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FEATURES

ROM: 4K x 14 bits MTP (Multi Time Programmable ROM)
RAM: 184 x 8 bits
STACK: 8 levels
System Oscillation Sources(Fsys):
® Fast-Clock:
- FIRC (Fast Internal RC): 12 MHz (can be trimmed)
- FXT (Fast Crystal): 1~12 MHz
® Slow-Clock:
- SIRC (Slow Internal RC): 128 KHz @VCC=3V
- SXT (Slow Crystal): 32768 Hz

System Clock Prescaler

M 0w np e

o

® System Oscillation Source can be divided by 8/ 4/ 2/ 1 as System Clock (Fsys)
6. Dual System Clock:
® FIRC +SIRC
® FIRC + SXT
® FXT +SIRC
7. Power Saving Operation Mode
® Fast Mode: CPU is running at fast clock. Slow Clock can be disabled or enabled
® Slow Mode: CPU is running at slow clock. Fast Clock stops.
® Stop Mode: Clocks stop, Wake-up Timer is disabled or enabled
8.  Reset Source
® Power On Reset / Watchdog Reset / Low Voltage Reset / External Pin Reset
9. 3-Level Low Voltage Reset: 2.9V/2.3V/2.0V
10. ISP (In-System Programming) uses only 4 wires (VCC, VSS, PA1, PAQ)
11. 2 Independent Timers
® Timer0
- 8-bit timer divided by 1~256 pre-scaler option, Counter/ Interrupt / Stop function
- Overflow and Toggle out
® Timerl
- 16-bit timer with two pre-scalers, Counter/ Interrupt / Stop / Clear & Hold /Set / Reload
function

- Overflow and Toggle out
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12. Wake-up (WKT) Timer
® Clocked by build-in SIRC oscillator with 4 adjust Interrupt time interval

27ms/54ms/108ms/216ms @VCC=5V
13. Watchdog Timer

® Clocked by build-in SIRC oscillator with 4 adjust Interrupt time interval

108ms/216ms/864ms/1728ms @VCC=5V
14. 2 Independent PWMs

® PWMO:
- 11+2 bits, period-adjustable / duty-adjustable / Clear & Hold
- Clock Source: 108MHz (output of PLL) or system clock(Fsys)
- Width differential output pair
- Non-overlap durations adjustable
- High Drive/Sink up to 180mA

- 11+2 bits, period-adjustable / duty-adjustable / Clear & Hold
- Clock Source: 108MHz (output of PLL) system clock(Fsys)
- Width differential output pair
- Non-overlap durations adjustable
15. Interrupt
® Three external Interrupt pins
- 1pinisrising or falling edge wake-up triggered
- 2 pins are falling edge wake-up triggered
® Timer0/ Timerl /WKT(wake-up) Interrupts
® PWMO/PWML Interrupt
® CMP comparator Interrupt
16. Operational Amplifier(OPA) and Comparator
® OPA offset voltage < 2mV@Vo=1.5V, Ta=25C, VCC=5V, VSS=0V
® \With OPA offset calibration
® Both edge trigger selection for Comparator
® Comparator debounce time selection : 0/ 2/ 4/ 8 system clock period time
17. 12-bit Analog to Digital Convert(ADC):
® 13 external input channel from 10 pin
® 1 channel from OPA output
® ADC reference voltage = LDOC (2.5V) for TM57MA45
® ADC reference voltage = VCC (5V) for TM57MA46
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® 1 channel from internal reference voltage VBGO (1.25V).
18. 1/O Ports: Maximum 22 programmable 1/O pins

® Open-Drain Output

® CMOS Push-Pull Output

® Schmitt Trigger Input with pull-up resistor
19. High-Sink and High-Drive 1/0O for PWMO0

® Up to 180mA current 1/0 : PAO, PD7 (SOP20/DIP20 not support)
20. USB Charging Control

® Support Quick Charge 2.0 specification

® USB battery charging specification revision 1.2 compatible
21. Instruction Set

® 39 instructions
22. Instruction Execution Time

® 2 oscillation clocks per instruction except branch
23. Table Read Instruction: 14-bit ROM data lookup table
24. Operation Voltage: Low Voltage Reset Voltage to 5.5V

® Fsys=12 MHz, 2.5V ~55V
25. Package Type:

® SOP28/DIP28 (TM57MA45: ADC VREF = LDOC=2.5V)

® SOP28/DIP28 (TM57MA46: ADC VREF = VCC=5V)

® SOP24, DIP24 (TM57MA46: ADC VREF = VCC=5V)

® SOP20, DIP20 (TM57MA46: ADC VREF = VCC=5V)
26. Support EV board on ICE

EV board: EV8214
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SYSTEM BLOCK DIAGRAM
] ]
FIRC <« Interrupt [ €— INT0/1/2
SIRC 4= Gtg,:r:gg;or 184B '
FXT/SXT «—> AKMTP L oM Port A [« PAO~PAG
ROM <«— PA7
AOP/AOP2 PortB  [«—> PBO~-PB5
ALP — Coap'g\ra/ltor p
AIN P >
A1X i PortD [¢—> PDO~PD7
8-bit
PWMOP <«— RISC core
PWMO USB |—— DPO/DMO
PWMON <«— Quick |—— DP1/DM1
PWM1P «—
NI PWML WDT Charge +—— DP2/DM2
' Timer0 WKT
ADCO- _ LVR Reset |<— nRESET
ADC12 —>{ 12BItADC Timerl POR
I I I I
I I I
VCC VSS VPP
TM57MA45/MA46 Block Diagram

I R R R EENECZCSS——————————
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PIN ASSIGNMENT DIAGRAM

VSS[1 | N 28| LDOC/AVREF
VSSA[ 2 | [27]VCC/VDDA
XIN/PA4[ 3| 26| PA6/ADCO/INTO/
XOUT/PA3[ 4 | [ 25|PAL/ADCL/INTL/
VPP/NRESET/INT2/PA7[5 | | 24]PA2/ADC2/TMOCKI/
AOPL/TIOUT/PDO[6 | TM57MA45 | 23]PAO/ADC3/PWMOP
AOP2/PD1[ 7 | [22]VvDDIO
PD2[8 | 28-Pin 21]VssIO
ALP/PD3[9 | 20/ PD7/ADCA4/PWIMON
AIN/PDA[10] 19| PB1/ADC5/PWMIN
PD5[11] 18| PBO/ADC6/PWM 1P
ADC12/CC2/PB2[12] | 17] PAS/ADC7/TOOUT/
ADC11/CC1/PB3[13] 16 | PD6/ADC8/TCOUT
ADC10/ IPB4[14] 15| PB5/ADCY/
VSS[ 1| N [28]LDOC
VSSA[ 2 | [27]VCC/VDDA/AVREF
XIN/PA4[ 3| [ 26]PA6/ADCO/INTO/
XOUT/PA3[ 4 | [ 25|PA1/ADCL/INT1/
VPP/INRESET/INT2/PA7[5 | | 24]PA2/ADC2/TMOCKI/
AOP1/TIOUT/PDO[6 | TM57MA46  [23]PAO0/ADC3/PWNMOP
AOP2/PD1[ 7 | [22]VDDIO
PD2[8 | 28-Pin 21]VSSIO
ALP/PD3[9 | [ 20] PD7/ADCA/P\WMON
AIN/PDA[10] | 19] PB1/ADCS/PWM 1N
PD5[11] 18 | PBO/ADC6/PWM 1P
ADC12/CC2/PB2[12] |17 |PAS/ADC7/TOOUT/
ADC11/CC1/PB3[13] 16 | PD6/ADC8/TCOUT
ADC10/01V10//PB4[14] 15 | PB5/ADCY/
VSS[1 | J [ 24]VCC/IVDDA/AVREF
XIN/PA4[ 2 | 23] PA6/ADCO/INTO/
XOUT/PA3[ 3| [22]PA1/ADCL/INTL/
VPP/NRESET/INT2/PA7[4 | | 21]PA2/ADC2/TMOCKI/
AOPUTIOUT/PDO[S | 10\ 57MA46 20| PAO/ADC3/PWMOP
AOP2/PD1[ 6 | [ 19]VvDDIO
PD2[ 7 | 24-Pin [ 18]VSSIO
A1P/PD3[ 8 | [17]PD7/ADC4/PWMON
AIN/PD4[ 9 | 16] PBL/ADC5/PWM 1IN
PD5 (10| [ 15] PBO/ADC6/PWM 1P
ADC10/ PB4[11 | [14] PAS/ADC7/TOOUT/
ADCY/PB5[12 | [ 13] PD6/ADC8/TCOUT

DS-TM57MA45/MA46_E
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VSS[1 | J 20| VCC/VDDA/AVREF
XIN/PA4[ 2 | [19] PAG/ADCO/INTO/
XOUT/PA3[ 3 | (18] PAL/ADC1/INTY/
VPP/NRESET/INT2/PA7[ 4 | [ 17]PA2/ADC2/TMOCKI/
AOPUTIOUT/PDO[5 | TMS7MA46  Fig pao/aDCaPWIVIOP
AOP2/PD1[ 6 | [15] PD7/ADC4/PWMON
PD2[7 | 20-Pin [ 14| PAS/ADC7/TOOUT/
A1P/PD3[ 8| [ 131 PD6/ADC8/TCOUT
AIN/PD4[ 9 | [ 12] PB5/ADCO/DPO
PD5 (10 [ 11] PB4/ADC10/DMO
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PIN DESCRIPTIONS

Name In/Out Pin Description
Bit-programmable 1/0 port for Schmitt-trigger input, CMQOS push-pull output or

PAG6-PAO 1/0 .
open-drain output.
VPP/
nRESET/ | External Program High Voltage/External active low reset/ Schmitt-trigger input
PA7
VCC,VDDA, . .
VSS.VSSA P Power input pin and ground
VDDIO, VSSIO P Power input pin and ground for PWMON/PWMOP
INTO~INT2 | External interrupt input
XIN | Xtal input
XOUT 0 Xtal output
PB5-PBO /0 Bit-progr.ammable 1/0 port for Schmitt-trigger input, CMOS push-pull output or
open-drain output.
PD7-PDO /0 Bit-progr.ammable 1/0 port for Schmitt-trigger input, CMOS push-pull output or
open-drain output.
PWMON
PWMOP
PWMIN 0 PWMO/PWML1 outputs
PWM1P
ADC12~ADCO | Analog to Digital Convert input pin
TMOCKI | Timer0 counter mode input pin
TMOOUT o] Timer0 overflow toggle output
TM10UT 0 Timerl overflow toggle output
Cc1/ccz2 1/0 USB Battery Charge CC1/CC2
DPO/DMO 1/0 USB Battery Charge DPO/DMO
DP1/DM1 1/0 USB Battery Charge DP1/DM1
DP2/DM2 1/0 USB Battery Charge DP2/DM2
DACOA/DACOB DACO output

O

DAC1A/DACI1B O DAC1 output
|
|

AOP1, AOP2 Operational Amplifier input OPP
A1P,AIN Comparator input
AVREF p ADC VREF (ADC Reference Voltage)=LDOC (for TM57MA45)
ADC VREF (ADC Reference Voltage)=VCC (for TM57MA46)
LDOC o] Low Drop Output(2.5V), when F13.3=0; need connect 1uF to Ground

Programming pins:
Normal mode: VCC/VSS/PAO/PALl/PA2/PA3/PA4[PAT (VPP)

ISP mode with high voltage: VCC / VSS / PAQ / PA1 / PA7 (VPP) -When using ISP (In-system Program) mode,
the PCB needs to remove all components of PAO, PA1, PA7.

ISP mode without high voltage: VCC / VSS / PAQ / PAL -When using ISP (In-system Program) mode with internal
high voltage, the PCB needs to remove all components of PAO, PA1.
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Pin Summary

Pin GPIO g
number Input | Output | = |Alternate Function
Pin Name § =% % % a
23 Flelg|lolals|s|8lo ¢
oo | c = O wn
21812 HHEMEBEHEEEEE
2| d x o
1 VSSA| P
2111 VSS| P
31212 XIN/PA4|1/0| O O | O |PA4
41313 XOUT/PA3|I/O| O O | O |PA3
5|44 VPP/NRESET/INT2/PA7| | 0|0 PA7
6|55 AOP1/TM1OUT/PDO| I/O | O O | O |PDO 0] TM10UT
716 1|6 AOP2/PD1|I/O| O O | O |PD1 0]
8|7 |7 PD2|1/0| O O | O |PD2 O
91818 Al1P/PD3|1/0| O O | O |PD3 O
101 9 |9 AIN/PD4|1/0| O O | O |PD4 O
11]10 |10 ALX/PD5|1/0| O O | O |PD5 0]
12 CC2/ADC12/PB2|1/0| O O | O |PB2 0]
13 CC1/ADC11/PB3|1/O0| O O | O |PB3 0]
14]11 |11 DMO/ADC10/PB4| 1/O | O O | O |PB4 O
15|12 |12 DPO/ADCY9/PB5| I/O | O O | O |PB5 O
16|13 |13 TCOUT/ADCS8/PD6| I/O | O O | O |PD6 O | TCOoUuT
17|14 |14 DM2/TMOOUT/ADC7/PA5|1/0 | O O | O |PAS O | TMOOUT
18|15 |15 PWM1P/ADC6/PBO| I/O | O O | O |PBO| O 0]
19|16 |16 PWMI1N/ADC5/PBL| I/O| O O | O |PB1 O 0]
20| 17 PAMON/ADC4/PD7|1/0 | O O | O |PD7| O O
21|18 VSSIO| P
22119 VDDIO| P
23120 PWMOP/ADC3/PAO| I/O| O O | O |PAO| O 0]
24|21 |17 DP2/TMOCKI/ADC2/PA2| 1/0| O O | O |PA2 O | TMOCKI
25|22 |18 DM1/INT1/ADC1/PAL|1/O| O | O | O | O |PAL 0]
26| 23|19 DP1/INTO/ADCO/PAG|I/O| O | O | O | O |PA6 O
27|24 |20 VCC/VDDA| P
28 LDOC| P
Symbol : O.D. = Open Drain
P.P. = Push-Pull Output
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FUNCTION DESCRIPTION

1. CPU Core

1.1 Clock and Instruction Cycle

The system clock is internally divided by two to generate Q1 state and Q2 state for each instruction cycle.
The Programming Counter (PC) is updated at Q1 and the instruction is fetched from program ROM and
latched into the instruction register in Q2. It is then decoded and executed during the following Q1-Q2
cycle. Branch instructions take two cycles since the fetch instruction is ‘flushed’ from the pipeline, while
the new instruction is being fetched and then executed.

rys [ LT L L L L L
Instruction I_I—I I—I | | | | | | |
M CTH €2 € CD €D € €D ED D CD ED CY

IrlfitF::ﬁtr:gn | Fetch Execute
Flow Fetch Execute
Branch Fetch Flush
Instruction Fetch Execute

Terminology definitions:

(1) Fsys: System clock. The main clock that drives the core logic and all peripherals. The clock source

can be either Fast-clock or Slow-clock which can be set by register.

(2) Instruction Cycle = Fsys /2

FIRC: Fast Internal RC oscillator
SIRC: Slow Internal RC oscillator
FXT: Fast external crystal oscillator
SXT: Slow external crystal oscillator

I R R R EENECZCSS——————————
DS-TM57MA45/MA46_E 13 Rev 0.92, 2018/02/23



A

c;“: —+-3k TM57MA45/MA46 Data Sheet

1.2 Program ROM (PROM)

The MTP Program ROM of this device is 1K words, with an extra INFO area to store the SYSCFG. The
ROM can be written multi-times and can be read as long as the PROTECT bit of SYSCFG is not set. The
SYSCFG can be read no matter PROTECT is set or cleared, but can be written only when PROTECT is
not set or ROM is erased. That is, unprotect the PROTECT bit needs the erased ROM

Program Memory

000 Reset Vector
001
Interrupt Vector
009
USER CODE
FFH
SYSCFG (INFO area)

DS-TM57MA45/MA46_E 14 Rev 0.92, 2018/02/23
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1.3 Programming Counter (PC) and Stack

The Programming Counter is 10-bit wide capable of addressing a 4K x 14 MTP ROM. As a program
instruction is executed, the PC will contain the address of the next program instruction to be executed.
The PC value is normally increased by one except the followings. The Reset Vector (000h) and the
Interrupt Vectors (from 001h to 009h) are provided for PC initialization and Interrupts. For
CALL/GOTO instructions, PC loads the lower 10 bits address from instruction word. For
RET/RETI/RETLW instructions, PC retrieves its content from the top level STACK. For the other
instructions updating PC [7:0], the PC [11:8] keeps unchanged. The STACK is 12-bit wide and 8-level in
depth. The CALL instruction and Hardware interrupt will push STACK level in order. While the
RET/RETI/RETLW instruction pops the STACK level in order.

For table lookup, the device offer the powerful table read instructions TABRL, TABRH to return the 14-
bit ROM data into W register by setting DPRT={DPH, DPL} F-Plane registers.

<~ Example: to look up the FLASH ROM data located “TABLE1” and “TABLE2”.

ORG 00h : Reset Vector
GOTO START
ORG 60h
START:
MOVLW 00h
MOVWF INDEX ; Set lookup table’s address
LOOP:
MOVFW INDEX ; Move index value to W register
CALL TABLE1 ; To lookup data, W=55h
GOTO LOOP - Go to LOOP label
MOVLW (TABLE2>>8)&0xff
MOVWF DPH : DPH register (F18.1~0)
MOVWF (TABLE2)&0xff
MOVWF DPL : DPL register (F17.7~0)
TABRL : W=86h
TABRH ; W=19h
TABLEL1:
ADDWF PCL, 1 : Add the W with PCL, the result back in PCL
RETLW 55h : W=55h when return
RETLW 56h : W=56h when return
RETLW 58h : W=58h when return
ORG f68h
TABLE2:
.DT 0x1986, 0x3719, 0x2983 : 14-bit FLASH ROM data

DS-TM57MA45/MA46_E 15 Rev 0.92, 2018/02/23
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1.4 ALU and Working (W) Register

The ALU is 8-bit wide and capable of addition, subtraction, shift and logical operations. In two-operand
instructions, typically one operand is the W register, which is an 8-bit non-addressable register used for
ALU operations. The other operand is either a file register or an immediate constant. In single operand
instructions, the operand is either W register or a file register. Depending on the instruction executed, the
ALU may affect the values of Carry (C), Digit Carry (DC), and Zero (Z) Flags in the STATUS register.
The C and DC flags operate as a /Borrow and /Digit Borrow, respectively, in subtraction.

Note: /Borrow represents inverted of Borrow register.
/Digit Borrow represents inverted of Digit Borrow register

I R R R EENECZCSS——————————
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1.5 RAM Addressing Mode

There are two Data Memory Planes in CPU, R-Plane and F-Plane. The F-Plane supports rich
instructions operation, such as ADDWF, INCF, MOVWF, ..., while the R-Plane only supports MOVWR
and MOVRW instructions to exchange data between R-Plane and W-Register.

The R-plane can be indirect accessed via RSR register (F1C.7~0) and INDR (R00). The INDR register is
not a physical register. Addressing INDR actually addresses the register whose address is contained in
the RSR register (RSR is a pointer)

The lower locations of F-Plane are reserved for the SFR. Above the SFR is General Purpose Data
Memory, implemented as a static RAM. F-Plane can be addressed directly or indirectly. Indirect
Addressing is made by INDF register. The INDF register is not a physical register. Addressing INDF
actually addresses the register whose address is contained in the FSR register (FSR is a pointer). The first
half of F-Plane is bit-addressable, while the second half of F-Plane is not bit-addressable.

R-Plane F-Plane
SFR
Bit Addressable
MOVWR /MOVRW
- . 1F
instruction
20 RAM
27 Bit addressable
28 RAM B8 RAM
Bit addressable Bit addressable
3F 3F Bank0 BF Bankl
40 co
RAM RAM
Bank0 Bank1
7F FF

< Example: Write immediate data into R-Plane register.

MOVLW AAh ; Move immediate AAh into W register
MOVWR 05h ; Move W register value into R-Plane location 05h data register

< Example: Move the immediate data 55h to W register and F-Plane location 20h

MOVLW 55h ; Move immediate 55h into W register
MOVWEF 20h ; Move W register value into F-Plane location 20h data register

< Example: Move R-Plane location 0Bh data into W register

MOVRW 0Bh ; To get a content of R-plane location OBH and save in W.
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<~ Example: Move F-Plane location 20h data into W register

MOVFW 20h ; Get a content of F-Plane location 20h and save into W.
< Example: Indirectly addressing mode with FSR/INDF register. (F-Plane 04h / 00h)

MOVLW 20h

MOVWF FSR ; Move immediate 20h into FSR register

MOVLW 55h

MOVWEF INDF ; Use data pointer FSR write data into F-Plane location 20h
; (immediate data 20h into F-Plane 20h)

INCF FSR, 1 ; Increment the index address for the next address

MOVFW INDF ; Use data pointer FSR read a data from F-Plane location 21h

; (W register get data from F-Plane 21h)

B — EEEEEEE————
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1.6 STATUS Register (F-Plane 03H)

This register contains the arithmetic status of ALU and the Reset status. The STATUS register can be the
destination for any instruction, as with any other register. If the STATUS register is the destination for an
instruction that affects the Z, DC or C bits, then the write to these three bits is disabled. These bits are set
or cleared according to the device logic. It is recommended, therefore, that only BCF, BSF and MOVWF
instructions are used to alter the STATUS Register because these instructions do not affect those bits.

TM57MA45/MA46 Data Sheet

STATUS Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset Value 0 0 0 0 0 0 0 0
R/W R/IW R/W R/W R R R/W R/W R/W
Bit Description
7 GBO: General Purpose Bit 0
6 GB1: General Purpose Bit 1
RAMBK: Ram Bank select
5 0: Bank 0
1: Bank 1
TO: Time Out Flag
4 0: after Power On Reset, LVR Reset or CLRWDT/SLEEP instruction
1: WDT time out occurs
PD: Power Down Flag
3 0: after Power On Reset, LVR Reset or CLRWDT instruction
1: after SLEEP instruction
Z: Zero Flag
2 0: the result of a logic operation is not zero
1: the result of a logic operation is zero
DC: Decimal Carry Flag or Decimal / Borrow Flag
ADD instruction SUB instruction
1 0: no carry 0: a borrow from the low nibble bits of the
1: a carry from the low nibble bits of the  |result occurs
result occurs 1: no borrow
C: Carry Flag or /Borrow Flag
0 ADD instruction SUB instruction
0: no carry 0: a borrow occurs from the MSB
1: a carry occurs from the MSB 1: no borrow

< Example: Write immediate data into STATUS register.

MOVLW
MOVWF

00h
STATUS

; Clear STATUS register

< Example: Bit addressing set and clear STATUS register.

BSF
BCF

STATUS, 0
STATUS, 0

: Set C=1

: Clear C=0;

< Example: Determine the C flag by BTFSS instruction.

BTFSS STATUS, 0 ; Check the carry flag
GOTO LABEL_1 ;If C=0, goto LABEL_1
GOTO LABEL 2 ;IfC=1, goto LABEL 2

DS-TM57MA45/MA46_E
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1.7 Interrupt

The TM57MA45/MA46 has 9 vectors and 9 interrupt sources. Each interrupt source has its own enable
control bit. An interrupt event will set its individual interrupt flag.

Adr Description
00 Reset Vector
01 Comparator Interrupt
02 PWMO Interrupt
03 PWML1 Interrupt
04 External PinO(PA6) Interrupt
05 External Pin1(PAL) Interrupt
06 External Pin2(PA7) Interrupt
07 Wakeup Timer Interrupt
08 Timer0 Interrupt
09 Timerl Interrupt

If the corresponding interrupt enable bit has been set, it would trigger CPU to service the interrupt. CPU
accepts interrupt in the end of current executed instruction cycle. In the mean while, a “CALL
00n”(n=01h ~ 09h) instruction is inserted to CPU, and i-flag is set to prevent recursive interrupt nesting.

The i-Flag is clear in the instruction after the “RETI” instruction. That is, at least one instruction in main
program is executed before service the pending interrupt. The interrupt event is level triggered. F/W must
clear the interrupt event register while serving the interrupt routine.

Interrupt
Source

Interrupt Pending

\ i-El Interrupt
} I-Flag

Vector

|

Interrupt
Enable

DS-TM57MA45/MA46_E 20 Rev 0.92, 2018/02/23



o

TM57MA45/MA46 Data Sheet

Y

<~ Example: Setup INT1 (PA1) interrupt request and rising edge trigger.

ORG
GOTO

START:

MOVLW
MOVLW
BSF

MOVLW

MOVWR
MOVLW
MOVWR
MOVLW
MOVWF

MAIN:

GOTO

000h
START

01h
CMP_SUBROUTINE

05h
INT1_SUBROUTINE

100h

XXXX00xxB
PAMODL
PAD, 1
10100100B
ROD
11111101B
INTIF
00000010
INTIE

MAIN

CMP_ SUBROUTINE:

MOVLW
MOVWEF

111111110b
INTIF1

INT1_SUBROUTINE:

MOVLW
MOVWF

11111101b
INTIF

; Reset vector
; Goto user program address

; Comparator interrupt vector
; If comparator interrupt occurs

; INT1 interrupt vector
;IFINTL interrupt occurs

; Set INT1 (PAL) pin mode as 0

; Release INT1, set PA1 as input with Pull-up resistor

; Set HWAUTO=1, INT1 interrupt trigger as rising edge

; Clear INT1 interrupt request flag

; Enable INT1 interrupt

; clear Comparator interrupt request flag

; clear INT1 interrupt request flag

FO8

Bit 7

Bit 6

Bit5

Bit 4

Bit 3

Bit 2

Bit 1

Bit0

INTIE

PWMOIE

PWML1IE

TMI1IE

TMOIE

WKTIE

INT2IE

INT1IE

INTOIE

R/IW

R/IW

R/IW

RIW

RIW

RIW

RIW

RIW

RIW

Reset

0

0

0

0

0

0

F08.7

F08.6

PWMOIE: PWMO interrupt enable
0: disable
1: enable

PWML1IE: PWML1 interrupt enable
0: disable
1: enable

DS-TM57MA45/MA46_E
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F08.5 TMLIE: Timerl interrupt enable
0: disable
1: enable
F08.4 TMOIE: TimerO interrupt enable
0: disable
1: enable
F08.3 WKTIE: Wake up Timer interrupt enable
0: disable
1: enable
F08.2 INT2IE: External Pin2 (PA7) interrupt enable
0: disable
1: enable
F08.1 INTL1IE: External Pinl (PAL) interrupt enable
0: disable
1: enable
F08.0 INTOIE: External Pin0 (PAG) interrupt enable
0: disable
1: enable
F09 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIF PWMOIF | PWML1IF TMI1IF TMOIF WKTIF INT2IF INT1IF INTOIF
RIW RIW RIW R/W R/W RIW RIW RIW R/IW
Reset 0 0 0 0 0 0 0 0
F09.7 PWMOIF: PWMO interrupt flag
This bit is set by H/W while PWMO period is completed, write O to this bit will clear this flag
F09.6 PWML1IF: PWML1 interrupt flag
This bit is set by H/W while PWM1 period is completed, write O to this bit will clear this flag
F09.5 TMAIIF: Timerl interrupt flag
This bit is set by H/W while Timerl overflows; write 0 to this bit will clear this bit
F09.4 TMOIF: TimerO0 interrupt flag
This bit is set by H/W while Timer0 overflows; write 0 to this bit will clear this flag
F09.3 WKTIF: Wake up Timer interrupts flag
This bit is set by H/W while WKT time out, write 0 to this bit will clear this flag
F09.2 INT2IF: External Pin2 (PAT) interrupt event pending flag
This bit is set by H/W at INT2 pin’s falling edge, write 0 to this bit will clear this flag
F09.1 INT1IF: External Pinl (PAL) interrupt event pending flag
This bit is set by H/W at INT1 pin’s falling edge, write 0 to this bit will clear this flag
F09.0 INTOIF: External Pin0 (PA6) interrupt event pending flag

This bit is set by H/W at INTO pin’s falling/rising edge, write O to this bit will clear this flag
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FOA Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIEL - - - - - - - CMPIE
RIW - - R/IW
Reset - - - - 0
FOA.1 CMPIE: Comparator interrupt enable
0: disable
1: enable
FOB Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIF1 - - - - - - - CMPIF
R/W - - R/IW
Reset = - - - - 0
FOB.1 CMPIF: Comparator event pending flag
This bit is set by H/W while comparator interrupt occur, write 0 to this bit will clear this flag
ROD Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 | Bitl | Bit0
MROD | INT1EDG | TMI1CM |HWAUTO - - ADCLKS
R/W R/W R/W R/IW R/W
Reset 0 0 0 - 0 | 0 | 0
ROD.7 INTL1EDG: External Pin1(PAL) trigger edge select

0: INT1 (PA1) pin falling edge to trigger interrupt event
1: INT1 (PA1) pin rising edge to trigger interrupt event

ROD.5 HWAUTO: H/W auto save/restore STATUS w/o TO, PD
0: H/W disables auto save/restore STATUS during Interrupt
1: H/W enables auto save/restore STATUS during Interrupt
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2. Chip Operation Mode

2.1 Reset
The TM57MA45/MA46 can be RESET in four ways.

- Power-On-Reset

- Low Voltage Reset (LVR)
- External Pin Reset (PA7)
- Watchdog Reset (WDT)

After Power-On-Reset, all system and peripheral control registers are then set to their default hardware
Reset values. The LVR level is selected by the SYSCFG register value.

The Low Voltage Reset features static reset when supply voltage is below a threshold level. There are
three threshold level can be selected. The LVR’s operation mode is defined by SYSCFG. See the
following LVR Selection Table; user must also consider the lowest operation voltage of operating
frequency.

LVR Selection Table

LVR level Operating voltage

LVR29 5.5V >VCC > 3.3V or VCC is fixed at 5.0V
LVR23 55V >VCC>2.7V

LVR22 VCC is wide voltage range

The External Pin reset can be disabled or enabled by the SYSCFG. These reset also clear all the control
registers to their default reset value. The TO/PD flag are not affected by these resets.

<~ Example: Defining Reset Vector

ORG 000h
GOTO START ; Jump to user program address
ORG 100h
START:
; 100N, the head of user program
GOTO START
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2.2 System Configuration Register (SYSCFG)

The System Configuration Register (SYSCFG) is located at MTP INFO area address 0x001. The
SYSCFG determines the option for initial condition of MCU. It is written by PROM Writer only. User
can select LVR threshold voltage and chip operation mode by SYSCFG. The 13th bit of SYSCFG is
code protection selection bit. If this bit is 1, the data in MTP ROM will be protected when user reads
MTP ROM.

Bit 13~0
Default Value 00_0000_XXXX_XXXX

Bit Description

13 PROTECT: Code Protection Select
1 Enable
0 Disable

12 XRSTE | External Pin (PA7) Reset Enable
1 Enable
0 Disable (PA7 as input pin)

11-10 LVR: Low Voltage Reset Mode

11 LVR level =2.2V, always enable
10 Reserved

01 LVR level =2.3V

00 LVR level =2.9V

9-8 WDTE: WDT Reset Enable

11 WDT always enable

10 WDT enable in FAST/SLOW mode, disable in STOP mode
0x WDT disable

7-0 Tenx Reserved

I R R R EENECZCSS——————————
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2.3 Power-Down Mode
The Power-down mode is activated by SLEEP instruction. During the Power-down mode, the system

clock and peripherals stop to minimize power consumption, whether the WDT/WKT Timer are working
or not depend on F/W setting. The Power-down mode can be terminated by Reset, or enabled Interrupts

(External pins, WKT)

RO3 Bit7 | Bit6é | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PWRDN PWRDN
RIW w
Reset | - [ - [ - [ - [ - [ - T - T -

R03.7~0 PWRDN: Write this register to enter Power-down Mode

I R R R EENECZCSS——————————
DS-TM57MA45/MA46_E 26 Rev 0.92, 2018/02/23



o

< -» |3%E TM57MA45/MA46 Data Sheet

Y

2.4 System Clock and Operation Mode Selection

TM57MA45/MA46 is designed with dual-clock system. There are four kinds of clock source, FIRC (Fast
Internal RC), FXT (Fast Crystal, 1~12MHz), SIRC (Slow Internal RC) and SXT (Slow Crystal, 32KHz).
Each clock source can be applied to CPU kernel as system clock. Refer to the Figure as below. There is a
PLL module in TM57MA45/MA46. This PLL can pump the 12MHz FASTCLK to 108MHz clock for
PWM.

SRC . WDT
07 sLowcLk
XI—  XT J1
XO0— 0sC ”
»0 —
Divide
FCKTYPE SCKTYPE 1 e [ Y
(FOCh.6) (Foch.7) d ?
Ftrim[4:0]—»  FRC »0 ) FASTCLK CPUCKS CPUPSC
1 » (Foch.2)  (FOCh.1~0)
Fsys—»|
FCKTYPE 2*Fsys—»{1 PWMOCLK
(FOCh.6) PLL »2,3
PWMOCKS
(F17.5~4)
Fsys
PrFsys— PWMICLK
PWM1CKS
(F17.7~6)

Clock Scheme Block Diagram

TM57MA45/MA46 is operated indifferent modes: Fast Mode, Slow Mode and Stop mode.

Fast Mode

In this Mode, the program is executed using Fast-clock as CPU clock (Fsys). The TM57MA45/MA46
enters Fast mode by setting the CPUCKS (FOC.2) when it is in SLOW mode. If user want to change to
Slow mode, Slow-clock should be enabled first (SLOWSTP=0), then switch to Slow-clock as CPU clock
(CPUCKS=0), turn off Fast-clock (FASTSTP=1) in the end.

Slow Mode

After power-on or reset, device enter Slow mode, the system default clock is SIRC. In this mode, the
Fast-clock can be stopped (by FASTSTP=1, for power saving) or run (by FASTSTP=0), and Slow-clock
is enabled. The TM57MA45/MA46 enters Slow mode by clear the CPUCKS when it is in Fast mode. If
user want to change to Fast mode, Fast-clock should be enabled first (FASTSTP=0), then switch to Fast-
clock as CPU clock (CPUCKS=1).
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STOP Mode

When TM57MA45/MAA46 is running in Slow Mode, if Slow-clock and WKT/WDT are disabled before
executing the SLEEP instruction, every block is turned off and the device enters the STOP mode. Once
the device is in STOP mode, the only way to wakeup device is by external pin interrupt.

CPU Mode & Clock Functions Table

TMO0/TM1
Mode | Oscillator Fsys Fast-clock Slow-clock | ADC Wakeup
PWMO0~1
Set by
Fast FIRC/XTAL | Fast-clock | Run SLOWSTP Run -
Slow | SIRC/XTAL | Slow-clock | 222 Run Run i
FASTSTP
Stop Stop Stop Stop Stop Stop 10

FAST mode switches to SLOW mode
The source clock of Slow-clock is SIRC or SXT according to SCKTYPE (FOC.7). If SCKTYPE is set the
clock source of Slow-clock is Slow Crystal (SXT), otherwise is Slow Internal RC (SIRC). The following
steps are suggested to be executed by order when FAST mode transits to SLOW mode.

Select Slow-clock type(SXT: SCKRTPE=1, SIRC: SCKTYPE=0)

Switch system clock source to Slow-clock (CPUCKS=0)

Stop Fast-clock (FASTSTP=1)

Example: Switch operating mode from FAST mode to SLOW mode with SXT

BSF SCKTYPE : select SXT as Slow-clock source
BCF CPUCKS ; switch system clock source to Slow-clock
BSF FASTSTP ; stop Fast-clock

SLOW mode switches to FAST mode
In this mode the system clock source can be FIRC or FXT according FCKTYPE (FO0C.6). If
FCKTYPE=0, the system clock is Fast Internal RC (FIRC), otherwise the clock source is Fast Crystal
(FXT). The following steps are suggested to be executed by order when SLOW mode transits to FAST
mode.

Enable Fast-clock (FASTSTP=0)
Switch system clock source to Fast-clock (CPUCKS=1)

Example: Switch operating mode from SLOW mode to FAST mode with FIRC

BCF FASTSTP : enable Fast-clock
BCF FCKTYPE : select FIRC as Fast-clock source
BSF CPUCKS ; switch system clock source to Fast-clock
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STOP Mode Setting
The STOP mode can be configured by following setting in order:

Stop Slow-clock (SLOWSTP =1)

Stop WKT/WDT (WKTIE=0)

Shut down IVC/OPA, Comparator/LDOC for save power(PDIVC=1, PDANG=1, PDPLL=1,
PDLDO=1) for power saving

Execute Sleep instruction

Example: Switch FAST/SLOW mode to STOP mode

BSF SLOWSTP : disable Slow-clock
BCF WKTIE ; disable WDT/WKT
MOVLW 11x11xxxB ; shut down all analog power
MOVWF F13

MOVLW  xX11xxxx ; power saving option
MOVWF FOD

SLEEP

10 setting notes in STOP mode:
Note: In STOP mode, PA3 and PA4 must be set as input mode with internal pull-up enable (I0 mode 0)
to avoid floating state when select FXT or SXT mode.

Fast-clock | Slow-clock | PAD[4:3] | PAMODHI[1:0] | PAMODL[7:6]
1 | FIRC SIRC X X X
2 | FIRC SXT 11B 00B 00B
3 | EXT SIRC 11B 00B 00B
X: Don’t care
FOC Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | Bit0
CLKCTL |SCKTYPE|FCKTYPE - SLOWSTP|FASTSTP | CPUCKS CPUPSC
RIW RIW R/IW = RIW R/IW RIW R/W
Reset 0 0 - 0 0 0 1 | 1
FOC.7  SCKTYPE: Slow-clock type
0: SIRC
1: SXT
FOC.6 FCKTYPE: Fast-clock type
0: FIRC
1 FXT

FOC.4  SLOWSTP: Slow-clock stop running bit
0: enable Slow-clock running
1: Stop Slow-clock running

FOC.3  FASTSTP: Fast-clock stop running bit
0: enable Fast-clock running
1: Stop Fast-clock running
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FOC.2 CPUCKS: CPU clock source selection bit
0: select Slow-clock as system clock
1: select Fast-clock as system clock
FOC.1~0 CPUPSC: System clock source prescaler.
00: divided by 8
01: divided by 4
10: divided by 2
11: divided by 1

FOD Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MFOD | ADEOC | ADST PWRSAV - - - -
RIW RIW RIW RIW : - - -
Reset 0 0 1 | 1 - - - -

FOD.5 PWRSAVI1]: LVR auto power save enable bit
0: disable LVR auto power off in STOP mode
1: enable LVR auto power off in STOP mode

FOD.4  PWRSAV]0]: IVC auto power save enable bit
0: disable IVVC auto power off in STOP mode
1: enable 1\VC auto power off in STOP mode

F13 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
ANA_PWR| PDANG | PDPLL - PDIVC | PDLDO | PUMP | VCCELT | CLKFLT
R/IW R/IW R/IW = R/W R/W R/IW R/IW R/IW
Reset 1 1 = 0 1 0 0 0

F13.7 PDANG: OPA/CMP power down enable bit
0: power down disable
1: power down enable

F13.6 PDPLL: PLL power down enable bit
0: power down disable
1: power down enable

F13.4 PDIVC: IVC power down enable bit
0: power down disable
1: power down enable

F13.3 PDLDO: LDO power down enable bit
0: power down disable, LDOC pin output 2.5V
1: power down enable

RO3 Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PWRDN PWRDN

RIW W

Reset S R R R R R A

R03.7~0 PWRDN: Write this register to enter Power Down mode
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3. Peripheral Functional Block

3.1 Watchdog Timer (WDT) / Wakeup Timer (WKT)

The WDT and WKT share the same internal RC oscillator (SIRC) and have individual own counters. The
overflow period of WDT/WKT can be selected by individual prescaler (WDTPSC [1:0], WKTPSC [1:0]).

If the Watchdog is enabled (SYSCFG [9], WDTE [1]=1), the WDT generates the chip reset signal when
WDT overflows. Watchdog clear is controlled by CLRWDT instruction and moving any value into
WDTCLR (R04) to clear watchdog timer.

The WKT timer is an interval timer. When WKT timer overflows time out, it will generate overflow time
out flag “WKTIF” (F09.3). The WKT timer is cleared/stopped by WKTIE=0. Set WKTIE=1, the WKT
timer generate WKT overflow time out interrupt and always count regardless at any CPU operating mode.

XRSTE
(SYSCFG.12)

PIN
Po;ver On 7} _ ‘System
eset WDTE[1] * Reset
(SYSCFG.9)
Vlal(i\;\é]e Power down
Power [\ WDTE[0]
down > Detect “CLRWDT” (SYSCFG.8)
LVR[1:0] 2/ f -
(CFGWH.11~10) My
WDTE[1] SR A Time Out
(SYSCFG.9) ™ \wpT |
SIRC Timer

WDTPSC[1:0]

WKTIE (ROC.5~4)
CLR 4
» '|WKT t WKT
imer Interrupt
WKTPSC[1:0]

(ROC.7~6)

WKTIE

(F08.3)

WDT/WKT Block Diagram

I R R R EENECZCSS——————————
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Example: Clear watchdog timer by CLRWDT instruction

MAIN

Example: Clear watchdog by write WDTCLR register

MAIN

CLRWDT

GOTO

MOVWR

GOTO

MAIN

WDTCLR

MAIN

; execute program

: execute CLRWDT instruction

; execute program
; write any value into WDTCLR register

Example: set WKT period and interrupt function

MOVLW  10xxxxxxB ; ROC.7~6=2(WKTPSC)
MOVWR MROC
MOVLW 11110111B ; clear WKT interrupt flag by using byte operation
; don’t use bit operation “BCF WKTIF” to clear flag
MOVWF INTIF ; write 11110111B data to F-Plane 09H
MOVLW 00001000B ; enable WKT interrupt function
MOVWEF INTIE
FO3 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STATUS| GBl1 GBO0 RAMBK TO PD Z DC C
R/W R/IW R/W R/W R R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F03.4 TO: WDT time out flag, read-only
0: after Power On Reset, LVR Reset or CLRWDT/SLEEP instructions
1: WDT time out occurs
F08 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIE | PWMOIE [ PWMIIE | TMIIE TMOIE | WKTIE | INTZIE INT1IE INTOIE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F08.3 WKTIE: Wake up Timer interrupt enable
0: disable
1: enable
F09 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIF | PWMOIF [ PWMIIF | TM1IF TMOIE | WKTIF | INTZIF INT1IF INTOIF
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F09.3 WKTIF: Wake up Timer event pending flag

This bit is set by H/W while WKT time out, write O to this bit will clear this flag
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R04 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

WDTCLR WDTCLR

R/IW W

Reset | - [ - [ - [ - | - [ - 1 - T -
R04.7~0 WDTCLR: Write this register to clear WDT

ROC Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MROC WKTPSC WDTPSC TM1PSC | TMOOE | TCOE [TMIOE
RIW W W W W W W
Reset 0 0 0 0 0 0
ROC.7~6  WKTPSC: WKT pre-scale select (the time IS NOT precise enough for accurate timing
application)
00: 27ms
01: 54ms
10: 108ms
11: 216ms
ROC.5~4 WDTPSC: WDT pre-scale select (the time IS NOT precise enough for accurate timing
application)
00: 108ms
01: 216ms
10: 864ms
11: 1728ms
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3.2 8-bit Timer0

The Timer0 is an 8-bit wide register of F-Plane 01h (TMO). It can be read or written as any other
registers of F-Plane. Besides, Timer0 increases itself periodically and automatically rolls over based on
the pre-scaled clock source, which can be the instruction cycle or TMOCKI (PAZ2) rising/falling input.
The Timer0Q’s increasing rate is determined by the TMOPSC (R02.3~0). The TimerQ always generates
interrupt flag TMOIF (F09.4) and also reload the new data from TMORLD (R01.7~0) when it rolls over.
It generates TimerO interrupt if the TMOIE (F08.4) bit is set. TimerO can be stopped counting if the
TMOSTP (F12.0) bit is set.

DATA BUS
TMOCM 8
(R02.6)
8}/ | TMORLD
CAPT / PAG TMOSTP (R01.7~0)
(F12.0) I
8
TMOCL i
(RO2.7) EN To TMOOUT pin (PAS)
To INTO 8-BIT | 9 8-Bit TMOIE Timer0 Overflow

Interrupt and PRESCALER Timer0 0 Interrupt
Trig Timerl

start counting

4
TMOPSC[3:0] TF“(;'gLE
(R02.3~0) (FO8.4)
Instruction Cycle
TMOCKI D CPUCLK
SYNC
TMOEDG
(R02.5) TMOCKS
' (R02.4)
TMO Block Diagram

B — EEEEEEE————
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Timer Mode;

When the Timer0 prescaler (TMOPSC) is written, the internal 8-bit prescaler will be cleared to 0 to make
the counting period correct at the first TimerO count. TMOCLK is the internal signal that causes the
Timer0 to increase by 1 at the end of TMOCLK. TMOWR is also the internal signal that indicates the
Timer0 is directly written by instruction; meanwhile, the internal 8-bit prescaler will be cleared. When
Timer0 counts from FFh to TMORLD data, TMOIF (TimerQ Interrupt Flag) will be set to 1 and generate
interrupt if TMOIE (TimerO Interrupt Enable) is set. The following timing diagram describes the TimerQ
works in pure timer mode.

Fsys Uy
Instructioncycle | L0 L0 L0 L0 L L L L) L L L] L]
Write TMOPSC \
TMOPSC[3:0] 3 \ 1
PRESCALER (7 (8 )9 {0 12340y 1jf2) |
TMOCLK L]
Write TMORLD
TMORLD[7:0] 00 57
(RO1.7~0)
Write TMO S
TMO[7:0] k-2 | k-1 (kK  Jk+1( FF Y 57
(F01.7~0)
—
TMOIF

Timer0 Works in Timer mode

The equation of TMOOUT initial value is as following.
TMOOUT output frequency = Instruction cycle / TMOPSC/(256-TMORLD)

Example:
Setup TimerO to work in Timer mode and counting overflow toggle output to TMOOUT (PAD5) pin
configuration.
; setup TimerO clock source and divider.
MOVLW 00000101B

MOVWR TMOCTL ; TimerO clock source = Instruction cycle
; Divide by 32

: set TimerO reload data

MOVLW 80h
MOVWR TMORLD ; set timerO reload data = 128
: set TimerO timer.

BSF TMOSTP ; disable Timer0O counting (default “0”)
MOVLW 00H
MOVWF TMO : clear TimerO content
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; setup TMOOUT pin function.
MOVLW 11010100B
MOVWR ROC ; enable Timer0 match toggle output to TMOOUT (PA5)

; enable TMO timer and interrupt function.
MOVLW 11101111B ; clear Timer0 request interrupt flag

MOVWEF INTIF

MOVLW 00010000 ; enable TimerO0 interrupt function
MOVLW INTIE

BCF TMOSTP ; enable Timer0 counting (default <“0”)

Example:
Timer0 clock source is Fsys/2 = 6MHz, Timer0 divided by 32
TimerO interrupt frequency = 6MHz /32/(256-128) = 1464.84Hz

I R R R EENECZCSS——————————
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Counter Mode:

If TMOCKS=1 then Timer0 counter source clock is from TMOCKI Pin. TMOCKI signal is synchronized
by instruction cycle, which means the high/low time duration of TMOCKI must be longer than one
instruction cycle time to guarantee each TMOCKI’s change will be detected correctly by the synchronizer.
The following timing diagram describe the Timer0 works in counter mode

Fsys AJTJALTLJIJTJALTLJIJTJALTLJIJTJALTL[IJTJALTLJIJTJALTLJTJTJ77
nstruction cyele I 17 |1 |J 1 L L L
TMOCKI pin o | Lo [ L ‘

} cycle | Narrow :md;hd, inval{‘d CY‘CIS i i i }Narroxy Wld‘;hd, invalid i
TMOPSCI3:0] 0 |
TMOCLK I |
TMO[7:0] k. kel | (Ke2l K3

Timer0 works in counter mode for TMOCKI (TMOEDG=0)

Example
Setup Timer0 to work in counter mode and clock source from TMOCKI pin (PA2) configuration.

; setup TimerO clock source from TMOCKI pin (PA2) and divider.
MOVLW 00010000B

MOVWR TMOCTL ; select TimerO prescaler counting edge = rising edge
; TimerO clock source = TMOCKI pin (PA2)
; divided by 1

; set TimerO timer and stop Timer0 counting

BSF TMOSTP ; disable TimerO counting
MOVLW O00H
MOVWF TMO ; write 0 into TimerO register of F-Plane

: set TMO count and read Timer0O count
BCF TMOSTP ; enable Timer0 counting
NOP
NOP
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NOP
BSF TMOSTP ; disable Timer0 counting (default “0)
MOVFW TMO ; read TimerOQ value
FO1 Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
TMO TMO
R/W R/W
Reset o | o | o | o | o [ o | o | o
FO01.7~0 TMO: Timer0 content
FO08 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIE | PWMOIE | PWMIIE | TMIIE TMOIE | WKTIE | INTZIE INT1IE INTOIE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F08.4  TMOIE: Timer0 interrupt enable
0: disable
1: enable
F09 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIF | PWMOIF [ PWMIIF | TM1IF TMOIF | WKTIF INT2IF INT1IF INTOIF
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

F09.4  TMOIF: TimerO interrupt flag
This bit is set by H/W while Timer0 overflows; write 0 to this bit will clear this flag

F12 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MF12 |PWMOCLR|PWMICLR - - TMI1SET | TM1CLR | TM1STP | TMOSTP
R/W R/IW R/W = = R/IW R/IW R/IW R/W
Reset 0 0 = = 0 0 0 0

F12.0  TMOSTP: Timer0 counter stop
0: timer0 is counting
1: timer0 stops counting

R02 Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bitl | Bit0
TMOCTL | TMOCL | TMOCM | TOEDG | TMOCKS TMOPSC

RIW w W W W W

Reset 0 0 0 0 o | o [ o [ o

R02.7  TMOCL: TimerQ capture mode level
0: CAPT pin high level capture
1: CAPT pin low level capture

R02.6  TMOCM: Timer0 mode selection
0: Timer/Counter mode, clock source from Instruction cycle (Fsys/2) or TMOCKI
1: Capture mode, CAPT pin level duration
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R02,5 TMOEDG: TMOCKI (PA2) edge selection for Timer0 prescaler count
0: TMOCKI (PA2) rising edge for Timer0 prescaler count
1: TMOCKI (PA2) falling edge for TimerO prescaler count

R02.4  TMOCKS: Timer0 clock source select
0: Instruction cycle (Fsys/2) as TimerO prescaler clock
1: TMOCKI (PA2) as TimerQ prescaler clock

R02.3~0 TMOPSC: Timer0 prescaler. Timer0O clock source
0000: divided by 1

0001: divided by 2

0010: divided by 4

0011: divided by 8

0100: divided by 16

0101: divided by 32

0110: divided by 64

0111: divided by 128

1xxx: divided by 256
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3.3 Timerl

Timerl is a 16-bit counter used as Capture/Timer mode with 16-bit auto-reload register. Timerl can only
be accessed by reading F-plane TM1H and TM1L. Writing TM1H and TMLL is actually writing to
Timel reload registers. The clock sources of Timerl are Fsys and Instruction cycle, selected by TM1PSC.
Setting the bit TM1CLR will clear Timerl and hold Timerl on 0000h. Setting the TM1STP bit will stop
Timerl counting. TM1OUT is an output signal that toggles when Timerl overflows.

TM1CLR

(F12.2)
TM1CM
(ROD.6) *
D Q
CAPT / PA6
o) e
(R02.7) * Timerl Overflow
—Ib Q TM1IF Interrupt

TMICLR (F09.5)

(122 ) ey Freeh
RESET ' ‘?ﬁlﬁ
CLR EN TMLIE

Instruction CLR (F08.5)
cycle
16-Bit TIMER1
Fsys
TM10UT
PA6
16 @7 5 o (PA8)
T(gﬂolng 16-BIT TIMERL
: REL(_)AD QBp—
Register
[TM1IH:TM1L] ‘Ti
- 1 > CLR
DATA BUS

TM1 Block Diagram

Note that writing to TM1H and TM1L is actually writing to Timer1 reload register, while reading TM1H
and TM1L is actually reading the Timerl counter itself. That is, Timerl counter and Timerl reload
register share two addresses (14h, 15h) of F-plane.

Example:

Setup Timerl work in Timer mode and counting overflow toggle output to TM1OUT(PAG) pin
configuration.

; setup Timerl clock source and divider
MOVLW 00001001B ; TM10OE=1 (enable TM10UT)
MOVWR ROC ; TM1PSC=1 (Fsys as Timerl clock source)
MOVLW 00000000B ; TM1CM=0(Timerl as timer mode)

MOVWR ROD
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: set Timerl timer

BSF TM1STP ; stop Timerl counting (default “0”)

BCF TMI1SET

BSF TM1CLR ; clear Timerl counter (default ““0”)
MOVLW FFH

MOVWF TM1H ; write FFH into Timerl counting high byte
MOVLW 00H

MOVWF TM1L ; write 00H into Timerl counting low byte

; enable Timerl timer and interrupt function
MOVLW 11011111B ; clear Timerlrequest interrupt flag
MOVWEF INTIF

BSF TMI1IE ; enable Timerl interrupt function

BCF TM1SET
BCF TM1CLR

BCF TM1STP ; enable Timerl counting (default “0”)

Example:
Timerl clock source prescaler is Fsys = 4MHz, Timerl MSB = FFH, TM1 LSB =01H
TM1OUT output frequency = 2MHz / (FFFF-FF00) = 2MHz / 256 = 7.8KHz

TM1OUT output time period = 1/7.8KHz = 128us

Timerl can also works with Capture mode. When works in Capture mode, Timerl will start counting
when the TM1CLR bit is cleared and the first falling edge of CAPT pin (if TMOCL=0) is counting.
When the 2nd falling edge of CAPT pin counting, Timerl stop counting and hold the value. When the
3rd falling edge of CAPT pin is coming, the Timerl continues counting. The following figure shows the
detail timing diagram
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TMI1CLR J

TIMER1
TM1TGL

T1CAPTURE

FFFFh
TMLRELOAD

0000

CAPT pin

TM1IF |

Write 0 to clear TM1IF

TM1IE

™1
Interrupt

=T

Timerl works in Capture mode (TMOCL=0, implies CAPT falling edge)

Timer0 and Timer1 are used for Pulse Width and Period Capture

Timer0 and Timerl can cooperate to measure the signal period and duty cycle time. The key is multi-
function of PA6 (CAPT, INTO). Suppose that:

TMOCKS=0, Timer0 prescaler increases per instruction cycle.

TMOCM=1, TM1CM=1. Timer0 and Timerl work in Capture mode

PAG pin (CAPT pin) interrupts every falling edge. TMOCL=0, Timer1 starts/holds in turn when
PAG6 pin (CAPT pin) falling edge is coming. Timer0 starts counting when PAG pin (CAPT pin)
is in logic ‘1’ level, and holds the TimerO value when PA6 pin (CAPT pin) is in logic ‘0’
level.

Timerl is used to measure the signal period, Timer0 is used to measure the PA6 (CAPT pin) in
logic ‘1’ time (i.e. the duty cycle of the signal)
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The following figure show how to use Timer0 and Timerl to measure the PA6 (CAPT pin) signal’s
period and duty cycle (TMOCL=0)

CAPT pin I e

INTOIF N

TM1CLLR 7 W\
\4 \ Y

TMOSTP — \
Write TMO ﬂ

TM1STP

TMO
TIMER0=00
TM1
TIMER1=0000

Timer0 and Timerl are used to measure the signal on CAPT pin

Follow the steps below to start measuring the CAPT pin’s period and duty cycle.

Stop the Timer0 by firmware (TMOSTP=1, Timer0 will be stopped and hold)

Clear Timerl by firmware (TM1CLR=1)

Clear TimerQ by directly write 00h to TimerO (TimerO is still hold). Once CAPT pin falling edge is
coming, the Timer1 starts counting; meanwhile the PA6 interrupt is generated and clears the TMOSTP by

firmware. Now the TimerO is ready to count when CAPT pin goes high.

CAPT pin rising edge is coming, Timer0O starts counting until the CAPT pin return to 0 and holds the
counting value. Timerl also stops counting and holds the value.

PAG interrupt is generated again, firmware stops Timerl and Timer0 to read the period and duty cycle.
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It is not necessary to use both Timer0O and Timerl. If only the duty cycle (CAPT high time) needs to be
measured, there is no need to use Timerl to measure the period. Tin such case, user can set TMOCM=1
and TM1CM=0. TimerO0 is counting up only when CAPT pin is ‘1. Note that internal prescaler will be
kept to next TimerO count, so it will not lose the counting accuracy.

CAPT pin ‘

TMOSTP — ‘

Write TMO ﬂ

TMOCL

TMO W
TIMER0=00 ‘

TimerO is used to measure the high (or low) time on CAPT pin

FO8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIE | PWMOIE [ PWMIIE | TMIIE TMOIE | WKTIE | INT2IE INTL1IE INTOIE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F08.5  TMI1IE: Timerl interrupt enable
0: disable
1: enable
F09 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
INTIF | PWMOIF [ PWMLIF | TMI1IF TMOIF WKTIF INT2IF INT1IF INTOIF
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

F09.5  TMLIF: Timerl interrupt flag
This bit is set by H/W while Timer1 overflows, write 0 to this bit will clear this flag

F14 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
TMIL TMIL
RIW RIW
Reset o | o [ o [ o [ o | o | o | o

F14.7~0 TMLI1L: Timerl counter low byte
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Read TM1L will get the Timerl counter low byte. Write TM1L will write the Timerlreload register low

byte.
F15 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
TM1H TM1H
RIW RIW
Reset o | o | o | o | o [ o | o | o

F15.7~0 TM1H: Timerl counter high byte
Read TM1L will get the Timerl counter high byte. Write TM1L will write the Timer1 reload

register high byte.

F12 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MF12 |PWMOCLR|PWMICLR - - TMI1SET | TM1CLR | TM1STP | TMOSTP
R/W R/IW R/W - - R/W R/W R/IW R/IW
Reset 0 0 - - 0 0 0 0
F12.3 TMISET: Timerl counter set to ‘FFFF’h
0: release Timerl set
1: set Timer1 to ‘FFFF’
F12.2  TM1CLR: Timerl counter clear
0: release Timer clear
1: clear Timerl to ‘0000’h and hold
F12.1 TMILSTP: Timerl counter stop
0: Timer1 is counting
1: Timer1 stop counting
ROC Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MROC WKTPSC WDTPSC TMI1PSC | TMOOE | TCOE | TM1OE
R/W W W W W W W
Reset o | o o | o 0 0 0 0
ROC.3 TMI1PSC: Timerl prescaler
0: Instruction cycle (Fsys/2)
1: System clock (Fsys)
ROC.0 TMI1OE: Timerl overflow toggle output to PDO enable bit
0: disable output TM10OUT
1: enable output TM10OUT
ROD Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 | Bitl Bit 0
MROD |INTIEDG| TM1CM [HWAUTO - - ADCLKS
R/W W W W - - R/W
Reset 0 0 0 - - o | o 0

ROD.6 TM1CM: Timerl mode selection
0: Timerl in Timer mode
1: Timerl in Capture mode to measure CAPT pin period time between successive rising or

falling edges
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3.4 PWMO: (11+2) bits PWM

TM57MA45/MA46 Data Sheet

The PWMO can generate fixed frequency waveform with 8192 duty resolution based on System clock
(Fsys) or PLL output 108MHz clock. A spread LSB technique allows PWMO to run its frequency at
“PWMOCLK divided by 256” instead of “PWMOCLK divided by 1024”, which means the PWMO is 4
times faster than normal. The advantage of higher PWMO frequency is that the post RC filter can transfer
the PWM signal to more stable DC voltage level. The 11-bit PWMO period register (PWMOPRD) is
combined by PWMOPRDH (R10.7~0) and PWMOPRDL (R11.2~0). The PWMO output signal reset to
low level whenever the 11-bit base counter matches the 11-bit MSB of PWMO duty register
PWMODUT1 (R14.7~0) and PWMODUT2 (R15.7~5, 1~0). When the base counter rolls over, the 2-bit
LSB of PWMO duty register PWMODUT2 (R15.1~0) decides whether to set the PWMO output signal
high immediately or set it high after one clock cycle delay. By setting PWMOHSHD (F17.3~0) OFH,
PWMO can drive or sink about 180mA current when PD7 and PAO in 10 Mode2.

{PWMODUT1, PWMODUT2}

{PWMOPRDH, PWMOPRDL} | | PWMODUT2

(R14.7~0, R15.7~5) (R10.7~0, R11.2~0) (R15.1~0)
PWMONOE
11 311 11 ;ll ROB.6
) 4 ) 4
<= EQ
00 ]
Fsys 00 o1 11-Bit Base S O opury O
2*Fsys 01— 2Bt Counter EXTENSION
PWMOCLK |Prescaler 10 >R LOGIC
PLLCKO Ix CLR
108MHz 5 1
) RESETn
PWMOCKS
(F17.5~4) PWMOCLR PWMOPOE
PWMOPSC (F12.7) ROB.7
(ROB.3~2)
L PD7
PWM modes | » PWMON
And
Non-overlap PAO
Control ———* PWMOP
PWMODT (ROE.3~0)/
PWMOMODE(ROE.5~4)
PWMO Block Diagram
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Comparator Interrupt can be used to disable the PWMO output if the CMP2PWMOFF (R1B.0) flag is set
to high. In this situation, PWMON Pin will switch to normal 10 Pin (PD7) and PWMOP Pin will switch to
normal 10 Pin (PAQ).

11-bit base
counter

PWMODUTY[L:0]=0 ==ee=cceccceccceccccacccnccaccecccacceacceanceaccanaccanceancaancans
PWMODUTY/[12:2]=0

PWMODUTY/[1:0]=1

PWMODUTY[12:2]=0 i
1 clock
PWMODUTY[1:0]=2
PWMODUTY[12:2]=0 i
PWMODUTY[1:0]=3
PWMODUTY[12:2]=0 |
~tclock

PWMODUTY/[1:0]=0
PWMODUTY[12:2]=t i

PWMODUTY][1:0]=1
PWMODUTY[12:2]=t =

T
]
ravopurv1zzi S I
I

PWMODUTY/[1:0]=3
PWMODUTY[12:2]=t =

PWMO Timing Diagram

Example: CPU running at Fast mode, Fsys = CPUCLK = FIRC 12MHz
;setup PWMO clock prescaler
MOVLW 00000000B

MOVWF MF17 ; PWMO clock source = Fsys
MOVLW 11001100B ; PWMOPOE=1, PWMONOE=1
MOVWR ROB ; PWMO prescaler /8

MOVLW 00000000B ; PWMO mode = 00

MOVWR ROE ; PWMODTS =00

MOVLW 80H

MOVWR PWMOPRDH ; set PWMOPRDH = 80H
MOVLW 04H

MOVWR PWMPRDL ; set PWMOPRDL = 04h

; PWMOPRD = 100_0000_0100B
MOVLW 00000000B
MOVWR PWMODUT2 ; set PWMODUT2 = 00H
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MOVLW 80H

MOVWR PWMODUT1 : set PWMODUT1 = 80H
; PWMODUTY = 000_1000_0000_00B
BCF PWMOCLR ; enable PWMO counting

Example:

Fsys = 12Mhz, PWMPSC =/8, PWMOPRD=404H, PWMODUTY[12:2]=080H
PWMO output frequency = 12MHZ/8/PWMOPRD = 12MHz/8/1028 = 1459.14Hz
PWMOP output duty = 128:1028 = 12.45%.

PWMO can be output via PWMOP and PWMON with four different modes. The edges of the PWMO
pulse can be separated with 16 different time non-overlap clocks (PWMO Prescale clocks) intervals
which are selected by PWMODT (ROE.3~0). The default output is PWM ModeO. The waveforms of four
PWM output modes are shown below.

I R R R EENECZCSS——————————
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PWM ModeO
<«— PWMOPRD —»
PWMOP
PWMON
> i€
Tnov Tnov
PWM Model
<«— PWMOPRD —»
PWMOP J
PWMON
D >iie
Tnov Tnov
PWM Mode2
<«— PWMOPRD —»
PWMOP
PWMON
i i€
Tnov Tnov
PWM Mode3
«— PWMOPRD —»
PWMOP ]
PWMON
>l i
Tnov Tnov
PWMO Output Modes
FO8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIE | PWMOIE | PWMILIE | TMI1IE TMOIE WKTIE INT2IE INT1IE INTOIE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F08.7 PWMOIE: PWMO interrupt enable
0: disable
1: enable
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FO9 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIF PWMOIF | PWMLIFE | TMLIF TMOIF WKTIF INT2IF INT1IF INTOIF
RIW RIW RIW R/IW RIW RIW RIW RIW RIW

Reset 0 0 0 0 0 0 0 0

F09.7 PWMOIF: PWMO interrupt flag
This bit is set by H/W while PWMO interrupt occurs, write O to this bit will clear this flag

R14 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit2 | Bitl | Bit0
PWMODUT1 PWMODUTY[9:2]
RIW RIW
Reset 0
R14.7~0 PWMODUT1: PWMODUTYI[9:2]
R15 Bit7 | Bit6 | Bit5 Bit4 | Bit3 | Bit?2 Bitl | Bit0
PWMODUT?2 PWMODUTY[12:10] - PWMODUTY[1:0]
RIW RIW - RIW
Reset o | o [ o - | - T - 0 | o
R15.4~0 PWMODUT2: PWMODUTY[12:10], PWMODUTY[1:0]
F12 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MF12 [PWMOCLR[PWMICLR - - TM1SET [ TMICLR| TM1STP | TMOSTP
RIW RIW RIW - - RIW RIW RIW RIW
Reset 0 0 - - 0 0 0 0
F12.7 PWMOCLR: PWMO clear and hold
0: PWMO is running
1: PWMO is clear and hold
F17 Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MF17 PWM1CKS PWMOCKS PD7HDRV|PD7HSNK|PAOHDRYV [PAOHSNK]
R/IW RIW RIW W W w w
Reset 0 0 0 0 0 0

F17.5~4 PWMOCKS: PWMO clock selection
00: Fsys as PWMO clock source
01: 2*Fsys (2 times Fsys frequency) as PWMO clock source

F17.3

F17.2

F17.1

F17.0

1x: PLLCKO 108MHz as PWMO clock source

1: enable PWMON (PD7) High Drive Current

0: disable PWMON (PD7) High Sink Current
1: enable PWMON (PD7) High Sink Current

1: enable PWMOP (PAOQ) High Drive Current

0: disable PWMOP (PAOQ) High Sink Current

PD7HRRV: Enable PWMON (PD7) High Drive Current
0: disable PWMON (PD7) High Drive Current

PD7HSNK: Enable PWMON (PD7) High Sink Current

PAOHRRYV: Enable PWMOP (PAOQ) High Drive Current
0: disable PWMOP (PAO) High Drive Current

PAOHSNK: Enable PWMOP (PAO) High Sink Current
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1: enable PWMOP (PAO) High Sink Current

ROB Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 Bit1 | Bit0
PWMCTL [PWMOPOE|PWMONOE[PWMIPOE[PWMINOE|  PWMOPSC PWM1PSC
RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0o | o 0 | o

ROB.7 PWMOPOE: PWMOP output enable
0: disable PWMOP output to PAO
1: enable PWMOP output to PAO

ROB.6 PWMONOE: PWMON output enable
0: disable PWMON output to PD7
1: enable PWMON output to PD7

ROB.3~2 PWMOPSC: PWM 0 clock source is divided by

00: 1
01: 2
10: 4
11: 8
R10 Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PWMOPRDH PWMOPRDH
R/W W
Reset | o [ o | o | o [ o | o [ o | o

R10.7~0 PWMOPRDH: PWMO period data 8bit MSB

R11 Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit2 | Bitl | BitO
PWMPRDL PWMI1PRDL : : PWMOPRDL

RIW W : : w

Reset o | o | o - - o | o | o

R11.2~0 PWMOPRDL: PWMO period data 3bit MSB

ROE Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 | Bitl1 [ Bit0

MROE CMPTRIG PWMOMODE PWMODT

RIW W W W

Reset 0 | 0 0o | o o | o | o ] 0

ROE.5~4 PWMOMODE: PWMOP and PWMON output mode

00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

ROE.3~0 PWMODT: PWMO dead time selection
0000: 0 pwmO prescale clock (original PWMO)
0001: 1 pwmO prescale clock
0010: 2 pwmO prescale clock
0011: 3 pwmO prescale clock
0100: 4 pwmO prescale clock
0101: 5 pwmO prescale clock
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0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

6 pwmo0 prescale clock
7 pwmO prescale clock
8 pwmo0 prescale clock
9 pwmo0 prescale clock
10 pwmo0 prescale clock
11 pwmO prescale clock
12 pwmo0 prescale clock
13 pwmo0 prescale clock
14 pwmO prescale clock
16 pwmo0 prescale clock

R06 Bit7 | Bit6 Bit5 Bit 4 Bit3 [ Bit2 Bitl | BitO
PAMODL PA3MOD PA2MOD PAIMOD PAOMOD
R/IW W W W W
Reset | 0 | 1 0 [ 1 0o [ 1 0 | 1

R06.1~0 PAOMOD:PAQ pin mode control
00: Mode0
01: Model
10: Mode2
11: Mode3
R09 Bit7 | Bit6 Bit5 | Bit4 Bit3 [ Bit2 Bitl | Bit0
PDMODH PD7MOD PD6MOD PD5MOD PDAMOD
R/IW \W W W wW
Reset | 0 | 1 0 [ 1 0o [ 1 0 [ 1
R09.7~6 PD7MOD:PD7 pin mode control
00: Mode0
01: Model
10: Mode2
11: Mode3
R1B Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CMPISET = = = = = SOPPL | CMPINV |CMP2PWMOFH
RIW - - - - - W W W
Reset - - - - - 0 0 0
R1B.0 CMP2PWMOFF: enable Comparator Interrupt to clear PWM output
0: disable
1: enable
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3.5 PWML1: (11+2) bits PWM

The PWML1 can generate fix frequency waveform with 8192 duty resolution based on System clock (Fsys)
or PLL output 108MHz clock. A spread LSB technique allows PWM1 to run its frequency at
“PWMICLK divided by 256” instead of “PWM1CLK divided by 1024”, which means the PWML1 is 4
times faster than normal. The advantage of higher PWML frequency is that the post RC filter can transfer
the PWML1 signal to more stable DC voltage level. The 11-bit PWML1 period register (PWM1PRD) is
combined by PWM1PRDH (R12.7~0) and PWM1PRDL (R11.7~5). The PWM1 output signal reset to
low level whenever the 11-bit base counter matches the 11-bit MSB of PWML1 duty register
PWM1DUT1 (R16.7~0) and PWM1DUT2 (R17.7~5,1~0). When the base counter rolls over, the 2-bit
LSB of PWM1 duty register PWM1DUT2 (R17.1~0) decides whether to set the PWM1 output signal
high immediately or set it high after one clock cycle delay.

TM57MA45/MA46 Data Sheet

{PWM1DUT1, PWM1DUT2} | {PWM1PRDH, PWMIPRDL} | | PWM1DUT2
(R16.7~0, R17.7~5) (R12.7~0, R11.7~5) (R17.1~0)
PWMI1NOE
11 f11 11 ill ROB.4
\ 4 ) 4
<= EQ
00 -
Fsys 00 _ oL 11-Bit Base S QA puty
2*Fsys 2-Bit Counter EXTENSION
PWMICLK |Prescaler 10 LOGIC
PLLCKO 1x LR R
108MHz > 11
) RESETn
PWMICKS
(F17.7~6) PWMICLR PWM1POE
PWM1PSC (F12.6) ROB.5
(ROB.1~0)
L PB1
PWM modes |, PWMIN
And
Non-overlap PBO
Control ™ PWMIP
PWM1DT(R13.3~0)/
PWM1MODE(R13.5~4)

PWM1 Block Diagram

Comparator Interrupt can be used to disable the PWM1 output if the CMP2PWMOFF (R1B.0) flag is set
to high. In this situation PWM1N Pin will switch to normal 10 Pin (PB1) and PWMZ1P Pin will switch to
normal 10 Pin (PBO).

B — S
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e

................................................................

{¢—PWM1PRD—>i«—PWNM1PRD——»i«—PWM1PRD—»i«—PWMI1PRD—>]
11-bit base !
counter

PWMIDUTY[L:0]=0 =====ccceccccccecccacccacccacccaccacccacccaccaaccacncacccacccancans
PWM1DUTY[12:2]=0

PWM1DUTY][1:0]=1
PWM1DUTY[12:2]=0 i

PWM1DUTY][1:0]=2
PWM1DUTY[12:2]=0

PWM1DUTY[1:0]=3
PWM1DUTY[12:2]=0

~t clock
PWMIDUTY[L0]=0 e OO°
PWM1DUTY[12:2]=t i

PWM1DUTY][1:0]=1
PWM1DUTY[12:2]=t =

PWM1DUTY12:2]=t

PWM1DUTY][1:0]=3
PWM1DUTY[12:2]=t =

1
|
[ ]
[
PWM1DUTY[1:0]=2 [ B
]

PWML1 Timing Diagram

Example: CPU running at Fast mode, Fsys = CPUCLK = FIRC 12MHz
;setup PWML clock prescaler
MOVLW 00000000B

MOVWF F17 ; PWML clock source = Fsys
MOVLW 00110011B ; PWM1POE=1, PWM1NOE=1
MOVWR ROB ; PWML prescaler /8

MOVLW 00000000B ; PWM1 mode = 00

MOVWR R13 ; PWM1DTS =00

MOVLW 80H

MOVWR PWM1PRDH ; set PWM1PRDH = 80H
MOVLW 80H

MOVWR PWMPRDL ; set PWMOPRDL = 80h

; PWM1PRD = 100_0000_0100B
MOVLW 00000000B

MOVWR PWM1DUT2 ; set PWM1DUT2 = 00H
MOVLW 80H
MOVWR PWM1DUT1 ; set PWM1DUT1 = 80H
; PWM1DUTY = 000_1000_0000_00B
BCF PWM1CLR ; enable PWML1 counting
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Example:

Fsys = 12Mhz, PWM1PSC =/8, PWM1PRD=404H, PWM1DUTY[12:2]=080H
PWML output frequency = 12MHZ/8/PWM1PRD = 12MHz/8/1028 = 1459.14Hz
PWM1P output duty = 128:1028 = 12.45%.

PWM1 can be output via PWM1P and PWM1N with four different modes. The edges of the PWM1
pulse can be separated with 16 different time non-overlap clocks (PWML1 Prescale clocks) intervals
which are selected by PWM1DT (R13.3~0). The default output is PWM Mode0. The waveforms of four
output modes are shown below.

PWM ModeO
<«— PWMIPRD —
PWMI1P
PWMIN
>ie >ile

Tnov Tnov

PWM Model
<«— PWMIPRD —»
PWMIP J
PWMIN
> i

Tnov Tnov

PWM Mode2
<«— PWMIPRD —»
PWMIP
PWMIN
>ie >ile

Tnov Tnov

PWM Mode3
<« PWMIPRD —»
PWMIP L
PWMIN
il i€

Tnov Tnov

PWM1 Output Modes
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F08 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIE | PWMOIE | PWMLIE | TMIIE TMOIE WKTIE INT2IE INT1IE INTOIE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
F08.6 PWMLIIE: PWML1 interrupt enable
0: disable
1: enable
F09 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTIF PWMOIF | PWMLILIF | TM1IF TMOIF WKTIF INT2IF INT1IF INTOIF
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

F09.6 PWMLIF: PWML1 interrupt flag
This bit is set by H/W while PWML1 interrupt occurs, write 0 to this bit will clear this flag

R16 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PWM1DUT1 PWM1DUTY[9:2]
RIW RIW
Reset 0
R16.7~0 PWM1DUT1: PWMI1DUTY[9:2]
R17 Bit7 | Bité | Bith Bit 4 Bit 3 Bit 2 Bitl1 | Bit0
PWMODUT2 PWM1DUTY[12:10] - - - PWM1DUTY[1:0]
RIW R/W - - - RIW
Reset o | o | o - - - 0 | o0
R17.4~0 PWM1DUT2: PWM1DUTY[12:10], PWM1DUTY][1:0]
F12 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MF12 [PWMOCLR|PWMICLR| - - TM1SET [ TMICLR | TM1STP | TMOSTP
RIW RIW RIW - - RIW RIW RIW RIW
Reset 0 0 - - 0 0 0 0
F12.6 PWMI1CLR: PWM1 clear and hold
0: PWML1 is running
1: PWML1 is clear and hold
F17 Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MF17 PWMI1CKS PWMOCKS PD7HDRV|PD7HSNK|PAOHDRV[PAOHSNK
RIW R/W RIW W W W W
Reset 0 0 0 0 0 0

F17.7~6 PWM1CKS: PWM1 clock selection
00: Fsys as PWM1 clock source

01: 2*Fsys (2 times Fsys frequency) as PWML1 clock source
1x: PLLCKO 108MHz as PWML1 clock source

I R R R EENECZCSS——————————
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ROB Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 Bit1 | BitO
PWMCTL [PWMOPOE[PWMONOE|PWMI1POE[PWMINOE|  PWMOPSC PWM1PSC
R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 | o 0 | o0

ROB.5 PWMI1POE: PWM1P output enable
0: disable PWM1P output to PBO
1: enable PWM1P output to PBO

ROB.4  PWMI1NOE: PWM1N output enable
0: disable PWM1N output to PB1
1: enable PWMA1N output to PB1

ROB.1~0 PWM1PSC: PWML1 clock source is divided by

00: 1
01: 2
10: 4
11: 8
R12 Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PWM1PRDH PWM1PRDH
R/W W
Reset | 0o | o | o | o | o | o | o | o0

R12.7~0 PWMI1PRDH: PWML1 period data 8bit MSB

R11 Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit2 | Bitl | Bit0
PWMPRDL PWM1PRDL : - PWMOPRDL
RIW W - - W

Reset 0o | o | o - - o | o | 0

R11.7~5 PWMI1PRDL: PWM1 period data 3bit MSB

R13 Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 | Bitl | Bit0
MR13 CMPDBS PWM1MODE PWM1DT
R/W W w W
Reset o | o 0 | o o | o | o | 0
R13.5~4 PWM1MODE: PWM1P and PWM1N output mode
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R13.3~0 PWMI1DT: PWM1Pdead time selection
0000: 0 pwma1 prescale clock (original PWM1)
0001: 1 pwm1 prescale clock
0010: 2 pwm1 prescale clock
0011: 3 pwmdl prescale clock
0100: 4 pwm1 prescale clock
0101: 5 pwm1 prescale clock
0110: 6 pwm1 prescale clock
0111: 7 pwm1 prescale clock
1000: 8 pwm1 prescale clock

B — S
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1001: 9 pwml prescale clock
1010: 10 pwm1 prescale clock
1011: 11 pwm1 prescale clock
1100: 12 pwml prescale clock
1101: 13 pwml prescale clock
1110: 14 pwm1 prescale clock
1111: 16 pwml prescale clock

RO8

Bit 7

Bit 6

Bit 5

| Bit4

Bit3 |

Bit 2

Bitl |

Bit 0

PBMODL

PB3MOD

PB2MOD

PB1IMOD

PBOMOD

R/IW

W

W

wW

W

Reset

0

1

0

| 1

| 1

R08.3~2 PB1MOD:PB1 pin mode control

R08.1~0

00: Mode0O
01: Model
10: Mode2
11: Mode3

PBOMOD:PBO pin mode control

00: Mode0O
01: Model
10: Mode2
11: Mode3

R1B

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

CMPISET -

SOPPL

CMPINV

CMP2PWMOFF

R/IW

W

W

w

Reset

0

0

0

R1B.0

CMP2PWMOFF: enable Comparator Interrupt to clear PWM output

0: disable
1: enable
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3.6 Operational Amplifier and Comparator

TM57MA45/MA46 Data Sheet

There is an operational amplifier and a comparator in this device. By setting the ANGPD=1 (F13.7), the
OPA and Comparator enter the power down mode. The SOPP (R19.7) register determined the OPA input
signal (OPP) is PDO or PD1. When SOPP=0 the OPP is PDO, otherwise OPP is PD1. The 4-level OP
gain (1x/10x/50x/100x) is controlled by SOPG (R19.3~2). User can select the divider resistance voltage
source come from VDDA (5V) or LDOC (2.5V) by setting SVRF (R19.5). The Comparator output
(CMPO) is used to generate Interrupt (CMPIF). CMPTRIG (ROE.7~6) is used to determine which edge
of CMPO can generate interrupt. And CMPDBS (R13.7~6) is used to determine the Comparator output
debounce time. The Comparator’s hysteresis is about 40mV. When CMPINV (R1B.1) is set to high, the
CMPO will invert to the opposite signal.

VDDA LDOC
(5vY) (25V)

SVL=127
connect
PD4 O\C
(AIN) SVRF
(R19.5)
ANGPD SVL=127
Trigger/  CMPINV (F13.7) disconnect
Debounce  (R1B.1) COMPN
CwPE | _f/\_ “ i‘ ® COMPP SVL
MPIF CMPO + (R18.6-0)
~ 7o
CMPTRIG CMPDBS Comparator
(ROE.7~6)  (R13.7-6) SVL (R18.6~0) is used to select
PD3 |E o} 125 level Voltage Resistor divider
OPOF=0

OPOF=0
I (R19.6)
disconnect connect

OPO

x1
x20
x50
x100
SOPG
(R19.3~2)

OoP

To ADC CH14
[ Test pin PB4

O sopp

(R19.7)

OPA / Comparators Block Diagram

In addition, the OPA support the build-in offset calibration mode by setting the SOPM (R19.1~0) value
to 01B, SOTV (R19.4) to high, ANTOE (R1A.6) to high and SANTO (R1A.5~4) to 11B. In the OPA
offset calibration mode, user has to change the OPTM (F1B.4~0) value from O0H to 1FH in turn and
record the OPTM value when OPO output low into high. Similarity, changing the OPTM from 1FH to
00H in turn, we can get another value when OPO output high into low. According to the two values, the
suitable OPTM can be choice for calibration. With I/O mode setting, the corresponding pins have to set
as analog mode (Mode3). It can disable the pin logical input path for save power consumption.
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There are three kinds of Trim mode to calibrate the OP offset. Trim mode 3 can be used by user and
Trim mode 1/2 is used for manufactory tester.

When user use Trim mode 3, F/W must set SOPPL(R1B.2)=1 to pull low the OPA input to ground,
SOPM(R19.1~0)=00, SANTO(R1A.5~4)=11, ANOTE(R1A.6)=1, change OPTM(F1B.4~0) value until
PB4(OPO) voltage is greater than 0V and Vos is less than 1mv. (Vos =Vopo/100). User can use Trim
mode 3 and ADC CH14 and record the ADC output value (OPAogr). For normal OPA application, use
normal mode combine ADC CH14 to get the OPO to ADC output value (OPAAp). The most accuracy
value of OPA combine ADC will be OPAsp minus OPAgge.

VDDA |E Adjust Trim code(OPTM)
SOPM=00 SOPG=11 Untill OPO voltage is greater than OV
(R19.1~0) (R19.3~2) And Vos less than 1mv
Vos =Vopo/100
ANOTE=1
VBG |, (R1A6)  pB4(OPO)
—  Power VBGO |,
il VLDO_],
= OPO 5
_|_
SOPPL=1 GNDA
(R1B.2) SANTO[1:0]
RI1A.5~4=11B
VSSA‘E
OPTM
(F1B.4~0)
OPA Trim Mode3
F13 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

MF12 ANGPD | PLLPD - IVCPD LDOPD PUMP | VCCFLT | CLKFLT
R/W R/W R/W - R/W R/W R/W R/W R/W
Reset 1 1 - 0 0 0 0 0

F13.7 ANGPD: OPA and Comparator power down enable control
0: disable OPA and Comparator power down
1: enable OPA and Comparator power down

R18 Bit 7 Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
ANA_CTL1|PDBGOP SVL

R/W RIW W

Reset 1 0

R18.6~0 SVL.: reference source (VDDA or LDOC) voltage level, total 125 levels
0: 1/125 voltage source
1: 2/125 voltage source

124: 125/125 voltage source
127: disconnect to COMPN
others: reserved
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R19 Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 Bit1 | Bit0
ANA _CTL2| SOPP OPOF SVRF SOTV SOPG SOPM
R/W wW W W W w W
Reset 0 0 0 0 1 | 1 0 | o0
R19.7  SOPP: select OPP input source
0: OPP input source is PDO
1: OPP input source is PD1
R19.6  OPOF: OPA output (OPO) connect to Comparator control
0: OPO connect to COMPP
1: OPO disconnect to COMPP
R19.5 SVRF: select Comparator reference voltage source
0: VDDA
1. LDOC
R19.4  SOTV: select reference voltage source for OPA trim offset
0: AVSS
1. LDOC
R19.3~2 SOPG: select OPA gain
00: 1X
01: 20X
10: 50X
11: 100X
R19.1~0 SOPM: select OPA working mode
00: normal mode
01: Trim 1 mode
10: reserved
11: reserved
ROE Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 | Bitl | Bit0
MROE CMPTRIG PWMOMODE PWMODT
R/W W W W
Reset | 0 | 0 0 [ o o | o | o | o
ROE.7~6 CMPTRIG: Comparator interrupts trigger direction
00: rising edge trigger (When R1B.1=0)
01: falling edge trigger (When R1B.1=0)
10: both edge trigger (When R1B.1=0)
11: high level trigger (When R1B.1=0)
R13 Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 | Bitl | Bit0
MR13 CMPDBS PWM1MODE PWMI1DT
R/W W W W
Reset | 0 | 0 0 [ o o | o J o [ o
R13.7~6 CMPDBS: Comparator output debounce time
00: None
01: 4 Fsys
10: 8 Fsys
11: 16 Fsys
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R1A Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0

ANA_TST - ANTOE SANTO - - - -
RIW - W W - - - -
Reset - 0 0 | o - - - -

R1A.6 ANTOE: Analog signal to 10 (PB4) enable
0: disable analog signal to PB4
1: enable analog signal to PB4

R1A.5~4 SANTO: select analog signal to output pad

00: VBG
01: VBGO
10: LDOC
11: OPO
FOA Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
INTIE1 - - - - - - - CMPIE
R/W - - - - - - - R/W
Reset - - - - - - - 0
FOA.O0 CMPIE: Comparator interrupt enable
0: disable
1: enable
FOB Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
INTIF1 - - - - - - - CMPIF
R/W - - - - - - - R/W
Reset - - - - - - - 0

FOB.7 CMPIF: Comparator interrupt flag
This bit is set by H/W while compare a new data, write 0 to this bit will clear this flag

R0O7 Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 Bitl | Bit0
PBMODH - - - - PB5MOD PB4MOD
RIW - - - - W W
Reset - - - - 0o | 1 0o | 1
R07.1~0 PB4MOD: PB4 Pin Mode Control
00: Mode0
01: Model
10: Mode2
11: Mode3, analog signal
F1B Bit 7 Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bitl | Bit0
OPTM - - - OPTM
RIW - - - R/W
Reset - - - by SYSTEM setting

F1B.4~0 OPTM: OPA Trim value (When power on, this value is loaded from system config. 08H)
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R1B Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CMPISET - - - - - SOPPL | CMPINV |CMP2PWMOF
R/W - - - - - w w W
Reset - - - - - 0 0 0
R1B.2  SOPPL: OPP input pull low enable
0: disable
1: enable

R1B.1  CMPINV: enable Comparator output (CMPO) invert to opposite signal
0: disable
1: enable

I R R R EENECZCSS——————————
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3.7 Analog-to-Digital Convert

Ade 3 ADC clock
Fsys ——» Clock >
Prescaler
A
3
ADCKS[2:0]
R0D.2~0
End of Conversion
> Timing control — ADEOC
Write 1 to ADST (FOD.6) > (FOD.7)
A
ADO R
§ AD1 |
: N v
by | >

Ane_\log ! /g | Succe_ssivg ADH (F10.7~0)
AD11 | switch | o I > Approximation +> ADL (F11.7-4)
AD12 | | | ADC 12

VBGO | ap13 ! g I
1.25V I |
-m ADB4| |
$4
ADCHS[3:0]
(F11.3~0)

The 12-bit ADC (Analog to Digital Convert) consists of a 15-channel analog input multiplexer, control
register, clock generator, 12-bit successive approximation register and output data register. To use the
ADC, user needs to set ADCKS (R0OD.2~0) to choose a proper ADC clock frequency. User then launches
the ADC conversion by setting the ADST (FOD.6) control bit. After end of conversion, H/W generates
ADEOC (F0D.7) flag and automatically clear ADST. User can poll ADST or ADEOC to know
conversion status. The PAMODH (R05.5~0), PAMODL (R06.7~0), PBMODH (R07.7~0), PBMODL
(R08.7~0) and PDMODH (R09.7~0) control registers are used for ADC pin type setting. By setting those
pin mode to Mode3 can disable the pin logical input path to save power consumption. User need to set
ADCHS (F11.3~0) to choose the input channel of ADC. One of them, AD13 is VBGO (1.25V) input for
ADC. For TM57MA45, the ADC VREF input is LDOC (2.5V). For TM57MAA46, the ADC VREF input
is VCC (5V).
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50 ADC Clock cycles >

A

ADST
(FOD.6)

End of B — .
Conversion

|
|
go199, oomen| w el e
(F10.7~0, F11.7~4) ADCDATA(n-1) ) | | g
|

|
| Signal Sampleand hHold |« Conversion Time ———»1
I I 24 ADC Clock Cycles !

ADC Conversion Timing Diagram

Example:
TM57MA45: [CPU running at Fast mode, Fsys = FIRC 12MHz]
ADC clock frequency = 750KHz, ADC channel = ADC5 (PB1),

3. Example:
MOVLW XXXxx100B ; Fsys = 12MHz
MOVWR ROD ; ADC clock prescaler /16
MOVLW XXXX11xxB
MOVWR PBMODL ; set PB1 ADC pin type
MOVLW xxxx0101B
MOVWEF F11 ; ADC channel select ADC5 (PB1)
BSF ADST : ADC start conversion
WAIT_ADC:
BTFSC ADST : wait ADC conversion
GOTO WAIT_ADC
MOVFW ADH ; read ADC data[11:4]
MOVWF ADC_MSB
MOVFW F11 ; read ADC data[3:0]
ANDLW FOH

MOVWF ADC_LSB
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FOD Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MFOD | ADEOC | ADST PWRSAV - - - -
RIW R R/IW R/W - - - -
Reset - 0 1 ] 1 - - - -
FOD.7  ADEOC: ADC end of conversion bit
FOD.6  ADST: ADC start conversion enable bit
F10 Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
ADH ADH
RIW R
Reset | - | - | - [ - | - ] T
F10.7~0 ADH: ADC output data MSB [11:4]
F11 Bit7 | Bité | Bits | Bit4 Bit3 | Bit2 | Bitl | Bit0
MF11 ADL ADCHS
R/W R RIW
Reset - ! - 1 - 1 - o | o | o | o
F11.7~4 ADL: ADC output data LSB [3:0]
F11.3~0 ADCHS: ADC channel select
0000: ADCO (PAB) 0001: ADC1 (PA1)  0010: ADC2 (PA2)
0011: ADC3 (PA0) 0100: ADC4 (PD7) 0101: ADC5 (PB1)
0110: ADC6 (PB0) 0111: ADC7 (PAS5) 1000: ADC8 (PD6)
1001: ADC9 (PB5) 1010: ADC10 (PB4)  1011: ADC11 (PB3)
1100: ADC12 (PB2)  1101: ADC13 (VBGO) 1100: ADC14 (OPO)
ROD Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 | Bitl | Bit0
MROD [INT1EDG| TM1CM |HWAUTO - - ADCKS
R/W R/W R/W R/W - - R/W
Reset 0 0 0 - - o0 | o | o
ROD.2~0 ADCKS: ADC clock frequency selection
000: Fsys/256
001: Fsys/128
010: Fsys/64
011: Fsys/32
100: Fsys/16
101: Fsys/8
110: Fsys/4
111: Fsys/2
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3.8 USB Charging Control

TM57MA45/MA46 have USB ports named DMO/DPO, DM1/DP1, DM2/DP2 and CC1/CC2 to
implement the USB battery charge function. This device can support a high performance fast charging
solution following Quick Charge 2.0 High Voltage Dedicated Charging Port (HVDCP) specification.
With 1/0 mode setting, the corresponding pins have to set as analog mode (Mode3). It can disable the pin
logical input path for save power consumption.

3.8.1 DPDMV (DMO0/DPO)

The DPDMV is a voltage switch that can output different voltage 3.3V/2.7V/2.0V/1.25V/0.6V to DPO
and DMO by setting DPOVSEL (FOF.7~5) and DMOVSEL (FOF.4~2). Beside, DPO and DMO can be as
internal short by setting DPMOSHRT (FOF.0). The DMO can assign a pull-low resistor by setting
DMOPLOW (FOF.1) register. The DPDMV block diagram is shown as below.

DMVSEL DPVSEL
(FOF.4~2) (FOF.7~5)

Decoder Decoder
DPMOSHRT
33V (FQE-O)
. T LT %

\ 4
% | |
DMO DPO
1.25V (PB4) ®BS) T 1.25V
0.6 I 0.6V

E DMOPLOW
pp— (FOE.1) p—

DPDMYV Block Diagram
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FOF

Bit7 | Bit6 | Bit5 Bit4 | Bit3 |

Bit1

Bit 0

DPMOCTL

DPOVSEL DMOVSEL

DMOPLOW

DPMOSHRT]

R/IW

R/IW R/IW

R/IW

R/IW

Reset

1 | 1 | 1 1 | 1 ]

0

0

FOF.7~5

FOF.4~2

FOF.1

FOF.0

DPOVSEL: DPO (PB5) output voltage select
000: 0.6V

001: 1.25vV

010: 2.0V

011: 2.7V

100: 3.3V

101/110: float

111: disable

DMOVSEL: DMO (PB4) output voltage select
000: 0.6V

001: 1.25VvV

010: 2.0V

011: 2.7V

100: 3.3V

101/110: float

111/110: disable

DMOPLOW: DMO pull low
0: disable
1: enable

DPMOSHRT: DP0O/DMO short inside

0: DPO/DMO not short
1: DPO/DMO short together
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3.8.2 DPDM6B (DM1/DM2 and DP1/DP2)

The DPDM6B module contains two 6-bit DAC which generate 64 level voltage to DM1/DM2 and
DP1/DP2 by setting DACOD (R1E.5~0) and DAC1D (R1F.5~0). The DM1, DM2, DP1 and DP2 are pin
shared with normal I/O function, A/D function and D/A function determined by the DPDSO (F16.2),
DPDS1 (F16.0), DMDSO (F16.6) and DMDS1 (F16.4) register. DP1 and DM1 can be as internal short by
setting DPMSO (F18.3). DP2 and DM2 can be as internal short by setting DPMS1 (F18.2). The DML can
assign a pull-low resistor by setting DMPLO (F18.5) and the DM2 can assign a pull-low resistor by
setting DMPL1 (F18.4). These two DAC can be disabled individually by setting DPPD (F18.0) and
DMPD (F18.1) to high. The DPDM6B block diagram is shown as below.

VDDA VDDA
ppPD —4 DMPD —
DPMS0
(F18.3) R63
R63 e
DACL[5:0] DPDSO DMDS0 DACO[5:0]
(R1F.5~0) (F16.2) (F16.6) (RIE5-0)
DAC10 DAC00
| |
; o o—fX X0 0 !
! DP1 DML >k !
| (PAG)  (PAL) |
! DMPLO |
| DACIA DACOA (F185) |
l = l
| |
DPMS1
(F18.2)
1
— —
ADCZ<—O—0——,_|_—0—O—>ADC7
RO DPDS1 DMDS1 RO
(F16.0) (F16.4)
o—{X W

DP2  DM2
(PA2)  (PAS)
DACIB  DACOB D’V'P'-l
(F18.4)

DPDM6B Block Diagram

B — S
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F16 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
DACCTLO - DMDSO0 - DMDS1 - DPDSO0 - DPDS1
R/W - R/W - R/W - R/W - R/W
Reset - 0 - 0 - 0 - 0
F16.6 DMDSO0: DML signal switch
0: open

1: DAC0OO/DM1 short

F16.4 DMDS1: DM2 signal switch
0: open
1: DAC0O/DM2 short

F16.2 DPDSO0: DP1 signal switch
0: open
1: DAC10/DP1 short

F16.0 DPDSL1: DP2 signal switch
0: open
1: DAC10/DP2 short

F18 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DACCTL1 - - DMPLO | DMPL1 | DPMS0O | DPMS1 | DMPD DPPD
R/W - - R/W R/W R/W R/W R/W RIW
Reset - - 0 0 0 0 1 1
F18.5 DMPLO: DM1 pull low enable bit
0: disable
1: enable

F18.4 DMPL1: DM2 pull low enable bit
0: disable
1: enable

F18.3 DPMSO0: DP1/DM1 short enable bit
0: disable
1: enable

F18.2 DPMSO0: DP2/DM2 short enable bit
0: disable
1: enable

F18.1 DMPD: DACO power down enable bit
0: disable
1: enable

F18.0 DPPD: DAC1 power down enable bit
0: disable
1: enable
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R1E Bit 7 Bit 6 Bit5 | Bit4 Bit3 | Bit2 | Bitl [ Bit0
DACOD - - DACOD
RIW - - RIW
Reset - - 0 | o o | o [ o | o
R1E.5~0 DACOD: DACO voltage selects; total 64 level
00000: 1/64 VDDA
00001: 2/64 VDDA
00010: 3/64 VDDA
11111: 64/64 VDDA
R1F Bit 7 Bit 6 Bit5 | Bit4 Bit3 | Bit2 | Bitl | Bit0
DAC1D - - DAC1D
RIW - - RIW
Reset - - o | o | o | o | o [ o
R1F.5~0 DAC1D: DAC1I voltage selects; total 64 level

00000: 1/64 VDDA
00001: 2/64 VDDA
00010: 3/64 VDDA

11111: 64/64 VDDA

3.8.3 CC1/CC2

CC1/CC2 ports are used for USB type C connect detection. The CC12 module can pull up the CC1/CC2
voltage level to VDDA or pull down to Ground by setting CC1S0 (F19.7~6)/CC2S0 (F19.3~2) register.
The voltage of CC1/CC2 can be read by using ADC11/ADC12 when CC1S1 (F19.4)/CC2S1 (F19.0) is

setto “1”.
VDDA ADC1l1 €«—0—
22K
CC1s1
L\/@s v cct (F19.4)
)
CC1S0[1:0] (%'
(F19.7~6) 5.1K B3
= VCTL VCTLEN
(from PLL) —O¥
VDDA ADC12 «—0—
22K
CC2s1
(F19.0)
10K V_cc2 \
\H/\/\/ O ’ Z
CC2S0[1:0] cec2
(F19.3~2) 1K (PB2)

CC12 Block Dirgram
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F19 Bit7 | Bit6 Bit5 Bit 4 Bit3 | Bit2 Bit 1 Bit 0

CC12SEL CC1s0 - CC1s1 CC250 - CC2s1
RIW RIW - RIW RIW - RIW
Reset 0 | o - 0 0 | o - 0

F19.7~6 CC1S0: CCL1 voltage level select
00: 5.1K Ohm resister to ground
01: 10K Ohm resister to VDDA
10: 22K Ohm resister to VDDA
11: reserved

F19.4 CC1S1: CC1 voltage level switch
0: open
1: short

F19.3~2 (CC2S0: CC2 voltage level select
00: 5.1K Ohm resister to ground
01: 10K Ohm resister to VDDA
10: 22K Ohm resister to VDDA
11: reserved

F19.0 CC2S1: CC2 voltage level switch
0: open
1: short
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3.9 System Clock

TM57MA45/MA46 Data Sheet

System clock can be operated in four different oscillation modes. Four oscillation modes are FIRC, FXT,
SIRC and SXT respectively. In Fast/Slow Crystal mode (FXT/SXT), a crystal or ceramic resonator is
connected to the XIN and XOUT pins to establish oscillation. In the Fast Internal RC mode (FIRC), the
on-chip oscillator generate 12 MHz system clock that can be trimmed by IRCF (F1F.4~0). Since power
noise degrades the performance of Fast Internal Clock Oscillator, placing power supply bypass capacitor
1uF and 0.1uF very close to VCC/VSS pins to improve the stability of clock and the overall system.

C1

XIN

XOouT

External Oscillator Circuit

(Crystal or Ceramic)

O.luI?

luF_

VCC

VSS

Fast Internal RC Mode

F1F Bit 7 Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bitl1 | Bit0
IRCF - - - IRCF
R/W - - - R/W
Reset - - - by SYSTEM setting
F1F.4~0 IRCF: FIRC frequency adjustment

There is a Phase Lock Loop (PLL) module in this device. The PLL is used to generate a higher frequency
(108MHz) for PWMO/1. By setting the PDPLL (F13.6) to high, the PLL enter power down mode to save
power. The reference clock input of PLL is Fast-clock (could be FIRC or FXT) according to FCKTYPE

(FOC.6).
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F13 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

ANA_PWR| PDANG PDPLL - PDIVC PDLDO PUMP | VCCFLT | CLKFLT
R/W R/W R/W - R/W R/W R/W R/W R/W
Reset 1 1 - 0 1 0 0 0

F13.6 PDPLL: PLL power down enable bit
0: power down disable
1: power down enable
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4, 1/0 Port

4.1 PAO~6

The FE10 has total 22 1/O pins. These pins can used as Schmitt-trigger input, CMOS push-pull output or
Open-drain output except PA7. PA7Y is used as Schmitt-trigger input. When SYSCFG[12] is set, PA7 is
only used for external low active reset.

User can set each pin by their pin mode register PAMODH (R05), PAMODL (R06) for PA and
PBMODH (R07), PBMODL (R08) for PB and PDMODH (R09), PDMODL (R0OA) for PD. There are 4
kinds of 10 modes ModeO, Model, Mode2 and Mode3 for each pin can be selected.

If the pin is used for Schmitt-trigger input, S/W must set the I/0 pin as ModeO or Model and set the
corresponding Port Data SFR to 1 to disable the pin’s output driving circuit. Beside 1/O port function,
each pin has one or more alternative functions like ADC and OPA.

Mode Pin function SFFI;X dnata Pin State Flii?;s;%r DIrI]%)IS?I
. 0 Drive Low N N
Mode0 Open Drain 1 Pull-up Y Y
. 0 Drive Low N N
Model Open Drain 1 Hiz N Y
0 Drive Low N N
Mode?2 CMOS Output 1 Drive High N N
Alternative Function, such as
Mode3 ADC, OPA X - N N
Pin Name | Function INT ADC OPA | CMP USB Charge Mode3
PAO PWMOP ADC3 ADC3
PA1l INT1 ADC1 DM1 ADC1
PA2 TMOCKI ADC2 DP2 ADC2
PA3
PA4
PA5 TMOOUT ADC7 DM2 ADC7
PAG INTO ADCO DP1 ADCO
PA7 INT2
PBO PWM1P ADC6 ADC6
PB1 PWM1N ADC5 ADC5
PB2 ADC12 CC2 ADC12
PB3 ADC11 CC1 ADC11
PB4 ADC10 DMO ADCI10
PB5 ADC9 DPO ADC9
PDO TM10UT AOP1 AOP1
PD1 AOP2 AOP2
PD2
PD3 AlP AlP
PD4 AIN A1N
PD5 Al1X
PD6 TCOUT ADCS8 ADCS8
PD7 PWMON ADC4 ADC4
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The necessary SFR setting for pin’s alternative function is list below.

Alternative PXn . Other necessar
Function Mode SFR data Pin State SFR settingy
TMOCKI, 0 1 Input with Pull-up TMOCTL,

INTO, INT1, INT2 1 1 Input INTIE
0 X TC Clock Open Drain Output with Pull-up
TCOUT 1 X TC Clock Open Drain Output MROC
2 X TC Clock Output (CMOS Push-Pull)
0 X TMO Clock Open Drain Output with Pull-up
TMOOUT 1 X TMO Clock Open Drain Output MROC
2 X TMO Clock Output (CMOS Push-Pull)
0 X TM1 Clock Open Drain Output with Pull-up
TM10UT 1 X TM1 Clock Open Drain Output MROC
2 TM1 Clock Output (CMOS Push-Pull)
PWMOP, PWMON 0 X PWM Open Drain Output with Pull-up PWMCTL,
PWM1P PWMIN 1 X PWM Open Drain Output MEL7
’ 2 X PWM Output (CMOS Push-Pull)
ADCO~ADC9 3 X ADC Channel MF11
3 X DPMOCTL,
DACCTLDO,
DACCTL],
DPn, DMn, CCn USB Charge CC12SEL.
DACOD,
DAC1D
AOP1, AOP2 3 X OPA analog input ANA _CTL2

For tables above, a “CMOS Output” pin means it can sink and drive at least 4mA current. It is not
recommended to use such as input function.

An “Open Drain” pin means it can Sink at least 4mA current but only drive a small current (< 20uA). It
can be used as input or output function and typically needs an external pull-up resistor.

B — S
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MODEO

SFR_READ_DATA —— MODE3 —O} vee
PXD[n] jo—@(

vee
DOUT :
—O 4|X| PXn
MODEOQ OE
MODE1L

MODE2
Analog Input
PIN_READ_DATA O——e—— MODE3
DOUT <|> PXn — T
OE Analog Output

10 Pin Structure

Example: Set PAO as Schmitt-trigger input with pull-up (Mode0)
MOVLW XXXXXXX1B

MOVWF PAD

MOVLW XXXXXX00B

MOVWR PAMODL ; Set PAO as Schmitt-trigger input with pull-up

Example: Set PAO as Schmitt-trigger input without pull-up (Model)
MOVLW XXXXXXX1B

MOVWF PAD

MOVLW XXXxxx01B

MOVWR PAMODL ; Set PAO as Schmitt-trigger input without pull-up

Example: Set PAO as CMOS push-pull output mode and drive low (Mode2)

MOVLW XXXXXXX0B
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MOVWF PAD
MOVLW XXXXXX10B

MOVWR PAMODL

Example PAO as CMOS push-pull output mode and PWMOP output (Mode2)
MOVLW XXXXXX10B

MOVWR PAMODL

MOVLW IXXXXXXXB

MOVWR PWMCTL ; set PWMOPOE =1

Example PAO as ADC3 input (Mode3)

MOVLW XXXXXX11B ; set PAO as ADC analog input
MOVWR PAMODL

MOVLW xxxx0011B : select channel ADC3

MOVWR MF11
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4.2 PA7

PA7 can be used in Schmitt-trigger input or open-drain output which is setting by the PAD [7] (F05.7)
bit. When the PAD [7] bit is assigned as Schmitt-trigger input mode, otherwise is assigned as open-drain
output mode and output low. The pull-up resistor is controlled by PA7MOD (R05.6) bit and the default
value is disabled (i.e. PATMOD=1) after system reset.

Rpull-up
PATMOD ———O)
MP
PA7
*—eo
SYSCFGI[12] | MN
PAD[7] ® | E
DATA —_ =
Read |
RD_PAD[7]
Read_Modyfy Write
How to control PA7 status can be concluded as following list.
SYSCFG[12] | PAD[7] | PATMOD | Pin State | Pull-up MODE
0 0 0 Low No Open-drain output without pull-high
0 1 0 High Yes Input with pull-high
0 1 1 Hi-Z No Input without pull-high
1 1 0 High Yes Reset input with pull-high

< Example: Read state from PA7
Condition: SYSCFG[12] is set to “0”. If SYSCFG[12] = “1”, then PA7 is external reset pin function

BTFSS PAD.7
GOTO LOOP_A ; If PA7=0
GOTO LOOP_B ; If PA7=1
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FO5 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bitl | Bit0
PAD PAD
R/W R/W
Reset | 1 [ 1 | 1 | 1 [ 1 | 1 | 1 | 1
F05.7 PAD[7]: PAT7 data
F05.6~0 PADI[6:0] : PA6~PAO data output register
0: output low
1: output high or Schmitt-trigger input mode
FO6 Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PBD - - PBD
R/IW - - R/IW
Reset | - [ - | 1 | 1 [ 1 | 1 | 1 | 1
F06.5~0 PBD: PB5~PBO0 data
0: output low
1: output high or Schmitt-trigger input mod
FO7 Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
PDD PDD
R/IW R/W
Reset | 1 | 1 | 1 [ 1 [ 1 [ 1 [ 1 [ 1
F07.7~0 PDD: PD7~PDO data
0: output low
1: output high or Schmitt-trigger input mod
RO5 Bit 7 Bit 6 Bit5 | Bit4 Bit3 | Bit2 Bitl [ Bit0
PAMODH - PA7TMOD PA6MOD PA5SMOD PAAMOD
R/W - W w wW wW
Reset - 0 01 01 01
R05.6 PA7MOD: PA7 I/0O mode control
0: with pull-up (PAD [7] =1) ; 1: without pull-up
R05.5~4 PA6MOD: PA6 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
R06.3~2 PA5MOD: PA5 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
R06.1~0 PA4MOD: PA4 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
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R06 Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 Bit1 | Bit0
PAMODL PA3SMOD PA2MOD PA1IMOD PAOMOD
R/W w W W W
Reset 01 01 01 01

R06.7~6 PA3MOD: PA3 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
R06.5~4 PA2MOD: PA2 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
R06.3~2 PA1MOD: PA1 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
R06.1~0 PAOMOD: PAO Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
RO7 Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 Bit1 | Bit0
PBMODH - - - - PB5MOD PB4MOD
R/W - - - - w w
Reset - - - - 01 01
R07.3~2 PB5MOD: PB5 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
R07.1~-0 PB4MOD: PB4 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
RO8 Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 Bit1 | Bit0
PBMODL PB3MOD PB3MOD PB1MOD PBOMOD
R/W w W W W
Reset 01 01 01 01
R08.7~6 PB3MOD: PB3 Pin mode control
00: Mode 0
01: Mode 1
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10: Mode 2
11: Mode 3

R08.5~4 PB2MOD: PB2 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R08.3~2 PB1MOD: PB1 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R08.1~0 PBOMOD: PBO Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R09 Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 Bitl | BItD

PDMODH PD7MQOD PD6MOD PD5MOD PD4MOD

R/IW w w W W

Reset 01 01 01 01

R09.7~6 PD7MOD: PD7 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R09.5~4 PD6MOD: PD6 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R09.3~2 PD5MOD: PD5 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

R09.1~-0 PD4MOD: PD4 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3
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ROA Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 Bitl | BitO

PDMODL PD3MOD PD2MOD PD1IMOD PDOMOD

R/IW W W W W

Reset 01 01 01 01

ROA.7-6 PD3MOD: PD3 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

ROA.5~4 PD2MOD: PD2 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

ROA.3~2 PD1MOD: PD1 Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

ROA.1~-0 PDOMOD: PDO Pin mode control
00: Mode 0
01: Mode 1
10: Mode 2
11: Mode 3

B — S
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MEMORY MAP

1. F-Plane

Name

Address

Description

(FO0) INDF

Function related to RAM W/R

INDF

00.7~0

R/IW

Not a physical register, addressing INDF actually point to the
register whose address is contained in the SFR register

(FO1) TMO

Function related to : Timer0Q

T™MO

|

01.7~0

[ RIW |

| Timer0 content

(F02) PCL

Function related to : PROGRAM COUNT

PCL

|

02.7-0

[ RW |

|Programming Counter LSB[7~0]

(F03) STATUS

Function related to : STATUS

GB1

03.7

R/IW

General purpose bit 1

GBO

03.6

R/IW

General purpose bit 0

RAMBK

035

R/IW

Ram Bank Selection

TO

03.4

R

WDT timeout flag, cleared by PWRST, ‘SLEEP’ or ‘CLRWDT’
instruction

PD

03.3

R

Sleep mode flag, set by ‘SLEEP’ cleared by ‘CLRWDT’ instruction

Z

03.2

Zero flag

DC

03.1

Decimal carry flag

C

03.0

oO|Oo|0o|0o| O |o|o|lo

Carry flag

(FO4) FSR

Function related to : RAM W/R

GB2

04.7

General purpose bit 2

FSR

04.6~0

File select register, indirect address mode pointer

(F05) PAD

Function related to : Port A

PAD

05.7

PA7 pin

1: PA7 is Schmitt-trigger input mode

05.6~0

Port A pin or “data register” state

Port A output data register

(F06) PBD

Function related to : Port B

PBD

Port B pin or “data register” state

Port B output data register

(FO7) PDD

Function related to : Port D

PDD

Port D pin or “data register” state

Port D output data register

(FO8) INTIE

Function related to : Interrupt Enable

PWMOIE

PWMO Interrupt Enable
0: disable
1: enable

PWML1IE

PWM1 Interrupt Enable
0: disable
1: enable

Timerl Interrupt Enable
0: disable
1: enable

Timer0 Interrupt Enable
0: disable
1: enable

DS-TM57MA45/MA46_E
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Address

Description

08.3

Wakeup Timer interrupt enable
0: disable
1: enable

INT2IE

INT2 (PAT) pin interrupt enable
0: disable
1: enable

INT1IE

INT1 (PAL) pin interrupt enable
0: disable
1: enable

INTOIE

INTO (PAB) pin interrupt enable
0: disable
1: enable

(F09) INTIF

Function related to : Interrupt Flag

PWMOIF

PWMO interrupt flag, set by H/W while PWMO overflows

write O: clear this flag; write 1: no action

PWML1IF

PWML interrupt flag, set by H/W while PWM1 overflows

write 0: clear this flag; write 1: no action

TM1IF

Timerl interrupt event pending flag, set by H/W while Timerl
overflows

write O: clear this flag; write 1: no action

TMOIF

Timer0Q interrupt event pending flag, set by H/W while Timer0
overflows

write 0: clear this flag; write 1 : no action

WKTIF

WKT interrupt event pending flag, set by H/W while WKT time out

write 0: clear this flag; write 1 : no action

INT2IF

INT2 (PAT) interrupt event pending flag, set by H/W at INT2 pin’s
falling edge

write 0: clear this flag; write 1 : no action

INT1IF

INT1 (PAL) interrupt event pending flag, set by H/W at INT1 pin’s
falling/rising edge

write 0: clear this flag; write 1 : no action

INTOIF

INTO (PAG) interrupt event pending flag, set by H/W at INTO pin’s
falling edge

R
w
R
w
R
w
R
wW
R
w
R
W
R
w
R
wW

write 0: clear this flag; write 1 : no action

(FOA) INTIEL

Function related to : Interrupt Enable 1

CMPIE

Comparator interrupt enable
0: disable
1: enable

(FOB) INTIF1

Function related to : Interrupt Flag 1

CMPIF

Comparator interrupt event pending flag, set by H/W at Comparator
compare a new value

write O: clear this flag; write 1 : no action

(FOC) CLKCTL

Function related to : Fsys

SCKTYPE

Slow-clock Type selection
0: SIRC
1. SXT

FCKTYPE

Fast-clock Type selection
0: FIRC
1. FXT
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Name

Address

Description

SLOWSTP

0C.4

Slow-clock stop
0: Slow-clock is running
1: Slow-clock stops running in Power-down mode

FASTSTP

Fast-clock stop
0: Fast-clock is running
1: Fast-clock stops running

CPUCKS

System clock source select
0: slow-clock
1: FastO-clock

CPUPSC

System clock source prescaler. System clock source
00: divided by 8
01: divided by 4
10: divided by 2
11: divided by 1

(FOD) MFOD

Function related to : ADC / Power

ADEOC

ADC end of conversion

ADST

ADC start bit
1: ADC start conversion;
0: this bit is automatically clear by H/W end of conversion

PWRSAV1

Power save option bit 1
1: LVR auto power off in STOP mode

PWRSAV0

Power save option bit 0
1: IVC auto power off in STOP mode

(FOE) PCH

Function related to : PROGRAM COUNT

PCH |

|Programming Counter MSBJ[11:8]

(FOF) DPMOCTL

Function related to : USB Battery Charge

DPOVSEL

DPO output voltage select;
7: disable, 0: 0.6V, 1: 1.2V, 2: 2.0V, 3: 2.7V, 4:3.3V, 5/6:reserved

DMOVSEL

DMO output voltage select; 7:disable, 0: 0.6V, 1: 1.2V, 2: 2.0V, 3:
2.7V, 4:3.3V, 5/6:reserved

DMOPLOW

1: enable DMO pull low,
0: disable DMO pull low

DPMOSHRT

1: DPO/DMO short together,
0: DPO/DMO not short

(F10) ADH

Function related to : ADC

ADH

| ADC output data MSB[11~4]

(F11) MF11

Function related to : ADC

ADL

ADC output data LSB[3~0]

DS-TM57MA45/MA46_E

ADC channel select
0000: ADCO (PA6)
0001: ADC1 (PAL)
0010: ADC2 (PA2)
0011: ADC3 (PA0)
0100: ADC4 (PD7)
0101: ADCS5 (PB1)
0110: ADC6 (PBO)
0111: ADC7 (PA5)
1000: ADC8 (PD6)
1001: ADC9 (PB5)
1010: ADC10 (OPO)

1010: ADCL11 (VBGO)
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Name

Address

Description

(F12) MF12

Function related to : PWMO0 /PWM1/TMO0/ TM1

PWMOCLR

PWMO clear and hold
0: PWMO is running
1: PWMO is clear and hold

PWMI1CLR

PWM1 clear and hold
0: PWML1 is running
1: PWML1 is clear and hold

TMI1SET

Timer1 set and hold
0: release Timerl
1: set Timerl to ‘FFFFH’ and hold

TM1CLR

Timerl clear
0: release Timerl
1: clear Timerl to ‘0000H’ and hold

TM1STP

Timerl counter stop
0: release
1: Stop Timerl counting

TMOSTP

Timer0 counter stop
0: release
1: Stop Timer0 counting

(F13) ANA_PWR

Function related to : Power saving / EFT / System Voltage

PDANG

OPA / Comparator power down enable bit
0: OPA/Comparator running
1: OPA/Comparator power down

PDPLL

Internal PLL power down enable bit
0: PLL running
1: PLL power down

PDIVC

IVC power saving enable
0: disable
1: enable

PDLDO

Internal LDO power down enable bit
0: LDO running
1: LDO power down

PUMP

Internal PLL pump voltage oscillator
0: disable
1: enable

VCCFLT

VCC filter, enhance the chip’s power noise immunity
0: disable
1: enable

CLKFLT

Fsys clock filter for noise defecting
0: Fast
1: Slow

(F14) TM1L

Function related to : Timerl

TM1L

Timerl counter low byte

Timerl reload low byte

(F15) TM1H

Function related to : Timerl

TM1H
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Address Description

(F16) DACCTLO Function related to : DAC control register 0
DML1 signal switch;

DMDS0 . 0:o0pen

1: DACOO/DM1 short

DM2 signal switch;

0:0pen

1: DACOO/DM2 short

DP1 signal switch;

DPDSO0 . 0:o0pen

1: DAC10/DP1 short

DP2 signal switch;

DPDS1 . 0:open

1: DAC10/DP2 short

(F17) MF17 Function related to : PWMO0 / PD7 / PAO
PWM1 clock source select

00: Fsys

01: 2*Fsys(2 times Fsys frequency)

1x: PLLCKO 108MHz

PWMO clock source select

00: Fsys

01: 2*Fsys(2 times Fsys frequency)

1x: PLLCKO 108MHz

PWMON (PD7) high drive current enable bit
PD7HDRV . 0: disable

1: enable

PWMON (PD7) high sink current enable bit
PD7HSNK . 0: disable

1: enable

PWMOP (PAO) high drive current enable bit
PAOHDRV . 0: disable

1: enable

PWMOP (PAO) high sink current enable bit
PAOHSNK . 0: disable

1: enable

(F18) DACCTL1 Function related to : DAC control register 1
DM1 pull low

DMPLO . 0: disable

1: enable

DM2 pull low

0: disable

1: enable

DP1/DM1 short enable bit

0: disable

1: enable

DP2/DM2 short enable bit

0: disable

1: enable

DM1/DM2 voltage source power down enable bit
0: disable

1: enable

DM1/DM2 voltage source power down enable bit
0: disable

1: enable

PWM1CKS

PWMOCKS
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Name Address Description
(F19) CC12SEL Function related to : CC12 select register

CC1s0

V_CC1 source select;
00 AVSS 5.1K,

01: AVDD 10K,

10: AVDD 22K

CC1 signal switch;

00 open,

01: V_CC1/CC1 short,
10: ADC11/CC1 short

V_CC2 source select;
00 AVSS 5.1K,

01: AVDD 10K,

10: AVDD 22K

Cca2s1

CC2 signal switch;

00 open,

01: V_CC2/CC2 short,
10: ADC12/CC2 short

(FIA) VBTM

Function related to : System Band-gap voltage

VBTM

by
SYS

Band-gap voltage adjustment

(F1B) OPTM

Function related to : OPA

OPTM

by
SYS

OPA offset adjustment value

(FIC) RSR

Function related to : RAM W/R

RSR

| - |R-Plane file select register, indirect address mode pointer

(F1D) DPL

Function related to : Table Read

DPL

| 0 [Table read low address, data ROM pointer DPTR) low byte[7~0]

(F1E) DPH

Function related to : Table Read

DPH

| 0 [Table read high address, data ROM pointer DPTR) high byte[11~8]

(F1F) IRCF

Function related to : Internal RC

IRCF

by
SYS

FIRC frequency adjustment

User Data Memo

SRAM

SRAM common area

SRAM Bank0 area (RAMBK=0, 88 bytes)

SRAM Bank1 area (RAMBK=1, 88 bytes)
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89 Rev 0.92, 2018/02/23



TM57MA45/MA46 Data Sheet

2. R-Plane

Name

Description

(R00) INDR

Function related to RAM W/R

INDR

Not a physical register, addressing INDR actually point to the
register whose address is contained in the RSR register

(RO1) TMORLD

Function related to : Timer0

TMORLD |

| TimerO reload data

(R02) TMOCTL

Function related to : Timer0

TMOCL

TimerO capture Mode level
0: High level capture
1: Low level capture

Timer0 Mode
0: Timer / Counter Mode
Clock source from TMOPSC (set R02.3~0)
TMOCKI (set R02.4)
1: Capture Mode
Clock source from CAPT pin

TMOEDG

TimerQ prescaler counting edge for TMOCKI
0: rising edge
1: falling edge

TMOCKS

TimerO prescaler clock source select
0: Fsys/2
1: TMOCKI pin (PA2)

TMOPSC

Timer0 prescaler. Timer0 prescaler clock source divided by
0000: divided by 1

0001: divided by 2

0010: divided by 4

0011: divided by 8

0100: divided by 16

0101: divided by 32

0110: divided by 64

0111: divided by 128

1xxx: divided by 256

(R03) PWRDN

Function related to : Power Down

PWRDN |

|Write this register to enter STOP mode (i.e. ‘SLEEP” instruction)

(R04) WDTCLR

Function related to : WDT

WDTCLR |

|Write this register to clear WDT Timer (i.e. ‘CLRWDT instruction

(R05) PAMODH

Function related to : Port A

PA7TMOD

PAT7 1/0 mode control
0: with pull-up (PAD [7] =1) 1: without pull-up

PA6MOD

PA6~PA4 1/0O mode control
00: Mode0

PASMOD

01: Model

PA4MOD

10: Mode2
11: Mode3

(R06) PAMODL

Function related to : Port A

PA3MOD

PA3~PAO I/0O mode control

PA2MOD

00: Mode0

PA1IMOD

01: Model
10: Mode2

PAOMOD

222lE] 2|25

11: Mode3
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Name

Address

Description

(R07) PBMODH

Function related to : Port B

PB5SMOD

PB4AMOD

PB5~PB4 1/0 mode control
00: Mode0
01: Model
10: Mode2
11: Mode3

(R08) PBMODL

Function related to : Port B

PB3MOD

PB2MOD

PB1IMOD

PBOMOD

PB3~PBO0 I/0 mode control
00: Mode0
01: Model
10: Mode2
11: Mode3

(R09) PDMODH

Function related to : Port D

PD7MOD

PD6MOD

PD5MOD

PD4MOD

PD7~PD4 1/0O mode control
00: Mode0
01: Model
10: Mode2
11: Mode3

(ROA) PDMODL

Function related to : Port D

PD3MOD

PD2MOD

PD1MOD

PDOMOD

2I22IE 2212 lE] 222

PD3~PDO0 I/0 mode control
00: Mode0
01: Model
10: Mode2
11: Mode3

(ROB) PWMCTL

Function related to : PWM

PWMOPOE

Enable PWMOP output to PAO pin
0: disable
1: enable

PWMONOE

Enable PWMON output to PD7 pin
0: disable
1: enable

PWM1POE

Enable PWM1P output to PBO pin
0: disable
1: enable

PWMI1NOE

Enable PWM1N output to PB1 pin
0: disable
1: enable

PWMOPSC

PWMO prescaler. PWMO clock source
00: divided by 1
01: divided by 2
10: divided by 4
11: divided by 8

PWM1PSC

PWML1 prescaler. PWML1 clock source
00: divided by 1
01: divided by 2
10: divided by 4
11: divided by 8

(ROC) MROC

Function related to : WDT / WKT / Timer0 / Timerl

WKTPSC

DS-TM57MA45/MA46_E

WKT period (@VCC=5V)
00: 27ms

01: 54ms

10: 108ms

11: 216ms
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Address

Description

WDTPSC

WDT period (@VCC=5V)
00: 108ms

01: 216ms

10: 864ms

11: 1728ms

TMI1CKS

Timer1 clock source select
0: Fsys/2
1: Fsys

TMOOE

Enable Timer0 overflow toggle output PA5 pin (TMOOUT)
0: disable
1: enable

Enable Instruction cycle (Fsys/2) output PD6 pin (TCOUT)
0: disable
1: enable

TM10E

Enable Timerl overflow toggle output PDO pin (TM10OUT)
0: disable
1: enable

(ROD) MROD

Function related to : INT / Timerl /PLL

INT1EDG

INT1 (PAL) trigger edge select
0: INT1 (PAZL) pin falling edge to trigger interrupt event
1: INT1 (PA1) pin rising edge to trigger interrupt event

TM1CM

Timerl Mode
0: Timer Mode (source from TM1PSC clock out)
1: Capture Mode (source from CAPT pin)

HWAUTO

Enable H/W save/restore STATUS during Interrupt
0: disable
1: enable

ADC clock frequency selection
000: Fsys / 256

001: Fsys/ 128

010: Fsys / 64

011: Fsys/ 32

100: Fsys/ 16

101: Fsys /8

110: Fsys/ 4

111: Fsys/2

(ROE) MROE

Function related to : Comparator / PWMO0

CMPTRIG

Comparator interrupt trigger direction
00=Rising edge (when R1B.1=0)
01=Falling edge (when R1B.1=0)
10=Both edge (when R1B.1=0)
11=high level trigger (when R1B.1=0)

PWMOMODE
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Address Description

PWMO Dead Time (non-overlap time) select
0000: 0 pwmO prescale clock (original PWMO)
0001: 1 pwmO prescale clock
0010: 2 pwmO prescale clock
0011: 3 pwmO prescale clock
0100: 4 pwmO prescale clock
0101: 5 pwmO prescale clock
0110: 6 pwmO prescale clock
PWMODT 0111: 7 pwmO prescale clock
1000: 8 pwmO prescale clock
1001: 9 pwmoO prescale clock
1010: 10 pwmO prescale clock
1011: 11 pwmO prescale clock
1100: 12 pwmO prescale clock
1101: 13 pwmO prescale clock
1110: 14 pwmO prescale clock
1111: 16 pwmoO prescale clock
(R10) PWMOPRDH Function related to : PWMO0
PWMOPRDH | 10.7~0 |PWMO period data 8-bt MSB PWMOPRDI[10:3]
(R11) PWMPRDL Function related to : PWMO0 / PWM1
PWM1PRDL 11.7~5 PWML1 period data 3-bt LSB PWM1PRD[2:0]
PWMOPRDL 11.2~0 PWMO period data 3-bt LSB PWMOPRDI[2:0]
(R12) PWM1PRDH Function related to : PWM1
PWM1PRDH 12.7~0 ‘PWMl period data 8-bt MSB PWM1PRD[10:3]

(R13) MR13 Function related to : Comparator / PWM1
Comparator output debounce time

00=None

CMPDBS 01=4*Fsys

10=8*Fsys

11=16*Fsys

PWML1 differential output mode

00: Mode0

PWM1MODE 01: Model

10: Mode2

11: Mode3

PWM1 Dead Time (non-overlap time) select
0000: 0 pwmL1 prescale clock (original PWM1)
0001: 1 pwml prescale clock

0010: 2 pwm1 prescale clock

0011: 3 pwm1 prescale clock

0100: 4 pwm1 prescale clock

0101: 5 pwm1 prescale clock

0110: 6 pwm1 prescale clock

PWM1DT 0111: 7 pwm1 prescale clock

1000: 8 pwml1 prescale clock

1001: 9 pwm1 prescale clock

1010: 10 pwml prescale clock

1011: 11 pwml prescale clock

1100: 12 pwml prescale clock

1101: 13 pwml prescale clock

1110: 14 pwm1 prescale clock

1111: 16 pwm1 prescale clock
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Address

Description

(R14) PWMODUT1

Function related to : PWMO

PWMODUT1 |

14.7~0

|RIW [ 0 [PWMODUTY [9:2]

(R15) PWMODUT2

Function related to : PWMO

PWMODUT2 | 15.7~5,1~0 | R/W | 0 [PWMODUTY [12:10], PWMODUTY [1:0]
(R16) PWM1DUT1 Function related to : PWM1
PWMIDUT1 | 16.7~0 |R/W [ 0 [PWMIDUTY [9:2]
(R17) PWM1DUT2 Function related to : PWM1
PWM1DUT2 | 17.7~5,1~0| R/W | |[PWM1DUTY [12:10], PWM1DUTY [1:0
(R18) ANA CTL1 Function related to : Analog IP
Power down VBGO to ADC enable
PDBGOP 18.7 w 0: disable
1: enable
Select comparator reference voltage level
Total 125 level;
when SVL=127 , comparator disconnect to 125
level reference voltage
(R19) ANA CTL2 Function related to : Analog IP
Select OPP input source
SOPP . 0: OPP input source is PDO
1: OPP input source is PD1
OPA output (OPO) connect to Comparator control
OPOF . 0: OPO connect to COMPP
1: OPO disconnect to COMPP
Comparator reference voltage source select
0: VDDA
1: LDOC
select reference voltage source for OPA trim offset
0: AVSS
1. LDOC
OPA gain select
00: 1X
01: 20X
10: 50X
11: 100X
OPA working mode select
00: normal
01: Trim 1
10: Trim 2
11: Comp.
(R1A) ANA CTL3 Function related to : Analog IP
VCLTEN 1A.7 Reserved for test; VCO control voltage switch
ANTOE 1A.6 Reserved for test; Analog signal output enable
Reserved for test; Analog signal output select
00: VBG
SANTO 01: VBGO
10: LDOC
11: OPO
(R1B) CMPISET Function related to : Comparator
SOPPL 1 epable OPP input pull low
0: disable

SVL

CMPINV . 1: enable Comparator output data invert (0 -> 1 or 1->0)
0: disable
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Name Address | R/W | Rst Description
CMP2PWMOFF 1B.0 W 0 |1: enable Comparator Interrupt to disable PWM output;
0: disable
(R1C) PBWKUP Function related to : Port B wakeup
1C.5 W 0 |1: PB5 wakeup enable 0O:disable
1C.4 W 0 |1: PB4 wakeup enable 0:disable
1C.3 W 0 |1: PB3 wakeup enable 0:disable
PBWKUP )
1C.2 W 0 |1: PB2 wakeup enable 0:disable
1C.1 W 0 |1: PB1 wakeup enable 0:disable
1C.0 W 0 |1: PBO wakeup enable 0:disable
(R1E) DACOD Function related to : DACO Data
I pbacob | 1E7-0 | W | 0 [DACO data register |
| (R1F) DACID Function related to : DAC1 data |
DACID | 1F7-0 | W | 0 |DACI data register ]
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Instruction Set

Each instruction is a 14-bit word divided into an OPCODE, which specifies the instruction type, and one
or more operands, which further specify the operation of the instruction. The instructions can be
categorized as byte-oriented, bit-oriented and literal operations listed in the following table.

For byte-oriented instructions, “f” or “r” represents the address designator and “d” represents the
destination designator. The address designator is used to specify which address in Program memory is to
be used by the instruction. The destination designator specifies where the result of the operation is to be
placed. If “d” is “07”, the result is placed in the W register. If “d” is “1”, the result is placed in the address
specified in the instruction.

For bit-oriented instructions, “b” represents a bit field designator, which selects the number of the bit
affected by the operation, while “f’ represents the address designator. For literal operations, “k”
represents the literal or constant value.

Field / Legend Description
f F-Plane Register File Address
r R-Plane Register File Address
b Bit address
k Literal. Constant data or label
d Destination selection field, 0: Working register, 1: Register file
w Working Register
z Zero Flag
C Carry Flag
DC Decimal Carry Flag
PC Program Counter
TOS Top Of Stack
GIE Global Interrupt Enable Flag (i-Flag)
1 Option Field
O Contents
. Bit Field
B Before
A After
— Assign direction

B — S
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Mnemonic Op Code Cycle ‘ Flag Affect ‘ Description
Byte-Oriented File Register Instruction
ADDWF f.d 000111 dfff ffff 1 C,DC,z Add W to f
ANDWF f.d 000101 dfff ffff 1 Z AND W to f
CLRF f 00 0001 1fff ffff 1 z Clear f
CLRW 00 0001 0100 0000 1 z Clear W
COMF f.d 00 1001 dfff ffff 1 Z Invert F bit by bit
DECF f.d 000011 dfff ffff 1 Z Decrement of f
DECFSZ f.d 00 1011 dfff ffff lor2 - Decrease f, skip if zero
INCF fd 00 1010 dfff ffff 1 Z Increment of f
INCFSZ f.d 00 1111 dfff ffff lor2 - Increase f, skip if zero
IORWF f.d 00 0100 dfff ffff 1 Z ORWtof
MOVFW f 00 1000 Offf ffff 1 - Move fto W
MOVWEF f 000000 1fff ffff 1 - Move W to f
MOVRW r 011111 rrrr rrrr 1 - Move rto W
MOVWR r 011110rrrr rrrr 1 - Move Wtor
RLF f.d 00 1101 dfff ffff 1 C F rotate to left
RRF f.d 00 1100 dfff ffff 1 C F rotate to right
SUBWEF f.d 00 0010 dfff ffff 1 C,DC,z Subtract W from f
SWAPF f.d 00 1110 dfff ffff 1 - Swap high and low nibble of f
TESTZ f 00 1000 1fff ffff 1 Z Test fif zero
XORWEF f.d 00 0110 dfff ffff 1 Z XOR W to f
Bit-Oriented File Register Instruction
BCF f.b 01 000b bbff ffff 1 - Bit clear f
BSF f.b 01 001b bbff ffff 1 - Bitset f
BTFSC fb 01 010b bbff ffff lor2 - Bit test f, skip if clear
BTFSS f.b 01 011b bbff ffff lor2 - Bit test f, skip if set
Literal and Control Instruction

ADDLW k 01 1100 kkkk kkkk 1 C,DC,z Add literal to W
ANDLW k 01 1011 kkkk kkkk 1 Z AND literal to W
XORLW k 01 1101 kkkk kkkk 1 Z XOR literal to W
CALL k 10 kkkk kkkk kkkk 2 - Subroutine call
CLRWDT 01 1110 0000 0100 1 TO, PD Clear watchdog timer
GOTO k 11 kkkk kkkk kkkk 2 - Unconditional branch
IORLW k 01 1010 kkkk kkkk 1 Z OR literal to W
MOVLW k 01 1001 kkkk kkkk 1 - Move literal to W
NOP 00 0000 0000 0000 1 - No operation
RET 00 0000 0100 0000 2 - Return from CALL
RETI 00 0000 0110 0000 2 - Return from interrupt
RETLW k 01 1000 kkkk kkkk 2 - Return with literal to W
SLEEP 01 1110 0000 0011 1 TO, PD Go into Power-down mode
TABRL 00 0000 0 1010000 2 - Lookup ROM low data to W
TABRH 00 0000 0 1011000 2 Lookup ROM high data to W
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ADDLW Add Literal “k” and W

Syntax ADDLW k

Operands k : 00h ~ FFh

Operation (W) — (W) +k

Status Affected C,DC,Z

OP-Code 01 1100 kkkk kkkk

Description The contents of the W register are added to the eight-bit literal 'k’ and the result
is placed in the W register.

Cycle 1

Example ADDLW 0x15 B:W=0x10

AW =0x25

ADDWF Add W and “f?

Syntax ADDWEF f[,d]

Operands f:00h~7Fh d:0,1

Operation (Destination) < (W) + (f)

Status Affected C,DC, Z

OP-Code 00 0111 dfff ffff

Description Add the contents of the W register with register ‘f”. If °‘d’ is 0, the result is stored
in the W register. If ‘d’ is 1, the result is stored back in register ‘f’.

Cycle 1

Example ADDWF FSR, 0 B : W =0x17, FSR = 0xC2

AW =0xD9, FSR = 0xC2

ANDLW Logical AND Literal 'k with W

Syntax ANDLW k

Operands k : 00h ~ FFh

Operation (W) — (W) ‘AND’ k

Status Affected z

OP-Code 01 1011 kkkk kkkk

Description The contents of W register are AND’ed with the eight-bit literal 'k'. The result is
placed in the W register.

Cycle 1

Example ANDLW O0x5F B : W =0xA3

A: W =0x03

ANDWF AND W with “f?

Syntax ANDWEF f[,d]

Operands f:00h~7Fh d:0,1

Operation (Destination) < (W) ‘AND’ (f)

Status Affected z

OP-Code 00 0101 dfff ffff

Description AND the W register with register ’f*. If °d’ is 0, the result is stored in the W
register. If ’d’ is 1, the result is stored back in register ’f’.

Cycle 1

Example ANDWEF FSR, 1 B : W =0x17, FSR = 0xC2

AW =0x17, FSR = 0x02

DS-TM57MA45/MA46_E
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BCF Clear ""b" bit of """

Syntax BCF f[,b]

Operands f:00h~3Fh b:0~7

Operation (fb) <0

Status Affected -

OP-Code 01 000b bbff ffff

Description Bit ’b’ in register ’f” is cleared.

Cycle 1

Example BCF FLAG_REG, 7 B : FLAG_REG = 0xC7

A FLAG_REG = 0x47

BSF Set "'b"" bit of "'f"

Syntax BSF f[,b]

Operands f:00h~3Fh b:0~7

Operation (fb) « 1

Status Affected -

OP-Code 01 001b bbff ffff

Description Bit ’b’ in register ’f” is set.

Cycle 1

Example BSF FLAG_REG, 7 B : FLAG_REG = 0x0A

A :FLAG_REG = 0x8A

BTFSC Test “b” bit of “f”, skip if clear(0)

Syntax BTFSC f[,b]

Operands f:00h~3Fh b:0~7

Operation Skip next instruction if (f.b)=0

Status Affected -

OP-Code 01 010b bbff ffff

Description If bit ‘b’ in register ‘f” is ‘1°, then the next instruction is executed. If bit ‘b’ in
register ‘f” is ‘0’, then the next instruction is discarded, and a NOP is executed
instead, making this a 2nd cycle instruction.

Cycle lor2

Example LABEL1 BTFSC FLAG, 1 B :PC=LABEL1
TRUE GOTO SUB1 A if FLAG.1 =0, PC = FALSE
FALSE ... if FLAG.1=1, PC=TRUE

BTFSS Test ""b" bit of "'f"", skip if set(1)

Syntax BTFSS f[,b]

Operands f:00h~3Fh b:0~7

Operation Skip next instruction if (f.b) =1

Status Affected -

OP-Code 01 011b bbff ffff

Description If bit ’b’ in register ’f” is ’0’, then the next instruction is executed. If bit °’b’ in
register *f” is ’1°, then the next instruction is discarded, and a NOP is executed
instead, making this a 2nd cycle instruction.

Cycle

Example LABEL1 BTFSS FLAG, 1 B :PC=LABEL1

DS-TM57MA45/MA46_E

TRUE GOTO SuB1 A:if FLAG.1=0,PC=TRUE
FALSE ... if FLAG.1 =1, PC = FALSE
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CALL Call subroutine k"

Syntax CALL k

Operands K: 00h ~ FFFh

Operation Operation: TOS < (PC)+ 1, PC.11~0 «— k

Status Affected -

OP-Code 10 kkkk kkkk kkkk

Description Call Subroutine. First, return address (PC+1) is pushed onto the stack. The 12-bit

immediate address is loaded into PC bits <9:0>. CALL is a two-cycle instruction.

Cycle 2

Example LABEL1 CALL SUB1 B :PC=LABEL1
A:PC=SUB1, TOS = LABEL1+1

CLRF Clear “”

Syntax CLRFf

Operands f:00h ~ 7Fh

Operation (f) —00h, Z « 1

Status Affected z

OP-Code 00 0001 1fff ffff

Description The contents of register ‘f” are cleared and the Z bit is set.

Cycle 1

Example CLRF FLAG_REG B : FLAG_REG = 0x5A
A:FLAG_REG=0x00,Z=1

CLRW Clear W

Syntax CLRW

Operands -

Operation (W) «—00h, Z 1

Status Affected z

OP-Code 00 0001 0100 0000

Description W register is cleared and Zero bit (Z) is set.

Cycle 1

Example CLRW B : W =0x5A
A:W=0x00,Z=1

CLRWDT Clear Watchdog Timer

Syntax CLRWDT

Operands -

Operation WDT Timer < 00h

Status Affected TO,PD

OP-Code 00 0000 0000 0100

Description CLRWDT instruction enables and resets the Watchdog Timer.

Cycle 1

Example CLRWDT B : WDT counter = ?

DS-TM57MA45/MA46_E
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COMF Complement “f”
Syntax COMF f[,d]
Operands f:00h~7Fh,d:0,1
Operation (destination) « ()
Status Affected z
OP-Code 00 1001 dfff ffff
Description The contents of register *f” are complemented. If °’d’ is 0, the result is stored in
W.If ’d’ is 1, the result is stored back in register ’f’.
Cycle 1
Example COMF REG1,0 B : REG1 = 0x13
A : REG1 =0x13, W = 0xEC
DECF Decrement “f”
Syntax DECF f[,d]
Operands f:00h~7Fh,d:0,1
Operation (destination) « (f) - 1
Status Affected 4
OP-Code 00 0011 dfff ffff
Description Decrement register ‘f*. If ‘d’ is 0, the result is stored in the W register. If ‘d’ is 1,
the result is stored back in register ‘f’.
Cycle 1
Example DECF CNT, 1 B:CNT=0x01,Z=0
A:CNT=0x00,Zz=1
DECFSZ Decrement “f”, Skip if 0
Syntax DECFSZ f [,d]
Operands f:00h~7Fh,d:0,1
Operation (destination) « (f) - 1, skip next instruction if result is 0
Status Affected -
OP-Code 00 1011 dfff ffff
Description The contents of register ’f” are decremented. If ’d’ is 0, the result is placed in the
W register. If °d’ is 1, the result is placed back in register *f*. If the result is 1, the
next instruction is executed. If the result is 0, then a NOP is executed instead,
making it a 2 cycle instruction.
Cycle lor2
Example LABEL1 DECFSZ CNT,1 B:PC=LABELl
GOTO LOOP A:CNT=CNT-1
CONTINUE if CNT=0, PC = CONTINUE
if CNT#0, PC = LABELI1+1
GOTO Unconditional Branch
Syntax GOTO k
Operands k : 00h ~ 3FFh
Operation PC.9~0 — k
Status Affected -
OP-Code 11 kkkk kkkk kkkk
Description GOTO is an unconditional branch. The 12-bit immediate value is loaded into PC
bits <9:0>. GOTO is a two-cycle instruction.
Cycle 2
Example LABEL1 GOTO SUB1 B:PC=LABEL1

DS-TM57MA45/MA46_E
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INCF Increment “f”
Syntax INCF f [,d]
Operands f:00h ~7Fh
Operation (destination) « (f) + 1
Status Affected z
OP-Code 00 1010 dfff ffff
Description The contents of register ’f” are incremented. If °d’ is 0, the result is placed in the
W register. If °d’ is 1, the result is placed back in register f’.
Cycle 1
Example INCF CNT, 1 B:CNT=0xFF,Z=0
A:CNT=0x00,Z2=1
INCFSZ Increment “f”, SKip if 0
Syntax INCFSZ f[,d]
Operands f:00h~7Fh,d:0,1
Operation (destination) « (f) + 1, skip next instruction if result is 0
Status Affected -
OP-Code 00 1111 offf ffff
Description The contents of register *f” are incremented. If °d’ is 0, the result is placed in the
W register. If °d’ is 1, the result is placed back in register *f*. If the result is 1, the
next instruction is executed. If the result is 0, a NOP is executed instead, making
it a 2 cycle instruction.
Cycle lor2
Example LABEL1 INCFSZ CNT,1 B:PC=LABEL1
GOTO LOOP A:CNT=CNT +1
CONTINUE if CNT=0, PC = CONTINUE
if CNT#£0, PC = LABEL1+1
IORLW Inclusive OR Literal with W
Syntax IORLW k
Operands k : 00h ~ FFh
Operation (W) <~ (W)OR k
Status Affected z
OP-Code 01 1010 kkkk kkkk
Description The contents of the W register is OR’ed with the eight-bit literal 'k'. The result is
placed in the W register.
Cycle 1
Example IORLW 0x35 B : W =0x9A
A:W=0xBF,Z=0
IORWF Inclusive OR W with “f”
Syntax IORWEF f [,d]
Operands f:00h~7Fh,d:0,1
Operation (destination) «— (W) OR (f)
Status Affected z
OP-Code 00 0100 dfff ffff
Description Inclusive OR the W register with register *f*. If °d’ is 0, the result is placed in the
W register. If °d’ is 1, the result is placed back in register ’f°.
Cycle 1
Example IORWF RESULT, 0 B : RESULT = 0x13, W = 0x91

DS-TM57MA45/MA46_E
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MOVFW Move “f” to W
Syntax MOVFW f
Operands f:00h ~7Fh
Operation (W) « ()
Status Affected -
OP-Code 00 1000 Offf ffff
Description The contents of register f are moved to W register.
Cycle 1
Example MOVFW FSR, 0 B:FSR=0xC2, W=7
A FSR = 0xC2, W =0xC2
MOVLW Move Literal to W
Syntax MOVLW k
Operands k : 00h ~ FFh
Operation (W) <~k
Status Affected -
OP-Code 01 1001 kkkk kkkk
Description The eight-bit literal ‘k’ is loaded into W register. The don’t cares will assemble
as 0’s.
Cycle 1
Example MOVLW 0x5A B:W=7?
AW =0x5A
MOVWEF Move W to “f’
Syntax MOVWEF f
Operands f:00h ~7Fh
Operation ) — (W)
Status Affected -
OP-Code 00 0000 1fff ffff
Description Move data from W register to register ‘f*.
Cycle 1
Example MOVWEF REG1 B : REG1 = OxFF, W = 0x4F
A REG1 = 0x4F, W = 0x4F
MOVWR Move W to “r”
Syntax MOVWR r
Operands r: 00h ~ 3Fh
Operation (r) < (W)
Status Affected -
OP-Code 01 1110 OOrr rrrr
Description Move data from W register to register ‘r’.
Cycle 1
Example MOVWR REG1 B : REG1 = OxFF, W = Ox4F

DS-TM57MA45/MA46_E
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MOVRW Move “r” to W

Syntax MOVRW r

Operands r:20h ~ FFh

Operation (W) « (1)

Status Affected -

OP-Code 01 21172 rrrrrrer

Description Move data from register ‘r’ to W register.

Cycle 1

Example MOVRW REG1 B:REG1 =0x4F, W=7

A : REG1 = Ox4F, W = 0x4F

NOP No Operation

Syntax NOP

Operands -

Operation No Operation

Status Affected -

OP-Code 00 0000 0000 0000

Description No Operation

Cycle 1

Example NOP -

RET Return from Subroutine

Syntax RET

Operands -

Operation PC «— TOS

Status Affected -

OP-Code 00 0000 0100 0000

Description Return from subroutine. The stack is POPed and the top of the stack (TOS) is
loaded into the program counter. This is a two-cycle instruction.

Cycle 2

Example RETURN A:PC=TOS

RETI Return from Interrupt

Syntax RETI

Operands -

Operation PC « TOS, GIE « 1

Status Affected -

OP-Code 00 0000 0110 0000

Description Return from Interrupt. Stack is POPed and Top-of-Stack (TOS) is loaded in to
the PC. Interrupts are enabled. This is a two-cycle instruction.

Cycle 2

Example RETFIE A:PC=TOS,GIE=1

DS-TM57MA45/MA46_E
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RETLW Return with Literal in W
Syntax RETLW k
Operands k : 00h ~ FFh
Operation PC «— TOS, (W) —k
Status Affected -
OP-Code 01 1000 kkkk kkkk
Description The W register is loaded with the eight-bit literal "k’. The program counter is
loaded from the top of the stack (the return address). This is a two-cycle
instruction.
Cycle 2
Example CALL TABLE B : W =0x07
: A : W =value of k8
TABLE ADDWEF PCL,1
RETLW k1
RETLW k2
RETLW kn
RLF Rotate Left f through Carry
Syntax RLF f[,d]
Operands f:00h~7Fh,d:0,1
Operation ’—{ C |<—| Register f }4—‘
Status Affected Cc
OP-Code 00 1101 dfff ffff
Description The contents of register ‘f” are rotated one bit to the left through the Carry Flag.
If °/d’ is 0, the result is placed in the W register. If ‘d’ is 1, the result is stored
back in register ‘f".
Cycle 1
Example RLF REG1,0 B:REG1=11100110,C=0
A:REG1=11100110
W  =11001100,C=1
RRF Rotate Right “f” through Carry
Syntax RRF f [,d]
Operands f:00h~7Fh,d:0,1
Operation Register f }—‘
Status Affected C
OP-Code 00 1100 dfff ffff
Description The contents of register ‘f” are rotated one bit to the right through the Carry Flag.
If °d’ is 0, the result is placed in the W register. If ‘d’ is 1, the result is placed
back in register ‘f*.
Cycle 1
Example RRF REG1,0 B:REG1=11100110,C=0

DS-TM57MA45/MA46_E
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TABRH Return DPTR high byte to W
Syntax TABRH
Operands -
Operation (W) < ROM[DPTR] high byte content, Where DPTR = {DPH[9:8], DPL[7:0]}
Status Affected -
OP-Code 00 0000 0101 1000
Description The W register is loaded with high byte of ROM[DPTR]. This is a two-cycle
instruction
Cycle 2
TABRL Return DPTR low byte to W
Syntax TABRL
Operands -
Operation (W) — ROM[DPTR] high byte content, Where DPTR = {DPH[9:8], DPL[7:0]}
Status Affected -
OP-Code 00 0000 0101 0000
Description The W register is loaded with high byte of ROM[DPTRY]. This is a two-cycle
instruction
Cycle 2
Example :
MOVLW (TAB1 & OxFF)
MOVWEF DPL ; where DPL is F-plane register
MOVLW (TABL1 >> 8) & OxFF
MOVWEF DPH ; where DPH is F-plane register
TABRL ; W=0x89
TABRH ; W=0x37
ORG 0234H
TAB1:
DT 0x3789, 0x2277
SLEEP Go into standby mode, Clock oscillation stops
Syntax SLEEP
Operands -
Operation -
Status Affected TO,PD
OP-Code 0111100000 0011
Description Go into SLEEP mode with the oscillator stopped.
Cycle 1
Example SLEEP -

DS-TM57MA45/MA46_E
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SUBWEF Subtract W from “f”
Syntax SUBWF f [,d]
Operands f:00h~7Fh,d:0,1
Operation (W) « () — (W)
Status Affected C,DC,z
OP-Code 00 0010 dfff ffff
Description Subtract (2’s complement method) W register from register ‘f”. If ‘d’ is 0, the
result is stored in the W register. If ‘d” is 1, the result is stored back in register
‘.
Cycle 1
Example SUBWF REG1,1 B:REG1=3,W=2,C=?2="?
A:REG1=1,W=2,C=1,Z2=0
SUBWF REG1,1 B:REG1=2,W=2,C=?2="?
A:REG1=0,W=2,C=1,Z=1
SUBWF REG1,1 B:REG1=1,W=2,C=?,2="?
A:REGl1=FFh,W=2,C=0,Z2=0
SWAPF Swap Nibbles in “f’
Syntax SWAPF f [,d]
Operands f:00h~7Fh,d:0,1
Operation (destination,7~4) < (f.3~0), (destination.3~0) « (f.7~4)
Status Affected -
OP-Code 00 1110 dfff ffff
Description The upper and lower nibbles of register ‘f” are exchanged. If °d’ is 0, the result is
placed in W register. If ‘d’ is 1, the result is placed in register ‘f”.
Cycle 1
Example SWAPF REG, 0 B : REG1 = OxA5
A REG1 = 0xA5, W = 0x5A
TESTZ Test if “f is zero
Syntax TESTZf
Operands f:00h ~7Fh
Operation Set Z flag if (f) is O
Status Affected z
OP-Code 00 1000 1fff ffff
Description If the content of register ‘f” is 0, Zero flag is set to 1.
Cycle 1
Example TESTZ REG1 B:REG1 =0, ?

Z=
A:REG1=0,Z=1
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XORLW Exclusive OR Literal with W

Syntax XORLW k

Operands k : 00h ~ FFh

Operation (W) «— (W) XOR k

Status Affected z

OP-Code 01 1101 kkkk kkkk

Description The contents of the W register are XOR’ed with the eight-bit literal ‘k’. The
result is placed in the W register.

Cycle 1

Example XORLW O0xAF B : W =0xB5

AW =0x1A

XORWE Exclusive OR W with “f”

Syntax XORWEF f[,d]

Operands F:00h~7Fh, d:0,1

Operation (destination) « (W) XOR (f)

Status Affected 4

OP-Code 00 0110 dkkk kkkk

Description Exclusive OR the content of the W register with register ‘f*. If <d” is 0, the result
is stored in the W register. If <d” is 1, the result is stored back in register f’

Cycle 1

Example XORWF REG, 1 B : REG = OxAF, W = 0xB5

DS-TM57MA45/MA46_E

A REG = 0x1A, W = 0xB5

108 Rev 0.92, 2018/02/23



o

TM57MA45/MA46 Data Sheet

Y

Electrical Characteristics

1. Absolute Maximum Ratings (T, = 25°C)

Parameter Rating Unit
Supply voltage Vss-0.3t0 Vg +5.5
Input voltage Vss - 0.3t0 Ve + 0.3 \Y
Output voltage Vss-0.3t0 Ve +0.3
Output current high per 1 PIN -25
Output current high per all PIN -80 mA
Output current low per 1 PIN +30
Output current low per all PIN +150
Maximum Operating Voltage 55 \Y
Operating temperature -40 to +105 oC
Storage temperature -65 to +150
2. DC Characteristics (TA =-25°C to +85°C, Vcc = 5V)
Parameter Symbol Conditions Min Typ Max | Unit
Input High
\‘;oltagg Vi All Input Ve = 5V 08Vee| - Vee | V
Input Low _
Voltage Vi All Input Vee =5V 0 - 02V | V
All pin
Output High except _ _ 8.5
Current low  |pgopg1 | Voo OV Vor= 45V mA
PB0,PB1 16
All pin
Output Low except _ _ 19
Current lo. | pgopBy | Veo=5V:Va=05V mA
PB0,PB1 28
. Vee =5V, Vo =05V
O“é‘;ﬁe':;gh low | PAO,PD7 PAOHDRV=1 180 mA
PD7HDRV=1
VCC =5V, VQL=0.5 \Y
O‘gﬂ‘r‘:ehi’w lo. | PAO,PD7 PAOHSNK=1 200 mA
PD7HSNK=1
Input Leakage -
Current (pin highy | | Al Input Vin = Vee - - 1| wA
Input Leakage -
Current (pln IOW) |||_|_ All Input VIN =0V - - -1 HA
Output Leakage _
Current (pln hlgh) loLn All OUtpUt Vour = Vee — — 2 HA
Output Leakage _
Current (pm |OW) loLL All OUtpUt Vour=0V — — -2 HA
Run 12 _
MHz Vee =5V 3 mA
Power Supply |
Current cc Run 6 MHz Ve =5V 2 mA
Idle Mode V=5V 14 HA
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Stop Mode Vee =5V 01 1 | pa
Slow Mode
SIRC Ve =5V 620 HA
150KHz
Pull-Up Resistor Rp — kQ
Vin=0V Vee=5V 60
PAT7 ce
Bandgap Reference| VBG/ _ 00 0
Voltage VBGO Vce=5V 2% 1.25 +2% Vv
3. Clock Timing (TA =-25°C to +85°C, VCC =5V)
Parameter Condition Min Typ Max Unit
Fast Internal RC 0°C to +85°C , Ve = 5V 3% | 1200 | +3% | MHz
Frequency
Slow Internal RC 0°C to +85°C , VCC = 5V 25% | 150 | +25% | KHz
Frequency
4. Reset Timing Characteristics (T4 = -25°C to +85°C, V¢ = 5V)
Parameter Conditions Min Typ Max Unit
Input High Voltage - 0.8 V¢ - Ve Vv
Input Low Voltage - - — 0.2 Ve \Y
RESET Input Low width Input Vee =5V £ 10 % 3 - — us
WDT wakeup time Ve =5V, WDTPSC = 11 ms
CPU start up time VCC=5V 12 ms
5. ADC Electrical Characteristics (T =-25°C to +85°C, V¢c = 5V)
Parameter Conditions Min Typ Max Unit
Total Accuracy _ - +2.5 5 LSB
Integral Non-Linearity Vee= 5V - +3.2 45 LSB
Max Input Cock(fapc) - - - 1 MHz
Conversion Time fapc=1MHz - 50 - us
Inout Voltage TM57MA45 VSS - 0.95LDOC v
P g TM57MA46 vss | - | o.9svce
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6. OPA Electrical Characteristics (T =-25°C to +85°C, Vcc = 5V)
Symbol Parameter Test Conditions Min Typ Max Unit
VDDA Power Supply 2.2 — 55 \%
Vicm Input Common Voltage 0 - Vce-1.2 \%
Vos2 Input Offset Voltage Vo=2V, after trim - - 2 mVv
AVos/AT | Temperature Coefficient of Vos | Vo=2V - - 5 uv/C
RL=1MQ, CL=100pF
AVOL Large Signal Voltage Gain Vi=0.1to 4V, - 120 - dB
Vo=1 to 4V
GWB Gain Band Width Product RL=1MQ, CL=100pF - 2.1 - MHz
CMRR Common Mode Rejection Ratio | Vo=2V - 80 - dB
PSRR Power Supply Rejection Ratio | Vo=2V - 80 - dB
Supply Current Per Single Av=1, Vo=2V,
ICC Amplifier No Load i 300 i UA
SR Slew Rate at Unity Gain No Load - 14 - V/us
®m Phase Margin at Unity Gain RL=1MQ, CL=100pF - 60 - Degree
IOH Output Source Current Vi+ - Vi- > 10mV - 18 - mA
IOL Output Sink Current Vi- - Vi+> 10mV - 20 - mA
7. Comparator Electrical Characteristics (Ta =-25°C to +85°C, V¢ = 5V)
Symbol Parameter Test Conditions Min Typ Max Unit
Operation Voltage 3 - 5.5 V
. ° 0.775*
Vin Input Voltage -40 ~ 85°C (x5%) 5% | ypp | 5% V
Vos Input Offset Without calibration -5mvV - +5mV mV
Analog Comparator
Tpd Arséggoigg??rﬁor Hysteresis disable and - - 1 Us
P with 10mV overdrive
Vhys Hysteresis Width 55 70 85 mV
Icomp Power Consumption 90 100 uA
8. DPDMV/DMDM6B Characteristics (Ta =-25°C to +85°C, V¢c = 5V)
Symbol Parameter Test Conditions Min Typ Max Unit
Ipp DP Current 100 uA
lom DM Current 100 uA
DP and DM short switch _
Raor resistance lsnon=200UA i i 40 Q
AVpp DP Voltage variation 1pp=100uA -2 - -3 mV
AVpm DM Voltage variation Ipm=100uA -2 - -3 mV
DP and DM voltage level switch _
Rsw resistance |sw=200uA ) ) 6 KQ
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9. CC1/CC2 Characteristics (Ta =-25°C to +85°C, V¢c = 5V)

Symbol Parameter Test Conditions Min Typ Max Unit
Rook 22K resistance 5% | 21.3 +5% Q
Riok 10KQ resistance -5% | 10.8 +5% Q
Rs .1k 5.1KQ resistance -5% 55 +5% Q

10. LVR Circuit Characteristics (Ta =-25°C to +85°C, V¢c = 5V)

Parameter Symbol Min Typ Max Unit
-8% 2.2 +8%
LVR reference Voltage ViR -3% 2.3 +3% \Y
-3% 2.9 +3%
LVR Hysteresis Voltage Vihyst — +0.2 — \Y
Low Voltage Detection time Tivr 100 — - us

11. Characteristic Graphs

—————————— —— — ]
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Package Information

The ordering information:

Ordering number Package
TM57MA45/MA46-MTP Wafer / Dice blank chip
TM57MA45/MA46-COD Wafer / Dice with code
TM57MA45 -MTP-05 DIP 20-pin (300 mil)
TM57MA45 -MTP-12 SKINNY DIP 24-pin (300 mil)
TM57MA45 -MTP-13 SKINNY DIP 28-pin (300 mil)
TM57MA45 -MTP-21 SOP 20-pin (300 mil)
TM57MA45 -MTP-22 SOP 24-pin (300 mil)
TM57MA45-MTP-28 SSOP 24-pin (300 mil)
TM57MA45/MA46-MTP-23 SOP 28-pin (300 mil)

- -
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D

TM57MA45/MA46 Data Sheet
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I |
0.100 typ.
! !
0.018 typ.
1
0.060 typ.
DIMENSION IN MM DIMENSION IN INCH
SYMBOL
MIN NOM MAX MIN NOM MAX
A - - 4.445 - - 0.175
Al 0.381 - - 0.015 - -
A2 3.175 3.302 3.429 0.125 0.130 0.135
D 25.705 26.061 26.416 1.012 1.026 1.040
E 7.620 7.747 7.874 0.300 0.305 0.310
El 6.223 6.350 6.477 0.245 0.250 0.255
L 3.048 3.302 3.556 0.120 0.130 0.140
€B 8.509 9.017 9.525 0.335 0.355 0.375
0 0° 7.5° 15° 0° 7.5° 15°
JEDEC MS-001 (AD)

NOTES *

1. "D” ., "E1” DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR

PROTRUSIONS SHALL NOTEXCEED .010 INCH.
2.eB IS MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED.
3. POINTED OR ROUNDED LEAD TIPS ARE PREFERRED TO EASE INSERTION.
4. DISTANCE BETWEEN LEADS INCLUDING DAM BAR PROTRUSIONS TO BE .005 INCH MININUM.
5. DATUM PLANE 1] COINCIDENT WITH THE BOTTOM OF LEAD, WHERE LEAD EXITS BODY.
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e SOP-20 ( 300mil ) Package Dimension
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DETAIL A
DIMENSION IN MM DIMENSION IN INCH
SYMBOL

MIN NOM MAX MIN NOM MAX
A 2.35 2.50 2.65 0.0926 0.0985 0.1043
Al 0.10 0.20 0.30 0.0040 0.0079 0.0118
B 0.33 0.42 0.51 0.0130 0.0165 0.0200
C 0.23 0.28 0.32 0.0091 0.0108 0.0125
D 12.60 12.80 13.00 0.4961 0.5040 0.5118
E 10.00 10.33 10.65 0.3940 0.4425 0.4910
El 7.40 7.50 7.60 0.2914 0.2953 0.2992
e 1.27 BSC 0.050 BSC
h 0.25 0.50 0.75 0.0100 0.0195 0.0290
L 0.40 0.84 1.27 0.0160 0.0330 0.0500
0 0° 4° 8" 0° 4° 8"

JEDEC MS-013 (AC)

A #* NOTES @ DIMENSION “ D “ DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH. PROTRUSIONS AND GATE BURRS SHALL
NOT EXCEED 0.15 MM ( 0.006 INCH ) PER SIDE.
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e Skinny DIP-24 ( 300mil ) Package Dimension
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| 1 0.100typ.
N
0.018 typ.
T
0.060 typ.
SYMBOL DIMENSION IN MM DIMENSION IN INCH
MIN NOM MAX MIN NOM MAX
A - - 5.334 - - 0.210
Al 0.381 - - 0.015 - -
A2 3.175 3.302 3.429 0.125 0.130 0.135
31.242 31.877 32.512 1.230 1.255 1.280
E 7.620 BSC 0.300 BSC
El 6.426 6.553 6.680 0.253 0.258 0.263
L 2.921 3.366 3.810 0.115 0.133 0.150
¢B 8.509 9.017 9.525 0.335 0.355 0.375
] 0° 7.5° 15° 0° 7.5° 15°
JEDEC MS-001 (AF)

NOTES :

1.°D", “E1” DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR

PROTRUSIONS SHALL NOTEXCEED .010 INCH.
.eB IS MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED.
.POINTED OR ROUNDED LEAD TIPS ARE PREFERRED TO EASE INSERTION.

2
3
4. DISTANCE BETWEEN LEADS INCLUDING DAM BAR PROTRUSIONS TO BE .005 INCH MININUM.
5. DATUM PLANE 01l COINCIDENT WITH THE BOTTOM OF LEAD, WHERE LEAD EXITS BODY.
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e SOP-24 ( 300mil ) Package Dimension
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\DETAIL A
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SEATING PLANE Li.l E.l L_ -E T - _%
DETAIL A
DIMENSION IN MM DIMENSION IN INCH
SYMBOL
MIN NOM MAX MIN NOM MAX
A 235 2.50 2,65 0.0926 0.0985 0.1043
Al 0.10 0.20 0.30 0.0040 0.0079 0.0118
B 0.33 0.42 0.51 0.0130 0.0165 0.0200
C 0.23 0.28 0.32 0.0091 0.0108 0.0125
D 15.20 15.40 15.60 0.5985 0.6063 0.6141
E 10.00 10.33 10.65 0.3940 0.4425 0.4910
El 7.40 7.50 7.60 0.2914 0.2953 0.2992
€ 1.27 BSC 0.050 BSC
h 0.25 0.50 0.75 0.0100 0.0195 0.0290
L 0.40 0.84 1.27 0.0160 0.0330 0.0500
0 0° 4° 8° 0° 4° 8"
JEDEC MS-013 (AD)

A #* NOTES @ DIMENSION “ D “ DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH. PROTRUSIONS AND GATE BURRS SHALL
NOT EXCEED 0.15 MM ( 0.006 INCH ) PER SIDE.
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e Skinny DIP-28 ( 300mil ) Package Dimension
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SEATING PLANE
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[ ] o0.100typ.
‘ 0.018 typ.
L
0.060 typ.
DIMENSION IN MM DIMENSION IN INCH
SYMBOL MIN NOM MAX MIN NOM MAX
A - - 4.445 - - 0.175
Al 0.381 - - 0.015 - -
A2 3.175 3.302 3.429 0.125 0.130 0.135
35.179 35.370 35.56 1.385 1.393 1.400
E 7.874 BSC 0.310 BSC
El 7.188 7.315 7.442 0.283 0.288 0.293
L 3.048 3.302 3.556 0.120 0.130 0.140
B 8.382 8.954 9.525 0.330 0.353 0.375
0 0° 7.5° 15° 0° 7.5° 15°
JEDEC MS-015 (AH)
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e SOP-28 ( 300mil ) Package Dimension
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0.25 MM

GAUGE PLANE

L J Y

DETAIL A

DIMENSION IN MM DIMENSION IN INCH
SYMBOL MIN NOM MAX MIN NOM MAX
A 2.35 2.50 2.65 0.0926 0.0985 0.1043
Al 0.10 0.20 0.30 0.0040 0.0079 0.0118
B 0.33 0.42 0.51 0.0130 0.0165 0.0200
C 0.23 0.28 0.32 0.0091 0.0108 0.0125
D 17.70 17.90 18.10 0.6969 0.7047 0.7125
E 10.00 10.33 10.65 0.3940 0.4425 0.4910
El 7.40 7.50 7.60 0.2914 0.2953 0.2992
€ 1.27 BSC 0.050 BSC
h 0.25 0.50 0.75 0.0100 0.0195 0.0290
L 0.40 0.84 1.27 0.0160 0.0330 0.0500
0 0° 4° 8" 0° 4° 8"
JEDEC MS-013 (AE)

& * NOTES @ DIMENSION “D” DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.

MOLD FLASH, PROTRUSIONS AND GATE BURRS SHALL
NOT EXCEED 0.15 MM ( 0.006 INCH ) PER SIDE.
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