequency Internal RC Oscillator Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol Conditions Min Typ Max Units

Operating current | Ixirc Enable — 350 450 UuA
Disable — 0.6 70 nA

Frequency fuire VDD =1.8V to 5.5V 46.56 48 49.44 MHz

Ta=-40°C to +85°C

VDD = 1.8V to 5.5V 47.28 48 48.72 MHz
Ta=0°C to +50°C

25.8 Low frequency internal RC oscillator characteristics

Table 106. Low Frequency (750KHz) Internal RC Oscillator Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol Conditions Min Typ Max Units
Operating voltage | VDD 1.8 5 5.5 \%
Operating current | ILrc Enable — 15 2 UuA
Disable — 1 20 nA
Frequency fure VDD =1.8V to 5.5V 600 750 900 kHz
Stabilization time tLrs - — 100 us

Table 107. Low Frequency (40KHz) Internal RC Oscillator Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol | Conditions Min Typ Max Units
Operating VDD 1.8 5 55 \%
voltage

Operating ILire Enable — 305 588.2 nA
current Disable — — 1 nA
Frequency furc VDD = 1.8V to 5.5V 22.8 40 62.6 KHz
Stabilization tLrs — — 100 us
time
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25.9 DC electrical characteristics
Table 108. DC Electrical Characteristics
(Temperature: -40°C to +85°C)

Parameter | Symbol | Conditions Min Typ Max Units
Input  high | Vin PA,PB,PC,PF, nRESET, nBOOT 0.8vDD - VDD \Y
voltage
Input low | ViL PA,PB,PC,PF, nRESET, nBOOT — - 0.2vDD | V
voltage
Input AV All input pins, nRESET, nBOOT 100 200 — mV
hysteresis VDD=3V
Output  high | Vor1 VDD=3V, loH1 = — 2.64mA; 0.8vDD - - \Y,
voltage PA[15:11],PA[4:0],PB[12:6],

PB[2],PC[12:4],PC[1:0], PF[2:0]

Vorz VDD=5V, loHz = — 4mA,; 0.8vDD - - \Y
PA[10:5], PB[15:13, 5:3, 1:0], PC[3:2]
Vo3 VDD=5V, loHs = — 1mA,; VDD-0.5 | — - \Y,

PC[15:13]
Output low | Vo1 VDD=5V, loL1=3.6mA; — — 0.2vDD | V
voltage PA[15:11],PA[4:0],PB[12:6],

PBI2],PC[15:4],PC[1:0],PF[2:0]
Output  low | Vo2 VDD=5V, loL2=3.6mA; — - 0.2vDD | V
voltage PA[10:5], PB[15:13, 5:3, 1:0],

PC[3:2]
Input  high | I All Input ports — — 1 uA
leakage
current
Input low | lc All Input ports -1 — — uA
leakage
current
Pull-up Reu V=0V, Ta=25°C, VDD=5V 25 50 100 KQ
resistor PA,PB,PC,PF

Vi=0V, Ta=25°C, VDD=5V 150 250 400

nRESET, nBOOT
Pull-down Rep V|=VDD, Ta=25"C, VDD=5V 25 50 100 KQ
resistor PA,PB,PC PF
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25.10 Supply current characteristics

Table 109. Supply Current Characteristics
(Temperature: -40 to +85°C)

Parameter Symbol Conditions Typ Max Units
Supply b1 fun = 8MHz VDD=5V+10% 3 — mA
current (Run) frre = 12MHz All peripherals off | 5 5 _
fuirc = 48MHz 8 —
FLirc = 750KHz 250 — UA
FLse = 32.768KHz 1 —
Ibp2 fxin = 8MHz VDD=5V+10% 2.5 — mA
(Sleep) fuire = 12MHz All peripherals off | _
frirc = 48MHz 6 —
FLirc = 750KHz 250 — uA
FLse = 32.768KHz 1 -
Iob3 All Oscillators Off VDD=5V+10% 2 — UuA
(Stop) Only LSE on 35 —
Only LSI40K on 3.5 —
Only LVR on 6 —
Iop4 All Oscillators Off VDD=5V+10% 15 — UA
(Standby) | only LSE on 2 —
Only LSI40K on 2 —
Only LVR on 5 —
Iobs All Oscillators Off VDD=5V+10% 1.3 — UuA
(Backup Only LSE on 1.6 —
power)
Only LSE + RTC on 1.7 —
Only LSI40K on 15 —
NOTES:

1.  Where the fxn is an external main oscillator, the fsyg is an external sub oscillator, the fuirc is a high frequency internal
RC oscillator, and the f is the selected system clock.

All supply current items don’t include the current of a low frequency internal RC oscillator and a peripheral block.
All supply current items include the current of the power-on reset (POR) block.
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Table 110. AC Characteristics

(Temperature: -40°C to +85°C)

Parameter Symbol Conditions Min Typ Max Units
RESETB input low trsT VDD =5V 10 — — us
width
Interrupt input high tiwn, tiw All interrupts, VDD = 5V 100 — — ns
low width
External counter tecwH, VDD =5V 100 — —
input high low pulse | tecw. All external counter input
width
External counter trec, trec | Ecn, VDD =5V — — 20
transition time All external counter input
P tIwL R P tIWH N
External 0.8vDD
Interrupt
K # 0.2VDD
B tRST R
RESETB /
K £ 0.2vDD
. tECWL | L tECWH R
— tFEC —> tREC
ECn
N 7
Figure 171. AC Timing
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25.12 USART SPI characteristics

Table 111. SPI Characteristics with High Voltage

Important notice

(Temperature: -40°C to +85°C, VDD = 3V to 5.5V)

Parameter Symbol | Conditions Min | Typ | Max | Units
fsck Master mode - - 12

SPI Clock frequency MHz
1/fesck) | Slave mode — — |6

Output clock pulse period tsck Internal SCK source 80 — — ns

Input clock pulse period External SCK source 80 — —

Output clock high, low pulse | tsckH, Internal SCK source 16 — —

width tsckL

Input clock high, low pulse width External SCK source 16 — —

First output clock delay time trob Internal/external SCK | 40 — —

source

Output clock delay time tos — — — 25

Input setup time tois - 36 — —

Input hold time toH — 36 — —

Note) The speed of support for SPI clock frequency depends on the VDD value.

Table 112. SPI Characteristics with Low Voltage

(Temperature: -40°C to +85°C, VDD = 1.8V to 3V)

Parameter Symbol | Conditions Min Typ | Max | Units
fsck Master mode - —

SPI Clock frequency MHz
1/fesc) | Slave mode — —

Output clock pulse period tsck Internal SCK source 160 — — ns

Input clock pulse period External SCK source 160 — —

Output clock high, low pulse | tsckn, Internal SCK source 32 — —

width tsckL

Input clock high, low pulse width External SCK source 32 — —

First output clock delay time trop Internal/external SCK | 80 — —

source

Output clock delay time tos — — — 50

Input setup time tois — 72 — —

Input hold time toiH — 72 — —
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SS
(Output/Input)

A

—» tFOD <

SCK
(CPOL=0)
(Output/Input)

SCK
(CPOL=1)
(Output/Input)

MISO/MOSI

(Data Input) LSB

MISO/MOSI

(Data Output) MSB LSB
’ T <

Figure 172. SPI Timing
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25.13 12C characteristics
Table 113. 12C Characteristics
(Temperature: -40°C to +85°C, VDD = 1.8 to 5.5V)
Parameter Symbol | Standard Fast Fast Plus Units
Min Max Min Max Min Max | Units
Clock frequency tscL 0 100 0 400 0 1000 | KHz
Clock high pulse width tscLm 4.0 — 0.6 — 0.26 — us
clock low pulse width tscLL 4.7 — 1.3 — 0.5 —
Bus free time ter 4.7 - 1.3 — 0.5 —
Start condition setup time | tstsu 4.7 — 0.6 — 0.26 —
Start condition hold time tsTHD 4.0 — 0.6 — 0.26 —
Stop condition setup time | tspsu 4.0 — 0.6 — 0.26 —
Stop condition hold time tspHD 4.0 — 0.6 — 0.26 —
Output valid from clock tvb 0 — 0 — 0 —
Data input hold time toi 0 — 0 1.0 0 0.45
Data input setup time tois 250 — 100 — 50 — ns
« Sy
€— tSTSU ;SCLH} ‘tscu_} —p i4— DIH —>» i€—tsPsu
sec.  Foi N bR ] L » le—toprp
SDA ] / X : __ \
—§ <«— tSTHD > i€« tis LtBF »
: —> <€—1tvD
SDA / X X
Out A\ !
—p €— tvD
Figure 173. 12C Timing
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25.14 USART UART timing characteristics

Table 114. UART Timing Characteristics
(Temperature: -40°C to +85°C, VDD = 1.8 to 5.5V)

Parameter Symbol Min Typ Max Units
Serial port clock cycle time tsck 1250 tcrux 16 | 1650 ns
Output data setup to clock rising edge ts1 590 tecrux13 | —
Clock rising edge to input data valid ts2 — — 590
Output data hold after clock rising edge | th1 tcru — 50 | tepu —
Input data hold after clock rising edge th2 0 — —
Serial port clock High, Low level width trigh tLow 470 tecpu x 8 970
. tsci -
tHIGH ) tLow

Figure 174. Waveform of UART Timing Characteristics

sweoesc [\ O\ N\ \/ \_J S S \
Data Out \ DO X D1 X D2 X D3 X D4 X D5 X D6 X D7

oy tHo—pi i€—

Data In >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid

Figure 175. UART Module Timing
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25.15 Data retention voltage in STOP mode

Table 115. Data Retention Voltage in STOP mode
(Temperature: -40°C to +85°C)

Important notice

Parameter Symbol | Conditions Min Typ Max Units
Data retention | Vooor — 1.8 — 5.5 \Y,
supply voltage

Data retention | Ioppr Vooor = 1.8V, (Ta= 25°C), — — 1 uA
supply current Deep sleep mode

25.16 Internal Flash ROM characteristics

Table 116. Internal Flash ROM Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol | Conditions Min Typ Max Units
Page write time trsw - — 30 — us
Page erase time trse - — 4 — ms
Chip erase time trce — — 8 — ms
Read Access Time | trra — 30 — 80 ns
Flash program | Veem On erase/write 1.65 — 5.5 \%
voltage
Endurance of | Newe Ta=25 °C, Page unit 100,000 | — — Times
write/erase
Retention time trrT 10 — — Years
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25.17 Main oscillator characteristics

Table 117. Main Oscillator Characteristics

(Temperature: -40°C to +85°C)

Oscillator Parameter | Conditions Min Typ Max Units
Operating voltage VDD — 1.8 5.0 5.5 \%
Operating current IDD — — — 2.5 mA
Power down current Istop — — 0.2 30 nA
Output frequency XOUT input | VDDEXT=1.8V 2.0 — 4.0 MHz
frequency ISEL_I<1:0>=2"b11

VDDEXT=2.0V 2.0 - 8.0 MHz

ISEL_I<1:0>=2'b10

VDDEXT=22.2V 2.0 — 12.0 MHz

ISEL_I<1:0>=2’b01

VDDEXT=2.4V 2.0 - 16 MHz

ISEL_I<1:0>=2’b00
Start-up time Tstart — — 2 — ms
Crystal input (low) Vi — — — 0.2vDD |V
Crystal input (high) ViH — 0.8vDD | — — \%
Crystal out (low) VoL - — — 0.2vDD |V
Crystal out (high) VoH — 0.8vDD | — — \Y,
External load cap CL 2M<four<4M 18 30 35 pf

4M<four<12M 10 22 30 pf

12M<four<16M 7 18 22 pf
Feedback resistance Rrs VDDEXT=5V 0.7 1.0 1.3 MQ
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‘ XIN XOuT ‘
P q c2
C1 = -

Figure 176. Crystal/Ceramic Oscillator

‘ XIN XOUT

T

Open External
Clock
Source

Figure 177. External Clock

1/fXIN

Y

tXL tXH

;l |4
» <

Y

A

* 0.8vDD

XIN

X 0.2vDD

Figure 178. Clock Timing Measurement at XIN
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25.18 Sub oscillator characteristics

Table 118. Sub Oscillator Characteristics
(Temperature: -40°C to +85°C)

Oscillator Parameter | Conditions Min Typ Max Units
Operating voltage VDD — 2.7 5.0 55 V
Operating current IDD ISEL_I[1:0]=2’b11 — 0.26 0.82 uA

CL=6pf, Schmitt Off

ISEL_1[1:0]=2'b10 0.3 0.94 uA

CL=7pf, Schmitt Off

ISEL_I[1:0]=2'b01 0.34 1.13 uA

CL=7pf, Schmitt Off

ISEL_1[1:0]=2'b00 0.49 1.44 uA

CL=12.5pf, Schmitt Off
Power down current | Istop - — — 15 nA
Output frequency fsus — — 32.768 | — kHz
Start-up time Tstart — — 2 — s
Crystal input (low) Vi — — — 0.2vDD |V
Crystal input (High) | ViH — 0.8vDD | — — V
Crystal out (low) VoL - — — 0.2vDD |V
Crystal out (high) VoH — 0.8vDD | — — \Y
External load cap Rrs 6 7 12.5 pF
Feedback CL 5.5 11.2 22.8 MQ
resistance

SXIN SXOUT ‘
P }_;Tli -
' =

Figure 179. Crystal Oscillator

C
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SXIN

1/fsuB

A

XL

tXH

A 4

A

Y

0.2vDD

% 0.8vDD

Figure 180. Clock Timing Measurement at SXIN

25.19 Operating voltage range

16.0 -

(fxin=1.0 to 16MHz, x-tal)

12.0

8.0

Frequency (MHz)

40 -
1.0

18 2

.0 22 24

Supply voltage (V)

32.768 -

Frequency (kHz)

(fsuB=32 to 38KHz)

2.7

Supply voltage (V)

55

Figure 181. Operating Voltage Range

25.20 PLL electrical characteristics

Table 119. PLL Electrical Characteristics

(Temperature: -40°C to +85°C)

Parameter Symbol Conditions Min Typ Max Units
Operating voltage VDD 1.8 5 5.5 V
Operating current lop Enable — — 1 mA
Disable — 5 500 nA
Output frequency fout — — — 144 MHz
Duty fouty 40 — 60 %
Input frequency feLLINCLK 4 8 16 MHz
Locking time* tLock 190 — — us
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25.21 Comparator characteristics

The measured value for the parameters and conditions listed below were confirmed by simulaion

Table 120. Comparator Characteristics
(Temperature: -40°C to +85°C)

Parameter Symbol | Conditions Min Typ Max Units
Operating voltage VDD 2.0 5 5.5 \%
Comparator offset — 5 +10
error Voffset mV
Using internal VREF +20 170
Hysteresis VhySnone) | — — 0
High speed mode 3 8 13
VhysLow)
All other power modes 5 8 10
High speed mode 7 15 26 mV
Vhysmid)
All other power modes 9 15 19
High speed mode 18 31 49
VhysHigh)
All other power modes 19 31 40
Propagation delay for | trp Ultra-low power mode 2 4.5 us
200mv
. Low power mode 0.7 1.5
Step with  100mv
overdrive Medium power mode 0.3 0.6
High speed mode 50 100 ns
VDDEXT=22.7V
High speed mode 100 240
2V<VDDEXT<2.7V
Propagation delay for | trp Ultra-low power mode 2 7 us
full
u . Low power mode 0.7 21
Range step with
100mv Medium power mode 0.3 1.2
Overdrive High speed mode 90 180 ns
VDDEXT=22.7V
High speed mode 110 300
2V<VDDEXT<2.7V
Comparator current IDD(comp) | Ultra-low power mode — 1.2 15 uA
(COMP1 only)
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Table 120. Comparator Characteristics (continued)

Parameter Symbol Conditions Min Typ Max Units
Comparator current | IDDcowmpy | Ultra-low power | — 2.4 — uA

mode

(COMP1 and

COMP2)

Low power mode — 3 5

(COMP1 only)

Low power mode — 6 —

(COMP1 and

COMP2)

Medium power mode | — 10 15

(COMP1 only)

Medium power mode | — 20 —
(COMP1 and

COMP2)

High Speed mode — 75 100
(COMP1 only)

High Speed mode — 150 —
(COMP1 and

COMP2)

Table 121. Interanal Voltage Reference Characteristics(For comparator)
Parameter Symbol Conditions Min Typ Max Units
Operating voltage VDD 2.7 5 5.5

VouTti.2v 1.162 | 1.223 | 1.284

Vouto.ov 0.871 | 0.917 | 0963 |V
Output Voltage

Vouto.ev 0.580 | 0.611 0.642

Vouro.av 0.290 | 0.305 | 0.320
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25.22 USB characteristics

Table 122. USB Characteristics

A31G32x User’s manual

(Temperature: -40°C to +85°C)

Parameter Symbol | Conditions Min Typ Max Units

Operating voltage VDD 3.0 - 5.5 V
VDD33 2.97 3.3 3.63 \%
VDDIO2 2.97 3.3 3.63

Pull down resistance . .

on DP/DN Rep Enable internal resistor 12 - 17 KQ

Pull up R Enable internal resistor 1.1 1.9 KQ

resistance on DP/DN FY ' '

Output driver . .

impedance ZpRrv Driving high and low 10 - 35 Q

25.23 Temperature Sensor characteristics

Table 123. Temperature Sensor Characteristics

(Temperature: -40°C to +85°C)

Parameter Symbol | Condition Min Typ Max Units
Operating Voltage VDD 1.8 - 5.5 \%
Temperature Accuracy error | Tsensacc 10 °C

The measured value for the parameters and conditions listed below were confirmed by simulaion
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26. Development tools

This chapter introduces wide range of development tools for A31G32x. ABOV offers software tools,
debuggers, and programmers to help a user in generating right results to match target applications.
ABOV supports entire development ecosystem of the customers.

26.1 Compiler

ABOV semiconductor does not provide any compiler for A31G32x. However, since A31G32x have
ARM's high-speed 32-bit Cortex-MO0+ Cores for their CPU, you can use all kinds of third party's standard
compiler such as Keil C Compiler. These compilers' output debug information can be integrated with
our A-Link and A-Link Pro. Please visit our website www.abovsemi.com for more information regarding
the A-Link and A-Link Pro.

26.2 Debugger

The A-Link and A-Link Pro support ABOV Semiconductor’'s A31G32x MCU emulation in SWD Interface.
The A-Link and A-Link Pro use two wires interfacing between PC and MCU, which is attached to user’s
system. The A-Link and A-Link Pro can read or change the value of MCU’s internal memory and 1/O
peripherals. In addition, the A-Link and A-Link Pro control MCU'’s internal debugging logic. This means
A-Link and A-Link Pro control emulation, step run, monitoring and many more functions regarding
debugging.

The A-Link and A-Link Pro run underneath MS operating system such as MS-Windows NT/ 2000/ XP/
Vista/ 7/ 8/ 8.1/ 10 (32-bit, 64-bit).

Programming information using the A-Link and A-Link Pro are provided in Figure 185. More detailed
information about the A-Link and A-Link Pro, please visit our website www.abovsemi.com and download

the debugger S/W and documents.

nReset—10 | o @ 9 — Vss
TDI-8 | e o 7 — RTCK
SWO/TDO -6 | e e 5 - Vss
SWCLK/TCK -4 J e o 3 - Vss
SWDIO/TMS -2 | @ o 1 - Vec

Figure 182. A-Link and Pin Descriptions
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26.3 Programmer

E-PGM+

E-PGM+ is a single programmer, and allows a user to program on the device directly.
e Support ABOV devices
*  2~5times faster than S-PGM+

e Main controller: 32-bit MCU @ 72MHz

*  Buffer memory: 1MB

NBOV
= < <
L] Lo
L ] L
DS A, ot L}
WD - - =SS
DSl — e Lo
-] Lo
L] L
L] L
> L
L] Lo
L ] Lo
] L
Lo ] Lo
STATUS -] L]
(3 r Pt
-] L
L ] L]
L ] L]
L ] L

Figure 183. E-PGM+ (Single Writer) and Pin Descriptions

Gang programmer

E-Gang4 and E-Gang6 allows a user to program on multiple devices at a time. They run not only in PC
controlled mode but also in standalone mode without PC control. USB interface is available and it is
easy to connect to the handler.

ABOV

Q)

Figure 184. E-Gang4 and E-Gang6 (for Mass Production)
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t Design Guide

ircui

Cc

27.

Refer to the Recommended Circuit and Layout Design as shown below.

Boot pins arerelatively less
susceptible to noise and do not need
tobe placed too close to the MCU.

VDD

Should be to connect
GND(VSS) of
MCU(A31G324) ~
Bottom. External termination
s series resistors are
W required.
Whitin 10mm
i

i 330/

Floating or
Supply power

Floating or
Battery power H ﬂ

This test used SMD type
resistor and CAP.

VDD

nRESET

BOOT

2X

D+USB) O)
p-wuse) (D

A3l

VDDIO2

VBAT

VSS

VDD
VSS

/10

XIN

XouTt

This 0.1uF and 22uF capacitor jemmTTmTmmImme e N
/8 shoudbe within 10mm fromthe VDD & £ VDD VCC }
¢  pin of MCUonthe PCB layout. RS e it P
M + --
3 0.1uF = 'DC Power

0.1uF 22uF e

VCC

current part ata DC power node on

._.:m_,\_OCUoEQ__:mA<UUma<mwv
the PCB layout. v

Amro:a be separated from the high-

..~ High-Current Part
A Infrared LED, v

A FND(7-Segment),

etc

A This 0.01uF capacitor is attemaively
for noise immunity.

The main X-Tal or Resonator crysta should be within 10mm from the pins of MCU on
¢ the PCB layout.

RN

--- Should be toconnect GND(VSS) of MCU(A31G324) Bottom.

H—] &

Lower the value ofthe feeback resistor to increase the current value against disturbances.
- Reduced feedback resistance of existing OPEN or 1MQ to 330k ~ 750kQ
- When modified in this way, the oscillation amplitude is slightly reduced.

Figure 185. PCB Design Guide for On-Board Programming
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28. Package information
This chapter provides A31G32x series package information.

28.1 64 LQFP package information

S =

LEAD FORM PART SECTION A-A

Figure 186. 64 LQFP Package Outline
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Table 124. 64 LQFP Package Mechanical Data

Important notice

Dimension (mm)

Symbol

Min. Nom. Max.
A — — 1.60
A1 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.17 0.22 0.27
b1 0.17 0.20 0.23
c 0.09 — 0.20
c1 0.09 — 0.16
D 11.80 12.00 12.20
D1 9.80 10.00 10.20
E 11.80 12.00 12.20
E1 9.80 10.00 10.20
e 0.50 BSC

0.45 0.60 0.75
L1 1.00 REF
(S} 0° 3.5° 7°

NOTES:

1.  All dimension refer to JEDEC standard MS-026-BCD.

2. Dimensions ‘D1’ and ‘E1’ do not include MOLD PROTRUSION. Allowable PROTRUSION is 0.25 mm per side. ‘D1’

and ‘E1’” are maximum plastic body size dimensions including MOLD MISMATCH.

3. Dimension ‘b’ does not include DAMBAR PROTRUSION. Allowable DAMBAR PROTRUSION shall not cause the

LEAD width to exceed the maximum ‘b’ dimension by more than 0.08 mm.
4. ‘A7 is defined as the distance from the seating plane to the lowest point on the package body.
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28.2 48 LQFP package information
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Figure 187. 48 LQFP Package Outline
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Table 125. 48 LQFP Package Mechanical Data
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Dimension (mm)
Symbol

Min. Nom. Max.
A — — 1.60
A1 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.17 0.22 0.27
b1 0.17 0.20 0.23
c 0.09 — 0.20
c1 0.09 — 0.16
D 8.80 9.00 9.20
D1 6.80 7.00 7.20
E 8.80 9.00 9.20
E1 6.80 7.00 7.20
e 0.50 BSC

0.45 0.60 0.75
L1 1.00 REF
(S} 0° 3.5° 7°

NOTES:

1.  All dimension refer to JEDEC standard MS-026-BBC.

2. Dimensions ‘D1’ and ‘E1’ do not include MOLD PROTRUSION. Allowable PROTRUSION is 0.25 mm per side. ‘D1’

and ‘E1’” are maximum plastic body size dimensions including MOLD MISMATCH.

3.  Dimension ‘b’ does not include DAMBAR PROTRUSION. Allowable DAMBAR PROTRUSION shall not cause the

LEAD width to exceed the maximum ‘b’ dimension by more than 0.08 mm.
4. ‘A7 is defined as the distance from the seating plane to the lowest point on the package body.
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28.3 48 QFN package information
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Figure 188. 48 QFN Package Outline
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Table 126. 48 QFN Package Mechanical Data
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Dimension (mm)
Symbol
Min. Nom. Max.
A 0.50 0.55 0.60
A1 0.00 0.02 0.05
b 0.10 0.15 0.20
c 0.10 0.15 0.20
D 4.90 5.00 5.10
D2 3.60 3.70 3.80
E 4.90 5.00 5.10
E2 3.60 3.70 3.80
e 0.35BSC
L 0.30 0.35 0.40
h 0.30 0.35 0.40
NOTES:

1. Dimension ‘b’ applies to metallized terminal and is measured between 0.15mm and 0.3mm from the TERMINAL TIP.
If the TERMINAL has the optinal radius on the other end of the TERMINAL, the Dimension ‘b’ should not be measured

in that radius area.
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Ordering information
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Table 127. A31G32x Device Ordering Information

Device name Flash SRAM SPI USART 12C Timer PWM ADC 110 Package
ports
A31G324RLN 128KB 16KB 2 4 2 6(16-bit)/2(32-bit) 8 16 51 LQFP 64
A31G324CLN* 128KB 16KB 2 3 2 6(16-bit)/2(32-bit) 8 10 37 LQFP 48
A31G324CUN* 128KB 16KB 2 3 2 6(16-bit)/2(32-bit) 8 10 37 QFN 48
A31G323RLN* 64KB 16KB 2 4 2 6(16-bit)/2(32-bit) 8 16 51 LQFP 64
A31G323CLN* 64KB 16KB 2 3 2 6(16-bit)/2(32-bit) 8 10 37 LQFP 48
A31G323CUN* 64KB 16KB 2 3 2 6(16-bit)/2(32-bit) 8 10 37 QFN 48

* For available options or further information on the devices with “*” marks, please contact the ABOV Sales Office

A31G32 4 C L () N
A31G32 family name
Code memory size
4 128Kbytes
3 64Kbytes
Pin count
R 64 pins
C 48 pins
Package type
L LQFP (0.5mm pin pitch)
U QFN (0.55T)
Operating temperature
None 40 to +85
Product information
N Internal management code
Packing
(T) Tape & Reel
(W) Wafer
(C) Chip carrier
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Figure 189. A31G32x Device Numbering Nomenclature
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Jan. 08, 2021 1.01 Add caution statement to ADC CCR register
Jan. 11, 2021 1.02 Updated Introduction
Feb. 23, 2021 1.03 Updated Recommended operating conditions and Main oscillator characteristics
Updated How to calculate and convert to temperature
Nowv. 1, 2021 1.04 Updated caution statement to SPI BR register
Apr. 18, 2022 1.05 Removed Industrial Grade
Updated Ordering information
Added the Figure 188. 48 QFN Package Outline
Added the Figure 4. QFN 48 Pinouts
Aug. 19, 2022 1.06 Updated the Figure 4. QFN 48 Pinouts
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