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Introduction

This datasheet contains complete information for application developers who use A31T214/216 series
for their specific needs. To meet the requirements for the complexity and high performance in consumer
electronics, A31T214/216 incorporates the ARM's high-speed 32-bit Cortex-M0+ Core, and Flash
memory of up to 256 KB and SRAM of 16 KB. Building on the very successful Cortex-MO0+ processor,
the ARM® Cortex®-MO0+ retains full instruction set and tool compatibility, while further reducing energy
consumption and increasing performance.

In addition, the A31T214/216 series includes 16-bit/32-bit timers, Watch timer, 12-bit ADC, CRC
generator, USART, 12C, SPI, and DMA. It also has a POR, LVR, LVI, and an internal RC oscillator.

The A31T214/216 series supports SLEEP/POWER DOWN mode to reduce power consumption. It
supports operation voltage of 1.8 Vto 5.5 V.

Since the A31T214/216 series highly provides flexible and cost effective solutions for many embedded
control applications, it can be used for various appliances such as home electronics.
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Figure 1. A31T214/216 Block Diagram
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Reference document A31T21x Datasheet

Reference document

*  ARM document ‘DDI 0484C’ provides information on the Cortex-M0+.

* The A31T214/216 User’s Manual provided by ABOV is available at www.abovsemi.com.
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1. Description

1. Description

A31T21x Datasheet

A31T214/216 series is a 32-bit touch sensing microcontroller with up to 256 KB of Flash memory. This

powerful microcontroller provides effective solutions to various electrical appliances which require both

low power consumption and high performance.

1.1 Device overview

In this section, features of A31T214/216 and peripheral counts are introduced.

Table 1. A31T214/216 Device Features and Peripheral Counts

Peripherals Description
cPU * High Performance Low-Power Cortex-M0+ Core
* 32-bit ARM Cortex-M0+ CPU
Core
* NVIC (Nested-Vectored Interrupt Controller)
Interrupt
* Up to 32 peripheral interrupts supported.
* A31T214: 128 KB code Flash memory
Code Flash
Memory * A31T216: 256 KB code Flash memory
SRAM 16 KB SRAM
?perat'“g Up to 48 MHz
requency

* High speed internal oscillator (HSI): 32 MHz

System * Low speed internal oscillator (LSI): 500 kHz

Control Unit

(SCU) Clock » External main oscillator (HSE): 2 MHz to 16 MHz
» External sub-oscillator (LSE): 32.768 kHz
* Phase-locked loop (PLL) frequency generator generates a high-speed

clock (up to 48 MHz)

10
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A31T21x Datasheet 1. Description

Table 1. A31T214/216 Device Features and Peripheral Counts (continued)

Peripherals Description

» System Fail-Safe function by Clock Monitoring

L External main oscillator (HSE)
Clock monitoring

» External sub oscillator (LSE)
* Main system clock (MCLK)

* RUN mode
Operating mode | « SLEEP mode
System  Power-Down mode
Control Unit
(SCU) * nRESET pin reset

* Core reset

 Software reset

Reset * POR (Power On Reset)

* LVR (Low Voltage Reset)
WDTR (Watch Dog Timer Reset)

* Reset due to clock oscillating error

64-Pin: 60-Ports
48-Pin: 44-Ports
44-Pin: 40-Ports
* 40-Pin: 38-Ports

General Purpose 1/0 (GPIO)

Direct Memory Access controller | 4-ch Direct Memory Access (DMA) channels

(DMA)
Watch Timer (WT) 12-bit counter: 1-ch
) e 24-bit down counter timer: 1-ch
Watchdog Timer (WDT)
* Reset and periodic interrupts are supported
* 16bit: 4-ch
Timer1x * Periodic timer mode, One-shot timer mode, PWM pulse mode, Capture
mode
TIMER
¢ 32bit: 2-ch
Timer2x * Periodic timer mode, One-shot timer mode, PWM pulse mode, Capture
mode
i * 16bit: 6-ch
PWM Timer30
* Periodic timer mode, Back-to-Back mode, Capture mode

\BO\ 11
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1. Description

A31T21x Datasheet

Table 1. A31T214/216 Device Features and Peripheral Counts (continued)

Peripherals Description
USART 2-ch
Communication UART 2-ch
function SPI 2-ch
12C 2-ch

ADC

12-bit ADC: 150ksps

Capacitive touch switch

» Capacitive Touch Switch
* 24-ch (64-pin)

* 24-ch (48-pin)

¢ 21-ch (44-pin)

e 24-ch (40-pin)

* ESD 4K, CS10V

LED Driver

« 16SEG/13COM (64-pin)

- -T-type Max (13COM X 12SEG), M-type Max (8COM X 8SEG)

« 16SEG/13COM (48-pin)

- - T-type Max (13COM X 12SEG), M-type Max (8COM X 8SEG)

« 14SEG/11COM (44-pin)

- - T-type Max (11COM X 10SEG), M-type Max (7COM X 7SEG)

« 16SEG/13COM (40-pin)

- - T-type Max (13COM X 12SEG), M-type Max (8COM X 8SEG)

LCD Driver

« 32SEG/8COM, Max pin [BCOM X 27SEG] (64-pin

« 20SEG/6COM, Max pin [BCOM X 17SEG] (48-pin

« 18SEG/BCOM, Max pin [BCOM X 15SEG] (44-pin
(

)
)
)
* 15SEG/6COM, Max pin [FCOM X 12SEG] (40-pin)

CRC calculator (CRC)

CRC-CCITT, CRC-16

Operating voltage

1.8Vtob55V

Operating temperature

-40°C to +105°C

Package

* Five types of package options
- 64/48/44-LQFP
- 40-QFN
- 48-WFQFN

12
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A31T21x Datasheet 1. Description

1.2 Block diagram

In Figure 2, A31T214/216 devices with peripherals are described in block diagram.

BOOT
{
SWCLK: >
SWDIO < ”| Debug Interface 2 KB POR Power [ VDD
ARM BOOT ROM LVR 4 ~ontrol [€ VSS
Cortex-M0+ LViI nRESET
Flash Memory
SysTick Timer (128 KB) 16 KB
NVIC (256 KB) SRAM
| AHB-Lite Bus |
i .
| APB Bus |
PAO-PA1 1<—+| Port A |c=c ¢==9| Port D |<-—>PDO-PD5
PBO-PB11+«—>] Port B k== Port E |«t—> PEO-PE12
PCO-PC8 <—->| Port C |c=='; :,‘=(>| Port F |"—>PF0'PF7
1
Watch-Dog Timer UART dgﬁsﬂ 2_?7\-’))((%
USARTn <«——>USART1n_MISOn
=10.11 < »USART1n_MOSIn
Watch Timer (=101 spr >USARTIn_SCK
< USART1n_SS
TnO«—T,|  16bitTimerin |
EC1n > (n=0,1,2,3) e UARTn TXDn
— (n=0, 1) RXDn
T2n0 32-bit Timer 2n AN
T2nC n=0.1 —A|,. 12Cn < 12Cn_SCL
EC2n (=0.1) =
! (n=0,1) < I2Cn_SDAn
PWM30AA< < » MOSI2n
PWMa0BA< PN SPI2n > MISO2n
PWM30BB< . . 7 (n=0,1) < > SCK2n
PWM30CA 16-bit PWM/Timer 30 < »SS2n
PWM30CB+
T30C >
EC30 >
BLNK: >
¢ N 16-bit CRC Generator
&= System Control Unit
ANO-AN14 > .
AUREE > 12-bit ADC
Touch
CSn >
=0~23
(n ) [ P |[ R |
ICOMO~ICOM12 ) N
ISEGO~ISEG15 LED Driver — I i SubOSC Sxout
PN B SXIN
= - XOUT
COMO~COM7 ) PN L 1, Mainosc
SEGO~SEG31 LCD Driver = Clock Control XIN
L CLKO

Figure 2. A31T214/216 Block Diagram
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A31T21x Datasheet

2. Pinouts and pin descriptions

Pinouts and pin descriptions

2,

A31T214/216 devices’ pinouts and pin descriptions are introduced in the following sections.

Pinouts

2.1

A31T21xRLN (64 LQFP)

211

61SD/0LINODI/0L O3SI(LZOSINY LLOSIWL LaXd/ead [ e
0ZSO/6WODIEDISI(LZHOS)/LINISHNM)YNIE/FAd [ 05
1ZSO/8INODI/BOISIN1LZS SV LISS/SAd ] 18
22SO/LNODI/LO3SI/OLLLOLLL03d ] 28

£2SD/9N0DI/99 3SI(NMd)YMNT8/00L /00L L/13d ] €5
SWODI/S93SI/LZ0SINA010S)/800eNMd/zad ] v
YINODI¥O3SI/kZ0SIW(0YAS)/VO0EWM /0 93S/PN0D/€3d | s
€N0D1/£93SI/1210S/8808NMd/LEDIS/ENOD/Pad [ 98
ZNODI/ZO3SIL ZSSVE0ENMd/ZNOD/S3d ] 28

LNOOV 193SI/8Y0ENMd/LNOD/93d [ 88

O OOI/093SIVVOEWMA/ONOD/ .3d ] 65
€0TM0e93s/83d ] 09

Z0N/6293s/63d ] 19

10V8z93s/013d [ 29

00V L293s/iad ] €9

13s3duziad ] ve

A

48 [] PD2/TXD11/MOSI11/MOSI21/ISEG111COM11/CS 18

47 [] PD1/SDA0O/EC11/ISEG12/ICOM12/CS17

46 [_] GND

45 VDD

44 [ PDO/SCLO/EC10/CLKO/ISE G13/CS16

43 PC8

42 PC7

4 PC6

40 [ Pcs

39 PC4/(T100)(T10C)/SS20/ISEG14/CS15
38 PC3/EC21/SCK201SEG15/CS14

37 PC2/EC20/MISO20/CS13

36 ] PC1/T210/T21C/MOSI20/CS12

35 [] PCO/T200/T20C/CS11

34 PB11/SEG1/RXD1/EC13/CS10

33 PB10/COMS5/SEG2/TXD1/EC12/CS9

vutottirtuuiuuut

(44
e
oe
Z2 -
Jddqg E o
ZxkE =
14
64Q6.
- - - sz
NN X v
g
-~ £z
(44
mmO©o
L < - re
oz
6l
@ s
Ll
cN O ToLoOoN~N®©®® 2T NOETBE
O SN o imornoccNose
ftadctect3zsidfddss
S B I ==z E
e8I -7288 Zgzg2e
dgggaices Eooces
e 000t ELE Coo 00
OX 50 2 5 = & L o d « «
©¥Xo9gzgo == [T R
DCKSXBMQ X Z Z2 Z2 o
25377888  fEEE
525 3 z
] o z <
x X <
(2}

68d/9NOD/EDIS

88d/LNOJ¥O3S

18d/5938

99d/993s

§8d//935/0aX¥/(00€1)/8SD
¥8d/893S/0AXL/0EDI/ONV/LSD
£8d/1009/01S5/(0ZSS)
28d/693S/010S/(0Z40S)/LNV/9SD
18d/0193S/0LAX ¥ 0LOSIN/(0ZOSIN)/ZNV/SSO
08d/41 93S/01AXL/0LISOW/0ZISOW/ENY/FSD
LIV d/ZLOIS/OEL UOEL LIFNY/ESD
01Vd/gL93SA0LLLIAOLLL)IGNY/ZSD

6V d/y LOIS/OZLL/OTL LIONV/LSD

8vd/5} OIS/LNV/0SD

1Yd/9} OIS/BNY

9vd/2LD3S/LTOS/IENY

Figure 3. LQFP 64 Pinouts
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2. Pinouts and pin descriptions

A31T21x Datasheet

21.2 A31T21xCLN (48 LQFP)

6LSO/0LWODI/0L O3SI(LZOSINY LLOSIW/IL LaXd/ead
02SO/6WODI69ISI(LZHOS)/LINOSANMANNIEFAd
1ZSO/8N0I/893SIN(1ZSS) L1SS/SAd
22SO/LINODI/LD3SI/OLLL/OLLL03d

€2SO/9IN0DI1/99 3SI/(IWM)MNTE/004 /OO0 L/ L3d
SINODI/SO 3SI/LZOSINA0T1OS)/8D0E WM/ Z3d
7INODI/¥D3SI/LZOSINA0YAS)/VO0E WM /0 DIS/HINOD/€3d
ENOD1/€DTSI/LZHOS/88 0EWM d/LE DIS/EWOD/ d
ZINODI/ZD3SI/L ZSS/VE0EWM/ZNOD/S3d

LN OO/ LOISI/GVOENM/LINOD/93d

0OV 093SI/VVYOEWMJ/ONOD/ 23d

1383z iad

36 PD2/TXD11/MOSI11/MOSI21/ISEG11/1COM11/CS 18

35 PD1/SDA0/EC11/ISEG12/ICOM12/CS17

34 1 GND

33 [ vbD

32 [ PDO/SCLO/EC10/CLKO/ISE G13/CS16

31 PC4/(T100)/(T10C)/SS20/ISEG14/CS15
30 PC3/EC21/SCK20/1SEG15/CS14

29 [ PC2/EC20/MISO20/CS13

28 [] PC1/T210/T21C/MOSI20/CS12

27 PC0/T200/T20C/CS11

26 [ PB11/SEG1/RXD1/EC13/CS10

25 PB10/COM5/SEG2/TXD1/EC12/CS9

Jutiuuooouut

 m— i <4
 — 5 (4
] ee 22 £ [£4
—] ov LLP 1z
1w mm_.rm 0z
o - Qg© 6l
s 22|._‘v|A 8l
— ”_“87 L
—] v meem Y X 9l
] ov L <L ~ sl
_HG@ i
] s+ €L
'123456789mﬁﬁ
O - N M T L O N~ 0 0O © v
EtacEadtgs s
e833=-s2g2 Z o
Se09RERE &3
e bgotlie )
oOX >0 zZ g5 <=3>= -
= 50 8 £ 9 = X
00X ® X 9 < 3
==3F°28883 2
0w n = > < T o
E ZE 2
UvIAU 4
o le) <
X x
[2)

S8/ 93 S/0aXH/(D0€L)/8SO

¥8d/893S/0AX L/0SOT/ONY/LSO
€8d/1008/015S/(0ZSS)
28d/693S/0L%D S 0Z1IS)/LNV/9SD

1 8d/0193S/0LaX¥/0LOSIN/(0ZO SIN)/ZNY/SSD
08d/L1 93S/0LAXL/0LISOW/OZISOW/ENY/FSO
1 LVd/ZL 9SO EL UOEL LIFNV/ESO
01vd/gL93S(0LLLADLLL)ISNY/ZSO

6Y d/¥ 193AS/0ZL L/OZL LIINV/LSD

8Vd/S} OIS/LNV/0SO

L¥d/91 DAS/ENY

9vd/2L93S/LTOS/ENY

Figure 4. LQFP 48 Pinouts
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A31T21x Datasheet

2. Pinouts and pin descriptions

21.3 A31T21xCV2N (48 WFQFN)

6LSO/0LNODI/0L O3SI(LZOSINY LLOSIWL LaXd/ead
02S2/6WOD1IBOISI( LZHIS)/LIMOSANMINNTE/FAd
1ZSO/8BNODI/8OISINLZS S/ L1SS/Sad
22SO/LNODI/LD3SI/OLLLOLLL/03d

£ZSO/9NODI/99 ISIINMI)MNTE/O0L L/O0L L/ L3d
SINODI/$9 3SI/LZOSINA010S)/8D0E WM/ Z3d
¥INODI¥OISI/LZOSINA 0V AS)/VO0EWM /0 DIS/HINOD/€3d
€N ODI/€DT SI/LZHIS/A80ENM d/LEDIAS/ENOD/ ¥ad
ZINODI/ZD3SIL ZSS/VE0EWM/ZWOD/S3d
LINOOI/LO3SI/EVOEWMd/LINOD/93d

ON OOV 093SIVYOENMJ/ONOD/ 23d

138Uz iad

36 PD2/TXD11MOSI111/MOSI21/ISEG11/1COM11/CS18

35 [ ] PD1/SDAO/EC11/ISEG12/ICOM12/CS17

32 PDO0/SCLO/EC10/CLKO/ISEG13/CS16

31 PC4/(T100)/(T10C)/SS20/ISEG14/CS15
30 PC3/EC21/SCK20/1SEG15/CS14

29 [ PC2/EC20/MISO20/CS13

28 PC1/T210/T21C/MOSI20/CS12

27 [] PCO/T200/T20C/CS11

26 1 PB11/SEG1/RXD1/EC13/CS10

&:l PB10/COM5/SEG2/TXD1/EC12/CS9

Jutuuoooout

i L e el vz
e ! I ¢z
_H%“ m “NN
—Jor | Vm |
_HS_ CQ | oz
— T “9
s mw Rl
[ =" |4
s | mw [T
_How_r < “2
 — A N L
—] sv S PR

'123456789‘@“&

Uubduuuuoiod

o ™ <+ 1 © ~ o v

EEPEILEEZEEE

9 = £ oo Zz ©

3opa2888 Lo

gg28s=x5¢ 2

o X 0 <

M x

X Thermal bottom pad is GND pin

G8d/ /93 S/0aXH/(D0€1)/8SO

¥8d/893S/0AX L/0SOI/ONY/LSD
€8d/1008/01SS/(0ZSS)

28d/693S/0LMD S/(0Z1S)/LNV/9SD
18d/01L93S/0LAX¥/0LOSIN(0ZO SIN)/ZNV/SSD
08d/}193S/0LAXL/0LISON/OZISOW/ENY/FSO
L LVd/ZL93ISOEL UOEL LIFNV/ESO
01vd/ELD3SAOLLLADLLL)ISNY/ZSO

6V d/y L93S/0ZL UOZL LIONV/LSD

8Vd/S} OIS/LNV/0SO

1Yd/91 DIS/BNY

9vd/LL93S/LTOS/ENY

Figure 5. WFQFN 48 Pinouts
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2. Pinouts and pin descriptions

A31T21x Datasheet

2.1.4 A31T21xSNN (44 LQFP)

81.SO/LLINODV/L LOISI/LZISOW L LISOW!L LaXL/izad ]
61SD/0LINODI/0LDISI(LZOSINY LLOSIW/L LaXd/Ead ]
0ZSO/6INODI693SI(1ZHS)/LIMOSINM)NNTIE/Fad ]
£2SO/9N0DI1/99 3SIANMJ)MNTE/00L /00 L/ 13d ]
SINODI/$D 3SI/LZOSIN/0TDS)/d00EWMd/23d ]
¥INODI/¥O3SI/LZOSINA0VAS)/VI0ENM J/0DIS/HFNOD/€3d ]
€NODI/£DTSI/LZHOS/a80ENM/LE DIS/ENO0/ ¥Ad [
ZINODIZD3SI/L ZSSVE0EWM/ZNOD/S3d [
LNODI/1D3SI/8VOEWMd/LNOD/93d [

0N ODV/093SINVYOEWM/ONOD/ 23d [

1334wz 13d [

33 PD1/SDAO/EC11/ISEG12/ICOM12/CS17

32 GND

SWDIO/SEG26/PFO
SWCLK/SEG25/PF1

31 VDD

(CLKO)/SEG24/PF2

A31T216SNN
A31T214SNN

30 PDO0/SCLO/EC10/CLKO/ISEG13/CS16

T30C/SEG23/PF3

29 PC4/(T100)/T10C)/SS20/ISEG14/CS15
28 ] PC3/EC21/SCK20/ISEG15/CS14

27 PC2/EC20/MISO20/CS13

SXIN/(TXD1)/PF4

SXOUT/(EC30){(RXD1)PF5

44-LQFP
10x10x1.6 mm

XIN/(SDA1)/(TXDO)/PF6
XOUT/(SCL1)/(RXDO)/PF7

26 [ PC1/T210/T21C/MOSI20/CS12

25 [ PCO/T200/T20C/CS11

GND

24 [ PB11/SEG1/RXD1/EC13/CS10

VDD
CAPN/PAO

23 [ PB10/COM5/SEG2/TXD1/EC12/CS9

144

0c
6l
8l
Ll
9l
Sl
14
€l
cl

[ 58d/2935/0axy/(00€1)/8SD

[ v8d/893S/0AXL/0€D3/ONV/LSD

[ €8d/L008/01SS/(02SS)

[ 1 28d/693S/0kOS/(0ZHIS)/LNV/9SD

1 18d/0L93S/0LAXH/0LOSIN(0ZO SIN)ZNY/SSO
1 08d/L193S/0LAXL/0LISOW/OZISOW/ENY/FSD
1 11Vd/cL93SOEL L/OEL LIPNV/ESD

[ 1 0Lvd/EL93S/AOLLLADLLL)/SNY/ZSO

[ 6Vd/7193S/02) /OZL L/IONV/LSO

[ 9vd/21LD3S/L10S/ENY

[ 1 SYd/8193S/LYAS/0LNY

Figure 6. LQFP 44 Pinouts
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A31T21x Datasheet

2.1.5 A31T21xIUN (40 QFN)

2. Pinouts and pin descriptions

6LSO/0LNODI/0L OIS LZOSINY LLOSIWL LAX¥/€Ad
02S0/6INODIBOISI(LZHOS)/LINISANMA)MNTIE/FAd

1 ZSO8WOI/893SIN1ZS S LLSS/SAd
22SO/LINODI/ZD3SI/OLLL/O0L L/03d

€2S/9INOD1/99 ISI/AINMJ)MNTE/D0L L/O0L L/ L 3d
SINODI/SD 3SI/LZOSINA010S)/800E WM/ Z3d
¥INODI/¥D3S1/1Z0SIN(0VAS)/VO0ENM /0 DIS/HINO D/ €3d
ENODI/£DT SI/LZHOS/880ENM/LE OIS/ENOD/ Ad
ZINODIZO3SIL ZSS/NE0EWMA/ZNOD/S3d

LN ODI/ LOISI/AY0EWMd/LNOD/93d

30 PD2/TXD11MOS111/MOSI21/ISEG11/1COM11/CS18

29 [ PD1/SDAO/EC11/ISEG12/ICOM12/CS17
26 [T] PC4/(T100)(T10C)/SS20/ISEG14/CS15

25 PC3/EC21/SCK20/ISEG15/CS14

27 PDO0/SCLO/EC10/CLKO/ISEG13/CS16
24 PC2/EC20/MISO20/CS13

23 PC1/T210/T21C/MOSI20/CS12
1 PB11/SEG1/RXD1/EC13/CS10

22 PCO0/T200/T20C/CS11

40-QFN
6x6x0.6 mm

O0000nonmnn

(

1

61
8l
Ll
9l
Sl
143
€l
cl
22

UUuutuuuy

PAO/CAPN 8

PE12nRESET [ 2
PFO/SEG26/SWDIO ] 3
PF1/SEG26/SWCLK ] 4

PF6/(TXDO)/(SDAT)XIN ] 5
PAB/SEG17/SCL1ANS ] 9

PF7/(RXDO)/(SCL1)/XOUT | 6
PAB/SEGI5/AN7/CSO ] 10 =~~~ ———————

PE7/COMO0/PWM30AA/ISEGO/ICOMO [

X Thermal bottom pad is GND pin

PB10/COMS/SEG 2/TXD1/EC12/CS9
PB5/SEG7/RXDO/(T30C)/CS8
PB4/SEGS/TXDO/EC30/ANO/CST
PB3/BOOT/SS10/(SS20)
PB2/SEG9/SCK10/(SCK20)AN1/CS6
PB1/SEG10/RXD10/MISO10/(MISO20)/AN2/CS 5
PBO/SEG11/TXD10/MISO10/MISO20/AN3/CS4
PA11/SEG12/T130/T13C/AN4/CS3
P10/SEG13/(T110)/(T11C)(AN5)/CS 2
PAY/SEG14/T120/T12C/AN6/CS1
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A31T21x Datasheet 2. Pinouts and pin descriptions

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 44-pin 40-pin
PFO IOUDS | PORT F Bit 0 Input/Output
1 1 1 3 SEG26 (0] LCD Segment Signal 26 Output
SWDIO* 110 SWD Data Input/Output Pull-Up
PF1 IOUDS | PORT F Bit 1 Input/Output
2 2 2 4 SEG25 (0] LCD Segment Signal 25 Output
SWCLK* | SWD Clock Input Pull-Up
PF2* IOUDS | PORT F Bit 2 Input/Output
3 3 3 - SEG24 (6] LCD Segment Signal 24 Output
(CLKO) O System Clock Output
PF3* IOUDS | PORT F Bit 3 Input/Output
4 4 4 - SEG23 (o] LCD Segment Signal 23 Output
T30C | Timer 30 Clock/Capture Input
PF4* IOUDS | PORT F Bit 4 Input/Output
5 5 5 - (TXD1) (0] UART Channel 1 TXD Output
SXIN | Sub Oscillator Input
PF5* IOUDS | PORT F Bit 5 Input/Output
6 6 6 ) (RXD1) | UART Channel 1 RXD Input
(EC30) | Timer 30 Event Count Input
SXOUT (e} Sub Oscillator Output
PF6* IOUDS | PORT F Bit 6 Input/Output
. ; . 5 (TXDO0) (o] UART Channel 0 TXD Output
(SDA1) 110 12C Channel 1 SDA In/Out
XIN | Main Oscillator Input
PF7* IOUDS | PORT F Bit 7 Input/Output
8 8 8 5 (RXDO) | UART Channel 0 RXD Input
(SCL1) 110 12C Channel 1 SCL In/Out
XOouT (0] Main Oscillator Output
- GND P GND
10 10 10 7 VDDEXT P VDD
y " 1 8 PAO* IOUDS | PORT A Bit 0 Input/Output
CAPN 110 Modulation Cap
PA1* IOUDS | PORT A Bit 1 Input/Output
12 i i i SEG22 (6] LCD Segment Signal 22 Output
AN14/ A Analog Input 14
AVREF A/D Converter Reference Input
\BO\ 19

SEMICONDUCTOR




2. Pinouts and pin descriptions A31T21x Datasheet

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin

PA2* IOUDS | PORT A Bit 2 Input/Output

13 - - - SEG21 (0] LCD Segment Signal 21 Output
AN13 1A Analog Input 13
PA3* IOUDS | PORT A Bit 3 Input/Output

14 - - - SEG20 O LCD Segment Signal 20 Output
AN12 1A Analog Input 12
PA4* I0UDS PORT A Bit 4 Input/Output

15 - - - SEG19 (0] LCD Segment Signal 19 Output
AN11 1A Analog Input 11
PA5* I0UDS PORT A Bit 5 Input/Output

16 12 12 ) SEG18 (0] LCD Segment Signal 18 Output
SDA1 110 12C Channel 1 SDA In/Out
AN10 1A Analog Input 10
PAG* IOUDS | PORT A Bit 6 Input/Output

17 13 13 9 SEG17 (6] LCD Segment Signal 17 Output
SCL1 110 12C Channel 1 SCL In/Out
AN9 1A Analog Input 9
PAT* IOUDS | PORT A Bit 7 Input/Output

18 14 - - SEG16 (0] LCD Segment Signal 16 Output
AN8 1A Analog Input 8
PA8* I0UDS PORT A Bit 8 Input/Output
SEG15 (0] LCD Segment Signal 15 Output

19 15 - 10
AN7 1A Analog Input 7
CS0 1A Capacitive Touch Switch Input 0
PA9* IOUDS | PORT A Bit 9 Input/Output
SEG14 O LCD Segment Signal 14 Output
T120 (o] Timer 12 Output

20 16 14 11
T12C | Timer 12 Capture Input
AN6 1A Analog Input 6
CS1 1A Capacitive Touch Switch Input 1
PA10* IOUDS | PORT A Bit 10 Input/Output
SEG13 (0] LCD Segment Signal 13 Output
(T110) (0] Timer 11 Output

21 17 15 12
(T11C) | Timer 11 Capture Input
AN5 1A Analog Input 5
Cs2 1A Capacitive Touch Switch Input 2
PA11* IOUDS | PORT A Bit 11 Input/Output
SEG12 O LCD Segment Signal 12 Output

2 18 16 13 T130 O Timer 13 Output
T13C | Timer 13 Capture Input
AN4 1A Analog Input 4
CS3 1A Capacitive Touch Switch Input 3

20 \BO\
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A31T21x Datasheet

2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin

PBO* IOUDS | PORT B Bit 0 Input/Output
SEG11 O LCD Segment Signal 11 Output
TXD10 (o] UART Channel 10 TXD Output

23 19 17 14 MOSI10 I/0 SPI Channel 10 Master Out/Slave In
(MOSI20) 1/0 SPI Channel 20 Master Out/Slave In
AN3 1A Analog Input 3
CS4 1A Capacitive Touch Switch Input 4
PB1* I0UDS PORT B Bit 1 Input/Output Input
SEG10 (0] LCD Segment Signal 10 Output
RXD10 | UART Channel 10 RXD Input

24 20 18 15 MISO10 110 SPI Channel 10 Master In/Slave Out
(MISO20) 1/0 SPI Channel 20 Master In/Slave Out
AN2 1A Analog Input 9
CS5 1A Capacitive Touch Switch Input 5
PB2* IOUDS | PORT B Bit 2 Input/Output
SEG9 (6] LCD Segment Signal 9 Output

o5 1 19 16 SCK10 110 SPI10 Data Clock Input/Output
(SCK20) 110 SPI120 Data Clock Input/Output
ANA1 1A Analog Input 1
CS6 1A Capacitive Touch Switch Input 6
PB3 I0UDS PORT B Bit 3 Input/Output
BOOT* | Boot mode selection Input Pull-Up

26 22 20 17
SS10 1/0 SPI Channel 10 Slave Select signal
(SS20) 1/0 SPI Channel 20 Slave Select signal
PB4* IOUDS | PORT B Bit 4 Input/Output
SEG8 O LCD Segment Signal 8 Output
TXDO (o] UART Channel 0 TXD Output

27 23 21 18
EC30 | Timer 30 Event Count Input
ANO 1A Analog Input 0
CSs7 1A Capacitive Touch Switch Input 7
PB5* IOUDS | PORT B Bit 5 Input/Output
SEG7 (0] LCD Segment Signal 7 Output

28 24 22 19 RXDO | UART Channel 0 RXD Input
(T30C) | Timer 30 Capture Input
CsS8 1A Capacitive Touch Switch Input 8

2 ) ) ) PB6* IOUDS | PORT B Bit 6 Input/Output
SEG6 (0] LCD Segment Signal 6 Output
PB7* IOUDS | PORT B Bit 7 Input/Output

%0 ) ’ ) SEG5 o LCD Segment Signal 5 Output
PB8* I0UDS PORT B Bit 8 Input/Output

31 - - - com7/ o LCD Common Signal 7 Output
SEG4 LCD Segment Signal 4 Output
PB9* I0UDS PORT B Bit 9 Input/Output

32 - - - COM6/ o LCD Common Signal 6 Output
SEG3 LCD Segment Signal 3 Output
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin

PB10* IOUDS | PORT B Bit 10 Input/Output
COMb5/ 0 LCD Common Signal 5 Output
SEG2 LCD Segment Signal 2 Output

3 25 23 20 TXD1 O UART Channel 1 TXD Output
EC12 | Timer 12 Event Count Input
CS9 1A Capacitive Touch Switch Input 9
PB11* IOUDS | PORT B Bit 11 Input/Output
SEG1 (0] LCD Segment Signal 1 Output

34 26 24 21 RXD1 | UART Channel 1 RXD Input
EC13 | Timer 13 Event Count Input
CS10 1A Capacitive Touch Switch Input 10
PCO* I0UDS PORT C Bit 0 Input/Output

35 07 25 2 T200 O Timer 20 Output
T20C | Timer 20 Capture Input
CS11 1A Capacitive Touch Switch Input 11
PC1* I0UDS PORT C Bit 1 Input/Output
T210 O Timer 21 Output

36 28 26 23 T21C | Timer 21 Capture Input
MOSI20 110 SPI Channel 20 Master Out/Slave In
CS12 1A Capacitive Touch Switch Input 12
pPC2* IOUDS | PORT C Bit 2 Input/Output
EC20 | Timer 20 Event Count Input

37 29 27 24
MISO20 110 SPI Channel 20 Master In/Slave Out
CS13 1A Capacitive Touch Switch Input 13
PC3* I0UDS PORT C Bit 3 Input/Output
EC21 | Timer 21 Event Count Input

38 30 28 25 SCK20 110 SPI20 Data Clock Input/Output
ISEG15/ (0] LED Segment Signal 15 Output
CS14 1A Capacitive Touch Switch Input 14
PC4* IOUDS | PORT C Bit 4 Input/Output
(T100) (0] Timer 10 Output

39 31 29 2 (T10C) | Timer 10 Capture Input
SS20 1/0 SPI Channel 20 Slave Select signal
ISEG14/ (0] LED Segment Signal 14 Output
CS15 1A Capacitive Touch Switch Input 15

40 - - - PC5* IOUDS | PORT C Bit 5 Input/Output

41 - - - PC6* IOUDS | PORT C Bit 6 Input/Output

42 - - - PC7* IOUDS | PORT C Bit 7 Input/Output

43 - - - pPC8* IOUDS | PORT C Bit 8 Input/Output
PDO* IOUDS | PORT D Bit 0 Input/Output Input

Pull-Up

SCLO I/0 12C Channel 0 SCL In/Out

44 32 30 27 EC10 | Timer 10 Event Count Input
CLKO (0] System Clock Output
ISEG13/ (0] LED Segment Signal 13 Output
CS16 1A Capacitive Touch Switch Input 16
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin
45 33 31 28 VDDEXT P VDD
Thermal
46 34 32 bottom GND P GND
pad

PD1* IOUDS | PORT D Bit 1 Input/Output P'l:'lf_‘l’;p
SDAO I/0 12C Channel 0 SDA In/Out

47 35 33 29 EC11 I Timer 11 Event Count Input
ISEG12/ O LED Segment Signal 12 Output
ICOM12/ (0] LED Common Signal 12 Output
CSs17 1A Capacitive Touch Switch Input 17
PD2* I0UDS PORT D Bit 2 Input/Output
TXD11 O UART Channel 11 TXD OQutput
MOSI11 1/0 SPI Channel 11 Master Out/Slave In

48 36 34 30 (MOSI21) 110 SPI Channel 21 Master Out/Slave In
ISEG11/ (0] LED Segment Signal 11 Output
ICOM11/ O LED Common Signal 11 Output
CS18 1A Capacitive Touch Switch Input 18
PD3* IOUDS | PORT D Bit 3 Input/Output
RXD11 | UART Channel 11 RXD Input
MISO11 I/0 SPI Channel 11 Master In/Slave Out

49 37 35 31 (MISO21) 110 SPI Channel 21 Master In/Slave Out
ISEG10/ (0] LED Segment Signal 10 Output
ICOM10/ O LED Common Signal 10 Output
CS19 1A Capacitive Touch Switch Input 19
PD4* IOUDS | PORT D Bit 4 Input/Output
BLNK(PW | External Sync Signal Input for T30
M) PWM
SCK11 1/0 SPI11 Data Clock Input/Output

50 38 36 32
(SCK21) 1/0 SPI21 Data Clock Input/Output
ISEGY/ (0] LED Segment Signal 9 Output
ICOMY/ O LED Common Signal 9 Output
CS20 1A Capacitive Touch Switch Input 20
PD5* IOUDS | PORT D Bit 5 Input/Output
SS11 1/0 SPI Channel 11 Slave Select signal

51 39 } 33 (SS21) 1/0 SPI Channel 21 Slave Select signal
ISEGS8/ O LED Segment Signal 8 Output
ICOM8/ (0] LED Common Signal 8 Output
CS21 1A Capacitive Touch Switch Input 21
PEO* IOUDS | PORT E Bit 0 Input/Output
T110 (0] Timer 11 Output

52 40 ) 34 T11C | Timer 11 Clock/Capture Input
ISEG7/ (0] LED Segment Signal 7 Output
ICOM7/ (6] LED Common Signal 7 Output
CS22 1A Capacitive Touch Switch Input 22
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin

PE1* IOUDS | PORT E Bit 1 Input/Output
T100 O Timer 10 Output
T10C | Timer 10 Capture Input

53 41 37 35 BLNK(PW | External Sync Signal Input for T30
M) PWM
ISEG6/ (0] LED Segment Signal 6 Output
ICOM6/ (0] LED Common Signal 6 Output
CS23 1A Capacitive Touch Switch Input 23
PE2* IOUDS | PORT E Bit 2 Input/Output
PWM30CB o] Timer 30 PWM Output

54 42 38 36 (SCLO) I/0 12C Channel 0 SCL In/Out
MOSI21 I/0 SPI Channel 21 Master Out/Slave In
ISEG5/ 0 LED Segment Signal 5 Output
ICOM5 LED Common Signal 5 Output
PE3* IOUDS | PORT E Bit 3 Input/Output
COM4/ 0 LCD Common Signal 4 Output
SEGO LCD Segment Signal 0 Output

55 43 39 37 PWM30CA (o] Timer 30 PWM Output
(SDAO0) I/0 12C Channel 0 SDA In/Out
MISO21 I/0 SPI Channel 21 Master In/Slave Out
ISEG4/ 0 LED Segment Signal 4 Output
ICOM4 LED Common Signal 4 Output
PE4* IOUDS | PORT E Bit 4 Input/Output
COM3/ 0 LCD Common Signal 3 Output
SEG31 LCD Segment Signal 31 Output

56 44 40 38 PWM30BB O Timer 30 PWM Output
SCK21 1/0 SPI21 Data Clock Input/Output
ISEG3/ o LED Segment Signal 3 Output
ICOM3 LED Common Signal 3 Output
PE5* IOUDS | PORT E Bit 5 Input/Output
COM2 (0] LCD Common Signal 2 Output

57 45 1 39 PWM30BA (0] Timer 30 PWM Output
SS21 1/0 SPI Channel 21 Slave Select signal
ISEG2/ 0 LED Segment Signal 2 Output
ICOM2 LED Common Signal 2 Output
PE6* IOUDS | PORT E Bit 6 Input/Output
COM1 (0] LCD Common Signal 1 Output

58 46 42 40 PWM30AB 0 Timer 30 PWM Output
ISEG1/ o LED Segment Signal 1 Output
ICOM1 LED Common Signal 1 Output
PE7* IOUDS | PORT E Bit 7 Input/Output
COMO (0] LCD Common Signal 0 Output

59 47 43 1 PWM30AA 0 Timer 30 PWM Output
ISEGO/ o LED Segment Signal 0 Output
ICOMO LED Common Signal 0 Output
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Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin

PES8* IOUDS | PORT E Bit 8 Input/Output

60 - - - SEG30 O LCD Segment Signal 30 Output
VLC3 1A External LCD Voltage bias 3
PE9* IOUDS | PORT E Bit 9 Input/Output

61 - - - SEG29 (0] LCD Segment Signal 29 Output
VLC2 1A External LCD Voltage bias 2
PE10* I0UDS PORT E Bit 10 Input/Output

62 - - - SEG28 (0] LCD Segment Signal 28 Output
VLCA1 1A External LCD Voltage bias 1
PE11* I0UDS PORT E Bit 11 Input/Output

63 - - - SEG27 (0] LCD Segment Signal 27 Output
VLCO 1A External LCD Voltage bias 0
PE12 IOUDS | PORT E Bit 12 Input/Output

64 48 44 2
nRESET* U External Reset Input Pull-Up

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.
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3. System and memory overview

3.1  System architecture
Main system of A31T214/216 series consists of the followings:

® ®

e ARM™ Cortex™ =MO+ core

e General purpose DMA
e Internal SRAM

* Internal Flash memory

3.1.1 Cortex-M0+ core

The ARM® Cortex®-MO+ processor is the most energy-efficient ARM processor available. It builds on
the very successful Cortex-M0O+ 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-M0O+.
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A31T21x Datasheet 3. System and memory overview

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

0 0x0000_0040 LVI

1 0x0000_0044 SYSCLKFAIL
2 0x0000_0048 WDT

3 0x0000_004C GPIOA, GPIOB
4 0x0000_0050 GPIOC, GPIOD
5 0x0000_0054 GPIOE

6 0x0000_0058 GPIOF

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
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Table 3. Interrupt Vector Map (continued)

Priority Vector address Interrupt source
17 0x0000_0084 USART11
18 0x0000_0088 ADC
19 0x0000_008C UARTO
20 0x0000_0090 UART1
21 0x0000_0094 TIMER13
22 0x0000_0098 Reserved
23 0x0000_009C Reserved
24 0x0000_00AO0 Reserved
25 0x0000_00A4 SPI20
26 0x0000_00A8 SPI21
27 0x0000_00AC Reserved
28 0x0000_00B0 LED
29 0x0000_00B4 TOUCH
30 0x0000_00B8 Reserved
31 0x0000_00BC CRC

NOTES:

1. 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. Each Interrupt Priority Level Register occupies 1 byte (8 bits).NVIC registers in the
Cortex-MO+ 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 8 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 > NVIC_EnablelRQ(Peripheral) > Each Peripheral Interrupt

_enable_irg()
_disable_irq( )

*NVIC_SetPriority(Peripheral, priority)
NVIC_EnablelRQ(Peripheral)

Each Peripheral
Interrupt Enable

*: Option

Figure 8. Interrupt Block Diagram
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3.2 Memory organization

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

3.2.1 Register boundary address

Table 4 gives the boundary addresses of peripherals in A31T214/216 series.

Table 4. A31T214/216 Memory Boundary Addresses

Boundary address Memory area Register description
0x4000_0000 SCuU
0x4000_5100 LVI/LVR
0x4000_1000/1100/1200/1300/1400/1500 PCU A/B/C/D/E/F
0x4000_0100 Flash controller
0x2000_0000 Internal SRAM
0x4000_0400/0410/0420/0430 DMACHO0/1/2/3
0x4000_1A00 WDT
0x4000_2000 WT
0x4000_2100/2200/2300/2700 Timer 10/11/12/13
0x4000_2500/2600 Timer 20/21
0x4000_2400 Timer 30
0x4000_3800/3900 USART 10/11
0x4000_4000/4100 UART 0/1
0x4000_4800/4900 12C 0/1
0x4000_4C00/4D00 SPI 20/21
0x4000_3000 12-bit ADC
0x4000_3600 TOUCH
0x4000_5000 LCD
0x4000_6000 LED
0x4000_0300 CRC
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3. System and memory overview A31T21x Datasheet

3.2.2 Memory map

Figure 9 shows addressable memory space in memory map.

Address Peripherals mapped

0x4000_F100

REVISION NUMBER
CHIP ID
0x4000_F000 VENDOR ID

Address Peripherals mapped
OXFFFF_FFFF

0x4000_6400
0x4000_6300

0xE010_0000

Private Peripheral bus:

0x4000_6100 Debug/External

0xE004_0000

0x4000_6000 Private Peripheral bus:

0x4000_5200 Internal

0xE000_0000

LVR, LVI
0x4000_5100

LCD 0xA000_0000

0x4000_5000

0x4000_4E00

SPI21

0x4000_4D00

SPI20
0x4000_4C00

0x4000_4A00

12C1
0x4000_4900

12Co
0x4000_4800

0x4000_4200

UART1
0x4000_4100
UARTO
0x4000_4000 PERIPHERALS Address Peripherals mapped
USART11 (UART + SPI) ApPB) | b
Ox40003%0 | 0 ° |\ [T ToTTT oo ROM Table

OxEOOF_F000

USART10 (UART + SPI)

0x3F00_0600

0x4000_3800 0x3F00_05FF

External PPB

TOUCH 0xE004_2000

0x4000_3600 OTP mirror
- 0xE004_1000 ET™

0x3F00_0000

0x4000_3100
X K 0x3004_07FF BOOT ROM (2K ) _0xE004_0000 _ TPV
0x4000_3000 ADC mirror
. 0x3004_0000 0xE000_F000
0x3003_FFFF FLASH ( 256K ) -
0€3000._0000 mirror 0XE000_EQ00 SYSTEM CONTROL

0x4000_2800

- 0XE000_3000
TIMER13(16-bit)
0x4000_2700 FPB
2000 2600 TIMER21(32-bit) ooy 0xE000_2000
- SRAM (16K ) 0xE000_1000 pwT
TIMER20(32-bit) 0x2000_0000 B
0x4000_2500 I™
TIMER30(16-bit) _OXE000_0000
0x4000_2400 (6-ch PWM)
TIMER12(16-bit)
TIMER11(16-bit) Pl
0x4000_2100 TIMER10(16-bit) BOOT ROM (2K )
0x1FFF_0000
0x4000_2000

0x0F 00_0600

0x4000_1B00

OTP

0x4000_1A00 0x0F 00_0000

0x0003_FFFF

0x4000_1600
PORT(A,B,C,D,E,F)
0x4000_1000

0x4000_0500

CODE ROM(256KB)

DMAC(4-ch)

0x4000_0400 0x0000_0000
CRC16
0x4000_0300
FMC

0x4000_0100 [ ] Reserved

Scu
0x4000_0000 _

Figure 9. Memory Map (A31T216)
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A31T21x Datasheet 3. System and memory overview

3.2.3 Embedded SRAM

A31T214/216 series has a block of 0-wait on-chip SRAM, and 0x2000_ 0000 is base address of the 16
KB SRAM. 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

A31T214/216 series provides internal 128 KB/256 KB 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 20 MHz bus frequency.
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3.2.5 Boot mode

Boot mode pins

A31T214/216 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 UART boot:

*  UART boot uses USART10_TXD/USART10_RXD port.

The pins for boot mode are listed in Table 5.

Table 5. Boot Mode Pin List

Block Pin name Dir. Description
nRESET | Reset Input signal
SYSTEM
nBOOT/PB3 | ‘Low’ to enter Boot mode
USART10_RXD/PB1 | USART10 Boot Receive Data
UART mode of USART10
USART10_TXD/PB0 0 USART10 Boot Transmit Data

Boot mode connections

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

VDD
HOST é 0ka
VDD
VDD RESET
I o
';'ZS;T | nBOOT
A31T214/216
TXD USART10_RXD
RXD USART10_TXD
GND GND

Figure 10. Connection Diagram of UART10 Boot
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SWD mode connections

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

VDD
E-PGM+ % % 10kQ
VDD
VDD
= , nRESET
A31T214/216
SWCLK SWCLK
SWDIO SWDIO
GND GND

Figure 11. Connection Diagram of E-PGM+ and SWD Port
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4. System Control Unit (SCU)

A31T214/216 series has 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 the SCU block.

Table 6. SCU Pins

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

41 SCU block diagram

In this section, SCU block diagram is introduced in Figure 12.

» SCU
SCU MODE
APB BUS CONTROL
SCU CLOCK > HCLK
GENERATOR > MCLK
> PCLK
RESET <« POWER DOWN
WAKE UP WAKE UP
< «——
INTERRUPT SOURCE
VDC / LVD / OSC VDC /LVD /
INTERRUPT < CONTROL osc

Figure 12. SCU Block Diagram
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A31T21x Datasheet 4. System Control Unit (SCU)

4.2 Clock system

A31T214/216 series has 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 13 and Table 7,
users learn about the clock system of A31T214/216 devices and clock sources.

WDTRC Cortex MO+
500K/16 |— 1078 — MK “Memory

FCLK
1/N

(N=1,2,4) °
;| wmck

PCLK  APB Bus
0 SCU_PCER1.2 Interface
11

LS|

g | ] 1:0]
LSE _
0 | [(N=1.2,4) MCLKSEL - CLKO
SCU_MCCR1
I SYSTICK I
SCU_MCCR1 [
1/N i
—— Timer 1x_]
Hst (N=1,2,4, POk )Lé Timer 1x
8,6,32) PLL |~
SCU_MCCR2 [T
g | ] [N eak |V ——{ Timer20 ]
HSE
L I [(N=124)]  ynseL —
scu_M(:CRF
PCLK g
/
5 SCU_MCCRS
SCU_MCCR u
L;IL;L C|’C\)le noLK m;
HSE Divider
- SCU_MCCR3 S
Sos¢_1uy
[2:0] [7:0] WDTRC | X
/
SCU_MCCR4 SECTK
PCLK W
U LED
X
/
SCU_MCCRS [~=
sosc | u LCD
WDTRC | X
_WDTRC f %

Figure 13. 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 32 MHz High Speed Internal OSC
LSI 500 kHz Low Speed Internal OSC

4.21 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 48 MHz.

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.
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4.2.3 Clock configuration procedure

After powering up, the default system clock is fed by LSI (500 kHz) clock. By default LS| is enabled at
power up sequence. The other clock sources will be enabled by user controls with the LSI system clock.

HSI (32 MHz) clock can be enabled by SCU_CSCR register.

HSE (2-16 MHz) 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. PF6 and PF7 pins are shared with HSE’s XIN
and XOUT function — PF_MOD and PF_AFSR1 registers should be configured properly. After enabling
the HSE block, waiting for more than 5 ms is required to ensure stable operation of crystal oscillation.

LSE (32.768 kHz) 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. PF4 and PF5 pins are shared with LSE’s
SXIN and SXOUT function — PF_MOD and PF_AFSR1 registers should be configured properly.

After enabling the LSE block, waiting for more than 10 ms is required to ensure stable operation of
crystal oscillation. The MCLK can be changed by using the SCU_SCCR register.
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Figure 14 shows an example flow chart configuring the system clock.

A31T21x Datasheet

Power up
MCLK=LSI
(500 kHz)

'

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

v

SCU.CSCR= Enable All Clock

» SCU_SCCR = HSE

» SCU_SCCR=LSE

SCU_SCCR = HSI

HSE 2 PF.MOD="AF Wait for
(2-16 MH2) PF.ASFR1=XIN/XOUT > stabilizing
N
Y
LSE ? PF.MOD="AF Wait for
(32.768 kHz) PF.ASFR1=SXINISXOUT > stabilizing
N |
Y
HSI? Wait for
(32 MH2) stabilizing >
N
Y
Select “PLLINCLKSEL . o
SoSCeR for PLL Source  [»f " fOr SRS |y} 50y seoR = pLL
' (HS or HSE)
N

SCU.CSCR=0xXXXX
(Disable unused clock source)

v

(Set flash wait control)

FM.CFG.WAIT=Suitable wait

'

< END

)

* AF : Alternative Function

* MCLKSEL : SCU_SCCRJ1:0] (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 14. Clock Change Procedure
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A31T21x Datasheet 4. System Control Unit (SCU)

When the system clock is increased to the maximum operating frequency, the Flash wait control
configuration should be checked. Flash read access time is one of limitation factor for performance.
The wait control recommendation is suggested in Table 8.

Table 8. Flash Wait Control Recommendation

FM.CFG.WAIT Flash Access Wait Available Max System clock frequency
000 0 clock wait Up to 20 MHz
001 1 clock wait Up to 40 MHz
010 2 clock wait Up to 48 MHz
011 3 clock wait Up to 48 MHz
100 4 clock wait Up to 48 MHz
11x 5 clock wait Up to 48 MHz

\BO\ 39

SEMICONDUCTOR



4. System Control Unit (SCU) A31T21x Datasheet

4.3 Reset

A31T214/216 series has two system reset options. One is 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 9.

Table 9. Reset Sources of Cold Reset and Warm Reset

Cold reset Warm reset
* nRESET Pin
* WDT reset
e LVD reset
Reset sources POR * MCLK Fail reset

¢ HSE Fail reset

¢ Software reset

¢ CPU request reset
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4.3.1 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 1.4 V of
VDD voltage out level, and boot operation is started at this point.

The LSI clock is enabled and counts 4.25 ms time for internal VDC level stabilizing. In this time, VDD
voltage level should be over than initial LVR level (1.6 V). After 4.25 ms counting, the cold reset is
released and counts 0.4 ms time for warm reset synchronizing. After releasing both cold and warm reset,
BOOTROM and CPU are running.

Figure 15 shows power up sequence and internal reset waveforms.

14V:1.6V , VDDEXT
5V -
4v
3V
2V
1V
oV .
POR(R) B
LVR | :
COLD_RSTB_ONT 0008000000000
‘. 4.25 msec ;
COLD_RSTB I Typical |
WARM_RSTB_CNT } XOXOOXOCX
: <04 msec |
WARM_RSTB : .~ Typical !
SYS_RSTB 5 ; |
BOOTROM I : [ [
EXCUTION : 4.25 msec ' 0.4 msec 5.19 msec :
MAIN CODE : Typical Typical Typical :
START : yp yp yp —
: < 9.84 msec =
Typical

Figure 15. Power-up Procedure
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4. System Control Unit (SCU) A31T21x Datasheet

4.3.2 Warm reset

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

The warm reset source is controlled by SCU_RSER register and the status appears 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 XXX
< 0.4 msec -
WARM_RSTB Typical |
SYS_RSTB |
BOOTROM [ [
EXCUTION 0.4 msec 5.19 msec
MAIN CODE Typical Typical :
START
<« 5.59 msec >
Typical

Figure 16. Warm Reset Diagram

4.3.3 LVRreset

Voltage level of LVR is set by low voltage reset configuration register (SCULV_LVRCNFIG). Reset
status of the LVR is shown in SCU_RSSR register. The LVR reset is controlled by SCULV_LVRCR
register, which is cleared to “Ox00” by POR reset.

A

VDD
Ex) LVR Level4 \ \ /
LVR(R)=2.1 V
/\/

LVR(F)=2.0 V
1.8V /
4 ’/ Ti o
LVR Reset ﬂbl LVR Reset doesn't occur at this point ime

Figure 17. LVR Reset Timing Diagram
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4.3.4 Resettree

4. System Control Unit (SCU)

VDDEXT 4,25 msec Cold Reset a o -
| vDe POR P
ounter PORESETn
LvDo SCU.RSER[0]-Q) SYSRESE
Tn
-
MOSC FAIL DETECTOR ]
Q Q
4
MCLK FAIL DETECTOR E
? S
M0+ SYSRESETn
WDT RESET REQUEST CMO+ SYSRES
DETECTOR 0
SW RESET REQUEST
DETECTOR o
. 4msec
nRESET PIN RESET DETECTOR Counter
| SCU.RSER[6]-O
CPU RESET REQUEST
DETECTOR SCU.RSER[5]
\ — SYSRESE
Tn
[ q
b1 SCU.PRER2[4] 12€0 RESETn
b SCU.PER1[0] SCURESETn 141 SCU.PER2[4]
[ q
; SCU.PRER2[3] 12C1 RESETn
et SCU.PER1[1] FMC RESETn 5l SCU.PER2[5]
q q
b1 WDT RESET; SCU.PRER2[8] USART10 RESET
SCU.PER1[2] " 8l SCU.PER2[8] n
[ q
X SCU.PRER2[9] USART11 RESETn
et SCU.PER1[3] PCURESETn 9] SCU.PER2[9]
[ q
SCU.PRER2[12
| PRER1[4] UARTO RESETn
scu 11 SCU.PER1[5] DMA RESETn 1 SCU.PER2[12]
q
SCU.PRER2[13
! UART1 RESET
SCU.PRER1[8] P GPIOA RESETn i SCUPERZIY] n
[
I  PRER2[14] SPI20 RESETn
SCU.PRER1[9] scupERIEl GPIOB RESETn  |SCU. [14] SCUPERZIT]
q q
SCU.PRER2[15
! SPI21 RESETn
SCU-PRER1[10] SCU.PER1[10] GPIOC RESETn 1 SCU.PER2[15]
[ q
SCU.PRER2[20
SCU.PRER1[11 GPIOD RESET! ADC RESETn
11 SCU.PER1[11] " T SCU.PER2[20]
[
SCU.PRER2[25
SCU.PRER1[12] GPIOE RESET:
e SCU.PER1[12] " 1 SCU.PER2[25] TOUCH RESETn
[
SCU.PRER1[13] GPIOF RESETn | SCU.PRER2[27 TSENSE RESET
SCU.PER1[13] 1 i: SCU.PER2[27]:1 ) "
q 'S
[
SCU.PRER1[16] TIMER10 RESETn | SCU. I {i/ LCD RESET,
SCU.PER1[16] i SCU.PER2[28] "
[ 'S
[
SCU.PRER1[17] TIMER11 RESETn | SCU. I {i/
SCU.PER1[17] ] SCUPER229] LED RESETn
[
[
SCU.PRER1[18} TIMER12 RESETn * SCU.PRER2[31
SCU.PER1[18] 1 SCUPERZI3] CRC RESETn
[
SCU.PRER1[19] P TIMER13 RESETn
q
SCU.PRER1[24] TIMER30 RESETn
SCU.PER1[24]
q
| PRER1[2!
scu 1251 SCUPERILZS] TIMER20 RESETn
q
SCU.PRER1[26] SCUPERILZE] TIMER21 RESETn
[
SCU.PRER1[31] WT RESETn
SCU.PER1[31]

\BO\

SEMICONDUCTOR

Figure 18. Reset T

ree Configuration

43



4. System Control Unit (SCU) A31T21x Datasheet

4.4 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 Power Down modes 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 19 describes transition between the operation modes.

POWER-ON
RESET

RESET
EVENT

RESET
EVENT

MCU
INITIALIZATION

PCU WAKE-UP

EVENT - EVENT
SLEEP > < RUN > <
WFI WFI
SCB.SCR[2]* = 0 SCB.SCR[2]* = 1

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

Figure 19. Transition between Operation Modes

441 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.
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A31T21x Datasheet 4. System Control Unit (SCU)

44.2 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

l

WFI
(ENTER SLEEP MODE)

|

Wait for Interrupt signal

v

WAKE UP

v

C END D

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

Figure 20. SLEEP Mode Operation Sequence
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4.4.3 Power-down mode

In STOP mode, all the internal circuits are entered the stop state.

Power down operation has special power off sequence as below picture.

POWER DOWN MODE
ENTER
STOP1 STOP1* or STOP2*

SCU_VDCCON[17]=STOP1 SCU_VDCCON[17]=STOP2
[ [

l

-LVREN[7:0] in SCULV_LVRCR = 0x55 (LVREN=0)
-LVRENM[7:0] in SCULV_LVRCNFIG = 0xAA (LVRENM=0)
-SETUP WAKE UP SOURCE

I

SCB.SCR[2]* = 1

SET @ CLEAR

VDCAON ENABLE VDCAON DISABLE
\ \

SET w CLEAR
BGRAON ENABLE BGRAON DISABLE
\ \

SET w CLEAR
LSIAON ENABLE LSIAON DISABLE
\ \

WFI

v

WAKE UP DEFAULT CLOCK =LSI

!
ST

*note 1) when STOP1, VDC current is limited 500uA (In this mode, LS| can be used as the wake-up source clock to enable LSIAON in SCU_SMR register.)
*note 2) when STOP2, VDC current is limited 10uA (In this mode, LSIAON and VDCAON in SCU_SMR register should be disabled.)
*note 3) SCB.SCR is System Control Register in System Conftrol Block

Figure 21. Power-down Mode Sequence
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5. PCU and GPIO

Port Control Unit (PCU) configures and controls external I/Os as listed in the followings:

* External signal directions of each pins
* Interrupt trigger mode for each pins

* Internal pull-up/down register control and open drain control

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

*  Output signal level (H/L) select
*  External interrupt interface

e Pull up/down enable or disable
Four pins in Table 10 are assigned for PCU and GPIO blocks.

Table 10. PCU and GPIO Pins

Pin name Type Description
PA 10 PAO to PA11
PB 10 PBO to PB11
PC [e] PCO to PC8
PD 10 PDO to PD5
PE 10 PEO to PE12
PF 10 PFO to PF7
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5.1 PCU and GPIO block diagram

Figure 22 describes PCU in block diagram.

> PORT
APB BUS i CONTROL
Y
> FUNCTION PA/PB/PC
«—> «—> PORTs
Function 1/Os > MUX PD /PE / PF
> INTERRUPT P
NVIC €—————! CONTROL

Figure 22. PCU Block Diagram

Figure 23 describes GPIO in block diagram, and Figure 24 introduces GPIO pins for external

input/output.
s o e
\ 4
DOUT[31:0] <€ > Pn.OUTDR >
PCU > PINs
DIN[31:0] <€ Pn.INDR <

Figure 23. GPIO Block Diagram
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5. PCU and GPIO

Open-drain Enable
Output Data

Output Enable
Alternative Function
Control

Digital Input 4—822%?‘39

Analog Input <€

VDD

—d[_ P-ch

VDD

Pull-up
Control
VDD
P-ch
N-ch

/0 Pin

Control

Pull-down _|

N-ch

Figure 24. 1/0 Port Block Diagram (General /O Pins)

Open-drain Enable
Output Data

Output Enable
Alternative Function
Control

Digital Input <€

Analog Input <€

LCD Control

VDD

Pull-up
Control

—q[_ P-ch

VDD

I/0 Pin

Control

Pull-down _| N-ch

\BO\
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Figure 25. 1/0 Port Block Diagram (LCD Pins)
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5. PCU and GPIO

5.2

Pin multiplexing

A31T21x Datasheet

GPIO pins have alternate function pins. Table 11 shows pin multiplexing information.

Table 11. GPIO Alternate Function

Pin Alternate function

e AFO0 AF1 AF2 AF3 AF4 AF5
PAO CAPN
PA1 SEG22 AN14/AVREF
PA2 SEG21 AN13
PA3 SEG20 AN12
PA4 SEG19 AN11
PA5 SEG18 SDA1 AN10
PAG SEG17 SCL1 AN9
PA7 SEG16 AN8
PA8 SEG15 AN7 CS0
PA9 SEG14 T120 T12C ANG CSs1
PA10 SEG13 (T110) (T11C) ANS CSs2
PA11 SEG12 T130 T13C AN4 CS3
PBO SEG11 USART10_TXD | USART10_MOSI (MOSI20) AN3 Cs4
PB1 SEG10 USART10_RXD | USART10_MISO (MISO20) AN2 CS5
PB2 SEG9 USART10_SCK (SCK20) AN1 Csé6
PB3 BOOT USART10_SS (SS20)
PB4 SEG8 TXDO EC30 ANO cs7
PB5 SEG7 RXDO (T30C) CSss8
PB6 SEG6
PB7 SEG5
PB8 COM7/SEG4
PB9 COMG6/SEG3
PB10 COMS5/SEG2 TXD1 EC12 CSs9
PB11 SEG1 RXD1 EC13 CSs10
PCO T200 T20C CS11
PC1 T210 T21C MOSI20 CS12
PC2 EC20 MISO20 Cs13
PC3 EC21 SCK20 ISEG15/CS14
PC4 (T100) (T10C) SS820 ISEG14/CS15
PC5
PC6
PC7
PC8
50 \BO\
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Table 11. GPIO Alternate Function (continued)

5. PCU and GPIO

Alternate function

Pin
name AFO AF1 AF2 AF3 AF4 AF5
PDO SCLO EC10 CLKO ISEG13/CS16
o1 SDAO .y ISEG12ICON2CS
PD2 USARTI1_TXD | USART11._MOSI |  (MOSI21) ISEGITICOMTIICS
PD3 USART11_RXD | USART11_MISO |  (MISO21) ISEG10/ '%3'\"10/ cs
PD4 BLNK(PWM) | USART11_SCK (SCK21) ISEGY/ICOMO/CS20
PD5 USART11_SS (SS21) ISEG8/ICOM8/CS21
PEO T110 T11C ISEG7/ICOM7/CS22
PE1 T100 T10C BLNK(PWM) ISEG6/ICOM6/CS23
PE2 PWM30CB (SCLO) MOSI21 ISEG5/ICOMS5
PE3 COMA4/SEGO PWM30CA (SDAO) MISO21 ISEG4/ICOM4
PE4 COM3/SEG31 | PWM30BB SCK21 ISEG3/ICOM3
PES5 com2 PWM30BA SS21 ISEG2/ICOM2
PE6 CoM1 PWM30AB ISEG1/ICOM1
PE7 COoMo PWM30AA ISEGO/ICOMO
PES SEG30 VLC3
PE9 SEG29 VLC2
PE10 SEG28 VLC
PE11 SEG27 VLCO
PE12 nRESET nRESET nRESET NRESET NRESET nRESET
PFO SEG26 SWDIO
PF1 SEG25 SWCLK
PF2 SEG24 (CLKO)
PF3 SEG23 T30C
PF4 (TXD1) SXIN
PF5 (RXD1) (EC30) SXOUT
PF6 (TXDO) (SDAT) XIN
PF7 (RXDO) (scL1) XOUT
NOTE:

1.

Unused pins are set to output from firmware (low output is recommended).

\BO\
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6. Flash memory controller

6. Flash memory controller

A31T21x Datasheet

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

as shown below:

* 128 KB and 256 KB Flash code memory

*  Programmable wait control (0 to 5)

* Read protection support

*  Self-Program support

*  User option area : 3-page (each 512 bytes)

* Erase, Program in user mode

Table 12. Flash Memory Controller Features

Item Description
Size 128 KB 256 KB
Start address 0x0000_0000 0x0000_0000

End address

0x0002_0000

0x0004_0000

Page size

512-byte

512-byte

Total page count

256 pages

512 pages

PGM unit

32-bit (1-word)

32-bit (1-word)

Erase unit

512-byte/1 KB/4 KB/bulk

512-byte/1 KB/4 KB/bulk

52
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6. Flash memory controller

Page
Address

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

0x0004 0000
0x0003 FEOO
0x0003 FC00
0x0003 FA0O
0x0003 F800
0x0003 F600
0x0003 F400
0x0003 F200
0x0003 FO00

0x0000 1000
0x0000 OEOO
0x0000 0C00
0x0000 0A00
0x0000 0800
0x0000 0600
0x0000 0400
0x0000 0200
0x0000 0000

User OTP2

User OTP1

User OTPO

Page 511

Page 510

Page 509

Page 508

Page 507

Page 506

Page 505

Page 504

Page 7

Page 6

Page 5

Page 4

Page 3

Page 2

Page 1

Page 0

0x0004 0000~

0x0003 FCO0 =<

0x0003 F800 =<

0x0003 F400 =<

0x0003 FO00—

0x0000 1000 =~

0x0000 0C00=<<

0x0000 0800 =

0x0000 0400 =

0x0000 0000 —

1K N

Sector 255

1K
Sector 254

1K
Sector 253

1K

Sector 252

1K N

Sector 3

1K
Sector 2

1K
Sector 1

1K
Sector 0

i

4K
Sector 63

4K
Sector 0
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Figure 26. Flash Memory Map (256 KB Code Flash)




7. Direct Memory Access Controller (DMAC)

7. Direct Memory Access Controller (DMAC)

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

within memory.

e 4 channels

*  Single transfer only

e Support 8/16/32-bit data size

e Support multiple buffer with same size

* Interrupt condition is transferred through a peripheral interrupt.

7.1 Block diagram

In this section, DMAC block diagram is introduced in Figure 27.

A31T21x Datasheet

PCLK ey

INTERRUPT <=t

DMA_REQ et

DMA_ACK =i

REGISTER INTERFACE

Y

ADR CONT | BUF |
DST SRC
CNT CNT
CHANNEL AHB
MASTER

H/W Handshake

AHB BUS

=

54

Figure 27. DMAC Block Diagram
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8. Watchdog Timer (WDT)

Watchdog Timer (WDT) rapidly detects CPU’s malfunction such as endless looping caused by noise,
and returns 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 A31T214/216 series features followings:
*  24-bit down counter (WDT_CNT)
*  Select reset or periodic interrupt
*  Count clock selection
*  Watchdog overflow output signal

e Counter window function

8.1  WDT block diagram

In this section, WDT block diagram is introduced in Figure 28.

WDT_DR
(24-bit Data)
WDTCLK of SCU_PPCLKSR Register
Reload = Write Signal to WDT_CNTR
UNFIEN
WDTRC Cl »| UNFIFLAG
WDT_CNT *—>»
MCCR3 W (24-bit Down Counter) | Underflow
WINMEN WDT interrupt
L Match detector
2 > WINMIFLAG
CLKDIV[1:0]
. Underflow
CNTEN[S: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 28. WDT Block Diagram

\BO\ 55

SEMICONDUCTOR



9. Watch Timer (WT) A31T21x Datasheet

9. Watch Timer (WT)

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.

9.1 WT block diagram

As shown in Figure 29, WT of A31T214/216 series has the following blocks:
*  14-bit divider
e 12-bit up-counter

e RTC function

Figure 29 shows a block diagram of the WT.

WTDR
(12-bit Data)

::1 > Match

WTINTV[1:0]

Clear \
: WTCNT €« (: f
WTCLK of PPCLKSR Register (12-bit Up Counter) fr/(2" X (WTDR Value + 1))
f A N WTIEN
_MCCRIWT | ' fi/2” » M 4|—D_> WT interrupt
,\L/Jl o fwi2® | g WTIFLAG interrup
> Divider 7
WDTRC | X fwr/2 >
WTEN ACIear ¢
2
WTCLR

56

Figure 29. Watch Timer Block Diagram
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10. 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 A31T214/216 series features the followings:
e 16-bit up-counter
*  Periodic timer mode
*  One-shot timer mode
e  PWM pulse mode
e Capture mode
e  12-bit prescaler

*  Synchronous start and clear function

Table 13 introduces pins assigned for 16-bit timer.

Table 13. 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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10. 16-bit timer

10.1

16-bit timer block diagram

In this section, 16-bit timer is described in a block diagram in Figure 30.

A31T21x Datasheet

TIMER1n_ADR

(16-bit A Data Register)

interrupt

:D—}ﬂ ninterrupt

interrupt

_Buff Register A
TINECE S To O*h‘e:block TINMIEN
¢ A Match
TnEN TnPAU »| TInMIFLAG
Edge
ECin D—) Detector ¢ Comparator T1n Match
AMatch
cl
TAnCLK of SCU_PPCLKSR Regislerl—) M TIMERIn_CNT R | TInCLR
u (16-bit Counter) TInEN
I I
M’ ’l\jl fox 12-bit Clear B Match Puse —| T1nO
—BaKyf Prescaler »| Generator
fou(TIMER1n_PREDR+1)! "CHK Comparator 3
Tt T
Reload
TIMER1n_BDR TIMER1n_CAPDR TinCapture
T1nCPOL[1:0] (16-bit B Data Register) (Capture Data Register)
2 TANMS[1:0]
NG TAnCIEN
2
TinC [ x e - TINCIFLAG
NOTES:
1.  The TnEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

After the TnEN bit is set, the counting of TIMERn_CNT may be delayed 2 clocks or more.
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Figure 30. 16-bit Timer Block Diagram
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11. 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 A31T214/216 series features the followings:
e 32-bit up-counter
*  Periodic timer mode
*  One-shot timer mode
e  PWM pulse mode
e Capture mode
e  12-bit prescaler

*  Synchronous start and clear function

Table 14 introduces pins assigned for 32-bit timer.

Table 14. 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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11.1  32-bit timer block diagram

In this section, 32-bit timer is described in a block diagram in Figure 31.

T2nADR
(32-bit A Data Register)

Reload

Buffer Register A
T2nCLK of PPCLKSR Register _ To other block T2nMIEN
A
Only Timer20 foL/(T2nPREDR#1) AMatch T2n Match interrupt
o~ TonPAU | T2nMIFLAG 4L| —
Prescaler T2nEN ¢ Comparator
A Match
Clear / Z
Lyu T2CNT Rl T2nCLR
) g 20 (32-bit Counter) \_\___TQnEN
Edge > Puse
EC2n[— potector B Match o Genemor L T2n0UT
CLKSEL Comparator ¢2 T
T2nECE Buffer Register B T2nMS[1:0] T2nOPOL i>—}T2n interrupt
Reload
Only Timer20 T2nBDR T2nCAPDR
CAPSEL[1 0] T2nCPOL[10] (32-bit B Data Register) (Capture Djlta Register)
i T2nMS[1:0
i l 110 N T2nCIEN
isosc —P ™ 3 , I{
i M X Capture Signal TICIFLAG
iWDTRC —»| U » X v n T2n Capture interrupt
T2 [ |

NOTES:
1.

The T2nEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2.

After the T2nEN bit is set, the counting of TIMER2n_CNT may be delayed 2 clocks or more.

Figure 31. 32-bit Timer Block Diagram
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Datasheet 12. Timer counter 30

Timer counter 30

Timer counter 30 of A31T214/216 series consists 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:

Table 15

16-bit up/down-counter
Periodic timer mode
Back-to-Back mode
Capture mode

12-bit prescaler

introduces pins assigned for the timer counter 30.

Table 15. Pin Assignment of Timer Counter 30: External Pins

Pin name Type Description
EC30 | External clock input
T30CAP | Capture input
BLNK | External sync signal input
PWM30AA (0] PWM output
PWM30AB (0] PWM output
PWM30BA (0] PWM output
PWM30BB o PWM output
PWM30CA o PWM output
PWM30CB (0] PWM output
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12.1

In this section, timer counter 30 is introduced in a block diagram.

Timer counter 30 block diagram

T30EN

UPDT:0 —2 PNOCR0 —
T30CLR —+ \ ,—} T30interrupts
TIMER30_PDR Reload Signal Pe”"dBm;cr: > TIMER30_ADTDR
(16-bit Period Data Register)| Generator AMatch ) Interrupt Generator
B Match P Anc Trigger Signal Starter Load Signal
C Match—p
Bottom Canture Sial j A
) pture Signa 5y 54 5 14-bit Down Counter
T30CLK of SCU_PPCLKSR Register P E——— g MERSONTCRI) g b
e [F ] || TR |
eriod Matc! :
MCCRY W e [ ) x I\(/)DAC/?Q tok
PCLK Prescaler T30EN Comparator f rigger signal
HEDGE
|_> M : R Up/Down Controller
| HIZIEN
g - 16-5t Up/Down Counter Clear Signal Generator
X Hi-Z
¢ AMatch BLNK HIZIFLAG .
e — % > I>_ 00y | HizrLG | Interupt
eledor Comparator Delay Insertion Controller
CLKSEL pa PWM30AAPWM30AB
A Buffer Register Controller l
T30ECE
Reload | I D [ PwM30AA
A D []Pwima0n8
TIMER30_ADR —>| X
(16-bit A Data Register) Delay Insertion Controller
PWM30BA/PWM30BB Hi-Z Controller
—» B Match Controller
Comparator | L D []Pwiz0sA
B Buffer Register 'l> [ Pwmaes
Ly
Delay Insertion Controller
PWM30CA/PWM30CB
Controller
TIMER30_BDR »
(16-bit B Data Register) | L 'l> {7 Pwm3ocA
—— [\ CMatch D {] Pww30cs
A A A
Comparator T [
Iy ¢ L Forca
o T30MS[1:0] ::égu/
T30EN
DLYEN HZCLR
DLYPOS
HIZST
) TIMER30_CDR TIMER30_OUTCR
T30CPOL[1:0 (16-bit C Data Register) -
¥ T30us[r0)
N TIMER30_CAPOR T30CIEN
I/T/ (Capture Data Register) \_D_>
Capture Signal | e _T30 Capture
T300AP [ ] ! ¢ T30CIFLAG intermupt

NOTES:
The Period/A/B/C match interrupts except for Bottom can occur in the interval mode.
2. 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 32. Timer Counter 30 Block Diagram
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13.

USART

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.

Baud Rate Generator.

Supports Serial Frames with 5, 6, 7, 8, or 9 Data bits and 1 or 2 Stop bits.

Odd or Even Parity Generation and Parity Check are Supported by Hardware.

Data Over Run 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 16 introduces pins assigned for the USART.

Table 16. Pin Assignment of USART: External Pins

Pin name Type Description

TXDn (0] UART Channel n transmit output

RXDn I UART Channel n receive input

SSn 1/0 SPIn Slave select input/output

SCKn 1/0 SPIn Serial clock input/output

MOSIn 1/0 SPIn Serial data (Master output, Slave input)
MISOn 1/0 SPIn Serial data (Master input, Slave output)

NOTE:

1.

n=10and 11
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13.1 USART block diagram

In this section, USART and SPIN are introduced in block diagrams.

MASTERnN
ACK
O€———»
SCKn Control
2
USARTn interrupt MSn[1:0] USARTn BDR ™\
n[1: -
PCLK
[ Baud Rate Generator DBLSn
WAKEIEn RXCIEn ¥
> Clock ‘
At Deep Sleep Mode Syne Logic
M{— Low level
detector
|
Y N
RXDn b—l—}l\L/JI Rx R Clock T
Control ”| Recovery E
> X R
T DLENN[2:0] 4’,1 /":
Loopsn  RXEN v L L
- Data - Receive Shift Register ul€
Recovery (RXSR) X < B
U
S
. [DORN/PEN/FEN 2
P Checker USARTN_DR[0], USTARX8[0], (Rx) | > L
SBn USTARN_DR[1], USTARX8[1], (Rx) [ ’L
l MSn[1:0] E
TXEn Stop bit PGN[1:0] DLENN[2:0] 5
¢ Generator % %
v W fe
Tx Parity Transmit Shift Register
- »i
TXDn [« Control | Generator (TXSR) g u W
X €
A
T>Cn Empty signal
USARTN_DR, TX8n, (Tx) |<:I
TXCIEn

. DRIE N
n — RTOEN

—— DMATXIE

—— DMARXIE

()

USARTnR interrupt

Figure 33. UART Block Diagram (n =10 and 11)
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| M\
USARTn_BDR <
|:| ) SS
SSn Control
T Baud Rate Generator
MASTERn
SPISSn \ 4
ek SCK_ 1€ » I\L/JI EdgeADnztector
Contro P X Controller
FXCHn h'l
\ RXEn T
CPOLn CPHAn E
MISOn [ le—o—F3—o > TR R
A Data Receive Shift Register,
Rx Control P Recovery —» (RXSR) —® ;{
1 L
) RXCIEn
LOOPSN L DORN Checker | | USARTN DR[O}, (R¥) NE
) U
USARTn_DR[1], (Rx) "l
MOSIn MASTERn L
A USARTninterrupt oron_{ !
(MSB/LSB-1st) N
TXEn E
D Y
E Tx Control [« Transm;tTihSrfé;?eg|ster<<_
P
Empty signal
A\
~\J
( —— RTOIEN
\ RTO
( —— DMATXIE
\ DMATX|
( —— DMARXIE
\ DMAR
USARTn interrupt

Figure 34. SPIN Block Diagram (n =10 and 11)
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14. UART

14.

Universal Asynchronous serial

UART

A31T21x Datasheet

Receiver and Transmitter (UART) is a highly flexible serial

communication device. UART operation status including error status can be read from status register.

The prescaler which generates proper baud rate, exists for each UART channel. The prescaler can
divide the UART clock source, which is PCLK, from 1 to 65535. And baud rate generation is by clock
which internally divided by 16 of the prescaled clock and 8-bit precision clock tuning function.

Programmable interrupt generation function will help to control the communication via UART channel

The main features are listed below:

Compatible with 16450

Standard asynchronous control bit (start, stop, and parity) configurable B

Programmable 16-bit fractional baud generator

Programmable serial communication

5-, 6-, 7- or 8- bit data transfer

Even, odd, or no-parity bit insertion and detection

1-, 1.5-, or 2-stop bit-insertion and detection

16-bit baud rate generation with 8-bit fraction control

Hardware inter-frame delay function

Stop bit error detection

Detail status register

Table 17 introduces pins assigned for the UART.

Table 17. Pin Assignment of UART: External Pins

Pin name Type Description
TXDO (0] UART Channel 0 transmit output
RXDO I UART Channel O receive input
TXD1 (0] UART Channel 1 transmit output
RXD1 I UART Channel 1 receive input
NOTE:
1. n=0and1
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14.1 UART block diagram

In this section, the UART interface block is described in a block diagram.

RECEIVER
- < BUFFER
2 RECEIVERBUFFER ¢ A RECEIVER
a REGISTER SHIFT  [¢——RXD
» REGISTER
i
<
P R LINE CONTROL A
- 4 REGISTER
DATA[T0] v
N——
ADDR[4:2] N REﬁAEl'p"(;ER
— ) DIVISOR LATCH Y s
LSB
PSEL (58 CONTROL
) < »|  DIVISORLATCH PRIEN BAUD
PWRITE APB IF (MSB) GENERATOR
> & > BFR ¢
CONTROL (Fraction)
PENABLE LoGIC »| TRANSMITTER
N TIMING
&
LINE STATUS <«
PCLK—> < > REGISTER < CONTROL
nRESET ¢
—> | TRANSMITTER
"[_BUFFER 5 TRANSMITTER
A o
TRANSMITTER HOLDING
q REGISTER > o SHIFTER  |—— [0
«— u REGISTER
P INTERRUPT ENABLE R
‘ Ld L
REGISTER INTERRll.-IPOEI%ONTROL b INTERRUPT
< INTERRUPT ID P
REGISTER -

Figure 35. UART Block Diagram
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15. 12C interface

I2C 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 12C bus standard.
e Multi-master operation.
* Upto 1 MHz data transfer read speed.
e 7-bit address.
e Support two slave address.
* Both master and slave operation.

e Bus busy detection

Table 18 introduces pins assigned for 12C interface.

Table 18. Pin Assignment of 12C: External Pins

Pin name Type Description
SCLO 1/0 12C channel 0 Serial clock bus line (open-drain)
SDAO 1/0 12C channel 0 Serial data bus line (open-drain)
SCLA1 1/0 I12C channel 1 Serial clock bus line (open-drain)
SDA1 1/0 I12C channel 1 Serial data bus line (open-drain)

NOTE:
1. n=0and1
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15.1 12C block diagram

In this section, 12C interface block is described in a block diagram.

~
12CnlFLAG . 12C interrupt
Slave Address Register
2Cn_SAR —
RXACKn, GCALLn, Interrupt
TENDn, STOPDn, [ {Generator| 2CM1EN ¢
SSELn, MLOSTn
' ’ A General Call And
BUSYn, TMODEN Address Detector |€— 12CnGCE |
A ?
N
T T
Receive Shift Register
SDAn > (RXSR) > 12Cn_DR, (Rx) ::} E
SDA InfOut ACKSignal |« N
N-ch —] j¢——— < A
Controller Generator |€— ACKnEN L
Vs . y STOPISTART __J4— STOPCn 5
d [~ Condition Generator |¢— STARTCn U
A A S
Transmit Shift Register
(TXSR) < RCn DR (Y [(—— %
P SDA Hold Time Register N
. o SoR | — |
scLn [Je—e [ scLowt | Time iﬁgerator P SCL High Period Register C:I
= ”| Controller [~ , [2Cn_SCHR
Time Controller
W SCL Low Period Register
N-ch l€ l2Cn_SCLR <:'
€ T
VSs PCLK N
NOTE:
1. When the corresponding port of 12C 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.

Figure 36. 12C Block Diagram
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16. Serial Peripheral Interface (SPI)

16.

A31T21x Datasheet

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 A31T214/216 series features the followings:

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 19 introduces pins assigned for SPI.

Table 19. 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/0 SPIn Serial data (Master output, Slave input)
MISOn I/0 SPIn Serial data (Master input, Slave output)
NOTE:
1. n=20and21
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16.1 SPI block diagram

In this section, SPI is described in a block diagram in Figure 37.

PRESET 5 TxDrata{16:0] TxSData16:0]

pSEL v Tx Data o Tx  Shifter
—_— Register > 55
PENABLE <D SCK
—_—
PWRITE Reict Transmiy [ MOS!
— ] ister
&gl Receive  |of—  MISO
PADDR block logic
—
PWOATA[31:0]
—-

PROATA[31:0] Rx Data
Register

RaDann] 16:0] RxSDatal16:0]
- R xShifter

PENABLE PENABLE

> -

A
Y

DA req
{ Tx & Rx)

< Clock SPICLKDI

divider

v

SSDET

TRDY
DMA en (Tx & Rx) o L S )
DMA ack ( Tx & Rx) genarator
DMA done (Tx & Rx) RRDY

v

DMA Tx/Rx done Interrupt

Y

Figure 37. SPI Block Diagram
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17. 12-bit ADC

Analog to Digital Converter (A/D Converter) allows conversion of an analog input signal to
corresponding 12-bit digital value. The A/D module has 14 analog inputs. The output of the multiplexer
is the input into the converter which generates the result through successive approximation.

The A/D module has three registers which are the A/D converter control register (ADC_CR), A/D
converter data register (ADC_DR) and A/D converter prescaler data register (ADC_PREDR). The
channels to be converted are selected by setting ADSEL[3:0]. The register ADC_DR contains the results
of the A/D conversion.

When the conversion is completed, the result is loaded into the ADC_DR, the A/D conversion status bit
AFLAG is set to ‘1’, and the A/D interrupt is set. During A/D conversion, AFLAG bit is read as ‘0’.

ADC block of A31T214/216 series consists of an independent ADC unit featuring the followings:
* 14 channels of analog inputs

* Software (ADST) and Timer trigger: TIMER10/11/12 A match and ADC trigger signal from
TIMER3O0 support

*  Maximum 4.5 MHz conversion rate (Max. 150 Ksps)
*  Conversion time: 30 clock

e B6-bit Prescaler
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Table 20 introduces pins assigned for ADC.

Table 20. Pin Assignment of ADC: External Signal

Pin name Type Description

AVREF P Analog Reference Voltage
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

AN8 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
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17.1 12-bit ADC block diagram

In this section, 12-bit ADC is described in a block diagram in Figure 38.

M
PCLK/(ADPREDR+1) Reference u VoD
. X [€«— AVREF
PCLK 6-bit fanc Voltage l€«— VSS
Prescaler REFSEL
_Cﬁ Power Down Mode
ADCEN
ANO —
AN? : ) A 4 \ 4 4 ADCIEN
: i [M / A/DC
a1t — |V e | > temup
AN12 —
AN13 —> 1o
AN14 —> S v
A & ADC_DR
4 e (Read only)
ADSEL[3:0]
~l¢— ADST
—— T10 A match signal
M «—— T11 A match signal
U ««—— T12 A match signal
X «—— A/DC trigger Signal from T30
«—— Reserved
«— Reserved
P\ ' «—— Reserved
3
TRIG[2:0]

Figure 38. 12-bit ADC Block Diagram
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18. TOUCH

Capacitive touch sensor systems are typical Human Machine Interfaces (HMI) which operate by
detecting changes in electrostatic capacitance produced by the touch of a finger or other conductor.

The use of capacitive touch technology can easily improve reliability in product design, and enhance
the end-user experience. It also enables manufacturing costs to be lowered in a wide range of fields
such as household appliances (white goods), healthcare devices, and other electric and electronic
equipment.

TOUCH of A31T214/216 series features the followings:
* 10V Conducted Susceptibility (CS) Immunity
e Self-capacitive Touch Key Sensor.
e Total 24-channel Touch Key Support.
* 16-bits Sensing Resolutions.
*  Fast Initial Self Calibration.
* Key Detection Mode: Single/Multi-Mode.
¢ Clock Frequency during Sensing Operation: 16 MHz.
*  The Improvement of the SNR by Bias-Calibration in Analog Sensing Block.
e VDD Operating Voltage: 2.7 Vto 5.5 V.
e Current Consumption: T.B.D.
e Current Consumption @ STOP mode: < 1 pA.

e Operation Temperature: -40°C to +85°C

Table 21 introduces pins assigned for TOUCH.

Table 21. Pin Assignment of TOUCH: External Signal
Pin name Type Description

CSO0 to CS23 1A Capacitive Touch switch input
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18. TOUCH

18.1

TOUCH block diagram

Figure 39 shows a block diagram of TOUCH.

A31T21x Datasheet
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Figure 39. TOUCH Block Diagram
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19. LCD Driver

LCD Driver is controlled by the LCD control register (LCD_CR) and the LCD Driver bias and contrast
control register (LCD_BCCR).

The LCD_CR<LCLK> bits determine the frequency of COM signal scanning of each segment output. A
RESET clears the LCD control registers LCD_CR and LCD_BCCR values to logic ‘0.

The LCD display can continue operating during IDLE and STOP modes.

The clock and duty for LCD Driver are automatically initialized by hardware, whenever the LCD_CR
register data value is re-written. Therefore, it is not recommended that users re-write the LCD_CR
frequently.

Table 22 introduces pins assigned for LCD Driver.

Table 22. Pin Assignment of LCD Driver: External Signal

Pin name Type Description
VLCOto 3 A LCD External Bias voltage input
COMO to 7 (0] LCD Common signal outputs
SEGO0 to SEG31 (0] LCD Segment signal outputs
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19. LCD Driver

19.1 LCD driver block diagram

Figure 40 shows a block diagram of LCD Driver.

A31T21x Datasheet

LCD Display DATA Register

v

Display Data Select Controller
and
Display Data Buffer Register

Segment
Driver

— ] sEcx

LCDCLK of SCU_PPCLKSR Register

SCU_MCCR5
=N

M

LSE U

WDTRC X
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fLC D

LCLK

LCD_CR

Timing
Controller

Common
Driver
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A
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NOTE:
1.

The pull-up resistors for PFO (SEG26) and PF1 (SEG25) are initially enabled.
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Figure 40. LCD Driver Block Diagram
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20.

LED Driver

LED Driver has 13 ICOM/16 ISEG output pins that are shared with Touch sensing pins. By configuring

the LED control register 1 (LED_CON1), users can decide whether to share pins with Touch sensing

function.

The LED Driver consists of display data RAM memory, and the COM and SEG generator with the

following features:

ICOMO, ICOM1, ..., ICOM12 are shared with ISEGO, ISEG1, ..., ISEG12. It is selected by
configuring the LED_COMER register.

ISEG13, ISEG14, and ISEG15 are dedicated only for the SEG function in LED function.
ICOM and ISEG pins can be used as I/O pins.

The LED_COMOE and LED_SEGOE registers are used to enable or disable each of ISEGO,
ISEGT, ..., ISEG15 and ICOMO, ICOM1, ..., ICOM12.

During the power-on reset, the reset pin, BOD reset or watchdog reset, and LED are turned
off.

The fPCLK is the PERI clock.

Table 23 introduces pins assigned for LED Driver.

Table 23. Pin Assignment of LED Driver: External Signal

Pin name Type Description
ICOMO to ICOM12 (0] LED Common signal outputs
ISEGO to ISEG15 (0] LED Segment signal outputs
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20. LED Driver

A31T21x Datasheet

20.1 LED Driver block diagram
Figure 41 shows a block diagram of LED Driver.
SEGOE & ALT5
DISPLAY RAM E/ ISEG N\ ISEG
(16x 13) DRV | PAD
—
COMOE & ALT5
f 8-bit  fiencLk N ICOM | .| ICOM .| ICOM
FeLk Prescaler Pulse Generator ”| DRV | PAD
DIMM
LED_DIMM
LOG scale
LED_PWID dimming value

Linear scale dimming value

LOGDE

13 ICOM Generator

MD=010 ;D—»{ 20-bit Perod Counter

(PERIOD Mode) T

(bit3 of LEDSR)

LED_PD }—»
- Match
atcl FIF MATCHF

Clear
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Figure 41. LED Driver Block Diagram
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21. Cyclic Redundancy Check (CRC) and 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 A31T214/216 series features the followings:
¢ Auto CRC (DMA) and User CRC Mode.
*  Polynomial:
— CRC-CCITT (G1(x) = x"6 + x'2+ x5 + 1)
— CRC-16 (Ga(x) = x'6 + x5 + x2 + 1)

¢ CRC Mode and Checksum Mode.

21.1 CRC and checksum block diagram

Figure 42 describes the CRC and checksum in a block diagram.

POLYS RLTCLR

LT

MODS FIRSTBS CRC Generator

CRCIN Polynomial Selector
(32-bit Input Register) Gi(x) = X"+ x"2 + x5 + 1
I—} M MSB-1st y,{ M Ga(x) =x" + x"® +x% + 1
U Buffer Register LSB-1st U
X » X
f Internal Bus from DMA ! | Load Signal >
CRCINIT 32 »|  Checksum Generator

(32-bit Initial Register)

16
Y

CRCRLT
(16-bit Result Register)

Figure 42. CRC and Checksum Block Diagram
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22. Electrical characteristics

22,

221

Electrical characteristics

Absolute maximum ratings

A31T21x Datasheet

Absolute maximum ratings are limiting values of operating and environmental conditions which should
not be exceeded under the worst possible conditions.

Table 24. Absolute Maximum Rating

Parameter Symbol Ratings Unit Remark
Supply voltage Vbp -0.3-+6.5 v —
Vi -0.3 - VDD+0.3 \Y
Voltage on any pin with respect to Vss
Vo -0.3 - VDD+0.3 \Y
loH -20 mA Maximum output current sourced by per 1/O pin
Normal pin
ZloH -100 mA Total output current sourced by sum of all I/Os
loL1 25 mA Maximum output current sunk by per 1/O pin
ZloLt 210 mA Total output current sunk by sum of all I/Os
mA Maximum output current sunk by per LED
loL2 250 COM pin
LED COM pin
SloLs 250 mA Total output current sunk by sum of all LED
COM
Total power T 300 mW —
dissipation
Storage o
temperature Tste -55 - +125 C -
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22.2 Recommended operating conditions

Table 25. Recommended Operating Condition

Parameter Symbol Condition Min. Typ. Max. Unit
Core and Peripherals 1.8 — 55 \%
ADC 24 — 5.5 \Y
Supply voltage Vbp LED/LCD/TOUCH 27 — 5.5 \Y
HSE 1.8 — 5.5 \Y
LSE 27 — 5.5 \Y
PLL 1 — 48 MHz
HSE 1 — 16 MHz
ggs&ae:';g fop LSE — 32.768 — kHz
HSI 31.52 32.00 32.48 MHz
LSl 400 500 600 kHz
Operating Tor Top -40 +25 +105 °C
temperature TOUCH -40 +25 +85 °C

22.3 POR (Power on Reset) characteristics

Table 26. Operating Condition of POR

Parameter Symbol Min. Typ. Max. Units
Analog supply voltage Vbp VSS 5.0 5.5 \Y
Operating Temperature Ta -40 25 105 °C

Table 27. POR Electrical Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
Operating current Iop - - 0.5 4 MA
POR set level Vser - 1.20 1.40 1.60 \Y
POR reset level VRESET - 1.00 1.20 1.40 Y
VDD rise time rate TrvoD 0.02 - 20 ms/V
VDD fall time rate TroD 0.4 - 20 ms/V

NOTE:
1.  The specifications of the parameters are guaranteed by design.
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224 LVI (Low Voltage

characteristics

Table 28. Operating Condition of Low Voltage Reset

A31T21x Datasheet

Indicator) LVR (Low Voltage Reset)

Parameter Symbol Min. Typ. Max. Units
Operating temperature Ta -40 25 105 °C
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Table 29. Low Voltage Indicator Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
Operating voltage VDD 0.8 5.0 5.5 \Y

Rising voltage 1.49 1.60 1.71
LevelO

Falling voltage 1.45 1.56 1.67

Rising voltage 1.62 1.74 1.86
Level1

Falling voltage 1.58 1.70 1.82

Rising voltage 1.70 1.83 1.96
Level2

Falling voltage 1.66 1.79 1.92

Rising voltage 1.83 1.96 2.09
Level3

Falling voltage 1.78 1.91 2.04

Rising voltage 1.92 2.06 2.20
Level4

Falling voltage 1.86 2.00 214

Rising voltage 2.04 2.19 2.34
Level5

Falling voltage 1.98 213 2.28

Rising voltage 2.21 2.37 2.53
Level6

Falling voltage 2.15 2.31 2.47

Rising voltage 2.37 2.54 2.71
Level7

Falling voltage 2.31 2.48 2.65

Detection level Vivi \Y

Rising voltage 2.56 2.75 2.94
Level8

Falling voltage 2.49 2.68 2.87

Rising voltage 291 3.13 3.35
Level9

Falling voltage 2.83 3.05 3.27

Rising voltage 3.05 3.28 3.51
Level10

Falling voltage 297 3.19 3.41

Rising voltage 3.45 3.70 3.95
Level11

Falling voltage 3.35 3.60 3.85

Rising voltage 3.58 3.84 4.10
Level12

Falling voltage 3.48 3.74 4.00

Rising voltage 3.86 4.15 4.44
Level13

Falling voltage 3.76 4.04 4.32

Rising voltage 4.03 4.33 4.63
Level14

Falling voltage 3.92 4.22 4.52

Rising voltage 4.30 4.62 4.94
Level15

Falling voltage 4.18 4.50 4.82
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Table 30. Low Voltage Reset Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
Operating voltage VDD 0.8 5.0 5.5 \Y
Lovel0 Rising voltage 1.49 1.60 1.71
Falling voltage 1.45 1.56 1.67
Level1 Falling voltage 1.58 1.70 1.82
Level2 | Falling voltage 1.66 1.79 1.92
Level3 | Falling voltage 1.78 1.91 2.04
Level4 | Falling voltage 1.86 2.00 214
Level5 | Falling voltage 1.98 213 2.28
Level6 | Falling voltage 215 2.31 247
Detection level VLvR Level7 | Falling voltage 2.31 2.48 2.65 Vv
Level8 | Falling voltage 2.49 2.68 2.87
Level9 | Falling voltage 2.83 3.05 3.27
Level10 | Falling voltage 297 3.19 3.41
Level11 | Falling voltage 3.35 3.60 3.85
Level12 | Falling voltage 3.48 3.74 4.00
Level13 | Falling voltage 3.76 4.04 4.32
Level14 | Falling voltage 3.92 4.22 4.52
Level15 | Falling voltage 4.18 4.50 4.82
Noise cancelling time — — 2 - us
Operation current lop — 3.5 5 MA
Operation current(STOP) lop, sToP — 25 3 nA

NOTES:
1. The specifications of the parameters are guaranteed by design.

2. To use LVR or LVI function while the system is in STOP mode (DEEP SLEEP mode), set SCU_SMR <BGRAON> to
'1' to enable BGR function of VDC.
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22.5 HSI (High Frequency Internal) RC oscillator characteristics

Table 31. Operating Condition of HSI

Parameter Symbol Min. Typ. Max. Units
Operating voltage VDD 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 32. High Frequency Internal RC Oscillator Characteristics
Parameter Symbol Conditions Min. Typ. Max. Units
Vop=1.8Vto55V
F f 31.68 32.0 32.32 MH
requency el Ta=—20°Cto + 85°C z
Vop=1.8Vto55V
F f 31.52 32.0 32.48 MH
requency e Ta=—-40°C to + 105°C z
Ta=-20°C to +85°C -1.0 - 1.0 %
Tolerance -
Ta=-40°Cto + 105°C -1.5 - 1.5 %
Clock duty ratio Tob - - 50 - %
Stabilization time tHFs - 100 - - V&
Enable - 300 350— pA
IRC current IHsi
Disable - 1 - MA
NOTE:

1. The specifications of the parameters are guaranteed by design.

22.6 LSI (Low Frequency Internal) RC oscillator characteristics

Table 33. Operating Condition of LSI

Parameter Symbol Min. Typ. Max. Units
Operating voltage VDD 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 34. Low Frequency (500 kHz) Internal RC Oscillator Characteristics
Parameter Symbol Conditions Min. Typ. Max. Units
Enable — 3.2 4.3 MA
Operating current lLre
Disable — 1 20 nA
Vop=1.8Vto55V
F f 400 500 600 kH
requency Lo Ta=—40°C to + 105°C z
Vop=18V1to55V
Tol - -20 - 20 %
clerance Ta=—40°C to + 105°C °
NOTE:

1.  The specifications of the parameters are guaranteed by design.
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22.7 HSE (main oscillator) characteristics

Table 35. Operating Condition of HSE

A31T21x Datasheet

Parameter Symbol Min. Typ. Max. Units
Operating voltage VDD 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 C
Table 36. Main Oscillator Characteristics
Oscillator Parameter Conditions Min. Typ. Max. | Units
Operating
current Ibb — — — 25 mA
Power down
current Istop — — 0.2 30 nA
XOUT input VDDEXT=21.8V
frequency SCU_EOSCR < ISEL[1:0] >= 2’b11 1.0 — 4.0 MHz
SCU_EOSCR < NCOPT[1:0] >= 2'b00
VDDEXT =22.0V
SCU_EOSCR < ISEL[1:0] >= 2’'b10 1.0 — 8.0 MHz
Output SCU_EOSCR < NCOPTI[1:0] >= 2’b01
frequency VDDEXT 22.2 V
SCU_EOSCR < ISEL[1:0] >= 2'b01 1.0 — 12.0 MHz
SCU_EOSCR < NCOPTI[1:0] >= 2’b10
VDDEXT =224V
SCU_EOSCR < ISEL[1:0] >= 2’b00 1.0 — 16 MHz
SCU_EOSCR < NCOPT[1:0] >= 2'b11
Start-up time Tstart — — 2 — ms
Crystal input 0.2v
(low) Vi - — | | oo |V
Crystal input 0.8V
(high) Vin - b | T | — v
Crystal out (low) VoL — — — OszV \Y
Crystal out 0.8v
(high) Vor - oo | — | — v
1M < four < 4M 18 30 35 pf
E;‘;ema' load CL 4M < four < 12M 10 | 22 | 30 of
12M < fout < 16M 7 18 22 pf
Feedback Rrs VDDEXT =5V 07 | 10 | 13 | ma
resistance
NOTE:

1. The specifications of the parameters are guaranteed by design.
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XIN  XOuT
G1 = c2

Figure 43. Crystal/Ceramic Oscillator

‘ XIN XOouT

T 1

Open External
Clock
Source

Figure 44. External Clock

1/fXIN

A A
Y_ VY

XL tXH

;l L

XIN % 0.8vDD

x 0.2vDD

Figure 45. Clock Timing Measurement at XIN
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22.8 LSE (sub oscillator) characteristics

Table 37. Operating Condition of LSE

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 2.7 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 38. Sub Oscillator Characteristics

Oscillator Parameter Conditions Min. Typ. Max. Units
Operating current Iop - 5.0 MA
Power down current IsTop — — 0.2 15.0 nA
Output frequency fsus — — 32.768 — kHz
Start-up time Tstart — — 2 — s
Crystal input (Low) Vi — — — 0.2vDD \%
Crystal input (High) ViH — 0.8vDD — — \Y
Crystal out (Low) VoL — — — 0.2vDD \Y
Crystal out (High) VoH — 0.8vDD — — \%
External load cap Rrs — 5 15 35 pF
Feedback resistance CL — 7 12 24 MQ

NOTE:
1. The specifications of the parameters are guaranteed by design.

SXIN SXOUT ‘

Lo,

Figure 46. Crystal Oscillator

C

A
Y

XL tXH

A
A
v

A

SXIN +* 0.8vDD

0.2vDD

Figure 47. Clock Timing Measurement at SXIN

90 \BO\

SEMICONDUCTOR




A31T21x Datasheet 22. Electrical characteristics

22.9 PLL electrical characteristics

Table 39. Operating Condition of PLL

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 C

Table 40. PLL Electrical Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
Operating current Iop Enable — — 1 mA
Disable — 5 500 nA

Output frequency four — 1 — 48 MHz
Duty fouty 40 — 60 %

VCO Frequency fvco 10 — 240 MHz
E;eaqkuﬁirt]t?l/' Peak-to- furTeER(P-P) 500 ps

VCO Linear Range fvco_LIN 50 — 150 MHz

Input FrequencyNOTE3 fPLLINCLK 4 8 16 MHz
Locking TimeNOTE2 tLock — 60 100 us

Input Bandwidth fin — 2 — MHz

NOTES:

1. The specifications of the parameters are guaranteed by design.

2. The tolerance of PLL output frequency is reflected based on PLL input clock source selected by PLLINCLKSEL in the
SCU_SCCRJ[2] register.

3.  Itis recommended to use 8 MHz for input frequency.
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22.10 Supply current characteristics

Table 41. Operating Condition of Supply Current

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 42. Supply Current Characteristics
Parameter Symbol Conditions Min. Typ. | Max. | Units
frLL = 48 MHz - 9.0 12.0
VDD =5V
| fusi = 32 MHz +10% - 6.0 8.0 mA
or' fun = 8 MHz Ta=25°C - 30 | 40
(Run) .
fLsi = 500 kHz Al pe”'?fhera's - 200 | 600 A
Y M
fLse = 32.768 kHz - 140 300
frLL = 48 MHz - 6.0 10.0
VDD =5V
| fusi = 32 MHz +10% - 4.0 7.0 mA
oPz fun = 8 MHz Ta=25°C - 2 6
(Sleep) .
fLsi = 500 kHz All peripherals | _ 180 | 500
off MA
fLse = 32.768 kHz - 130 400
I
Supply DDD3 WDTRC = ON, VDD =5V
current ‘SSSE) (LSIAON = ENABLE) NOTE4 +10% - 50 - WA
= Ta=25°C
(STOP1) LVD =ON A
loos WDTRC = ON, VDD =5V
(Deep- || SIAON = ENABLE) NOTE4, +10% ; 30 . LA
Sleep) — OFENOTES Ta=25°C
(STOP1) LVD = OFF A
Iops
VDD =5V
(Deep- WDTRC = OFF, +10% ] 15 ; LA
Sl =
eep) LVD =ON Ta = 25°C
(STOP2)
Iope
VDD =5V
(Deep- WDTRC = OFF, +10% 5 A
Sleep) LVD = OFF NOTES - - - M
Ta=25°C
(STOP2)
NOTES:
1. The specifications of the parameters are guaranteed by design.
2. All supply current items do not include the current of a low frequency internal RC oscillator and a peripheral block.
3. All supply current items include the current of the power-on reset (POR) block.
4.  SCU_SMR<LSIAON> bit must be enabled in order to use the WDT as a wake up source in deep-sleep mode(STOP1).
5. ‘LVD = OFF’ indicates that LVR reset function , LVR block and LVI block are disabled.

A. LVRRSTinSCU_RSER =0

B. LVREN[7:0] in SCULV_LVRCR = 0x55 (LVREN=0)

C. LVRENM[7:0]in SCULV_LVRCNFIG = OxAA (LVRENM=0)
D. LVIENin SCULV_LVICR =0
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22.11 1/0 port characteristics

Table 43. Operating Condition of I/O Electrical Characteristics

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
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22.11.1 General /0O characteristics

Parameters given in Table 44 for I/O static characteristics are derived from tests performed under the
ambient temperature, and VDD supply voltage conditions summarized in Table 43.

Table 44. /O Static Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
V. Voo =5V, lon =-2.68 mA
on All output ports NOTE2
Output high voltage V. Voo =5V, lon=-3.80mA | o5 VDD | V
put g 9 one All output ports NOTES '
V Vob =5V, lon =-2.54 mA
ors All output ports NOTE4
Vop =5V, loL = 3.68 mA
Vo1
All output ports NOTE2
Vop =5V, loL =3.74 mA
Output low voltage V 0 - 0.2vDD \%
uiput fow voltag o2 All output ports NOTE3
v Vop =5V, loL =3.74 mA
oL All output ports NOTE4
v Vop =5V, lon =-8.66 mA, Vbp- v
OHSEGO TA = 25°C - 05 -
V. Vob =5V, lon =-13.22 mA, Vbp- Vv
OHSEGT o - -
ISEG output high TA=25°C 0.5
voltage v Voo =5V, lon = -19.49 mA, Voo- v
OHSEG2 TA = 25°C - 05 -
v Vop = 5V, lon = -22.06 mA, VoD- v
OHSEG3 TA = 25°C 05
ISEG current Vob=5V,Von=4.5YV, .
matching NOTE! ITOSEG TA = 25°C, Vorsea N ) ° &
Vob =5V, loL = 250 mA,
IC|Ct)M output low VoLcom TA=. 25 C ) 15 } v
voltage LED ICOM High sink current
output
Input high voltage ViH1 All Input ports 0.8*Vop — Vob \Y,
Input low voltage ViL1 All Input ports Venp — 0.2*Vop \%
Input high leakage All Input ports o .
current lirLke 1 pA
Input low leakage All Input ports ) . .
current ke 1 uA
Pull-up resistor Reu All Input pins 25 50 100 kQ
Pull-down resistor Rep All Input pins 25 50 100 kQ
I/O pin capacitance Cio — — TBD — pF
NOTES:

1.  The specifications of the parameters are guaranteed by design.
2. PAI0Q], PBJ[3], PCI[8:5, 2:0], PE[12], PF[7:4]
3. PA[11:1], PB[11:4, 2:0], PE[11:8], PF[3:0]
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PC[4:3], PD[5:0], PE[7:0]

5. In the user application, the number of 1/0O pins which can drive current must be limited to respect the absolute maximum
rating specified in 22.1 Absolute maximum ratings.

A. The sum of the currents sourced by all the I/Os on VDD, plus the maximum run consumption of the
microcontroller sourced on VDD, cannot exceed the absolute maximum rating ZIOH.

B.  The sum of the currents sunk by all the 1/0Os on VSS plus the maximum run consumption of the microcontroller
sunk on VSS cannot exceed the absolute maximum rating 2IOL.

6. SEG Current Matching represents (ISEGx - ISEGAVR) / ISEGAVR)
A.  ISEGx: Output high current on each SEG pin (x = 0 to 15)
B. ISEGAVR: Sum of ISEGO to ISEG15
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22.11.21/0 AC characteristics

The definition and values of external input AC characteristics are given in Table 45 and Figure 48.

Table 45. External Input AC Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
. . All external interrupts
Interrupt input high
. tiwh, tiwe 1.8V<=sVop=s55V 0.2 — —
low width
-40°C < Ta<105°C
ECn,
External counter input tecwH, All external counter input
; : 100 — —
high low pulse width tecwi 1.8V<Vops55V ns
-40°C < Ta<105°C
ECn,
External counter transition All external counter input
- trec, trec — — 20
time 1.8V<sVops55V
-40 = Ta<105°C
B tIWL 1L tIWH N
External 0.8vDD
Interrupt
0.2VvDD
L tECWL tECWH R

N
tFEC tREC
ECn

Figure 48. Timing Diagram of External Input AC Characteristics Definitions
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22.12 UART characteristics

Table 46. Operating Condition of UART

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C

22.13 SPI characteristics

Parameters given in for SPI are derived from tests performed under the ambient temperature, and

fPCLK frequency and VDD supply voltage conditions summarized in .

Table 47. Operating Condition of SPIn (n = 20, 21)

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vob 1.8 5.0 5.5 \%
Operating temperature Ta -40 25 105 °C
Table 48. SPIn Characteristics (n = 20, 21)
Parameter Symbol Condition Min. Typ. Max. Units
SPI20, SPI21
f: — — 5 MH
sex Vop<1.8V z
SPI clock frequenc f SP120, SPI21 8 MHz
auency ser Voo <33V
SPI20, SPI21
f ' — — 10 MH
SeKe Voo <55V z
Duty cycle of SPI 0
frequency (SCK) Duty Slave mode 30 50 70 %o
Capacitance load CecL — — — TBD pF

NOTE:
1. The specifications of the parameters are guaranteed by design.
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22.14 USART SPI characteristics

Table 49. Operating Condition of USART SPI

A31T21x Datasheet

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 50. USART SPI Characteristics
Parameter Symbol Conditions Min. Typ. Max. Units
Output clock pulse period scK Internal SCK source 400 — —
t
Input clock pulse period External SCK source 400 — —
Output clock high, low pulse width tSCKH, Internal SCK source 180 — —
Input clock high, low pulse width tSCKL External SCK source 180 — —
ns
First output clock delay time tFop | Inernallexternal SCK | 550 | | _
source
Output clock delay time tDS — — — 100
Input setup time tDIS — 180 — —
Input hold time tDIH — 180 — —
NOTE:
1. The specifications of the parameters are guaranteed by design.
ss \ /
(Output/Input)
Q)Q)
—» tFOD «— < tSCK
sck / \ / \
(CPOL=0)
(Output/Input)
7 F 7 F
_tSCKL | i tSCKH_
3 L A L
ScK \ / \ /
(CPOL=1)
(Output/Input)
tDIS tDIH
o o
MISO/MOSI <Z\
(Data Input) g_/ LsB
—> <= tDS _
MISO/MOSI

(Data Output)

\

=

Figure 49. SPI (USART) Timing Diagram
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22.15 USART UART timing characteristics

Table 51. Operating Condition of USART UART

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C

Table 52. USART UART Timing Characteristics
Parameter Symbol Typ. Units

Serial port clock cycle time tSCK tCPU x 16 V&
NOTE:

1. The specifications of the parameters are guaranteed by design.
2. tCPU:BDR*2* (1/PCLK)

tsck

\ 4

/

Figure 50. Timing Diagram of UART Timing Characteristics

tsck

smovs [\ ]\
Data Out \ DO X D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7
Data In X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid

Figure 51. Timing Diagram of UART Module

NOTE:
1. tSCK: Board Rate
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22.16 12C characteristics

Table 53. Operating Condition of 12C

A31T21x Datasheet

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 54. 12C Characteristics
Standard Fast
Parameter Symbol Units
Min. Max. Min. Max.
Clock frequency tSCL 0 100 0 400 kHz
Clock high pulse width tSCLH 4.0 — 0.6 —
clock low pulse width tSCLL 4.7 — 1.3 —
Bus free time tBF 4.7 — 1.3 —
Start condition setup time tSTSU 4.7 — 0.6 —
Start condition hold time tSTHD 4.0 — 0.6 — us
Stop condition setup time tSPSU 4.0 — 0.6 —
Stop condition hold time tSPHD 4.0 — 0.6 —
Output valid from clock tvD 0 — 0 —
Data input hold time tDIH 0 — 0 1.0
Data input setup time tDIS 250 — 100 — ns
NOTE:
1. The specifications of the parameters are guaranteed by design.
. tsc
tSCLH  tsCLL
—>» 4—tsTsu <“—>pie—>» —» <« IDH —>» <4—tspPsu
SCL \ \ : b i€— tSPHD
SDA / X i \
| |
—>» «—{STHD — <4— tDIS <«—>
: —p €«—tvD
SDA i X X
out \ ;
—> «—tvD '

Figure 52. Timing Diagram of 12CTiming Characteristics
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22.17 Internal code Flash characteristics

Table 55. Operating Condition of Internal Code Flash

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 1.8 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
Table 56. Internal Code Flash Characteristics
Parameter Symbol Conditions Min. Typ. Max. Units
Max. available clock _ 0-wait . . 32 MHz
frequency
Reset Cycle Time fRSTBUSY — 5.6 8 10.4 us
;“SG Program Cycle fFRDBUSY — 42 6 7.8 us
ime
N.ormal Program Cycle tPGMBUSY . 21 30 42 us
Time
Normal Page Erase tPERSBUSY — 28 4 5.2 ms
Cycle Time
Sector Erase Cycle tSERSBUSY — 2.8 4 5.2 ms
Time
Chip Erase Cycle Time tMERSBUSY — 5.6 8 10.4 ms
Endurance of NFWE TA=25°C, Page unit | 10,000 — — Times
write/erase
Retention time tFRT — 10 — — Years
NOTE:
1. The specifications of the parameters are guaranteed by design.
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22.18 ADC characteristics

Table 57. Operating Condition of ADC

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 24 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C
NOTE:
1. If 12-bit ADC uses voltage of less than 2.4V, measurement error may be big. To avoid this, it is recommended to use
voltage ranging from 2.4V to 5.5V for the ADC which is used for precision sensing of analog voltage.
Table 58. ADC Electrical Characteristics
Parameter Symbol Condition Min. Typ. Max. Unit
Resolution — — — — 12 Bit
Number of channel — — — 15 — CH
Analog input range ViN Vavrer = Vbb VSS — AVREF Y
Vss = Venp
Operating current lop vDD=5V — 1 2— mA
Standby current Ist — — 20 1500 nA
Differential nonlinearity DNL — — 11 14 LSB
Integral nonlinearity INL Ta=25°C — 14 +10 LSB
Top offset error (FSE) TOE — — 16 +12 LSB
Zero offset error ZOE — — 4 18 LSB
Operating frequency ACLK — — — 4.5 MHz
Conversion frequency fconv — — 150 Ksps

NOTE:
1. The specifications of the parameters are guaranteed by design.
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22.19 LCD Driver characteristics

22. Electrical characteristics

Table 59. Operating Condition of LCD Driver

Parameter

Symbol

Min.

Typ.

Max.

Units

Operating voltage

Vbob

2.7

5.0

5.5

Operating temperature

Ta

-40

25

105

°C

Table 60. Comparator Characteristics

Parameter Symbol

Conditions

Min.

Typ.

Max.

Units

VLCO

LCD contrast = DISABLED,
1/4 bias

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCDI[3:0] = 00H

Typ.x0.94

Vopx16/31

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCD[3:0] = 01H

Typ.x0.94

Vopx16/30

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCDI[3:0] = 02H

Typ.x0.94

Vbpx16/29

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCD[3:0] = 03H

Typ.x0.94

Vbpx16/28

Typ.x1.06

VLCO
LCD voltage

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCD[3:0] = 04H

Typ.x0.94

Vopx16/27

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCDI[3:0] = 05H

Typ.x0.94

Vbpx16/26

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCD[3:0] = 06H

Typ.x0.94

Vopx16/25

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCDI[3:0] = 07H

Typ.x0.94

Vbpx16/24

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCD[3:0] = 08H

Typ.x0.94

Vopx16/23

Typ.x1.06

VLCO

LCD contrast = ENABLED,
1/4 bias, No panel load
VLCD[3:0] = 09H

Typ.x0.94

Vbpx16/22

Typ.x1.06
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Table 60. Comparator Characteristics (continued)

A31T21x Datasheet

Parameter Symbol Conditions Min. Typ. Max. Units
LCD contrast = ENABLED,
VLCO 1/4 bias, No panel load Typ.x0.94 | Voox16/21 | Typ.x1.06 \Y,
VLCDI[3:0] = 0AH
LCD contrast = ENABLED,
VLCO 1/4 bias, No panel load Typ.x0.94 | Vopox16/20 | Typ.x1.06 \%
VLCD[3:0] = 0BH
LCD contrast = ENABLED,
VLCO 1/4 bias, No panel load Typ.x0.94 | Vppx16/19 | Typ.x1.06 \%
VLCDI[3:0] = 0CH
LCD voltage
LCD contrast = ENABLED,
VLCO 1/4 bias, No panel load Typ.x0.94 | Vopox16/18 | Typ.x1.06 \%
VLCD[3:0] = ODH
LCD contrast = ENABLED,
VLCO 1/4 bias, No panel load Typ.x0.94 | Vpopx16/17 | Typ.x1.06 \%
VLCDI[3:0] = OEH
LCD contrast = ENABLED,
VLCO 1/4 bias, No panel load Typ.x0.94 | Vobpox16/16 | Typ.x1.06 \%
VLCD[3:0] = OFH
bggg”;‘%’:?f VLC2 LCD clock = 0 Hz, Typ-0.2 | 2/4xVLCO | Typ+0.2 Vv
VLC3 1/4 bias, No panel load Typ-02 | 1/4xVLCO | Typ+0.2
LCD Driver
output RLO VLCD=3.0 V - 5 10 kQ
impedance
RLCD1 7.5 10 12.5
LCD bias RLCD2 1/4 bias, 38 50 62 o
dividing resistor RLCD3 Ta=25°C 60 80 100
RLCD4 180 240 300

NOTES:

1. The specifications of the parameters are guaranteed by design.
2. ltis middle output voltage when the VDD and the VLCO node are connected.
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22.20 Touch sensing characteristics

Table 61. Operating Condition of Touch Sensing

Parameter Symbol Min. Typ. Max. Units
Operating voltage Vbp 2.7 5.0 5.5 \Y
Operating temperature Ta -40 25 85 °C
VR_5v - - +100 mV
VDD RIPPLE NOTE
VR 33v - - +100 mV

NOTE:

1. The above values are experimental data and depend on the test conditions. (sensitivity, cover, board...)
- Test with A31T216 Start Kit Shield board. (9pi Touch stick Sensitivity on 2T Acrylic Cover)

Table 62. Touch Sensing Characteristics

Parameter Symbol Conditions Min. Typ. Max. Units
Load capacitance Cload - — 50 100 pF

. Cload = 50 pF (@typ.)
Operating frequenc Fo 2 4 4 MH

perating frequency P Cload = 100 pF (@min.) z
High-sense voltage Vhs VDD =5V 26 3.5 5 \Y,
COMP reference Veom VDD =5V 2.6 3 35 Vv
voltage
NOTE:

1. The specifications of the parameters are guaranteed by design.
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22. Electrical characteristics

22.21 Operating voltage range

A31T21x Datasheet

(fxin=1.0 to 16 MHz, x-tal)

16.0 -

12.0 -

©
o

Frequency (MHz)

oy
o

-—
o

A 4

18 20 22 24 55

Supply voltage (V)

32.768

Frequency (kHz)

(fsuB = 32 to 38 kHz)

B==—

A 4

2.7 55

Supply voltage (V)

Figure 53. Operating Voltage Range

22.22 Circuit design guide

Figure 54 shows a recommended circuit design.

If the PU resistor is away
from the MCU, a cap. can be

MCU VDD

added between the ,’/’[‘\\
PU resistors. ————f—u_p | —— \
- 10onF_ |/ < OKTT ORI 0K 10K VDD

8 o —
g o . SWDIO
9
4 SWeLk - A31T21x
g | O RESET
=)
B O 800T
(]
C= f—
% 100nF GND

Y

Figure 54. Circuit Design Guide for On-Board Programming
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23. Package information

A31T21x Datasheet

Package information

23.

This chapter provides A31T214/216 series package information.

64 LQFP package information

231

D25

GALGE PLANE

REV. DESCRIPTION ENG | APPROVAL
5 — | cengrate. JHKIM | YLCHAE
2]
N COMMON DIMENSIONS
J (UNITS OF MEASURE=MILLIMETER)
A1 SYMBOL | MIN NOM MAX
[T TR T = T
F Al 0.0 - 015
= A2 .38 140 145
— _ — S b 0.17 0.22 .27
— — 1] b 0.17 0.20 0.23
— = _ -
— — c 0.08 0.20
— — el 0.08 - 018
p— — D 11.80 12.00 12.20
—_ + - = D1 a0 0.20
p— — E 11.80 2.20
— — Ei 0.8 10.00 10.20
— — aE or
— — e _ 0.50 BSC _
— ._\.. | L 045 0.80 0.75
= | — L1 1.00 REF
. _ 8 o [ 35 | 7
B— 1 D 5y ores
e b 1. ALL DIMENSION REFER TO JEDEC STANDARD MS-026-BCD.
L Jegr=g A A
2. DIMENSIONS 'D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSION.
ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1" ARE
MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
3. DIMENSION 'b" DOES NOT INCLUDE DAMBAR PROTRUSION.
_M , ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH
A » TO EXCEED THE MAXIMUM 'b' DIMENSION BY MCRE THAN 0.08MM.
’ BASE METAL
(f ) 4."'A1' IS DEFINED AS THE DISTANCE FROMTHE SEATING PLANE TO THE
| ___ LOWEST POINT ON THE PACKAGE BODY.
[[—
[ LIST OF MATERIAL AND APPLICABLE DOCUMENTS
L
Lt WITH PLATING SouE: wone | uarr | P s wans | e
R L LQFP 10X10MM 84LD
LEAD FORM PART SECTION A-A LR SEEE vy onas PACKAGE OUTLINE
—_—_— _— UMNLESS Lt prea®
EPECIFIED r,.w\ 1 | e VED ). CHAE
CAD NAME: DRANING NUMEER: REV. EHEET:
_..“’mo’._‘ mm?‘_—_OOZDCOHOE Ulnl_.l_?”.u.wr. o_an|.U|u_”_m& —_— 1 O“ _
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Figure 55. 64 LQFP Package D
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23. Package information

RARRH AR
= _ =
TTTTTHTTTm

S EIEEXC)

GAUGE PLANE 0.25

LEAD FORM PART

SECTIONB -B

A
A2
Al

w| w

™

B B

b
| b \\l BASE METAL
olo
.
— WITH PLATING

REV.

DESCRIPTION

DATE ENG

AFPROVAL

— GEMNERATE.

T JHEIM

‘). CHAE

COMMOM DIMENSICONS
(UNITS OF MEASURE=MILLIMETER)

NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD M3-0

=]

DIMENSIONS INCLUDING MOLD MISMATCH.

SYMBOL | MIN NOM MAX
A — - 160
a1 0.05 — 015
A2 1.35 140 145
b 0.47 022 027
b 0.17 0.20 023
c 0.08 - 0.20
o 0.09 — 0.1
D 5.50 5.00 5.20
Di 5.50 7.00 720
E 5.80 5.00 5.20
Ei 5.50 7.00 7.20
e 0.50 BSC
L 045 | oe0 | 075
Li 1.00 REF
o o _ 35° _ 7

26-BBC.

- DIMENSION "D1" AND 'E1" DO NOT INCLDUE MOLD PROTRUSIONS. ALLOWAELE
PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM PLASTIC BODY

3. DIMENSION ‘b DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMABR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM
' DIMENSION BY MORE THAN 0.08MM.
4.°A1'1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
POINT ON THE PACKAGE BODY.
LIST OF MATERIAL AND APPLICABLE DOCUMENTS
BOALE: NOME DATE: CRANN J5. KANG TITLE:
S A | et | O YU CHAE LQFP 7X7MM 48LD
FROJECTION P YJ. CHAE PACKAGE OUTLINE
o
ANELE JH. KIM

ABOY SEMICONDUCTOR

DRANTNG MU

AHEET:

OLQ-0707048 — 1

23.2 48 LQFP package information

imension

Figure 56. 48 LQFP Package D
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imension

Figure 57. 48 WFQFN Package D

REV. DESCRIPTION DATE ENG APPROVAL
— GENERATE 161026 | MK, PARK JW. KM
COMMON DIMENSIONS
N (UNITS OF MEASURE=MM)
D
2 SYMBOL| MIN NOM MAX
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c -] (-
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o) L 0.35 i 0.40 i 0.45
Y D VTEW —
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© < - scw TBD
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= SIDE VIEW IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE DTHER END OF
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L
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@ | 2
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23. Package information

23.4 44 LQFP package information

GAUGE PLANE 0.25

REW. DESCRIFTION DATE ENG APPROVAL
—_ GENERATE. 04/18M7 | JH. KIM ). CHAE
| D A2 COMMON DIMENSIONS
D1 | (UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM MAX
' A — — 1.60
AARARBAAAAHA P T R X
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- | 1 b 0.22 0.37 0.45
- - b1 022 0.35 0.40
[ 1 c 0.08 — 0.20
- 1 ¢l 0.09 - 0.16
- | D 1180 12.00 12.20
== — + — —B w| w D1 .20 10.00 10.20
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- PR # 1 INDEX O e 0.50 BSC
- s 1 L 0.45 _ 0.60 _ 0.75
0 I
{+ L1 1.00 REF
g\ 1 - — -
a 0 _ 35 _ E
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A A 1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BCB.
2. DIMENSIONS "D1* AND 'E1' DON NOT INCLUDE MOLD PROTRUSIONS.
ALLOWABLE PROTRUSION 1S 0.25MM PER SIDE. 'D1' AND E1' ARE
MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD
MISMATCH.
b
b1 3. DIMENSION '’ DOES NOT INCLUDE DAMBAR PROTRUSION.
/ _ | BASE METAL ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD
\ WIDTH TO EXCEED THE MAXIMUM 'k’ DIMENSION BY MORE THAN
L WITHPLATING g gamm.
— T — [0
) % I~ 4.'A1'1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE
\ TO THE LOWEST POINT ON THE PAKCAGE BODY.
SECTION A-A LIST OF MATERIAL AND AFFLICASLE DOCUMENTS
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LEAD FORM PART FROJECTION V1 CHAE PACKAGE QOUTLINE
). CHAE
CAD NAME DRAWMNG NUMEER: BHEET.
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Figure 58. 44 LQFP Package D
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23.5 40 QFN package information

REW. DESCRIPTION DATE ENG APPROVAL
—_ GEMERATE. AN2WZZ | MK, PARK SB. PARK
D2
D
h COMMON DIMENSIONS
an PIN #1 INDEX A0 (LUNITS OF MEASURE=MM)
.\ - _rCCCCCCC .._c_ SYMBOL | MIN NOM MAX
-] _ _— A 0.50 0.55 0.60
1 i -
- IT — Al - 0.02 0.0
2
— — b 0.18 0.25 0.30
— — 0.150 REF
c .
W o ) (e
— [ D 5.90 6.00 B6.10
— - D2 450 4.60 470
] [ e 0.50 BSC
D ] E 5.90 6.00 6.10
- - E2 450 480 470
omooonaonan L 030 | o040 | o0s0
EXPOSED THERMAL e h 0.30 0.35 0.40
PAD ZONE |..T_1 b
TOP VIEW BOTTOM VIEW
NOTES:
1. DIMENSION v’ APPLIED TO METALLIZED TERMINAL AND 1S MEASURED BETWEEN
* .nn_ 0.15MM AND 0.30MM FROM THE TERMINAL TIP.
IF THE TERMINAL HAS OPTIONAL RADIUS ON THE OTHER END OF THE TEMINAL,
o — THE DIMENSION 'b" SHOULD BE MEASURED IN THAT RADIUS AREA.
<L
SIDE VIEW

LIST OF MATERIAL AND APPLICABLE DOCUMENTS
BCALE. - u»jp.m_u._.n._ TRANN P T
o | SIS | SRR o QFN 6X6MM 40LD 0.6T

FRAL:
PROJECTIN = CHECKED: o e PACKAGE OUTLINE
eSS @M e
SRECIFIED AHGLE AEPROVED.  op pap

CAD NAME CRAWING NUMBER: = EHEET:
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Figure 59. 40 QFN Package Dimension
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24. Ordering information A31T21x Datasheet

24. Ordering information

Table 63. A31T214/216 Device Ordering Information

op.
Device name Flash SRAM SPI USAR 12C Timer PWM ADC 1o B o Package
T ports Temp.[°C]
A31T216RLN 256 16 KB 2<ch | 2¢h | 2<h 16-bit (4-ch) 6-ch 15-ch 60 40~85 64-LQFP
KB 32-bit (2-ch)
A31T216CLN 256 16 KB 2<ch | 2«¢ch | 2<h 16-bit (4-ch) 6-ch 11-ch 44 -40~85 48-LQFP
KB 32-bit (2-ch)
256 16-bit (4-ch)
A31T216SNN 16 KB 2<ch | 2¢h | 2<h 6-ch 9-ch 40 -40~85 44-LQFP
KB c c c 32-bit (2-ch) c c Q
A31T214RLN 128 16 KB 2<ch | 2«¢ch | 2«<h 16-bit (4-ch) 6-ch 15-ch 60 -40~85 64-LQFP
KB 32-bit (2-ch)
128 16-bit (4-ch)
A31T214CLN 16 KB 2<ch | 2¢h | 2<h 6-ch 11-ch 44 -40~85 48-LQFP
KB ° ¢ ¢ 32-bit (2-ch) © c Q
128 16-bit (4-ch)
A31T214SNN 16 KB 2<ch | 2«¢ch | 2<h 6-ch 9-ch 40 -40~85 44-LQFP
KB ¢ ¢ ¢ 32-bit (2-ch) ¢ ¢
128 16-bit (4-ch)
A31T2141UN 16 KB 2<ch | 2«¢ch | 2<h -ch -ch 40~ 40-QFN
3 U KB 6 cl cl cl 32-bit (2-ch) 6-c 9-cl 38 0~85 0-Q
256 16-bit (4-ch)
A31T216RL2N" 16 KB 2<ch | 2¢h | 2«<h 6-ch 15-ch 60 -40~105 64-LQFP
KB © © © 32-bit (2-ch) © c Q
256 16-bit (4-ch)
A31T216CL2N* 16 KB 2<ch | 2«¢ch | 2<h 6-ch 11-ch 44 -40~105 48-LQFP
KB ¢ ¢ ¢ 32-bit (2-ch) ¢ ¢
256 16-bit (4-ch)
A31T216SN2N* 16 KB 2<ch | 2¢h | 2<h 6-ch 9-ch 40 -40~105 44-LQFP
KB ° ¢ ¢ 32-bit (2-ch) © ¢ Q
128 16-bit (4-ch)
A31T214RL2N* 16 KB 2<ch | 2«¢ch | 2<h 6-ch 15-ch 60 -40~105 64-LQFP
KB ¢ ¢ ¢ 32-bit (2-ch) ¢ ¢
128 16-bit (4-ch)
A31T214CL2N* 16 KB 2<ch | 2¢h | 2<h 6-ch 11-ch 44 -40~105 48-LQFP
KB ° ¢ ¢ 32-bit (2-ch) © ¢ Q
128 16-bit (4-ch)
A31T214CV2N* 16 KB 2<ch | 2«¢ch | 2<h 6-ch 11-ch 44 -40~105 48-WFQFN
KB ¢ ¢ ¢ 32-bit (2-ch) ¢ ¢
128 16-bit (4-ch)
A31T214SN2N* 16 KB 2<ch | 2«¢h | 2<h -ch -ch 4 -40~1 44-LQFP
3 S KB 6 cl cl cl 32-bit (2-ch) 6-c 9-cl 0 0~105 Q
128 16-bit (4-ch)
A31T2141U2N" 16 KB 2<ch | 2¢h | 2<h 6-ch 9-ch 38 -40~105 40-QFN
KB © ¢ ¢ 32-bit (2-ch) © ¢ Q

* For available options or further information on the devices with “*” marks, please contact the ABOV sales offices.
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A31T21x Datasheet 24. Ordering information

A31T216RL2N (T)

Header
A: ABOV Semiconductor
Core of MCU

31: CM0O+ /33:CM3/ 34: CM4 / 96: M8051 / 93: CM8051
etc.

Application Area

G: General Purpose / M: Motor / R: Remote / L:Low Power /
T: Touch efc.

Device Series

Device Serial number
Code Momory Size
6: 256KB / 4: 128KB etc

Pin Count and PKG Type

R: 64 pin/ C: 48 pin / S: 44 pin etc.
L: LQFP1 0.5 mm pin pitch / N: LQFP3 0.8 mm pin pitch
V: WFQFN 0.4 mm pin pitch etc.

Temperature
2:-40'C~105'C / None : -40'C~80'C
Product Information

N, B: Internal Management Code
Product Information
T: Tape & Reel / C: Chip carrier / W: Wafer

Figure 60. A31T214/216 Device Numbering Nomenclature
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25. Development tools

This chapter introduces wide range of development tools for A31T214/216. 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.

251 Compiler

ABOV semiconductor does not provide any compiler for A31T214/216. However, since A31T214/216
have ARM's high-speed 32-bit Cortex-M0+ Cores for their CPU, all kinds of third party's standard
compiler such as Keil C Compiler can be used. 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.

25.2 Debugger

The A-Link and A-Link Pro support ABOV Semiconductor’s A31T214/216 microcontroller emulation in
SWD Interface. The A-Link and A-Link Pro use two wires interfacing between PC and the microcontroller,
which is attached to user’s system. The A-Link and A-Link Pro can read or change the value of the
microcontroller’s internal memory and |/O peripherals. In addition, the A-Link and A-Link Pro control the
microcontroller’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 61. More detailed
information about the A-Link and A-Link Pro, please visit our website www.abovsemi.com and download

the debugger Software and documents.

nReset— 10 | o @ 9 — Vss
TDI-8 | e o 7 — RTCK
SWO/TDO -6 | e e 5 - Vss
SWCLK/TCK-4 | e o 3 - Vss
SWDIO/TMS -2 | @ o 1 - Vee

Figure 61. A-Link and Pin Descriptions
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25.3 Programmer

25.31 E-PGM+

E-PGM+ is a single programmer, and allows a user to program on the device directly.
e Support ABOV devices
*  2to 5 times faster than S-PGM+
*  Main controller: 32-bit microcontroller @ 72 MHz

e Buffer memory: 1 MB

9
ul

mL.'J'L'I'
0y
rUp

1

STATUS
(3

OODGOOGDOOOOOO%"J!OOO
OOOODOOOOOGOOGO?OODO

Figure 62. E-PGM+ (Single Writer) and Pin Descriptions

25.3.2 Gang programmer

E-Gang4 and E-Gangb6 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.

od ABOV

Figure 63. E-Gang4 and E-Gang6 (for Mass Production)
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Revision history

Revision history

A31T21x Datasheet

Revision Date Notes
1.00 2021-10-28 Document Created
1.01 2021-11-25 Modify LCD block diagram
* Modified The start-up time of HSE Characteristics from Typ. 200 ms to Typ. 2
ms.
1.02 2021-12-20 * Modified Stabilization time of HSI characteristics from Max. 100 us to Min. 100
us.
» Added the notifications to Figure 38
1.03 2022-05-30 Modified incorrect device name.
1.04 2022-06-21 Modified tiwn, twL specs in Table 45. External Input AC Characteristics.
1.05 2022-07-15 Updated Table <Operating Condition of Touch Sensing>.
» Updated font style of this document
* Changed LED COM/SEG notation. (Change to ICOM/ISEG)
1.06 2022-12-12
» Added 40-QFN Package information.
* Changed LCD COM/SEG notation.
1.07 2023-02-15 Change UART Spec
1.08 2023-03-15 Incorrect content has been corrected in the Package Description section.
* Added GND PAD information for the 40-QFN package.
1.09 2023-11-29
» Changed POR Electrical Characteristics.
1.10 2026-10-14 Added device information for the 48-WFQFN package (WF: Wettable Flank)
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Korea

Regional Office, Seoul
R&D, Marketing & Sales

8th FI., 330, Yeongdong-daero, Gangnam-gu, Seoul,

06177, Korea

Tel: +82-2-2193-2200
Fax: +82-2-508-6903
www.abovsemi.com

Domestic Sales

Tel: +82-2-2193-2206

Fax: +82-2-508-6903
Email: sales kr@abov.co.kr

Global Sales

Tel: +82-2-2193-2281

Fax: +82-2-508-6903
Email: sales gl@abov.co.kr

HQ, Ochang
R&D, QA, and Test Center

Important notice

37, Gangni 1-gil, Ochang-eup, Cheongwon-gun,
Chungcheongbuk-do, 28126, Korea

Tel: +82-43-219-5200
Fax: +82-43-217-3534
www.abovsemi.com

China Sales

Tel: +86-755-8287-2205
Fax: +86-755-8287-2204
Email: sales _cn@abov.co.kr

Japan Sales
Tel: +81-6-6225-7758

Email: sales _jp@abov.co.kr

ABOV Disclaimer
IMPORTANT NOTICE — PLEASE READ CAREFULLY

ABOV Semiconductor (“ABOV”) reserves the right to make changes, corrections, enhancements, modifications, and
improvements to ABOV products and/or to this document at any time without notice. ABOV DOES NOT GIVE WARRANTIES
AS TO THE ACCURACY OR COMPLETENESS OF THE INFORMATION INCLUDED HEREIN. Purchasers should obtain the
latest relevant information on ABOV products before placing orders. Purchasers are entirely responsible for the choice, selection,
and use of ABOV products and ABOV assumes no liability for application assistance or the design of purchasers’ products. NO
LICENSE, EXPRESS OR IMPLIED, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY ABOV HEREIN. ABOV
DISCLAIMS ALL EXPRESS AND IMPLIED WARRANTIES AND SHALL NOT BE RESPONSIBLE OR LIABLE FOR ANY
INJURIES OR DAMAGES RELATED TO USE OF ABOV PRODUCTS IN SUCH UNAUTHORIZED APPLICATIONS. ABOV
and the ABOV logo are trademarks of ABOV. For additional information about ABOV trademarks, please refer to
https://www.abovsemi.com/en/about/corporate identity.php. All other products or service names are the property of their respective
owners. Information in this document supersedes and replaces the information previously supplied in any former versions of this document.

© 2021 - 2026 ABOV Semiconductor — All rights reserved
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