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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 256KB and SRAM of 16KB. Building on the very successful Cortex-M0+ processor,
the ARM® Cortex®-MO0+ retains full instruction set and tool compatibility, while further reducing energy
consumption and increasing performance.

In addition, 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.

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

Since A31T214/216 series provides highly 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

Reference document
*  Document ‘DDI 0484C’ is provided by ARM and contains information of Cortex-MO0+.

e A31T214/216 User’s manual is provided by ABOV and available at www.abovsemi.com.
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A31T214/216 Datasheet

1 Description

1. Description

A31T214/216 series is a 32-bit touch sensing microcontroller with up to 256Kbytes 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
Core CPU High Performance Low-Power Cortex-M0+ Core
32-bit ARM Cortex-M0+ CPU
Interrupt NVIC (Nested-Vectored Interrupt Controller)
Up to 32 peripheral interrupts supported.
Memory Code flash A31T214: 128Kbytes code flash memory
A31T216: 256Kbytes code flash memory
SRAM 16 Kbytes SRAM
System Operating Up to 48MHz
Control Unit | frequency
(SCU) Clock High speed internal oscillator (HSI): 32MHz

Low speed internal oscillator (LSI): 500kHz

External main oscillator (HSE): 2MHz to 16MHz

External sub-oscillator (LSE): 32.768kHz

Phase-locked loop (PLL) frequency generator generates a high-
speed clock (up to 48MHz)

\BO\
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A31T214/216 Datasheet

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

Peripherals Description
System Clock System Fail-Safe function by Clock Monitoring
Control Unit | monitoring External main oscillator(HSE)
(SCU) External sub oscillator(LSE)
Main system clock (MCLK)
Operating RUN mode
mode SLEEP mode
Power-Down mode
Reset NRESET pin reset

Core reset

Software reset

POR (Power On Reset)

LVR (Low Voltage Reset)

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

General Purpose 1/0 (GPIO)

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

Direct Memory Access
controller (DMA)

4-ch Direct Memory Access (DMA) channels

Watch Timer (WT)

12-bit counter: 1-ch

Watchdog Timer (WDT) 24-bit down counter timer: 1-ch
Reset and periodic interrupts are supported

TIMER Timer1x 16bit: 4-ch
Periodic timer mode, One-shot timer mode, PWM pulse mode,
Capture mode

Timer2x 32bit: 2-ch

Periodic timer mode, One-shot timer mode, PWM pulse mode,
Capture mode

PWM Timer30 16bit: 6-ch
Periodic timer mode, Back-to-Back mode, Capture mode

10 \BO\
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A31T214/216 Datasheet

1. Description

Table 1. A31T214 and A31T216 Device Features and Peripheral Counts (continued)

Peripherals Description
Communication | USART 2-ch
function UART 2-ch

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)

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 [8COM X 27SEG] (64-pin)
20SEG / 6COM, Max pin [BCOM X 17SEG] (48-pin)
18SEG / 6COM, Max pin [BCOM X 15SEG] (44-pin)
15SEG / 6COM, Max pin [ECOM X 12SEG] (40-pin)

CRC calculator (CRC)

CRC-CCITT, CRC-16

Operating voltage

1.8V to 5.5V

Operating temperature

-40°C to +105°C

Package

Four types of package options
64/48/44-LQFP
40-QFN

\BO\
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1. Description A31T214/216 Datasheet

1.2 Block diagram

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

BOIOT
SWCLK- i
SWDIO < Debug Interface 2K-Bytes POR Power VDD
ARM BOOTROM LVR Control V::SET
Cortex-M0O+ Lvi < n
Flash Memory
SysTick Timer (128K-Bytes) 16K-Bytes
NVIC (256 K-Bytes) SRAM
| AHB-Lite Bus |
7 -
| APB Bus |
PAO-PA11<—->| Port A k: 3=(>| Port D |<-—>PDo-PD5
PBO-PB11«—] PortB k=== Port E |+—>PEO-PE12
PCO-PC8 +—>| PortC k={=] PortF [et—>PFo-PF7
USART1n_TXD
| Watch-Dog Timer |c=c UART | USARTLNn RXD
USARTN »USART1n_MISOn
. (n=10,11) SPI < »USART1n_MOSIn
Watch Timer < »USART1n_SCK
USART1n_SS
-;}-22 16-bit Timer 1n " N
EC1n (n=0,1,2,3) A | PN UARTnN TXDn
N (n=0, 1) RXDn
T2nO< 32-bit Timer 2n PN
E(Z:nzc > (n=0.1) = 12Cn < »12Cn_SCL
n N (n=0.1) >12Cn_SDAn
PWM30AA <« < MOSI2n
AWVERAS P SPI2n <—> MISO2n
PWM 30BB< _ _ — (n=0,1) < > SCK2n
PWM30CA 16-bit PWM/Timer 30 SS2n
PWM30CB+*
T30C: »
EC30
BLNK
=) 16-Bit CRC Generator
=) System Control Unit
ANO-AN14 .
AVREF 12-bit ADC
Touch
Csn (n=0~23)
[ P || rc |
ICOMO~ICOM12+« : PR
ISEGO~ISEG15 < LED Driver I i | 1,[ subosc SXouT
P N SXIN
COM0~COM?7 LCD Driver | W MainOSC ;I(ID\JUT
SEGO~SEG31l<« N Clock Control
- CLKO

Figure 2. A31T214/216 Block Diagram
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A31T214/216 Datasheet

2

Pinouts and pin descriptions

2. Pinouts and pin descriptions

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

2.1 Pinouts

2.1.1 A31T21xRLN (64 LQFP)

PE3/COM4/SEG0/PWM30CA/(SDAD)/MISO21/ISEG4/ICOM4

PE2/PWM30CB/(SCLOYMISO21/ISEG5/ICOM5
PD4/BLNK(PWM)/SCK11/(SCK21)/ISEGY/ICOM9/CS20

PE7/COMO/PWM30AA/ISEGO/ICOMO
PE6/COM1/PWM30AB/ISEG1/ICOM1
PES/COM2/PWM30BA/SS21/ISEG2/ICOM2
PE4/COM3/SEG31/PWM30BB/SCK21/ISEG3/ICOM3
PE1/T100/T10C/BLNK(PWM)/ISEG6/ICOM6/CS23
PEO/T110/T11C/ISEG7/ICOM7/CS22
PD5/SS11/(SS21)/ISEG8/ICOM8/CS21
PD3/RXD11/MISO11/(MISO21)/ISEG 10/ICOM10/CS19

83 an
. ss88%
GEzE2
29088
o ouyy
dd8 35w
W w w ww
o oo oo
I8 BBEHBBIBIE B
SWDIO/SEG26/PFO [ 1 48 [] PD2/TXD1UMOSI1UMOSI21/ISEG11/ICOM11/CS18
SWCLK/SEG25/PF1 [ 2 47 [] PD1/SDAO/EC11/ISEG12/ICOM12/CS17
(CLKO)/ISEG24/PF2 ] 3 46 [—] GND
T30C/SEG23/PF3 [ 4 45 [ VDD
SXIN/(TXDL)PF4 ] 5 44 [] PDO/SCLO/EC10/CLKO/ISEG13/CS16
SXOUT/(EC30)/(RXDL)/PF5 ] 6 A31T216RLN 43 [ Pcs
XIN/(SDAL)/(TXDOYPF6 | 7 A31T214RLN 42 [ Pc7
XOUT/(SCL1)/(RXDOYPF7 ] 8 41 [ PC6
GND [ 9 6 40 [ pPC5
vop [ 10 4 LQFP 39 [] PC4/(T100)/(T10C)/SS20/ISEG14/CS15
CAPN/PAO [ 11 10X10x1.6mm 38 [ PC3/EC21/SCK20/ISEG15/CS14
AN14/AVREF/SEG22/PA1 [ 12 37 [] PC2/EC20/MISO20/CS13
AN13/SEG2UPA2 [] 13 36 [] PC1/T210/T21C/MOSI20/CS12
AN12/SEG20/PA3 [ 14 35 [] PCO/T200/T20C/CS11
AN1VSEG19/PAM [ 15 34 [ PB11/SEGI/RXDVEC13/CS10
ANLO/SDAV/SEG18/PAS [ 16 33 [] PB10/COMS/SEG2/TXD1/EC12/CS9
N0 O 9 d N DY NEeN QDY
52244 QIQLKIRBE S
A - R EE TR
<<<<2Hmmmmmmmmmm
aaaQ <o Q0o oQQ Qo Qo
SepILLISFTERREBE D
94 4 d a9 ®gd9000000 s 3
QO 00049 0 0Wwaa W wwo o
mmmmowwwmmwwmmou
OO n oUW nonssSSss S
Secpo 2255898383 3
22503588 ¢¥gR¢ o0
gz 98g8cg2cé 22
s @ocLkEEZzzg8Q
¢ 99%883§88¢s8
< ESfposest
S - 5 Q 2 % -
522235 £
S8 <3352 ]
nZo3R % 8
82320 3
SC2aq
O
4] 5 =
B
3 s

\BO\
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Figure 3. LQFP 64 Pinouts

13



A31T214/216 Datasheet

A31T21xCLN (48 LQFP)

2. Pinouts and pin descriptions

2.1.2

6TSO/0TWODI/OT OSI/(TZOSIN)/ TTOSIW/TTAXY/ead
02SO/6WODI/6DISITZHIS) TTHOS/INMIMNTE/FAd
TZSO/8NODI/8D3SI/(TZSS) T TSS/SAd
22SOILINODI/LO3SIOTTL/OTTLO03d
€2SD/NODI/9D3S I/(INMA)MNTE/D0TL/00TL/TAd
SINODI/SD3SI/TZOSINAOTOS)/ED0EWMd/Z3d

7INODI 7O 3SI/TZOSINI(OVAS) FI0EWMA/0DISFINOD/ET
EINODI/EDISI/TZHIS/EE0EWM/TEDIS/EWO DY
ZNODIZO3SIITZSSNE0ENMAZINOD/SId
TINODI/TOISI/AVOEWMJ/TNOD/93d
0ODI/093SINYOEWMJ/ONOD/L3d

13S3¥u/2T3d

36 PD2/TXD11/MOSI11/MOSI21/ISEG11/ICOM11/CS18

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

34 [ GND

31 [ PCA4/(T100)/(T10C)/SS20/ISEG14/CS15
30 [] PC3/EC21/SCK20/ISEG15/CS14

32 [] PDO/SCLO/EC10/CLKO/ISEG13/CS16
29 [ PC2/EC20MISO20/CS13

28 PC1/T210/T21C/MOSI20/CS12
25 PB10/COM5/SEG2/TXD1/EC12/CS9

27 [ PCO/T200/T20C/CS11
26 [] PB11/SEG1/RXDV/EC13/CS10

33 [ vbD

398865
A31T216CLN
A31T214CLN

48-LQFP
7X7x1.6mm

©

I

'%'&%’i@i@%

ve
€e
(44
TC
0c¢
6T
8T
LT
9T
ST
v
€T

Jutuuooouut

GND 9

VDD 10

CAPN/PAO [] 11

SXIN/(TXD1)YPF4 [ 5
AN10/SDAVSEG18/PA5 [] 12

SWDIO/SEG26/PFO [ 1
SWCLK/SEG25/PF1 [ 2
(CLKO)/SEG24/PF2 [ 3
T30C/SEG23/PF3 [ 4
SXOUT/(EC30)/(RXD1)/PF5 [ 6
XIN/(SDAL)/(TXDOYPF6 [ 7
XOUT/(SCL1)(RXDOYPF7 [ 8

58d/293S/0AXH/(D0EL)/8SD

79d/893S/0AX L/0EDT/ONV/LSD
£8d/1L008/0TSS/(02SS)
28d/693S/0THIS/(0ZHOS) INY/9SO
T9d/0TOIS/0TAXY/0TOSIN/OZOSINY/ZNY/SSO
09d/TT93S/0TAXL/0TISON/OZISOW/ENY/¥SD
TIVd/ZTOISOETL/OETUYNY/ESD
0TVd/ETOIS/(OTTLI(DTTLY/SNY/ZSO
6Yd/¥TO3S/OZTL/OZTLIONV/TSO
8Vd/STOIS/LNV/0SD

LVd/9TOIS/ENY

9Vd/LTOIS/TTOS/ENY

SEMICONDUCTOR

Figure 4. LQFP 48 Pinouts
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2. Pinouts and pin descriptions

A31T214/216 Datasheet

A31T21xSNN (44 LQFP)

2.13

8TSO/TTNODI/TTOASITZISON/TTISOW/TTAX L/2ad ]
6TSO/0TINODI/OTD3SI/(TZOSIN)/TTOSIN/TTaXd/ead |
02SO/6WODI/693SITTHIS)/ TINOS/INMAMNTE/Yad ]
€2SD/9NODI/9DASINMA)®NTE/O0TL/O00TL/TAd [
SINODI/593SI/TZOSINA0TOS)/E00eWMd/e3d ]
7INODIFDISI/TZOSIN/(0VAS) F O0EWMA/0DISHINOD/ETd
EWODI/EDTSITTHOS/GE0EWM/TEDISIENODId ]
2ZNODI/ZOISIMZSSNE0ENMA/ZINOD/SId ]
TINODI/TOIASIAYOENMJTNOD/93d ]
OWNODI/093SINVOEWMJONOD/23d ]

13533u/21ad [

‘123456789m

¥e¥

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

32 GND

©

SWDIO/SEG26/PFO
SWCLK/SEG25/PF1

31 VDD

(CLKO)/SEG24/PF2

A31T216SNN
A31T214SNN

30 [] PDO/SCLO/EC10/CLKO/ISEG13/CS16

T30C/SEG23/PF3

29 [ PC4/(T100)/(T10C)/SS20/ISEG 14/CS15
28 [ PC3/EC21/SCK20/ISEG15/CS14
27 [ PC2/EC20/MISO20/CS13

SXIN/(TXD1)/PF4

SXOUT/(EC30)/(RXD1)/PF5

44-LQFP
10x10x1.6mm

26 [ PC1/T210/T21C/MOSI20/CS12

25 [ PCO/T200/T20C/CS11
24 [ PB11/SEG1/RXDV/EC13/CS10

[a)
z
U]

VDD
CAPN/PAO

XIN/(SDAL)/(TXDOYPF6
XOUT/(SCL1)/(RXDOYPF7

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

—

1

44
TC
0¢
6T
8T
11
9T
ST
v
€1
cT

[ 59d/.93S/0axH/(D0€L)/8S0

[ 1 ¥8d/893S/0AXL/0EOI/ONV/LSD

[ €8d/1008/0TSS/(02SS)

[ 2ad/693S/0THIS/(0ZHIS)/ INV/9SD

[ 19d/0T93S/0TAXY/0TOSIN/(OZOSINY/ZNV/SSO
[ 09d/TT93AS/0TAXL/OTISON/0ZISOW/ENY/YSD
1 TIVd/ZTOISOETLOETUYNY/ESD

[ 0Tvd/ETOIS/AOTTLI/(OTTL/SNV/ZSO

[ 6Vd/¥TOIS/OCTL/OCTLINY/TSO

[ 9Vd/LTO3S/TIOS/ENY

[ 1 SVd/8TOIS/TYAS/OTNY

Figure 5. LQFP 44 Pinouts
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A31T214/216 Datasheet

2. Pinouts and pin descriptions

A31T21xIUN (40 QFN)

214

6TSO/0TWODI/OTO3SI/(TZOSIN)/ TTOSIN/TTAXY/edd
02S2/6WODI/BDISINTZHOS) TINOS/(NMANNTE/YAd
TZSO8NODI/8D3SI/(TZSS)/TTSS/SAd
2ZSOILWODI/LO3SIOTTL/O0TL/03d
€2ZSD/9NODI/9DISI/INM)YINTE/O0T L/O0TL/TId
SINODI/SO3SI/TZOSINA0TIS)/EO0ENMAZId
YINODIOISITZOSINAOYAS) VI0ENMA/0DISHINOD/EId
€NODI/EDISIMTZHOS/AE0EWMA/TEDIS/ENODYId
ZNODI/ZO3SIMZSSNEA0EWMZINOD/STd
TINODI/TO3SI/AYOENM/TINOD/93d

30 PD2/TXD11/MOSI11/MOSI21/ISEG11/ICOM11/CS18

29 PD1/SDAO/EC11/ISEG12/ICOM12/CS17

28 [ vDD

27 PDO/SCLO/EC10/CLKO/ISEG13/CS16

26 [T] PC4/(T100)/(T10C)/SS201SEG14/CS15
25 ] PC3/EC21/SCK20/ISEG15/CS14

24 PC2/EC20/MISO20/CS13

23 PC1/T210/T21C/MOSI20/CS12

22 PC0/T200/T20C/CS11

21 PB11/SEG1/RXD1/EC13/CS10

[~ PB10/COMS/SEG2/TXD1/EC12/CS9
[ PB5/SEG7/RXDO/(T30C)/CS8

[~ PB4/SEGS/TXDO/EC30/ANO/CST

[ PB3/BOOTISS10/(SS20)

[ PB2SEGY/SCK10/(SCK20)AN1/CS6

[ PBU/SEG10/RXD10/MISO10/(MISO20)/AN2/CS5
[ PBO/SEG11/TXD10/MISO10/MISO20/AN3/CSA
[ PA11/SEG12/T130/T13C/AN4/CS3

[ P10/SEG13/(T110)/(T11C)/(AN5)/CS2

[ PAYSEG14/T120/T12C/ANG/CS1

e 0z
 — =z = 6T
 — > - ) = 8T
= ==Z2 E
 — > 11Q . 9T
o NANY O g
TTOX

—1 ¢ 1146 YT
] se M m nvm €T
H%@AA zT
] ov 1T
7123456789m

SFOXzZzEQZQ9Q

ShedEgBEEE

CIR_WW1X BEEES

= Vo <= S

S S5 g0a9a Axm

O3y &ang aln

s UR9Xa 5

22298 & O m

M S 3 X8 u o

s EEFtX 3 2

= = <

= arx =

g o

>

e}

Q

=

w

8

Figure 6. QFN 40 Pinouts
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A31T214/216 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
1 1 1 3 PFO I0UDS PORT F Bit 0 Input/Output
SEG26 (0] LCD Segment Signal 26 Output
SWDIO* 110 SWD Data Input/Output Pull-Up
2 2 2 4 PF1 I0UDS PORT F Bit 1 Input/Output
SEG25 (0] LCD Segment Signal 25 Output
SWCLK* | SWD Clock Input Pull-Up
3 3 3 - PF2* I0UDS PORT F Bit 2 Input/Output
SEG24 (0] LCD Segment Signal 24 Output
(CLKO) (0] System Clock Output
4 4 4 - PF3* I0UDS PORT F Bit 3 Input/Output
SEG23 (0] LCD Segment Signal 23 Output
T30C | Timer 30 Clock/Capture Input
5 5 5 - PF4* I0UDS PORT F Bit 4 Input/Output
(TXD1) (0] UART Channel 1 TXD Output
SXIN | Sub Oscillator Input
6 6 6 - PF5* I0UDS PORT F Bit 5 Input/Output
(RXD1) | UART Channel 1 RXD Input
(EC30) | Timer 30 Event Count Input
SXOUT (0] Sub Oscillator Output
7 7 7 5 PF6* I0UDS PORT F Bit 6 Input/Output
(TXDO) 0} UART Channel 0 TXD Output
(SDA1) 110 12C Channel 1 SDA In/Out
XIN | Main Oscillator Input
8 8 8 6 PF7* I0UDS PORT F Bit 7 Input/Output
(RXDO) | UART Channel 0 RXD Input
(SCL1) 110 12C Channel 1 SCL In/Out
XOUuT (0] Main Oscillator Output
9 9 9 - GND P GND
10 10 10 7 VDDEXT P VDD
1 1 11 8 PAO* I0UDS PORT A Bit 0 Input/Output
CAPN 110 Modulation Cap
12 - - - PA1* I0UDS PORT ABit 1 Input/Output
SEG22 (0] LCD Segment Signal 22 Output
AN14/ 1A Analog Input 14
AVREF A/D Converter Reference Input
\BO\ 17
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2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

A31T214/216 Datasheet

Pin no. Pin name Type Description Remark

64-pin 48-pin 44-pin 40-pin

13 - - - PA2* IOUDS PORT A Bit 2 Input/Output
SEG21 (0] LCD Segment Signal 21 Output
AN13 IA Analog Input 13

14 - - - PA3* IOUDS PORT A Bit 3 Input/Output
SEG20 (0] LCD Segment Signal 20 Output
AN12 IA Analog Input 12

15 - - - PA4* IOUDS PORT A Bit 4 Input/Output
SEG19 (0] LCD Segment Signal 19 Output
AN11 IA Analog Input 11

16 12 12 - PA5* IOUDS PORT A Bit 5 Input/Output
SEG18 (6] LCD Segment Signal 18 Output
SDA1 110 12C Channel 1 SDA In/Out
AN10 IA Analog Input 10

17 13 13 9 PAG* IOUDS PORT A Bit 6 Input/Output
SEG17 O LCD Segment Signal 17 Output
SCLA1 110 12C Channel 1 SCL In/Out
AN9 1A Analog Input 9

18 14 - - PAT* IOUDS PORT A Bit 7 Input/Output
SEG16 (0] LCD Segment Signal 16 Output
AN8 IA Analog Input 8

19 15 - 10 PA8* IOUDS PORT A Bit 8 Input/Output
SEG15 (6] LCD Segment Signal 15 Output
AN7 1A Analog Input 7
Cso IA Capacitive Touch Switch Input 0

20 16 14 1 PA9* IOUDS PORT A Bit 9 Input/Output
SEG14 (0] LCD Segment Signal 14 Output
T120 O Timer 12 Output
T12C | Timer 12 Capture Input
AN6 1A Analog Input 6
CS1 1A Capacitive Touch Switch Input 1

21 17 15 12 PA10* IOUDS PORT A Bit 10 Input/Output
SEG13 O LCD Segment Signal 13 Output
(T110) (0] Timer 11 Output
(T11C) | Timer 11 Capture Input
AN5 IA Analog Input 5
Cs2 1A Capacitive Touch Switch Input 2

22 18 16 13 PA11* IOUDS PORT A Bit 11 Input/Output
SEG12 (0] LCD Segment Signal 12 Output
T130 (0] Timer 13 Output
T13C | Timer 13 Capture Input
AN4 1A Analog Input 4
CS3 1A Capacitive Touch Switch Input 3

18 \BO\
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A31T214/216 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
23 19 17 14 PBO* IOUDS PORT B Bit 0 Input/Output
SEGM1 (0] LCD Segment Signal 11 Output
TXD10 O UART Channel 10 TXD Output
MOSI10 110 SPI Channel 10 Master Out/Slave In
(MOSI20) 1/0 SPI Channel 20 Master Out/Slave In
AN3 IA Analog Input 3
CS4 1A Capacitive Touch Switch Input 4
24 20 18 15 PB1* IOUDS PORT B Bit 1 Input/Output Input
SEG10 (0] LCD Segment Signal 10 Output
RXD10 | UART Channel 10 RXD Input
MISO10 110 SPI Channel 10 Master In/Slave Out
(MISO20) 1/0 SPI Channel 20 Master In/Slave Out
AN2 IA Analog Input 9
CS5 1A Capacitive Touch Switch Input 5
25 21 19 16 PB2* IOUDS PORT B Bit 2 Input/Output
SEG9 (0] LCD Segment Signal 9 Output
SCK10 1/0 SPI10 Data Clock Input/Output
(SCK20) 1/0 SPI120 Data Clock Input/Output
ANA1 1A Analog Input 1
CS6 IA Capacitive Touch Switch Input 6
26 22 20 17 PB3 IOUDS PORT B Bit 3 Input/Output
BOOT* | Boot mode selection Input Pull-Up
SS10 1/0 SPI Channel 10 Slave Select signal
(SS20) 1/0 SPI Channel 20 Slave Select signal
27 23 21 18 PB4* IOUDS PORT B Bit 4 Input/Output
SEG8 (0] LCD Segment Signal 8 Output
TXDO (o] UART Channel 0 TXD Output
EC30 | Timer 30 Event Count Input
ANO 1A Analog Input 0
CSs7 IA Capacitive Touch Switch Input 7
28 24 22 19 PB5* IOUDS PORT B Bit 5 Input/Output
SEG7 O LCD Segment Signal 7 Output
RXDO | UART Channel 0 RXD Input
(T30C) | Timer 30 Capture Input
CS8 1A Capacitive Touch Switch Input 8
29 - - - PB6* IOUDS PORT B Bit 6 Input/Output
SEG6 (6] LCD Segment Signal 6 Output
30 - - - PB7* IOUDS PORT B Bit 7 Input/Output
SEG5 (0] LCD Segment Signal 5 Output
31 - - - PB8* IOUDS PORT B Bit 8 Input/Output
COM7/ (0] LCD Common Signal 7 Output
SEG4 LCD Segment Signal 4 Output

\BO\ 19
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2. Pinouts and pin descriptions A31T214/216 Datasheet

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin
32 - - - PB9* IOUDS PORT B Bit 9 Input/Output
COMe/ (0] LCD Common Signal 6 Output
SEG3 LCD Segment Signal 3 Output
33 25 23 20 PB10* IOUDS PORT B Bit 10 Input/Output
COMb5/ (0] LCD Common Signal 5 Output
SEG2 LCD Segment Signal 2 Output
TXD1 O UART Channel 1 TXD Output
EC12 | Timer 12 Event Count Input
CS9 IA Capacitive Touch Switch Input 9
34 26 24 21 PB11* IOUDS PORT B Bit 11 Input/Output
SEG1 (0] LCD Segment Signal 1 Output
RXD1 | UART Channel 1 RXD Input
EC13 | Timer 13 Event Count Input
CSs10 1A Capacitive Touch Switch Input 10
35 27 25 22 pCo* IOUDS PORT C Bit 0 Input/Output
T200 O Timer 20 Output
T20C | Timer 20 Capture Input
CS11 IA Capacitive Touch Switch Input 11
36 28 26 23 pPC1* IOUDS PORT C Bit 1 Input/Output
T210 (6] Timer 21 Output
T21C | Timer 21 Capture Input
MOSI20 110 SPI Channel 20 Master Out/Slave In
CS12 IA Capacitive Touch Switch Input 12
37 29 27 24 pc2* IOUDS PORT C Bit 2 Input/Output
EC20 | Timer 20 Event Count Input
MISO20 110 SPI Channel 20 Master In/Slave Out
CS13 IA Capacitive Touch Switch Input 13
38 30 28 25 pPC3* IOUDS PORT C Bit 3 Input/Output
EC21 | Timer 21 Event Count Input
SCK20 110 SPI120 Data Clock Input/Output
ISEG15/ (0] LED Segment Signal 15 Output
Cs14 IA Capacitive Touch Switch Input 14
39 31 29 26 pC4* IOUDS PORT C Bit 4 Input/Output
(T100) (0] Timer 10 Output
(T10C) | Timer 10 Capture Input
SS20 I/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 - - - PC8* IOUDS PORT C Bit 8 Input/Output

20 \BO\
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A31T214/216 Datasheet

Table 2. Pin Description (continued)

2. Pinouts and pin descriptions

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin
44 32 30 27 PDO* IOUDS PORT D Bit 0 Input/Output Input
Pull-Up
SCLO 110 12C Channel 0 SCL In/Out
EC10 | Timer 10 Event Count Input
CLKO (0] System Clock Output
ISEG13/ O LED Segment Signal 13 Output
CS16 1A Capacitive Touch Switch Input 16
45 33 31 28 VDDEXT P VDD
46 34 32 - GND P GND
47 35 33 29 PD1* IOUDS PORT D Bit 1 Input/Output Input
Pull-Up
SDAO 110 12C Channel 0 SDA In/Out
EC11 | Timer 11 Event Count Input
ISEG12/ O LED Segment Signal 12 Output
ICOM12/ (0] LED Common Signal 12 Output
Cs17 IA Capacitive Touch Switch Input 17
48 36 34 30 PD2* IOUDS PORT D Bit 2 Input/Output
TXD11 O UART Channel 11 TXD Output
MOSI11 I/0 SPI Channel 11 Master Out/Slave In
(MOSI21) 1/0 SPI Channel 21 Master Out/Slave In
ISEG11/ O LED Segment Signal 11 Output
ICOM11/ (0] LED Common Signal 11 Output
Cs18 IA Capacitive Touch Switch Input 18
49 37 35 31 PD3* IOUDS PORT D Bit 3 Input/Output
RXD11 I UART Channel 11 RXD Input
MISO11 110 SPI Channel 11 Master In/Slave Out
(MISO21) 1/0 SPI Channel 21 Master In/Slave Out
ISEG10/ (0] LED Segment Signal 10 Output
ICOM10/ O LED Common Signal 10 Output
CS19 IA Capacitive Touch Switch Input 19
50 38 36 32 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
(SCK21) 1/0 SPI21 Data Clock Input/Output
ISEGY/ (0] LED Segment Signal 9 Output
ICOMY/ (6] LED Common Signal 9 Output
CS20 1A Capacitive Touch Switch Input 20
51 39 - 33 PD5* IOUDS PORT D Bit 5 Input/Output
SS11 I/0 SPI Channel 11 Slave Select signal
(SS21) I/0 SPI Channel 21 Slave Select signal
ISEG8/ O LED Segment Signal 8 Output
\BO\ 21
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2. Pinouts and pin descriptions A31T214/216 Datasheet

Table 2. Pin Description (continued)

Pin no. Pin name Type Description Remark
64-pin 48-pin 44-pin 40-pin
ICOM8/ (0] LED Common Signal 8 Output
CS21 1A Capacitive Touch Switch Input 21
52 40 - 34 PEO* IOUDS PORT E Bit 0 Input/Output
T110 O Timer 11 Output
T11C | Timer 11 Clock/Capture Input
ISEG7/ O LED Segment Signal 7 Output
ICOM7/ (0] LED Common Signal 7 Output
CS22 1A Capacitive Touch Switch Input 22
53 41 37 35 PE1* IOUDS PORT E Bit 1 Input/Output
T100 O Timer 10 Output
T10C | Timer 10 Capture Input
BLNK(PW | External Sync Signal Input for T30
M) PWM
ISEG6/ O LED Segment Signal 6 Output
ICOM6/ (0] LED Common Signal 6 Output
CS23 IA Capacitive Touch Switch Input 23
54 42 38 36 PE2* IOUDS PORT E Bit 2 Input/Output
PWM30CB | O Timer 30 PWM Output
(SCLO) 110 12C Channel 0 SCL In/Out
MOSI21 110 SPI Channel 21 Master Out/Slave In
ISEG5/ O LED Segment Signal 5 Output
ICOM5 LED Common Signal 5 Output
55 43 39 37 PE3* IOUDS PORT E Bit 3 Input/Output
CcOom4/ O LCD Common Signal 4 Output
SEGO LCD Segment Signal 0 Output
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/ O LED Segment Signal 4 Output
ICOM4 LED Common Signal 4 Output
56 44 40 38 PE4* IOUDS PORT E Bit 4 Input/Output
COM3/ O LCD Common Signal 3 Output
SEG31 LCD Segment Signal 31 Output
PWM30BB | O Timer 30 PWM Output
SCK21 1/0 SPI21 Data Clock Input/Output
ISEG3/ (0] LED Segment Signal 3 Output
ICOM3 LED Common Signal 3 Output
57 45 41 39 PE5* IOUDS PORT E Bit 5 Input/Output
COM2 (6] LCD Common Signal 2 Output
PWM30BA | O Timer 30 PWM Output
SS21 I/0 SPI Channel 21 Slave Select signal
ISEG2/ O LED Segment Signal 2 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
ICOM2 LED Common Signal 2 Output

58 46 42 40 PE6* IOUDS PORT E Bit 6 Input/Output
COM1 O LCD Common Signal 1 Output
PWM30AB O Timer 30 PWM Output
ISEG1/ O LED Segment Signal 1 Output
ICOM1 LED Common Signal 1 Output

59 47 43 1 PET7* IOUDS PORT E Bit 7 Input/Output
COMO (0] LCD Common Signal 0 Output
PWM30AA | O Timer 30 PWM Output
ISEGO/ (0] LED Segment Signal 0 Output
ICOMO LED Common Signal 0 Output

60 - - - PE8* IOUDS PORT E Bit 8 Input/Output
SEG30 (6] LCD Segment Signal 30 Output
VLC3 IA External LCD Voltage bias 3

61 - - - PE9* IOUDS PORT E Bit 9 Input/Output
SEG29 (6] LCD Segment Signal 29 Output
VLC2 IA External LCD Voltage bias 2

62 - - - PE10* IOUDS PORT E Bit 10 Input/Output
SEG28 (0] LCD Segment Signal 28 Output
VLC1 1A External LCD Voltage bias 1

63 - - - PE11* IOUDS PORT E Bit 11 Input/Output
SEG27 (0] LCD Segment Signal 27 Output
VLCO 1A External LCD Voltage bias 0

64 48 44 2 PE12 IOUDS PORT E Bit 12 Input/Output
nRESET* U External Reset Input Pull-Up

NOTES:
1. I=lnput, 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:

. ARM® Cortex® =MO+ core

e  General purpose DMA

* Internal SRAM

* Internal Flash memory
3.1.1 Cortex-M0+ core

The ARM® Cortex®-MO0+ processor is the most energy-efficient ARM processor available. It builds on
the very successful Cortex-M0+ processor, retaining full instruction set and tool compatibility, while
further reducing energy consumption and increasing performance. Document “DDI 0484C” from ARM
provides detail information of Cortex-M0O+.

24 \BO\
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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

\BO\
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Table 3. Interrupt Vector Map (continued)

A31T214/216 Datasheet

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_00AO Reserved
25 0x0000_00A4 SPI20
26 0x0000_00A8 SPI21
27 0x0000_00AC Reserved
28 0x0000_00B0O 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-MO0+ 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
Figure 7 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_irq > NVIC_EnablelRQ(Peripheral) > Each Peripheral Interrupt

_enable_irg()
_disable_irg( )

*NVIC_SetPriority(Peripheral, priority)
NVIC_EnablelRQ(Peripheral)

Each Peripheral
Interrupt Enable

*: Option

26

Figure 7.

Interrupt Block Diagram
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3.2 Memory organization

3. System and memory overview

Program memory, data memory, registers and /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

\BO\
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3.2.2 Memory map

Figure 8 shows addressable memory space in memory map.

Address Peripherals mapped

0x4000_F100

REVISION NUMBER
CHIP ID
0x4000_FO00 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:

Internal

0x4000_5200 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 __0x4001_0000_
0x4000_4000 0x4000_FFFF PERIPHERALS Address Peripherals mapped
USART11 (UART + SPI [C254=) N ) S
0x4000_3900 ¢ ) --0x4000. 0000 SoF Fo00 ROM Table
USART10 (UART + SPI) 0x3F00_ 0600 OxE00F_F00!
0x4000.3800 0x3F00_05FF X004 2000 External PPB
ToucH OTP mirror B
0x4000_3600
- 0XE004_1000 ETM
0x3F00_0000
0x4000_3100 w
- 0x3004_07FF BOOT ROM (2K ) OXE004_0000_ TPIU
0x4000_3000 ADC mirror
- e e OXE000_FO000
0x3003_FFFF FLASH ( 256K ) )_|
0x3000_0000 mirror OXEQ00_E000 SYSTEM CONTROL

0x4000_2800 OXE000 3000
TIMER13(16-bit) HEOR0-
0x4000_2700 FPB
2000 2600 TIMER21(32-bit) o 0xE000_2000
AR - SRAM (16K) 0XE000_1000 pwr
TIMER20(32-bit) 0x2000_0000 -
0x4000_2500 I™
TIMER30(16-bif) _OXE000_0000
0x4000_2400 (6-ch PWM)
TIMER12(16-bit)
TIMER11(L6-bit iy
0x4000_2100 TIMER10(16-bit) BOOT ROM (2K )
wWT Ox1FFF_0000
0x4000_2000

0XOF00_0600
0x4000_1B00

WOT oTP
0x4000_1A00 0XOF00_0000

0x0003_FFFF
0x4000_1600
PORT(A,B,C,D,E,F)
0x4000_1000 CODE ROM(256KB)
0x4000_0500
DMAC(4-ch
0x4000_0400 (-ch) 0x0000_0000
CRC16
0x4000_0100 Fmc -
X
- Reserved

scu

0x4000_0000 __

Figure 8. Memory Map (A31T216)
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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
16KB 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 128KB/256KB 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 20MHz bus frequency.

3.25 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
SYSTEM nRESET I Reset Input signal
nBOOT / PB3 I ‘Low’ to enter Boot mode
UART mode of USART10 | USART10_RXD / PB1 | USART10 Boot Receive Data
USART10_TXD / PBO O USART10 Boot Transmit Data
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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 LokO

. VDD

NRESET
F;'ZSOETT | nBOOT
A31T214/216

TXD USART10_RXD

RXD USART10_TXD

GND GND

Figure 9. Connection Diagram of UART10 Boot

SWD mode connections

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

L VDD
E-PGM+ % % 10k
VDD

VDD

— , NRESET
A31T214/216

SWCLK SWCLK
SWDIO SWDIO

GND GND

Figure 10. Connection Diagram of E-PGM+ and SWD Port
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4. System Control Unit (SCU)

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 OSsC External sub-Crystal Oscillator
CLKO o Clock Output Monitoring Signal

4.1 SCU block diagram

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

APB BUS

RESET <«

INTERRUPT <«

SCU MODE » SCU
CONTROL
SCU CLOCK > HCLK
GENERATOR > MCLK
» PCLK
A
POWER DOWN
WAKE UP WAKE UP
SOURCE
VDC/LVD/OSC | VDC/LVD/
CONTROL 0sC

INTERRUPT <«

\BO\
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Figure 11. SCU Block Diagram

31



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 12 and Table 7,

A31T214/216 Datasheet

users learn about the clock system of A31T214/216 devices and clock sources.

LS

500K/16

1N

]

L LSE

(N=1,2,4)

HSI

HCLK

HSE

a0

SCU_MCCR1

Cortex MO+
Memory
FCLK

LU_@ APB Bus

Interface

SCU_MCCR
1

xXCZ

PCLK |

SCU_MCCR2

XCZ,

PCLK

SCU_MCCR

xXCcZ

PCLK

SCU_MCCR3

Clock

N

Divider

WDTRC | X

SCU_MCCR3

[2.0] /i[/rc)]

M
sosc_| y
WDTRC | X

SCU_MCCR4

SYSTICK

Timer 1x

Timer 20

Timer 30

T

PCLK

SCU_MCCR
S M

sosc |y
WDTRC | X

DBCLK

ARRRRl

LED

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

Table 7. Clock Sources

Clock name Frequency Description

HSE 2-16MHz High Speed External Oscillator
LSE 32.768kHz Low Speed External Oscillator
HSI 32MHz High Speed Internal OSC

LSI 500kHz Low Speed Internal OSC

421 HCLK clock domain

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

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

4.2.2 PCLK clock domain

PCLK is the master clock of all peripherals. Each peripheral clock is enabled by SCU_PCER1, and
SCU_PCER2 registers can be used by each peripheral. Before enabling the PCLK input clock of each
block, it can’t be accessible even reading its registers. It can be stopped in power down mode.

4.2.3 Clock configuration procedure

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

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

HSE (2-16MHz) clock can be enabled by SCU_CSCR register. Prior to enable the HSE block, the pin
mux configuration should be set for XIN, XOUT function. 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, you must wait for more than 5ms time to ensure stable operation of crystal oscillation.
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LSE (32.768kHz) clock can be enabled by SCU_CSCR register. Prior to enable the LSE block, the pin
mux configuration should be set for SXIN, SXOUT function. PF4 and PF5 pins are shared with LSE’s

A31T214/216 Datasheet

SXIN and SXOUT function — PF_MOD and PF_AFSR1 registers should be configured properly.

After enabling the LSE block, you must wait for more than 10ms time to ensure stable operation of

crystal oscillation. You can change an MCLK by using the SCU_SCCR register.

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

Power up
MCLK=LSI
(500kHz)

v

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

v

SCU.CSCR= Enable All Clock

Y | PF.MOD=*AF Wait for _
PF.ASFR1=XIN/XOUT stabilizing SCU_SCCR=HSE
N
LSE ? PF.MOD=*AF Wait for B
(32.768KHz) PF.ASFR1=SXIN/SXOUT > stabilizing > SCU_SCCR=LSE

HSI 2 Y Wait for B
(32MHz) stabilizing » SCU_SCCR=HSI
N

SCU_SCCR
HSI or HSE?

*PLL?
(48MHz)

SCU.CSCR=0xXXXX

Select *PLLINCLKSEL
for PLL Source >
(HSI or HSE)

Wait for stabilizing

& Lock > SCU_SCCR=PLL

(Disable unused clock source)

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

v

e

* 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)

Figure 13. Clock Change Procedure
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4. System Control Unit (SCU)

When you speed up the system clock to the maximum operating frequency, you should check flash wait
control configuration. Flash read access time is one of limitation factor for performance. The wait control

recommendation is suggested in Table 8.

Table 8. Flash Wait Control Recommendation

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

\BO\
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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
Reset sources * POR * nRESET Pin
* WDT reset
e LVD reset

¢ MCLK Fail reset

* HSE Fail reset

e S/W reset

¢ CPU request reset

43.1 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 1.4V of
VDD voltage out level, and boot operation is started at this point. The LSI clock is enabled and counts
4.25msec time for internal VDC level stabilizing. In this time, VDD voltage level should be over than
initial LVR level (1.6V). After 4.25msec counting, the cold reset is released and counts 0.4msec time for
warm reset synchronizing. After releasing both cold and warm reset, BOOTROM and CPU are running.
Figure 14 shows power up sequence and internal reset waveforms.

1.4V 1.6V VDDEXT
5V
av
3v //
2v /
v 7/
ov

PORR) |
LVR
e 0 00 0000000000
NT

‘Y 4.25 msec o
COLD_RSTB Typical I
WARM_RSTB._C XXX
NT
¢ 0.4msec
WARM_RSTB Typical !
SYS_RSTB [
BOOTROM [
EXCUTION 4.25 msec ¢ 0:4msec . 5.19 msec N
MAIN CODE Typical Typical Typical
START

« 9.84 msec
Typical

Y.

Figure 14. Power-up Procedure
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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 is occurred.

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

PIN_RSTB
WARM_RSTB_C XXXXXX
NT
‘¢ 0.4 msec -
WARM_RSTB Typical |
SYS_RSTB |
BOOTROM : [ [
EXCUTION 0.4 msec 5.19 msec
MAIN CODE © Typical Typical :
START » » [
< 5.59msec >
Typical

Figure 15. Warm Reset Diagram
4.3.3 LVR reset

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 Leveld \ \ /
LVR(R)=2.1V N

LVR(F)=2.0V
1.8v /
, i o
LVR Reset ﬂ)l LVR Reset doesn’t occur at this point ime

Figure 16. LVR Reset Timing Diagram
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434 Reset tree

A31T214/216 Datasheet

SCU.PRERI1[31]

VDDEXT > ™ 4.25msec Cold Reset * CMO >
| vDC POR +
Counter PORESETN
LvD SCU.RSER[0] SYSRESE
Tn
K}
7]
[}
i3
E
5 S
= CMO+ SYSRESETn
NRESET []
CPU RESET REQUEST
DETECTOR scu RSERISHi/
\ — SYSRESE
p  Tn
: SCU.PRER2[4] 1200 RESETn
b1 ScuPERI0] SCURESETn 4] SCUPERZI4]
[ q
: SCU.PRER2[5) 12C1 RESETn
b1 ScUPERILY FMC RESETn [s] ScUPER2S]
e q
: SCU.PRER2[8]
1'b1 SCUPERI[Z] WDT RESETn (8] SCU.PER2[8] USART10 RESETn
[
' SCU.PRER2[9) USART11 RESETn
11 SCUPERIE] PCU RESETn [9] SCUPER2(9]
¢ @ scurreraL2
UARTO RESETn
SCU.PRER1[4] SCU.PERI(S) DMA RESETn 1 SCU.PER2[12]
q [ SoU
SCU.PRER1(8] GPIOA RESETn -PRERALL %i/ UART1RESETn
SCU.PER1[8] ] SCU.PER2(13]
q q
SCU.PRER?[14 SPI20 RESETn
SCU.PRER1(9] SCUPERIS GPIOB RESETn [14] ScuPERZ4]
s @ scurrera {i/
: SPI21 RESETn
SCU.PRER1([10] SCU.PER1[10] GPIOC RESETn ] SCU PER2[15] ‘D_>
¢ ® scurrera
| PRER1[11] ADC RESETn
scu 1t SCU.PER1[11] GPIOD RESETN ] SCU.PER2(20]
1 SCU.PRER2[25
SCU.PRER1[12) GPIOE RESETn T
r SCU.PER1[12] I SCU.PER2(25] OUCH RESETn
S o
SCU.PRER1[13] GPIOFRESETn | SCU.PRER2[27 N
SENSE RESETn
SCU.PER1{13] ] SCU.PERA2T]
.scu PRER1[16] TivER10 RESETn ) SCUPRER? {i/
X n I
LCD RESET
SCU.PER1[16] i SCU.PER2(28] D—> n
s o
SCU.PRER1{17] TIMERLL RESETn | SCU.PRER2[29
LED RESET!
SCU.PER1[17] i SCU.PER2(29] "
S «
SCU.PRER1[18] TIMER12 RESETn  SCU.PRER2[31
SCU.PER1[18] ] SCU.PER2[31] CRC RESETR
e
SCU.PRER1[19] TIMER13 RESETn
SCU.PER1{19]
q
.PRER1[24] Tl
scu. [24] ScUPERI2] IMER30 RESETn
q
SCU.PRER1[25] TIMER20 RESETn
SCU.PER1{25]
q
SCU.PRER1[26] TIMER21 RESETn
SCU.PER1{26]

WT RESETn
SCU.PER1[31]
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Figure 17. Reset Tree Configuration
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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 18
describes transition between the operation modes.

POWER-ON
RESET
RESET RESET
EVENT EVENT

MCU
INITIALIZATION

WAKE-UP PCU WAKE-UP

EVENT S 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 18. Transition between Operation Modes
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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.

4.4.2 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

!

WFI
(ENTER SLEEP MODE)

!

Wait for Interrupt signal

A

WAKE UP

v

C END D

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

Figure 19. 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 = OxAA (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 @ CLEAR
LSIAON ENABLE LSIAON DISABLE
\ \

WFI

v

WAKE UP DEFAULT CLOCK =LSI

l
C END )

*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 Control Block

Figure 20. 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 the 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 10 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 21 describes PCU in block diagram.

> PORT
APBBUS ” CONTROL
v
>
- FUNCTION “— PA/PB/PC P
PORTs
Function I/0s > MUX - i PD/PE /PF < »
A .
d INTERRUPT P
NVIC ] CONTROL

Figure 21. PCU Block Diagram

Figure 22 describes GPIO in block diagram, and Figure 23 introduces GPIO pins for external input /
output.

e D
4
DOUT[31:0] <€ > Pn.OUTDR >
PCU > PINs
DIN[31:0] < Pn.INDR <

Figure 22. GPIO Block Diagram
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Open-drain Enable

Output Enable
Alternative Function
Control

Debounce

Digital Input - €——~ i1

VDD

Pull-up

Control P-ch

Pull-down
Control —

Analog Input <€

VDD

I/0 Pin

Figure 23. I/0 Port Block Diagram (General I/O Pins)

Open-drain Enable
Output Data

Output Enable
Alternative Function
Control

VDD

Pull-up

Control P-ch

Pull-down
Control —iL N-ch

Digital Input <€

Analog Input <€

LCD Control

EEg COM/SEG output

VDD

I/0 Pin

Figure 24. 1/0 Port Block Diagram (LCD Pins)
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5.2 Pin multiplexing
GPIO pins have alternative function pins. Table 11 shows pin multiplexing information.

Table 11. GPIO Alternative Function

Pin name Alternative function

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
PA6 SEG17 SCL1 AN9
PA7 SEG16 AN8
PA8 SEG15 AN7 CS0
PA9 SEG14 T120 T12C ANG6 Cs1
PA10 SEG13 (T110) (T11C) AN5 Cs2
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 CS6
PB3 BOOT USART10_SS (SS20)
PB4 SEG8 TXDO EC30 ANO Cs7
PBS SEG7 RXDO (T30C) CS8
PB6 SEG6
PB7 SEG5
PB8 COM7/SEG4
PB9 COMG6/SEG3
PB10 COM5/SEG2 TXD1 EC12 CSs9
PB11 SEG1 RXD1 EC13 CS10
PCO T200 T20C Cs11
PC1 T210 T21C MOSI20 Cs12
PC2 EC20 MISO20 CS13
PC3 EC21 SCK20 ISEG15/CS14
PC4 (T100) (T10C) §820 ISEG14/CS15
PC5
PC6
PC7
PC8
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Table 17. GPIO Alternative Function (continued)

A31T214/216 Datasheet

Pin name Alternative function
AF0 AF1 AF2 AF3 AF4 AF5
PDO SCLO EC10 CLKO ISEG13/CS16
PD1 SDAO EC11 ISEG12/ICOM12/CS17
PD2 USART11_TXD USART11_MOSI (MOSI21) ISEG11/ICOM11/CS18
PD3 USART11_RXD USART11_MISO (MISO21) ISEG10/ICOM10/CS19
PD4 BLNK(PWM) USART11_SCK (SCK21) ISEG9/ICOM9/CS20
PD5 USART11_SS (8S21) ISEG8/ICOM8/CS21
PEO T110 T11C ISEG7/ICOM7/CS22
PE1 T100 T10C BLNK(PWM) ISEG6/ICOM6/CS23
PE2 PWM30CB (SCLO) MOsSI21 ISEG5/ICOM5
PE3 COM4/SEGO PWM30CA (SDAO0) MISO21 ISEG4/ICOM4
PE4 COMB3/SEG31 PWM30BB SCK21 ISEG3/ICOM3
PE5 COM2 PWM30BA SS821 ISEG2/ICOM2
PE6 COM1 PWMB30AB ISEG1/ICOM1
PE7 COMO PWM30AA ISEG0/ICOMO
PES SEG30 VLC3
PE9 SEG29 VLC2
PE10 SEG28 VLC1
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) (SDA1) XIN
PF7 (RXDO) (SCLT) XOUT
NOTE: Unused pins are set to output from firmware (low output is recommended).
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6 Flash memory controller

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

as shown below:

* 128KB and 256KB Flash code memory

*  Programmable wait control (O to 5)

* Read protection support

*  Self-Program support

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

* Erase, Program in user mode

6. Flash memory controller

Table 12. Flash Memory Controller Features

Item Description

Size 128KB 256KB

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/ 1KB/ 4KB/ bulk

512-byte/ 1KB/ 4KB/ bulk
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0xO0F00 F600

User OTP2
0xOF00 0400
User OTP1
0xOF00 0200
0xO0F00 0000 User OTPO
X
0x0004 0000 Fagetil 0x0004 0000~ K ~
0x0003 FE0O Page 510 Sector 255
0x0003 FC00 Page 509 0x0003 FCO0 =<
1K
0x0003 FAOO Page 508 Sector 254 aK
0x0003 F800 Sa95 507 0x0003 F800 =< 1K Sector 63
0x0003 F600 Page 506 Sector 253
0x0003 F400 T 0x0003 F400 =<
1K
0x0003 F200 Page 504 Sector 252
0x0003 FO00 0x0003 FO00—"
! I | I |
i | |
! I | I |
| | |
! I | I |
| | |
! | | | |
I I
I
! | | | |
I I
I
Co : I :
Page : : !
Address : I | I |
| |
I
b : I :
I | |
1 I | I I
0x0000 1000 Page 7 0x0000 1000 == 1K N
0x0000 OEO0O0 Page 6 Sector 3
0x0000 0C00 Page s 0x0000 0CO0=~=<< K
0x0000 0AQ0 Page 4 Sector 2 4K
0x0000 0800 — 0x0000 0800 ==, Sector 0
0x0000 0600 Page 2 Sector 1
0x0000 0400 Page 1 0x0000 0400 = K
0x0000 0200 Page 0 Sector 0
0x0000 0000 0x0000 0000 = g
Figure 25. Flash Memory Map (256KB Code Flash)
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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.
* 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 26.

REGISTER INTERFACE

Y

POLK L, ADR CONT | BUF |
DST SRC
CNT CNT
INTERRUPT <——
CHANNEL AHB
MASTER

DMA_REQ =t

DMA_ACK et

H/W Handshake

AHB BUS

=

Figure 26. DMAC Block Diagram
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8. Watchdog Timer (WDT)

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.

A31T214/216 Datasheet

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:

8.1

24-bit down counter (WDT_CNT)

Select reset or periodic interrupt

Count clock selection

Watchdog overflow output signal

Counter window function

WDT block diagram

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

MCCR3 WI

WDTRC >

. Hwot/4 o

v fwor/16 >

{ WDTCLK of SCU_PPCLKSR Register

fwot/64 o
X

fwo1/256 |
>

CLKDIV[L:0]

CNTENB:0] =&

WDT_DR
(24-bit Data)

Reload

WDT_CNT
(24-bit Down Counter)

= Write Signal to WDT_CNTR
UNFIEN

UNFIFLAG

»

>

[

L Match detector

Magnitude comparison

If counter > data, 1

WDT_WINDR
(24-bit Window Data)

Y

Underflow

WINMIEN WDT interrupt

WINMIFLAG

Underflow

WDT Reset

Write Signal to WDT_CNTR

RSTEN[5:0]

NOTE: If a reload 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.

50

Figure 27. WDT Block Diagram
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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.

WT block diagram

As shown in Figure 28, WT of A31T214/216 series has the following blocks:

9.1

*  14-bit divider
*  12-bit up-counter
* RTC function

Figure 28 shows a block diagram of the WT.

WTDR
(12-bit Data)

::l > Match

Clear \
; WTCNT <« \
WTCLK of PPCLKSR Register
* (12-bit Up Counter) furl(2* X (WTDR Value + 1)
2
$ A N WTIEN
*———— fwi* M
MSM} 13 d WT interrupt
___S0sCy)| '\J fwr g fwr/27 > g WTIFLAG 4\_| —>
\viaer
WDTRC | X fwrf2 >
WTEN AClear
2
WTCLR
WTINTV[L:0]

Figure 28. 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
*  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:n=0,1,2,and 3
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10.1  16-bit timer block diagram

In this section, 16-bit timer is described in a block diagram in Figure 29.

TIMERIn_ADR
(16-hit A Data Register)

Buffer Register A

To other block T1InMIEN

TLnECE
A
l A Match
o ThEN ThPAU > TIMIFLAG
ge
En[}— Detector ¢ Comparator T1n Matchfinterrupt
AMatch
Clear
T1nCLK of SCU_PPCLKSR Register|—> M TIMERIn_CNT R (¢ TInCLR
g (16-bit Counter) TInEN
MCCR1 | M
MRSy Mo | 1ot MT Pulse
PCLK g Prescaler T B Match Generator —| TinO
TInCLK

fek(TIMERIn_PREDR+1) Comparator 12 T g :
Tininterrupt
Buffer Register B TnMS[L:0] TnOPOL

TIMERLn_BDR TIMERLn_CAPDR Tin Capture|nterrupt
TInCPOL[L:0] (16-hit B Data Register) (Capture Data Register)
2 T1nMS[L0] N T TIRCIEN

I/f TInCIFLAG ]

Capture Signal

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

Figure 29. 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
*  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:n=0or1
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32-bit timer block diagram

In this section, 32-bit timer is described in a block diagram in Figure 30.

11. 32-bit timer

T2nCLK of PPCLKSR Register

foLk/(T2nPREDR+1)

12-hit

Prescaler T2nEN

|_>’\L/J|
X

fra0
Econ[}— Etge
Detector
CLKSEL
T2nECE
Only Timer20

CAPSEL[1:0]: T2nCPOL[L:0]

i l T2MS[L:0]
%sosc — m ?
{WDTRC —{ U > 3
Tancee [ |/|
NOTES:

T2nADR

(32-bit A Data Register)

Reload

T2nMIEN

D T2n Match interrupt

— ] T2nouT

Buffer Register A To other block
A
AMatch
TonPAU »{ T2nMIFLAG
¢ Comparator
A Match
TaCNT R |25 O T2nCLR
(32-hit Counter) \S— T2nEN
»|  Pulse
B Match »{ Generator
Comparator iz
Buffer Register B T2nMS[1:0] T2nOPOL
Reload
T2nBDR T2nCAPDR
(32-hit B Data Register) (Capture Data Register)
N T T2nCIEN
Capture Signal i T2NCIFLAG

D T2n Capture interrupt

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.

i>—>T2n interrupt
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12. Timer counter 30

12 Timer counter 30

A31T214/216 Datasheet

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:

*  16-bit up/down-counter

¢ Periodic timer mode

. Back-to-Back mode

e Capture mode

*  12-bit prescaler

Table 15 introduces pins assigned for the timer counter 30.

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

Pin name Type Description
EC30 I External clock input
T30CAP I Capture input
BLNK I External sync signal input
PWMB30AA O PWM output
PWM30AB O PWM output
PWM30BA O PWM output
PWM30BB O PWM output
PWM30CA O PWM output
PWM30CB O PWM output
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12.1  Timer counter 30 block diagram

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

T30EN

UPDTILO] J,;l
T30CLR
v

PMOC[2:0] —
,—} T30interrupts

TIMER30_PDR Reload Signal pe”"dB”gfI‘er‘ > TIMER30_ADTDR
(16-bit Period Data Register) Generator AMaich Interrupt Generator
T B Match 2 anc Trigger Signal Starter Load Signal
C Match—p|
Bottom Capte Sia } [
i e Signa 5y 5y 5 14-bit Down Counter
T30CLK of SCU_PPCLKSR Register Period Buffer Register T30MS[L:0] TIMER30_INTCRIZ0] s —
T30EN- T y =0, Stop countin
fou/(TIMER30_PREDR+1) _ T30CIR TIMER30_INTFLAGI4.) P
Period Match TIMER30_ADTCR[4:0] To ADC blodk
12-8it > 9 C
Prescaler T30EN > Comparatar vy AIDC trigger signal
|_) M } Up/Down Controller
| HIZIEN
,_> g [ 164t Up/Down Counter Clear Signal Generator
Hi-Z
¢ » N\ AMach HIZIFLAG .
EC30[ }— DeEdge | ML | Intertupt
tedor Delay Insertion Controller
Comparator Y
CLKSEL PWM30AA/PWM30AB
A Buffer Register Controller l
T30ECE
Reload | L D [ Pwim0an
N
D {7 Pwm30aB
TIMER30_ADR > .
(16-4it A Data Register) Delay Insertion Controller
PWM30BA/PWM30BB Hi-Z Controller
y > B Match Controller
Comparator | [ D []Pwma0ea
B Buffer Register {> []Pwima0ss
Delay Insertion Controller
PWM30CA/PWM30CB
Controller
TIMER30_BDR
(16-bit B Data Register) | I ll> ] PWM30CA
— »[N_CMach D [ Pwm30cs
A\ A A
Comparator
C Buffer Register 4 2 FORCA
o T30MS[L0] Y
T30EN
DLYEN HIZCLR
DLYPOS
HIZST
T30CPOL[L0 TIMER30_CDR TIER30_OUTCR
[L: (16-hit C Data Register)
% TIMS[LO]
N TIMER30_CAPDR T30CIEN
2 I/f 7| (Capture Data Register)
Capture Signal T30Capture
T300AP [ ] -X ¢ ¢ T30CIFLAG interrupt

Y

NOTES:

1. 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.

3. 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 31. Timer Counter 30 Block Diagram
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13 USART

A31T214/216 Datasheet

Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly flexible
serial communication device. The main features are listed below:

e Full Duplex Operation. (Independent Serial Receive and Transmit Registers)

e Asynchronous or Synchronous Operation.

e Baud Rate Generator.

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

e 0Odd or Even Parity Generation and Parity Check are Supported by Hardware.

e Data Over Run Detection.

e  Framing Error Detection.

e 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.

e Supports receive time out interrupt.

e 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 @) UART Channel n transmit output

RXDn I UART Channel n receive input

SSn 110 SPIn Slave select input / output

SCKn 110 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: n =10 and 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 ™\
p MSn[1:0] USARTn_BDR

A

r Baud Rate Generator DBLSn
WAKEIEN RXCIEn N
- Clock
71 Sync Logic
WAKERN Low level
detector
|
Y N
RXDn I\L/jl Rx R Clock T
Control 7| Recovery E
> X R
T DLENN[2:0] ‘3,1 :l\
Loopsn  RXEM vip L
- Data - Receive Shift Register ul€
Recovery (RXSR) <& B
X )
u
v s
. [DORN/PEN/FEN 2
> Checker USARTN_DR[0], USTnRX8[0], (Rx) | > L
SBn USTARN_DR[1], USTnRX8[1], (Rx) | ’L
l MSn[1:0] E
TXEn Stop bit PGn[1:0] DLENN[2:0] 2
¢ Generator 2¢ ei
v |
Tx Parity Transmit Shift Register
- »i
TXDn L1« Control | Generator (TXSR) g ;
A

Empty signal

USARTN_ DR, TX8n, (1) | K————1

. DRIE N
n — RTOEN

—— DMATXIE

TXCn

TXCIEn

—— DMARXIE

—
N
=
N
=
N

USARTnR interrupt

Figure 32. UART Block Diagram (n =10 and 11)

\BO\ 59

SEMICONDUCTOR



13. USART

A31T214/216 Datasheet

| M\
USARTN_BDR <
D ) SS
Ssn Control
T Baud Rate Generator
MASTERN
SPISSn Y
< » M Edge Detector
sckn [Je—————f S5 7 |u And
Pl X Controller
FXCHn '
t 1 "
! RXEn T
CPOLn CPHAn E
Mison [CJe—e—F3—» > o SNt Regi R
A Data Receive Shift Register
Rx Control ”| Recovery > (RXSR) e /T
T L
) RXCIEN
LOOPSN L DORN Checker | | USARTN DR(0], (RY) NE
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Figure 33. SPIN Block Diagram (n =10 and 11)
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14 UART

Universal Asynchronous serial 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, is exist for each UART channel. The prescaler can
divide the UART clock source that 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
e 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 @) UART Channel 0 transmit output
RXDO I UART Channel 0 receive input
TXD1 @) UART Channel 1 transmit output
RXD1 I UART Channel 1 receive input

NOTE:n=0and 1
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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
m REGISTER SHIFT  |[«——]RrxD
[ REGISTER
<
< N LINE CONTROL A
- 4 REGISTER
DATA[7:0] v
N—o
ADDR[4:2] RECEIVER
" Ld
—p DIVISOR LATCH A TIM;NG
LSB
PSEL (59 CONTROL
N < ) DIVISOR LATCH PEIEN BAUD
APB IIF (MSB) GENERATOR
PWRITE
> & BFR ¢
conroL [€7 (Fraction)
PENABLE LoGIC »| TRANSMITTER
— )| TIMING
&
LINE STATUS <
PCLK_, < q REGISTER < CONTROL
ARESET ¢
— | TRANSMITTER
”|  BUFFER -
A 1| TRANSMITTER HOLDING A g TR’;zfyflgER
«— " REGISTER > g REGISTER e
M
P .| INTERRUPTENABLE R
< » >
REGISTER INTERRLEFC’)'I(;I((Z:ONTROL » INTERRUPT
< INTERRUPT ID P
X <
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Figure 34. UART Block Diagram
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15 12C interface

I12C is one of industrial standard serial communication protocols, and which uses 2 bus lines such as
Serial Data Line (SDAnN) and Serial Clock Line (SCLn) to exchange data. Because both SDAn and SCLn
lines are open-drain output, each line needs pull-up resistor respectively.

I2C features the followings (n = 0 and 1):
e Compatible with I12C bus standard.
e  Multi-master operation.
e Up to 1MHz data transfer read speed.
e  7-bit address.
e Support two slave address.
*  Both master and slave operation.
*  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 I2C channel 0 Serial clock bus line (open-drain)
SDAO 1/0 I2C channel 0 Serial data bus line (open-drain)
SCLA1 1/0 I2C channel 1 Serial clock bus line (open-drain)
SDA1 1/0 I2C channel 1 Serial data bus line (open-drain)

NOTE:n=0and 1
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15.1 12C block diagram

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

~
12CnIFLAG . 12C interrupt
Slave Address Register
12Cn_SAR ——
RXACKn, GCALLR, Interrupt
TENDn, STOPDn, [ {Generator| '2CMEN ¢
SSELn, MLOSTN,
' ' A General Call And
BUSYn, TMODER Address Detector [€ 12CNGCE |
A
4 N
PP T
SDAN > Rece'v‘(’:g‘R?eg'Ster RCh DR () ) |E
R
SDA In/Out ACK Signal < N
N-ch Hi < A
Controller Generator |€— ACKNEN L
VSS STOP/START ~ [€— STOPCn B
d B Condition Generator |¢— STARTCn U
A A S
Transmit Shift Register |
(XS] < RCn PR (T [(—= %
SDA Hold Time Register N
d
< 12Cn_SDHR o
Time Generator - - -
SCL Out SCL High Period Register
d & ») d
scun [« » Controller [€ B < 12Cn_SCHR —
Time Controller
SCL Low Period Register
d
i 1€ N [2Cn_SCLR <:|
N-ch 1€ T
VSS PCLK L

NOTE: 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 35. 12C Block Diagram
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16

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/0 SPIn Slave select input / output

SCKn I/0 SPIn Serial clock input / output

MOSiIn I/O SPIn Serial data ( Master output, Slave input )
MISOn I/O SPIn Serial data ( Master input, Slave output )

NOTE: n =20 and 21
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16.1 SPI block diagram

In this section, SPI is described in a block diagram in Figure 36.
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psEL O Tx Data - Tz Shifter
o Register > 55

PENABLE [ scx
—_—
PWRITE Transmiy [ MOS!

D ————— Register .
Receive fai  MISO
PADDR block

——1 logic
PWOATA[31.0]
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- R xShifter

DA req
{ Tx & Rx)

< Clock SPICLKDI
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SSDET

TRDY

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

9

v

DMA Tw/Rx done Interrupt

Y

Figure 36. 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

* S/W (ADST) and Timer trigger: TIMER10/11/12 A match and ADC trigger signal from TIMER30
support

*  Maximum 4.5MHz conversion rate (Max. 150Ksps)
*  Conversion time: 30 clock
*  6-bit Prescaler
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
AN6 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 37.

Mie— VDD
PCLK/(ADPREDR+1) Reference U
, X [€— AVREF
PCLK, 6-bit fanc Voltage | vss
Prescaler REFSEL
_Cﬁ Power Down Mode
ADCEN
ANO —p
ANgl e v v v ADCIEN
P M / AIDC
it — |V oW | > ntermup
AN12 —p
AN13 —>] 1
AN14 —>| S Y
A 5 ADC_DR
4 = (Read only)
ADSEL[3:0]
< —— ADST
«—— T10 A match signal
M —— T11 A match signal
U ««—— T12 A match signal
X ««—— A/DC trigger Signal from T30
«— Reserved
«—— Reserved
~NEe— Reserved
3
TRIG[2:0]

Figure 37. 12-bit ADC Block Diagram

68 \BO\

SEMICONDUCTOR




A31T214/216 Datasheet 18. TOUCH

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
*  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.
e  Clock Frequency during Sensing Operation: 16MHz.
¢ The Improvement of the SNR by Bias-Calibration in Analog Sensing Block.
* VDD Operating Voltage: 2.7V to 5.5V.
¢ Current Consumption: T.B.D.

e Current Consumption @STOPmode: < 1uA.
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

CS0 to CS23 IA Capacitive Touch switch input
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18. TOUCH

18.1 TOUCH block diagram

Figure 38 shows a block diagram of TOUCH.

A31T214/216 Datasheet

TS_CH_SEL
(Select input pins
of the assigned pins)
l l l Start TS_RUN
cs0 —» TSCLK —»|  Clock
CS1 —» DIV —| Selector
C.SZ —»| M
Input Pins ¢+ —»| U
. —| X
CS22 —»
Cs23 > + Comparator | control
*| Logic > TS_IF To interrupt
block
Reference LED_ST_F
Voltage SUM_CHO_F0 LAG
T SUM_CHO_F1
SUM GH23 FO \¢——LED_ST FLAG_EN
TS_VREF SUM_CH23_F1
LED Driver
Figure 38. TOUCH Block Diagram
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19 LCD Driver

LCD Diriver 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

VLCO to 3 A LCD External Bias voltage input
COMOto 7 0] LCD Common signal outputs
SEGO to SEG31 0] LCD Segment signal outputs
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19.1 LCD driver block diagram

Figure 39 shows a block diagram of LCD Diriver.

LCD Display DATA Register

i Segment
p— . —‘ SEGx
Display Data Select Controller Driver ]
and <

Display Data Buffer Register

A
LCDCLK of SCU_PPCLKSR Register
T
SCU_MCCR5
—=— ) M ——
LSE U
—>
WDTRC X fico
Common
Dri
' river 4[] COMXx
LCLK Timing
Controller
A
LCD_CR A
LCD
Voltage 7[] VLCx
Bias
LCD_BCCR

NOTE: The pull-up resistors for PFO (SEG26) and PF1 (SEG25) are initially enabled.

Figure 39. 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:

* |COMO, ICOM1, ..., ICOM12 are shared with ISEGO, ISEGH1, ..., 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.

e The LED_COMOE and LED_SEGOE registers are used to enable or disable each of ISEGO,
ISEG1, ..., ISEG15 and ICOMO, ICOMT1, ..., 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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20.1  LED Driver block diagram

Figure 40 shows a block diagram of LED Driver.
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DISPLAY RAM E/
ISEG "] ISEG
(16x13) DRV /| PAD
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¢ 8-bit  frencik . ICOM B ,| ICOM .| ICOM
PCLK Prescaler Pulse Generator "| DRV "| PAD

DIMM

LED_DIMM
LOG scale
LED_PWID dimming value
Linear scale dimming value
LOGDE
13 ICOM Generator
LED_PD
- > watch [ MATCHF
. ) (bit3 of LEDSR)
20-bit P t
MD=010 ;D—»{ 0-bit Perod Counter }—>
(PERIOD Mode) i
Clear

Figure 40. 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.
e Polynomial:
— CRC-CCITT (G1(x) = x'6 + x12 + x5 + 1)
— CRC-16 (G2(x) = x"6 + x5 + x2 + 1)
¢ CRC Mode and Checksum Mode.
21.1 CRC and checksum block diagram

Figure 41 describes the CRC and checksum in a block diagram.

POLYS RLTCLR

vl AT

CRC Generator
MODS FIRSTBS
CRCIN Polynomial Selector
(32-hit Input Register) G =x® +x2+x5+1
» M MSB-1st 3 M Go(x) =x® +x® +x%+1
U Buffer Register | | sg.1st U
X 71 X
| Internal Bus from DMA | | Load Signal >
CRCINIT 2,
(32-bit Initial Register) »|  Checksum Generator

16
A 4

CRCRLT
(16-hit Result Register)

Figure 41. CRC and Checksum Block Diagram
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22 Electrical characteristics

22.1  Absolute maximum ratings

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 | Voo -0.3-+6.5 \% —
Normal pin Vi -0.3-VvDD+0.3 |V Voltage on any pin with respect to Vss
Vo -0.3-VDD+0.3 |V
lon -20 mA Maximum output current sourced by
per 1/O 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
ZloL1 210 mA Total output current sunk by sum of all I/Os
LED COM pin | loL2 250 mA Maximum output current sunk by per LED
COM pin
2loL2 250 mA Total output current sunk by sum of all LED
COM
Total power | Tp 300 mW —
dissipation
Storage Tste -55 - +125 °C —
temperature
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22. Electrical characteristics

22.2 Recommended operating conditions
Table 25. Recommended Operating Condition
Parameter Symbol Condition Min. Typ. Max. Unit
Supply voltage Vbp Core and Peripherals 1.8 — 55 \%
ADC 24 — 5.5 \Y%
LED/LCD/TOUCH 2.7 — 5.5 \Y%
HSE 1.8 — 55 \%
LSE 2.7 — 5.5 \Y%
Operating for PLL 1 — 48 MHz
frequency HSE 1 — 16 MHz
LSE — 32.768 | — kHz
HSI 31.52 32.00 32.48 MHz
LSl 400 500 600 kHz
Operating Top 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 Vop VSS 5.0 55 \%
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 UA
POR set level VseT - 1.20 1.40 1.60 \%
POR reset level VRESET - 1.00 1.20 1.40 \Y,
Supply rising rate Trwob 0.05 - 50 ms/V
Supply falling rate Tivop - - 2.5 ms/V
NOTE: The specifications of the parameters are guaranteed by design.
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22.4  LVI (Low Voltage Indicator) LVR (Low Voltage Reset) characteristics

Table 28. Operating Condition of Low Voltage Reset

Parameter Symbol Min Typ. Max Units
Operating temperature Ta -40 25 105 °C
Table 29. Low Voltage Indicator Characteristics
Parameter Symbol Conditions Min Typ. Max Units
Operating voltage VDD 0.8 5.0 5.5 \%
Detection level Vivi LevelO Rising voltage | 1.49 1.60 1.71 \%
Falling voltage | 1.45 1.56 1.67
Levell Rising voltage | 1.62 1.74 1.86
Falling voltage | 1.58 1.70 1.82
Level2 Rising voltage | 1.70 1.83 1.96
Falling voltage | 1.66 1.79 1.92
Level3 Rising voltage | 1.83 1.96 2.09
Falling voltage | 1.78 1.91 2.04
Leveld | Rising voltage | 1.92 2.06 2.20
Falling voltage | 1.86 2.00 2.14
Level5 Rising voltage | 2.04 2.19 2.34
Falling voltage | 1.98 2.13 2.28
Level6 | Rising voltage | 2.21 2.37 2.53
Falling voltage | 2.15 231 2.47
Level7 Rising voltage | 2.37 2.54 271
Falling voltage | 2.31 2.48 2.65
Level8 Rising voltage | 2.56 2.75 2.94
Falling voltage | 2.49 2.68 2.87
Level9 Rising voltage | 2.91 3.13 3.35
Falling voltage | 2.83 3.05 3.27
Levell0 | Rising voltage | 3.05 3.28 3.51
Falling voltage | 2.97 3.19 341
Levelll | Rising voltage | 3.45 3.70 3.95
Falling voltage | 3.35 3.60 3.85
Levell2 | Rising voltage | 3.58 3.84 4.10
Falling voltage | 3.48 3.74 4.00
Levell3 | Rising voltage | 3.86 4.15 4.44
Falling voltage | 3.76 4.04 4.32
Levell4 | Rising voltage | 4.03 4.33 4.63
Falling voltage | 3.92 4.22 452
Levell5 | Rising voltage | 4.30 4.62 4.94
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 \%
Detection level VivRr LevelO Rising voltage | 1.49 1.60 1.71 \%
Falling voltage | 1.45 1.56 1.67
Levell 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
Leveld Falling voltage | 1.86 2.00 2.14
Level5 Falling voltage | 1.98 2.13 2.28
Level6 | Falling voltage | 2.15 2.31 2.47
Level7 | Falling voltage | 2.31 2.48 2.65
Level8 | Falling voltage | 2.49 2.68 2.87
Level9 Falling voltage | 2.83 3.05 3.27
Levell0 | Falling voltage | 2.97 3.19 341
Levelll | Falling voltage | 3.35 3.60 3.85
Levell2 | Falling voltage | 3.48 3.74 4.00
Levell3 | Falling voltage | 3.76 4.04 4.32
Levell4 | Falling voltage | 3.92 4.22 452
Levell5 | Falling voltage | 4.18 4.50 4.82
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Table 85. Low Voltage Reset Characteristics (continued)

Parameter Symbol Conditions Min Typ. Max Units

Noise cancelling time — — 2 - us

Operation current lop — 3.5 5 UA

Operation current(STOP) | lbp, stop — 2.5 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 \%

Operating temperature Ta -40 25 105 °C

Table 32. High Frequency Internal RC Oscillator Characteristics

Parameter Symbol | Conditions Min Typ Max Units

Frequency fusi Vop = 1.8V to 5.5V 31.68 32.0 32.32 MHz
Ta=-20°Cto+85°C

Frequency fusi Vop = 1.8V to 5.5V 31.52 32.0 32.48 MHz
Ta=—-40°Cto+ 105 °C

Tolerance - Ta=-20°Cto+85°C -1.0 - 1.0 %
Ta=-40°Cto+ 105 °C -1.5 - 1.5 %

Clock duty ratio Top - - 50 - %

Stabilization time thrs - 100 - - us

IRC current IHsi Enable - 300 350— uA
Disable - 1 - uA

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

22.6 LSl (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 55 \%
Operating temperature Ta -40 25 105 °C

Table 34. Low Frequency (500KHz) Internal RC Oscillator Characteristics

Parameter Symbol | Conditions Min Typ Max Units

Operating ILire Enable — 3.2 4.3 uA

current Disable — 1 20 nA

Frequency fisi Vop = 1.8V to 5.5V 400 500 600 kHz
Ta=-40°Cto+ 105 °C

Tolerance - Vop = 1.8V to 5.5V -20 - 20 %
Ta=-40°Cto+ 105 °C

NOTE: 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

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

Table 36. Main Oscillator Characteristics

Oscillator Parameter Conditions Min Typ. Max Units
Operating lop — — — 2.5 mA
current
Power down IsTop — — 0.2 30 nA
current
Output XOUT input VDDEXT 2 1.8V 1.0 — 4.0 MHz
frequency frequency SCU_EOSCR < ISEL[1:0] >= 2'b11

SCU_EOSCR < NCOPTI[1:0] >= 2'b00

VDDEXT = 2.0V 1.0 — 8.0 MHz

SCU_EOSCR < ISEL[1:0] >= 2'b10
SCU_EOSCR < NCOPT[1:0] >= 2'b01
VDDEXT = 2.2V 10 | — 120 | MHz
SCU_EOSCR < ISEL[1:0] >= 2'b01
SCU_EOSCR < NCOPT[1:0] >= 2b10
VDDEXT = 2.4V 10 | — 16 MHz
SCU_EOSCR < ISEL[1:0] >= 2'b00
SCU_EOSCR < NCOPT[1:0] >= 2’b11

Start-up time Tstart — — 2 — ms

Crystal input Vi — — — 0.2v |V

(low) DD

Crystal input ViH — 0.8v | — — \%

(high) DD

Crystal out (low) | VoL — — — 0.2v |V

DD

Crystal out VoH — 0.8v | — — \%

(high) DD

External load CL 1M < four < 4M 18 30 35 pf

cap 4M < foutr < 12M 10 22 30 pf
12M < four < 16M 7 18 22 pf

Feedback Rrs VDDEXT = 5V 0.7 1.0 1.3 MQ

resistance

NOTE: The specifications of the parameters are guaranteed by design.
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‘ XIN XOuT ‘
Ci g ; C2

Figure 42. Crystal/Ceramic Oscillator

XIN XOUT
Open External

Clock
Source

Figure 43. External Clock

1/fXIN

A A
Y_ VY

tXL tXH

;l L

XIN % 0.8vDD

X 0.2vDD

Figure 44. Clock Timing Measurement at XIN
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A31T214/216 Datasheet

22.8 LSE (sub oscillator) characteristics
Table 37. Operating Condition of LSE
Parameter Symbol Min Typ. Max Units
Operating voltage Vob 2.7 5.0 55 \%
Operating temperature Ta -40 25 105 °C
Table 38. Sub Oscillator Characteristics
Oscillator Parameter Conditions | Min Typ Max Units
Operating current lop - 5.0 uA
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 |V
Crystal input (High) ViH — 0.8vDD | — — \%
Crystal out (low) VoL — — — 0.2vDD |V
Crystal out (high) Vo — 0.8vDD | — — \%
External load cap Rrs — 5 15 35 pF
Feedback resistance CL — 7 12 24 MQ
NOTE: The specifications of the parameters are guaranteed by design.
‘ SXIN SXOUT ‘
P q 5
“z L€
Figure 45. Crystal Oscillator
’ 1/fsuB N
B tXL J L tXH R
SXIN * 0.8vDD
0.2vDD
Figure 46. Clock Timing Measurement at SXIN
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22.9 PLL electrical characteristics
Table 39. Operating Condition of PLL
Parameter Symbol Min Typ. Max Units
Operating voltage Vob 1.8 5.0 55 \%
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 fout — 1 — 48 MHz
Duty fouty 40 — 60 %
VCO Frequency fvco 10 — 240 MHz
Frequency Peak-to- | fyrTER(P-P) 500 ps
Peak Jitter
VCO Linear Range fvco_Lin 50 — 150 MHz
Input FrequencyNOTE® | fpiiincLk 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_SCCRJ2] register.
3. Itis recommended to use 8MHz for input frequency.
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22.10 Supply current characteristics

A31T214/216 Datasheet

Table 41. Operating Condition of Supply Current

Parameter Symbol Min Typ. Max Units
Operating voltage Vop 5.0 55 \%
Operating temperature Ta 25 105 °C
Table 42. Supply Current Characteristics
Parameter Symbol Conditions Min Typ Max Units
Supply Iob1 frLL = 48MHz VDD=5V+10% - 9.0 12.0 mA
current (Run) fusi = 32MHz Ta =25°C - 6.0 8.0
fxin = 8MHz All peripherals - 3.0 4.0
fLsi = 500KHz off - 200 600 UA
fuse = 32.768KHz - 140 300
Iop2 frLL = 48MHz VDD=5V+10% - 6.0 10.0 mA
(Sleep) frsi = 32MHz Ta =25°C - 4.0 7.0
v = 8MHz All peripherals ) 2 °
fLsi = 500KHz off - 180 500 UA
fLse = 32.768KHz - 130 400
Iop3 WDTRC = ON, VDD=5V+10% - 50 - UuA
(Deep- (LSIAON=ENABLE) NOT&¢, | © _o5oc
Sleep) LVD=ON
(STOP1)
Ipp4 WDTRC = ON, VDD=5V+10% - 30 - UuA
(Deep- (LSIAON=ENABLE) NOTE4 Ta =25°C
Sleep) LVD=OFENOTES
(STOP1)
Iops WDTRC = OFF, VDD=5V+10% - 15 - UuA
(Deep- LVD=ON Ta=25°C
Sleep)
(STOP2)
Iobs WDTRC = OFF, VDD=5V+10% - 2 - UA
(Deep- LVD=OFF NOTE5 Ta =25°C
Sleep)
(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.
LVRRST in SCU_RSER =0
LVREN]J7:0] in SCULV_LVRCR = 0x55 (LVREN=0)

LVRENM[7:0] in SCULV_LVRCNFIG = 0xAA (LVRENM=0)
LVIEN in SCULV_LVICR =0

86

\BO\

SEMICONDUCTOR



A31T214/216 Datasheet

22. Electrical characteristics

22.11 1/0 port characteristics
Table 43. Operating Condition of I/O Electrical Characteristics
Parameter Symbol Min Typ. Max Units
Operating voltage Vob 1.8 5.0 55 \%
Operating temperature Ta -40 25 105 °C

22.11.1 General I/O characteristics

Parameters given in Table 44 for 1/O static characteristics are derived from tests performed under the

ambient temperature, and VDD supply voltage conditions summarized in Table 43.

Table 44. /0O Static Characteristics

Parameter Symbol Conditions Min Typ Max Units
Output high voltage VoH1 Vpp=5Y, lon=-2.68mA 0.8vDD | - VDD \%
All output ports NOTE2
Vo2 Vop=5V, lon=-3.80mA
All output ports NOTE3
VoHs Vop=5V, lon=-2.54mA
All output ports NOTE4
Output low voltage Vo1 Vop=5V, loL=3.68mA 0 - 0.2vDD | V
All output ports NOTE2
Vorz Vop=5V, loL.=3.74mA
All output ports NOTE3
Vous Vop=5V, loL=3.74mA
All output ports NOTE4
ISEG output high VoHseGo Vpp=5YV, lon= -8.66mA, - Vbb- - \Y
voltage TA=25°C 0.5
VoHseG1 Vop=5V, lon=-13.22mA, - Vop- - Y
TA=25°C 0.5
VonseG2 Vbp=5Y, lon=-19.49mA, - Vbp- - \Y
TA=25°C 0.5
VoHsEG3 Vop=5V, lon= -22.06mA, - Vbb- - \Y
TA=25°C 0.5
ISEG current ITOSEG | Vbpb=5V, Von=4.5V, TA=25°C, -5 - 5 %
matching NOTE1 VoHSEGH
ICOM output low VoLcom Vop=5V, lo.=250mA, TA=25°C - 1.5 - \Y
voltage LED ICOM High sink current
output
Input high voltage ViH1 All Input ports 0.8*Voo | — Vop Vv
Input low voltage ViLt All Input ports Venp — 0.2*Vop | V
Input high leakage lIHLKG All Input ports — — 1 uA
current
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Input low leakage liLke All Input ports -1 — — uA

current

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. PA[0Q], PB[3], PC[8:5, 2:0], PE[12], PF[7:4]

3. PA[11:1], PB[11:4, 2:0], PE[11:8], PF[3:0]

4. PCJ[4:3], PDI[5:0], PE[7:0]
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5. In the user application, the number of I/O pins which can drive current must be limited to respect the
absolute maximum rating specified in 22.1 Absolute maximum ratings.

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

— The sum of the currents sunk by all the 1/0Os on VSS plus the maximum run consumption of the
MCU sunk on VSS cannot exceed the absolute maximum rating ZIOL.

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

22.11.2 1/0 AC characteristics
The definition and values of external input AC characteristics are given in Table 45 and Figure 47.

Table 45. External Input AC Characteristics

Parameter Symbol | Conditions Min Typ Max Units
Interrupt input high twn, twe | All external interrupts 0.2 — — ns
low width 1.8 VsVpps 5.5V

-40 °C<Ta <105 °C
External counter input tecwH, ECn, 100 — —
high low pulse width tecwL All external counter

input

1.8 V<Vpp< 5.5V
-40 °C<Ta <105 °C

External counter trec, trec | ECn, — — 20
transition time All external counter
input

1.8 V<Vpp< 5.5V
-40 °C<TA =105 °C

tIWL

< »
»

« | e |
External 0.8vDD
Interrupt

0.2vDD

tECWL tECWH N

< N
tFEC tREC
ECn

Figure 47. Timing Diagram of External Input AC Characteristics Definitions

tIWH

\BO\ 89

SEMICONDUCTOR



22. Electrical characteristics

22.12 UART characteristics

A31T214/216 Datasheet

Table 46. Operating Condition of UART

Parameter Symbol Min Typ. Max Units
Operating voltage Vob 1.8 5.0 55 \%
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 VoD 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
SPI clock frequency fsck1 SPI20, SPI21 — — 5 MHz
Vop< 1.8V
fsckz SPI20, SPI21 — — 8 MHz
Vop< 3.3V
fscks SPI20, SPI21 — — 10 MHz
Vop< 5.5V
Duty cycle of SPI Duty Slave mode 30 50 70 %
frequency (SCK)
Capacitance load CcL — — — TBD pF

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

22. Electrical characteristics

Table 49. Operating Condition of USART SPI

Parameter Symbol Min Typ. Max Units
Operating voltage Vob 1.8 5.0 55 \%
Operating temperature Ta -40 25 105 °C
Table 50. USART SPI Characteristics
Parameter Symbol | Conditions Min Typ Max | Units
Output clock pulse period tSCK Internal SCK source | 400 — — ns
Input clock pulse period External SCK source | 400 — —
Output clock high, low pulse tSCKH, | Internal SCK source 180 — —
width tSCKL
Input clock high, low pulse External SCK source | 180 — —
width
First output clock delay time tFOD Internal/external SCK | 200 — —
source
Output clock delay time tDS — — — 100
Input setup time tDIS — 180 — —
Input hold time tDIH — 180 — —

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

SS
(Output/Input)

tsCK

—» tFOD «— <
3
SCK
(CPOL=0)
(Output/Input)
= u 7 u
tSCKL tSCKH
3 ' 3 '
SCK
(CPOL=1)
(Output/Input)
g
tDIS tDIH
MISO/MOSI }\
(Data Input) 2_/ LSB
—» <« {DS
T <
MISO/MOSI
(Data Output) \ MSB X X LSB /
L T
T <

\BO\
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Figure 48. SPI (USART) Timing Diagram
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22.15 USART UART timing characteristics
Table 51. Operating Condition of USART UART

A31T214/216 Datasheet

Parameter Symbol Min Typ. Max Units

Operating voltage Vob 1.8 5.0 55 \%

Operating temperature Ta -40 25 105 °C
Table 52. USART UART Timing Characteristics

Parameter Symbol Min Typ Max | Units

Serial port clock cycle time tSCK 1250 tCPU x 16 1650 | ns

Output data setup to clock rising edge tS1 590 tCPU x 13 —

Clock rising edge to input data valid tS2 — — 590

Output data hold after clock rising edge | tH1 tCPU-50 | tCPU —

Input data hold after clock rising edge tH2 0 — —

Serial port clock High, Low level width tHIGH, 470 tCPU x 8 970

tLOw

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

tsck

A

tHIGH

tLow

/

N / N\
Figure 49. Timing Diagram of UART Timing Characteristics
< tscK >
scosc [\ )\ ./ ./ \_J \_J \_/ \
pa—— trs —p} e—

Data Out \ DO >< D1 X D2 X D3 X D4 >< D5 X D6 X D7
P tre—>} —

Data In >< Valid >< >< Valid X X Valid X X Valid X X Valid >< >< Valid X X Valid X X Valid

Figure 50. Timing Diagram of UART Module
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22. Electrical characteristics

22.16 12C characteristics
Table 53. Operating Condition of 12C
Parameter Symbol Min Typ. Max Units
Operating voltage Vob 1.8 5.0 55 \%
Operating temperature Ta -40 25 105 °C
Table 54. 12C Characteristics
Parameter Symbol Standard Fast Units
Min Max Min Max
Clock frequency tSCL 0 100 0 400 kHz
Clock high pulse width tSCLH 4.0 — 0.6 — us
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 —
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: The specifications of the parameters are guaranteed by design.
_ tscL
tSCLH  tSCLL
—» €—1STSU < P> i€ > —pi <— {DIH —>» <€—{SPsU
SCL \ \ -t <«— tSPHD
SDA i / X i \
&- ; 7 tBF i\
—» €—tSTHD —>» <€ tDIS <«—>
: —> €—tvD
SDA ] X X
out A :
—»  i€—1twD '
Figure 51. 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 Vob 1.8 5.0 55 \%
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
Fuse Program Cycle | fFRDBUSY — 4.2 6 7.8 us
Time

Normal Program tPGMBUSY | — 21 30 42 us
Cycle Time

Normal Page Erase tPERSBUSY | — 2.8 4 5.2 ms
Cycle Time

Sector Erase Cycle tSERSBUSY | — 2.8 4 5.2 ms
Time

Chip Erase Cycle tMERSBUSY | — 5.6 8 10.4 ms
Time

Endurance of NFWE TA=25 °C, Page | 10,000 | — — Times
write/erase unit

Retention time tFRT — 10 — — Years

NOTE: 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 Vob 2.4 5.0 55 \%
Operating temperature Ta -40 25 105 °C

NOTE: 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=VDD VSS — AVREF |V

Vss=Venp

Operating current Iop VDD =5V — 1 2— mA
Standby current Ist — — 20 1500 nA
Differential nonlinearity DNL — — +1 4 LSB
Integral nonlinearity INL Ta=25°C — 4 +10 LSB
Top offset error (FSE) TOE — — +6 +12 LSB
Zero offset error ZOE — — *4 +8 LSB
Operating frequency ACLK — — — 4.5 MHz
Conversion frequency fconv — — 150 Ksps

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

A31T214/216 Datasheet

Table 59. Operating Condition of LCD Driver

Parameter

Symbol Min

Typ.

Max

Units

Operating voltage

Vobp 2.7

5.0

5.5

Operating temperature

Ta -40

25

105

°C

Table 60. Comparator Characteristics

Parameter

Symbol

Conditions

Min

Typ.

Max

Units

LCD voltage

VLCO

LCD contrast = DISABLED,
1/4 bias

VLCO

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

Typ.x0.94

Vbpx16/29

Typ.x1.06

VLCO

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

Typ.x0.94

Vbpx16/28

Typ.x1.06

VLCO

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

Typ.x0.94

Vopx16/27

Typ.x1.06

VLCO

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

Typ.x0.94

Vopx16/26

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
VLCD[3:0] = 07H

Typ.x0.94

Vopx16/24

Typ.x1.06

VLCO

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

Typ.x0.94

Vbpx16/23

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 115. Comparator Characteristics (continued)
Parameter Symbol Conditions Min Typ. Max Units

LCD voltage VLCO LCD contrast = ENABLED, | Typ.x0.94 | Vbpox16/21 | Typ.x1.06 | V
1/4 bias, No panel load
VLCD[3:0] = 0AH
VLCO LCD contrast = ENABLED, | Typ.x0.94 | Vbpox16/20 | Typ.x1.06 | V
1/4 bias, No panel load
VLCDI[3:0] = 0BH
VLCO LCD contrast = ENABLED, | Typ.x0.94 | Vobpox16/19 | Typ.x1.06 | V
1/4 bias, No panel load
VLCD[3:0] = 0CH
VLCO LCD contrast = ENABLED, | Typ.x0.94 | Vbpx16/18 | Typ.x1.06 | V
1/4 bias, No panel load
VLCDI[3:0] = 0DH
VLCO LCD contrast = ENABLED, | Typ.x0.94 | Voox16/17 | Typ.x1.06 | V
1/4 bias, No panel load
VLCDI[3:0] = OEH
VLCO LCD contrast = ENABLED, | Typ.x0.94 | Voox16/16 | Typ.x1.06 |V
1/4 bias, No panel load
VLCD[3:0] = OFH

LCD mid bias VLC1 Voo = 2.7V t0 5.5V, Typ-0.2 3/4xVLCO | Typ+0.2 v
voltageNOTE 2 VLC2 LCD clock = OHz, Typ-0.2 2/4xVLCO | Typ+0.2
VLC3 1/4 bias, No panel load Typ-0.2 1/4xVLCO | Typ+0.2
LCD Driver RLO VLCD=3.0V - 5 10 kQ
output
impedance
LCD bias RLCD1 1/4 bias, 7.5 10 12.5 kQ
dividing resistor | RLCD2 Ta=25°C 38 50 62
RLCD3 60 80 100
RLCD4 180 240 300
NOTES:

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

A31T214/216 Datasheet

Table 61. Operating Condition of Touch Sensing

Parameter Symbol Min Typ. Max Units
Operating voltage Vob 2.7 5.0 55 \%
Operating temperature Ta -40 25 85 °C
VDD RIPPLE NoTE VR_sv - - =100 mV
VR_3.3v - - +100 mVv

NOTE: 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

Operating frequency | Fop Cload=50pF(@typ.) 2 4 4 MHz
Cload=100pF(@min.)

High-sense voltage Vhs VDD=5V 2.6 3.5 \Y,

COMP reference Vcom VDD=5V 26 3.5 \Y

voltage

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

22.21 Operating voltage range

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

1.8 2.0 2.2 24

(fsus=32 to 38KHz)

F' s N
.
"\T ~—~
g 12.0 g
; >
5 2
o 8.0 2
5 (o
g o
L 40 I
1.0

2.7

5.5

Supply voltage (V) Supply voltage (V)

Figure 52. Operating Voltage Range

98 \BO\

SEMICONDUCTOR



A31T214/216 Datasheet 22. Electrical characteristics

22.22 Circuit design guide

Figure 53 shows a recommended circuit design.

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

added between the 1/—| N
PU resistors. =~ ———f——3 | — }
100nE" /< 0K 0K 0K 10K VDD

-

* SWDIO

SWCLK - A31T21X
RESET

BOOT

DEBUGGING CON

I

GND

Y 1L

‘QOOOOK')

Figure 53. Circuit Design Guide for On-Board Programming
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23. Package information

Package information

23

This chapter provides A31T214/216 series package information.

64 LQFP package information

23.1

sE PLAME D25

GALG

LEAD FORM PART

=
LA
= _ = o
m - | M
R
NN 3
S R S
| b

FEV.

DESCRIPTION

ENG

AFPROVAL

GENERATE.

JH. KIM

NOTES:

1. ALL DIMENSION REFER TQ JEDEC STANDARD Ms-026-BCD.

2. DIMENSIONS 'D1" AND 'E1' DO NOT INCLUDE MOLD PROTRUSION.
ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1" AND 'E1' ARE

COMMON DIMENSIONS
{UNITS OF MEASURE=MILLIMETER)

sYMBOL | MIN NOM MAX
A - - 1.80
Al 005 - 0.15
A2 125 140 145
b 0.17 0.22 0.27
bi 0.47 0.20 0.23
c 0.08 - 0.20
c1 0.08 - 0.18
D 11.30 12.00 12.20
D1 9.20 10.00 10.20
E 11.80 12.00 12.20
Ei 9.80 10.00 10.20
. 0.50 B5C
L 0er | a0 | o718
L1 1,00 REF
8 T _ 35 _ T

MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.

3. DIMENSION o' DOES NOT INCLUDE DAMBAR PROTRUSION.

ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH
TO EXCEED THE MAXIMUM 'b' DIMENSION BY MORE THAN 0.08MM.

4.'A1"1S DEFINED AS THE DISTANCE FROMTHE SEATING PLANE TO THE
LOWEST POINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE: NONE u.im"__..._m...: DRAIMN: 15 KaNG | Tme
A [ LQFP 10X10MM 64LD
T FRAL CHECKED:
e R 1 | B TEEE o PACKAGE OUTLINE
UNLESS e N el
SPECIFIED f,._w\ T | S AFPROVED: v CHAS
CAD NAME: DRANING NUMEER: REV. SHEET:
ABOV SEMICONDUCTOR|  ougiomoss | oloiocoss | — Do

Figure 54. 64 LQFP Package Dimension
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48 LQFP package information

23.2

GAUGE PLANE 0.25

[}

A A A AR

T
1
T
1
T
1
T
1
1
1
- -
|

LEAD FORM PART

A
A2
th“ Al
m| w
™
B B
b
_ b \l BASE METAL
olo
™
— WITH PLATING

SECTIOCNEB -B

DESCRIPTION

ENG

AFPROVAL

— GEMERATE.

¥J. CHAE

COMMOMN DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

NOTES:

SYMBOL | MIN NOM MAX
A — - 160
Al 0.05 — 0.15
A2 135 140 145
b 0.17 0.2z 0.27
b1 0.17 0.20 0.23
. 0.08 - 0.20
cl 0.08 — 0.16
D 5.80 .00 5.20
D1 5.80 7.00 7.20
E 5.80 5.00 5.20
Ei 5.50 7.00 7.20
e 0.50 BSC
L 045 | o080 | o075
L1 1.00 REF
8 0 _ 35° _ 7

. ALL DIMENSIONS REFER TO JEDEC STANDARD M5-026-BBC.

2. DIMENSION 'D1" AND 'E1" DO NOT INCLDUE MOLD PROTRUSIONS. ALLOWAEBLE
PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'ET' ARE MAXIMUM PLASTIC BODY
DIMENSIONS INCLUDING MOLD MISMATCH.
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Figure 55. 48 LQFP Package D
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44 LQFP package information

23.3
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Figure 56. 44 LQFP Package D
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40 QFN package information

23.4
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Figure 57. 40 QFN Package D
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24 Ordering information

Table 63. A31T214/216 Device Ordering Information

Device name Flash | SRA | SPI USA | 12C Timer PWM ADC | IO Op. Package
M RT port | Temp.[
S oc]

A31T216RLN 256KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 15-ch | 60 -40~85 64-LQFP
32-bit (2-ch)

A31T216CLN 256KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 11-ch | 44 -40~85 48-LQFP
32-bit (2-ch)

A31T216SNN 256KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 9-ch 40 -40~85 44-LQFP
32-bit (2-ch)

A31T214RLN 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 15-ch | 60 -40~85 64-LQFP
32-bit (2-ch)

A31T214CLN 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 11-ch | 44 -40~85 48-LQFP
32-bit (2-ch)

A31T214SNN 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 9-ch 40 -40~85 44-LQFP
32-bit (2-ch)

A31T214IUN 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 9-ch 38 -40~85 40-QFN
32-bit (2-ch)

A31T216RL2N* 256KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 15-ch | 60 -40~105 64-LQFP
32-bit (2-ch)

A31T216CL2N* 256KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 11-ch | 44 -40~105 48-LQFP
32-bit (2-ch)

A31T216SN2N* 256KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 9-ch 40 -40~105 44-LQFP
32-bit (2-ch)

A31T214RL2N* 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 15-ch | 60 -40~105 64-LQFP
32-bit (2-ch)

A31T214CL2N* 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 11-ch | 44 -40~105 48-LQFP
32-bit (2-ch)

A31T214SN2N* 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 9-ch 40 -40~105 44-LQFP
32-bit (2-ch)

A31T2141U2N 128KB 16KB | 2-ch 2-ch 2-ch 16-bit (4-ch) | 6-ch 9-ch 38 -40~105 40-QFN
32-bit (2-ch)

* For available options or further information on the devices with “*” marks, please contact the ABOV sales offices.
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ABOV MCU Nomenclature

Header ’
A: ABOV Semiconductor

Core of MCU
31: CMO+ / 33: CM3 / 34: CM4 / 96: M8051 / 93:CM8051 etc.

Application Area
G: General Purpose / M: Motor / R: Remote / L: Low Power / T : Touch etc.

Device Series
Device Serial number

Code memory Size
6:256KB / 4: 128KB etc.

Pin Count and PKG Type
R: 64pin / C: 48pin / S: 44pin etc.
L: LQFP1 0.5mm pin pitch / N: LQFP3 0.8mm pin pitch etc.

Temperature
2:-40°C~105°C / None: -40°C~85°C

Product Information
N, B : Internal Management Code

Packing
T: Tape & Reel / C: Chip Carrier / W: Wafer

Figure 58. 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.

25.1 Compiler

ABOV semiconductor does not provide any compiler for A31T214/216. However, since A31T214/216
have ARM's high-speed 32-bit Cortex-MO0+ Cores for their CPU, you can use all kinds of third party's
standard compiler such as Keil C Compiler. These compilers' output debug information can be
integrated with our A-Link and A-Link Pro. Please visit our website www.abovsemi.com for more
information regarding the A-Link and A-Link Pro.
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25.2 Debugger

The A-Link and A-Link Pro support ABOV Semiconductor’s A31T214/216 MCU emulation in SWD
Interface. The A-Link and A-Link Pro use two wires interfacing between PC and MCU, which is attached
to user’s system. The A-Link and A-Link Pro can read or change the value of MCU’s internal memory
and /O peripherals. In addition, the A-Link and A-Link Pro control MCU'’s internal debugging logic. This
means A-Link and A-Link Pro control emulation, step run, monitoring and many more functions
regarding debugging.

The A-Link and A-Link Pro run underneath MS operating system such as MS-Windows NT/ 2000/ XP/
Vista/ 7/ 8/ 8.1/ 10 (32-bit, 64-bit).

Programming information using the A-Link and A-Link Pro are provided in Figure 59. More detailed
information about the A-Link and A-Link Pro, please visit our website www.abovsemi.com and download
the debugger S/W and documents.

nReset—-10 J o 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 | e o 1 - Vec

Figure 59. A-Link and Pin Descriptions
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25.3

25.3.1

A31T214/216 Datasheet

Programmer

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 MCU @ 72MHz

*  Buffer memory: 1MB

.
i
i

s U

) 0

i
rflk'l
|

STATUS
c

OOODOC{}DOOOGOOX)%OOO
OOOODOOOODGOODO?OOOO

Figure 60. 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.

ABOV

a

Figure 61. E-Gang4 and E-Gang6 (for Mass Production)
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Revision history

Revision history

Revision | Date Notes

1.00 2021-10-28 Document Created

1.01 2021-11-25 Modify LCD block diagram

1.02 2021-12-20 Modified The start-up time of HSE Characteristics from Typ. 200 ms to
Typ. 2 ms.
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>.

1.06 2022-12-12 Updated font style of this document

Changed LED COM / SEG notation. (Change to ICOM/ISEG)
Added 40-QFN Package information.
Changed LCD COM / SEG notation.
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Important notice

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 Manager
Tel: +82-2-2193-2206

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

ABOV Disclaimer

HQ, Ochang

R&D, QA, and Test Center
93, Gangni 1-gil, Ochang-eup,
Cheongwon-gun,
Chungcheongbuk-do,

28126, Korea

Tel: +82-43-219-5200

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

Global Sales Manager
Tel: +82-2-2193-2281

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

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 of ABOV
products before placing orders. Purchasers are entirely responsible for the choice, selection, and use of ABOV products and
ABOQV 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. All other product 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.
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