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1.0Device Overview

-Memory:
FLASHspace:2K*14Can withstand10Thousands of write
operations. EEPROMspace:256Bytes.100Thousands of write
operations. SRAMspace:128byte.

-8Level-deep hardware stack

-I/0Pin Configuration
With independent direction control14indivuall/OPinout:PAmouth6indivual,PCmouth8
indivual.
High current sink/source for direct driveled.
PAInterrupt on port pin change.

PAPort-independent programmable weak pull-ups.

-Timer
Timer0:bring8Bit programmable prescaler8Bit timer/counter.
EnhancedTimer1:
- With prescaler16bit timer/counter.
- externalTimer1Gate control (count enable)
- If you selectINTOSCmode, or inLPMode can be selected to
use OSC1andOSC2AsTimer1oscillator.
Timer2:bring8Bit period register, prescaler and postscaler8bit
timer/counter.

-Enhanced capture, comparison andPWMModules
- 16Bit capture module, maximum resolution is200ns.
- 16Bit comparison module, the maximum resolution is200ns.
- With1,20r40utput channels with programmable "dead time"10 BitPWM

Module, the maximum frequency of the output signal is20kHz.

-8aisle10BitADC
8ExternalADCenter.

ADCThe reference voltage can be selected as internal or external reference
by software. When internal reference is selected, the on-chip2V,3V, 4VorVDD

as a reference voltage.

-Two analog comparators

On-chip programmable comparator reference voltage (CVREF) module (the reference

Data Sheet (VersionV1.2)
8BitFLASH

CMOSMicrocontroller

-Dual clock system

External high-speed clock: up to20MHz.
Internal high speed clock:8MHz RC (FcpuOnly supports8Mhz,4MHz,
2MHz,500KHz,250KHz,125KHz)

Internal low speed clock:RCOscillator31KHz.

-High performanceRISC CPU

Just learn35Instructions.
All instructions except jump instructions are single cycle.

Direct, indirect, and relative addressing modes.

-Special Features

- High-precision internal oscillator, factory calibrated to +/-1%.

- The software selectable frequency range is125kHzarrive8MHz.

- Software Optional31kHzInternal oscillator.

- Energy-saving sleep mode.

- Wide operating voltage range (2.0Varrive5.5V)

= Industrial temperature range.

- Power-On Reset (Power-onReset,POR) .

- Power-On Delay Timer (Power-up Timer,PWRT) and the Oscillator
Start-up Timer (OscillatorStart-upTimer,OST)

= With software control optionPEDLow voltage detection selection (detection voltage has
1.7V,2.1V,3.8V0ptional) .

= With on-chip oscillator (oscillator frequency can be selected by software, when the
prescaler ratio is maximum, its nominal value is268seconds) and software-enabled
enhanced low-current watchdog timer (WatchdogTimer,WDT).

- Master reset with pull-up, can be used as input pin.

Programmable code protection.

-Low power consumption

stand-by current:

- Voltage is2.0VTypical value50nA.

Working current:

- The frequency is1MHz, voltage is2.0VThe typical value is200uA.
- The frequency is31kHz, voltage is2.0VThe typical value is11uA.
Watchdog timer current:

- Voltage is2.0VThe typical value isTuA.

voltage must be less thanVDD, the minimum can be0V) -Through two pins (PA0,PA1)Enables in-circuit serial progr ing and g
The comparator inputs and outputs are directly accessible.
ROM RAM 10BitA/DConversion

Wake-up function

Devices FLASH SRAM EEPROM 1/0 Timer PWM Comparators Number of pins Encapsulation
(word) (word) (word) (Number of channels)
PDIP8,SOP8
MDT10F684 2048 128 256 14 3 4 2 6 PDIP14,SOP14,
PDIP16,SOP16
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1.1System structure diagram

-
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1.2Package Pinout

1.2.1 8Pin Diagram (DIP,SOP)

N
voD [[1 - 8[]vss
PA5/T1CKI/OSC1/CLKIN | |2 § 7| | PAO/ANO/C1INP/IC_SCK
o
PA4/AN3/T1G_N/OSC2/CLKOUT [ |3 C 6 | | PA1/AN1/C1INN/VREF/IC_SDA
[a]
PA3/MCLR.IN/VPP | |4 = 5| | PC2/AN6/P1D
1.2.2 14Pin Diagram (DIP,SOP)
vDD [ |1 14 ] VSS
PA5/T1CKI/OSC1/CLKIN [ ]2 < 13| ] PAO/ANO/C1IN+/IC_SCK/ULPWU
PA4/AN3/T1G_N/OSC2/CLKOUT []3 g 12[ ] PA1/AN1/C1IN-/VREF/IC_SDA PA2/
PA3/MCLR N/VPP [ |4 "o" 11] ] AN2/TOCKI/INT/C10UT PCO/AN4/
PC5/CCP1/P1A []5 N 10[ ] C2IN+
PC4/C20UT/P1B [ |6 @O 9] PC1/AN5/C2IN-
PC3/AN7/P1C [ |7 = 8] ] PC2/ANG6/P1D
1.2.3 16Pin Diagram (DIP,SOP)
vDD [ |1 16/ | VSS
PA5/T1CKI/OSC1/CLKIN | |2 < 15[ ] PAO/ANO/C1IN+/IC_SCK/ULPWU
PA4/AN3/T1G_N/OSC2/CLKOUT[ | 3 g 14[ ] PA1/AN1/C1IN-/VREF/IC_SDA PA2/
PA3/MCLR N/VPP | | 4 g 13| | AN2/TOCKI/INT/C10UT PCO/AN4/
PC5/CCP1/P1A [ |5 = 12 ] C2IN+
PC4/C20UT/P1B [ |6 @O 11| | PC1/AN5/C2IN-
PC3/AN7/P1C [ |7 = 10/ | PC2/AN6/P1D
PC7[]8 9] PC6
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1.3Pin Description

MDT MCU

name Function enter output illustrate
type type
PAO/ANO/C1INP/IC_SCK/ULPWU PAO TTL CMOS | Programmable pull-up and interrupt-on-changePORTA 1/0
ANO AN — A/DaisleOenter
C1IN+ AN — Comparators1The positive input
IC_SCK ST — Serial programming and debug clock input
ULPWU AN — Ultra-low power wake-up input
PA1/AN1/C1INM/VREF/IC_SDA PA1 TTL CMOS | Programmable pull-up and interrupt-on-changePORTA I/O
AN1 AN — A/Daislelenter
C1IN- AN — Comparators1The inverting input
VREF AN — A/DExternal reference voltage
IC_SDA ST/TTL | CMOS | serial programming and debug data input and output
PA2/AN2/TOCKI/INT/C10UT PA2 ST CMOS | Programmable pull-up and interrupt-on-changePORTA I/O
AN2 AN — A/Daisle2enter
TOCKI ST — Timer0Clock Input
INT ST — External Interrupt
C10UT — CMOS | comparatorstoutput
PA3/7|\7/|76LE{7/VPP PA3 TTL — With interrupt on level changePORTAenter
7|\7/|7€|7_7R7 ST — Master reset with internal pull-up
VPP HV — Programming voltage
PA4/AN3/ T1G /OSC2/CLKOUT PA4 TTL CMOS | Programmable pull-up and interrupt-on-changePORTA I/0
AN3 AN — A/Daisle3enter
:|:‘TG ST —_ Timer1Gate control (count enable)
0sc2 — XTAL | costroscitonmesonstor
CLKOUT — CMOS | Fosc/40utput
PA5/T1CKI/OSC1/CLKIN PA5 TTL CMOS | Programmable pull-up and interrupt-on-changePORTA I/O
T1CKI ST — Timer1clock
0sC1 XTAL — Crysal Osclltor/Resonator
CLKIN ST — External clock input/RCOscillator Connections
PCO/AN4/C2INP PCO TTL CMOS | PORTCI/O
AN4 AN — A/Daisledenter
C2IN+ AN — Comparators2The positive input
PC1/AN5/C2INM PC1 TTL CMOS | PORTCI/O
AN5 AN — A/Daisle5enter
C2IN- AN — Comparators2The inverting input
PC2/AN6/P1D PC2 TTL CMOS | PORTCI/O
ANG6 AN — A/Daisle6enter
P1D — CMOQOS | pwMoOutput
PC3/AN7/P1C PC3 TTL CMOS | PORTCI/O
AN7 AN — A/Daisle7enter
P1C — CMOQOS | pwMoOutput
PC4/C20UT/P1B PC4 TTL CMOS | PORTCI/O
c20UT — CMOS | comparators20utput
P1B — CMOQOS | pwMoOutput
PC5/CCP1/P1A PC5 TTL CMOS | PORTCI/O
CCP1 ST CMOS | capture Input/Compare Output
P1A — CMOS | pwMoutput
PC6 PC6 TTL CMOS | PORTCI/O
PC7 PC7 TTL CMOS | PORTCI/O
VDD VDD povier supply — Positive power supplyterminal
VSS VSS povier supply — Ground reference erminal

Figure caption:AN =Analog input or output

ST =bringCMOSSchmitt trigger input

CMOS = CMOSCompatible input or output TTL =

TLLCompatible output

HV =high pressure

XTAL =Crystal Oscillator
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MDT MCcU

2.0Memory configuration

2.1Program memory organization

MDT10F684Has a13bit program counter, which can be8Kx14The program memory space is addressed.MDT10F6840nly the first
2Kx14 (0000h-07FFh) memory space. Accessing a location outside this boundary will result in actually accessing the first2Kx14Storage

space. The reset vector address is0000h, the interrupt vector address is0004h.

PC<12:0>

CALL, RETURN

13

RETFIE, RETLW

-

1Level Stack

2Level Stack

8Level Stack

Reset vector 0000h
Interrupt vector 0004h
0005h
On-chip Program
Memory 07FFh
0800h
Back to0000h-07FFh
1FFFh

2.1.1Reset vector (0000H)

A system reset vector with a length of one word (0000H).
* Power-on reset;
* Watchdog reset;

* External reset;

After any of the above resets occurs, the program will start from0O00OHIf the system registers are restored to their default values, the execution will be restarted at the

same time.STATUS RegisterTOandPDThe content of the flag bit can determine the system reset mode.
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2.1.2Interrupt vector (0004H)

MDT MCU

The address of the interrupt vector iso004HONCe an interrupt is received, the program counterPCThe current value of the0004H

Start executing the interrupt service routine.

2.2Data storage device configuration

The data memory is divided into two memory areas (bank),
which contains the general purpose registers (
GeneralPurposeRegister,GPR) and the Special Function Registers (
SpecialFunctionRegister,SFR) The Special Function Registers are
located at the beginning of each memory bank.32The general
registers are located inBankOmiddle20h-7FhandBank1middle AOh-
BFhIn the register unit, they are staticRAMway to achieve it.Bank1
Register unit inFOh-FFhdirectionBankOThe address unit in70h-7FhAll

otherRAMare not implemented, reading them will return0.

STATUSRegisterPAGEThe bit is the bank select bit.
0 —>SelectBank0
1 —>SelectBank

IAR

RTCC

PCL

STATUS

MSR

PORTA

PORTC

PCHLAT

INTS

PIFB1

Note:STATUSRegisterIRPandRP1bits are reserved and should be
Always keep0.

TMR1L

TMR1H

T1STA

TMR2

2.2.1General file registers

existMDT10F684The general registers are128x8Each register
can be accessed directly or through the file selection register (
FileSelectRegister,FSR) to access each memory indirectly (seeNo.2.5
Section "Indirect Addressing,INDFandFSRreqgister ” . )

2.2.2Special Function Registers

The special function registers areCPUand peripheral modules to control

the desired device operation. These registers are implemented as static

RAM.

Special function registers can be divided into two categories: core and peripheral.
Only the special function registers related to the "core" are described. Those special function
registers related to the operation of peripheral functional units will be described in the

corresponding peripheral functional unit chapter.

picture2-2: Data storage mapping

T2CON

CCPRI1L

CCPRTH

CCP1CON

PWM1CON

ECCPAS

WDTCON

CMSTA

CMCON1

ADRESH

ADSO

General

register

96byte

BANK 0

register

address

00h
01h
02h
03h
04h
05h
06h
07h
08h
09h
0Ah
0B

0Ch
Oh

OeH
OF

10h
11h
12h
13h
14h
15h
16h
17h
18h
19h
1Ah
1B

1Ch
1D

1E

1F

20h

6F
70h
7F

IAR

TMR

PCL

STATUS

MSR

CPIOCA

CPIOC

PCHLAT

INTS

PIEB1

PSTA

OSCCON

ADINS

PR2

PAPHR

PAINTR

VRSTA

EEDATA

EEADR

EECON1

EECON2

ADRESL

ADS1

General registers

32byte

access70h~7Fh

BANK 1

(| Unimplemented data storage location, read as0.

register

address
80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
8Ah
8B

8Ch
8D

8E

8F

90h
91h
92h
93h
94h
95h
96h
97h
98h
99%h
9Ah
9B

9Ch
9D

9E

9F

AOh

Bf

FO

FWf
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2.2.2.1Special Function Register Bit Definitions (BANKO)

s name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 pomene
Bank 0

O0H | IAR useMSRThe contents of the data memory are used to address this location (not a physical register). XXXX XXXX
01H | RTCC TimerOModule Registers XXXX XXXX
02H | PCL Program Counter (PC) 0000 0000
03H | STATUS Ry | PRI | PAGE | TF | PE | z | nc ] C 0001 1xxx
04H | MSR Indirect data memory address pointer XXXX XXXX
05H | PORTA® — — | pas | paa | pazs | pa2 | pa1 | a0 - -X0X000
06H | — Notimplemented —
07H | PORTCo) pc7 | pee | pcs | pca | ez | pc2 | pcr | PO Xxxx 0000
08H | — Notimplemented —
09H | — Notimplemented —
OAH | PCHLAT — — — Program Counter High5Write buffer ---00000
OBH | INTS GIE PE1E TIS INS PAIE TIF INTF PAIF 0000 0000
OCH PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000
0D — Not implemented —

OE TMR1L 16BitTMR1Low Byte Holding Register XXXX XXXX
OFH | TMR1H 16BitTMR1High Byte Holding Register XXXX XXXX
10H | T1STA T1GINV | TMR1GE | T1CKPS1 | T1CKPSO | T10SCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000
11H | TMR2 Timer2Module Registers 0000 0000
12H | T2CON — | TOUTPS3 | TOUTPS2 I TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO - 000 0000
13H | CCPRIL Capture/Compare/PWMregister1The low byte XXXX XXXX
14H | CCPR1H Capture/Compare/PWMregister1High Byte XXXX XXXX
15H | CCP1CON P1M1 P1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1IM1 CCP1MO 0000 0000
16H | PWM1CON PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 0000 0000
17H | ECCPAS ECCPASE ECCPAS2 ECCPAS1 ECCPASO PSSAC1 PSSACO PSSBD1 PSSBDO 0000 0000
18H | WDTCON — — — WDTPS3 WDTPS2 WDTPS1 WDTPSO SWDTEN ---01000
19H | CMSTA C20UT c10ouT C2INV C1INV CIS CcM2 CM1 CMO0 0000 0000
1TAH | CMCON1 — — — — - — T1GSS C2SYNC | ------ 10
1BH | — Not implemented —
1CH | — Not implemented —
1DH | — T —
1EH | ADRESH Left-aligned formatA/DThe result is high8Right-aligned orA/DThe result is high2Bit XXXX XXXX
1FH | ADSO ADFM ADVRS1 ADVRSO CHS2 CHS1 CHSO GO/DONE ADON 0000 0000
fqurecapion. — = Unimplemented cells are read as0,u =constant,x =unknown,q =Value depends on the situation, shadow = unimplemented

Note 1:IRPandRP1bits are reserved and should always be kept clear.

2:Depend onADINSRegister-controlled port pins with analog functions are read as0, although the data latch is undefined (POR) or unchanged (other resets).
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2.2.2.2Special Function Register Bit Definitions (BANK1)

s name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bito | owend

Bank 1
80H TIAR useMSRThe contents of the data memory are used to address this location (not a physical register). XXXX XXXX
81H | IMR PAPH | IES TCS TCE PSC PS2 Ps1 | Pso 1111111
82H PCL Program Counter (PC) 0000 0000
83H | STATUS IRP(1) | PR1() | PAGE | TF | PF | z HC | C 0001 1xxx
84H MSR Indirect data memory address pointer XXXX XXXX
85H CPIOA — | — I CPIOAS I CPIOA4 I CPIOA3 I CPIOA2 I CPIOA1 I CPIOAO --11 1111
86H — Not implemented —
87H CPIOC CPIOC7 | CPIOC6 I CPIOC5 I CPIOC4 I CPIOC3 I CPIOC2 I CPIOC1 I CPIOCO 11111111
88H — Not implemented —
89H — Not implemented —
8A PCHLAT — — — Program Counter HighSWrite buffer ---00000
8BH INTS GIE PE1E TIS INS PAIE TIF INTF PAIF 0000 0000
8CH PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000
8DH — Notimplemented —
8E PSTA — — ULPWUE | SBOREN — — POR BOR --01-qq
8F OSCCON = IRCF2 IRCF1 IRCFO OSTSE) HTS LTS SCS -110x000
90H — Not implemented
91H ADINS ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 11111111
92H PR2 Timer2Module Period Register 11111111
93H — Not implemented —
94H — Not implemented —
95H PAPHR@) — — PHA5 PHA4 — PHA2 PHA1 PHAO --11-111
96H PAINTR — — PAINTR5 PAINTR4 PAINTR3 PAINTR2 PAINTR1 PAINTRO --00 0000
97H — Notimplemented —
98H = Notimplemented —
99H VRSTA VREN — VRR — VR3 VR2 VR1 VRO 0-0-0000
9AH EEDATA EEDATA7 EEDATA6 EEDATAS EEDATA4 EEDATA3 EEDATA2 EEDATA1 EEDATAO 0000 0000
9BH EEADR EEADR7 EEADR6 EEADRS EEADR4 EEADR3 EEADR2 EEADR1 EEADRO 0000 0000
9CH EECON1 — — — — WRERR WREN WR RD ---- x000
9DH EECON2 EEPROMControl Register2(non-physical register) | e
9E ADRESL Left-aligned formatA/DThe result is low2Right-aligned orA/DThe result is low8Bit XXXX XXXX
9F ADS1 ADRVO ADCS2 ADCS1 ADCSO — — — — 0000 ----

Figure caption; - = Unimplemented cells are read as0,u =constant,x =unknown,q =Value depends on the situation, shadow = unimplemented

Note 1:IRPandRP1bits are reserved and should always be kept clear.

2:0SCCONRegisterOSTSBit reset to0, with two-speed start andLP,HSorXTis selected as the oscillator. 3:
Configuration word registerMCLREfor1hourRA3Pull-up enabled.




MDT10F684 MD T MCU

2.2.2.3 STATUSStatus Register

state(STATUS) registers contain:

* ALUArithmetic status of

* Reset state

+ Data storage (SRAM) of the bank select bits

Like any other register, the status register can be used as the destination register for any instruction.Z,HCorCAn instruction that writes to these three bits with

the status register as the destination will disable writing to these three bits. Depending on the device logic, these bits will be set1In addition, you cannot writeTF andPF

Therefore, when an instruction with the status register as the destination is executed, the result of the status register may be different from what is expected.

For example, executingCLRR STATUSThe instruction will clear the high3Position andZLocation1. This makes the status register value

"000uutuu'(inuindicates unchanged).

Therefore, it is recommended to use onlyBCR,BSR,SWAPRandSTWRinstructions to change the status register, because these instructions do not affect any

status bits. For other instructions that do not affect any status bits, seeNo.12.0Section "Instruction Set Summary ".

Note:1:MDT10F684Do not useSTATUSRegisterIRPandRP1bits and should be kept clear. It is not recommended to use these bits 0

Because this may affect the upward compatibility of future products.

2: In subtraction operation,CandHCThe bits are used as borrow and half borrow flags respectively. For specific examples, seeSUBWRandSUBWIinstruction.

register03H/83H: Status Register (STATUS)

reserve reserve R/W-0 R-1 R-1 R/W R/W R/W
IRP RP1 PAGE TF PF yA HC C
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
b|t7 IRP: This bit is reserved and should remain asO
bit6 RP1: This bit is reserved and should remain as0
bit5 PAGE: Register storage area selection bit (for direct
addressing) 1 = Bank1 (80h-FFh) 0 =Bank0 (00h-7Fh
)
bit4 i

TF: Timeout status bit
1 =After power on, theCLRWTInstructions orSLEEP
instruction 0 =occurWDTTimeout

bit3 PF: Power-off flag
1 =After a power-on reset or afterCLRWTinstruction 0
=ExecutedSLEEPinstruction

bit2 Z: Zero flag

1 =The result of an arithmetic or logical operation is zero

0 =The result of an arithmetic or logical operation is not zero
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bit1 HC: Half carry/borrow bit (ADDWR,ADDWI,SUBWRandSUBWIInstructions). 1 =The result of4A carry " Bitthe polarity is opposite.
occurred from the low position to the high position 0 =The result of4No carry from low bit to high bit

occurs

blto C: Carry/borrow bita, (ADDWR,ADDWI,SUBWRandSUBWIinstruction) 1 =A carry occurred in the
highest bit of the result (in subtraction, if no borrow occurred, the value is 1) 0 =No carry occurred in

the highest digit of the result

N Ote ‘I:borr;WB nfhe polarity of the second operand is opposite. Subtraction is performed by adding the two's complement of the second operand (Two'sComplement)

For shift instructions (RRRandRLR), the value of this bit comes from the highest or lowest bit of the source register.

2.2.2.4 TMROption Register

Options (TMR) registers are readable and writable registers that contain various configuration bits that configure:
* TimerO/WDTPrescaler Assignment Bits

+ ExternalPA2/INTInterrupt

* Timer0O

* PORTAWeak pull-up on

Note: ToTimer0OSpecify1:1The prescaler ratio should beTMRRegisterPSCLocation1, to assign the prescaler toWDT.SeeNo.
Z.1.4Section "Software Programmable Prescaler ” .

register81H: Option Register (TMR)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
PAPH IES TCS TCE PSC PS2 PS1 PSO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7 E’XFH-ITPORTAPuII-up enable bit 1 =

prohibitPORTApull up
0 =Enabled by each port latch valuePORTApull up

b|t6 IES: Interrupt edge selection bit
1 =Depend onPA2/INTThe rising edge of the pin triggers an interrupt 0 =

Depend onPA2/INTThe falling edge of the pin triggers an interrupt

bit5 TCS:RTCCClock source selection bits
1 =PA2/TOCKIThe signal transition on the pin 0
=Internal instruction cycle clock (FOSC/4)

bit4 TCE:RTCCClock source edge select bit
1 =existPA2/TOCKIIncremental when the pin level changes from high to low 0

=existPA2/TOCKIIncrement when the pin level changes from low to high

bit3 PSC: Prescaler allocation bits
1 =Assign the prescaler toWDT
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0 =Assign the prescaler toTimerOModules

bit2-0 PS<2:0>: Prescaler ratio selection bit

000 1:2 1:1
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
m 1:256 1:128

2.2.2.5 PSTAregister

power control(PSTA) register contains flag bits that distinguish between the following resets:
« Power-on reset (P,CYR)

- Brown-out Reset (8 OR)

+ Watchdog Timer Reset (WDT)

+ ExternalMCLRReset
PSTARegisters are also used to control ultra low power wake-up andB “OR software enabled.

register8E: Power Control Register1 (PSTA)

uU-0 uU-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W
— — ULPWUE SBOREN MCR IER POR BOR
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Placel 0 =Clear x =unknown
b|t7'6 Unimplemented: Read asO

bit5 ULPWUE: Ultra-low power wake-up enable bit

1 =Enable ultra low power wake-up

0 =Disable ultra low power wakeup

b|t4 SBOREN: Software undervoltage detection enable bita,
1 =Enable undervoltage detection
0 =Disable undervoltage detection
bit3 MCR. E .
: External reset status bit
1 =Power-on reset value

0 =An external reset has occurred

bit2 IER: Instruction error reset status bit
1 =A command error reset occurred

0 =Power-on reset value

bit1 POR: Power-on reset status bit

1 =No power-on reset occurred
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0 =A power-on reset has occurred (must be reset by software after a power-on reset occurs).1)

bit0 BOR: Undervoltage reset status bit
1 =No brownout reset occurred

0 =A brown-out reset has occurred (must be reset by software after a brown-out reset occurs).1)

Note 1: When the configuration word registerLVREN<1:0> = 01This bit is allowed to be used whenBORTake control.

2.3dataEEPROMMemory

dataEEPROMDuring normal working hours (the entireVDDThe memory is not directly mapped to the file register space. Instead, it is
indirectly addressed through special function registers.4indivualSFRTo read and write this memory:
EECON1
EECON2(Writable but not readable)
EEDATA
EEADR

EEDATARegister storage8bits of data to be read or written, andEEADRRegisters to be accessedEEPROMThe address of the unit.
MDT10F684have256Bytes of dataEEPROM, the address range is fromOOharriveFWf.

EEPROMThe data memory allows reading and writing in byte units. A byte write operation will automatically erase the target storage unit and write new data (i.e. erase first
and then write). .EEPROMThe data memory can be repeatedly erased and written many times. The write time is controlled by an on-chip timer. The write time may vary due to

voltage, temperature and chip differences. SeeNo.13.0Section "Electrical Characteristics" Refer to the AC specifications for exact limitations.

If the data memory is code protected,CPUYou can still continue toEEPROMThe memory is read and written. The device programmer can no longer

access the dataEEPROMThe data,EEPROMThe cell reads as zero.

register9AH:EEPROMData Register (EEDATA)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEDATA7 | EEDATA6 | EEDATA5 | EEDATA4 | EEDATA3 | EEDATA2 | EEDATA1 | EEDATAOQ
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7~0 EEDATAN, from the dataEEPROMRead or send dataEEPROMThe byte value written

register9BH:EEPROMAddress Registers (EEADR)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEADR7 | EEADR6 | EEADR5 | EEADR4 | EEADR3 | EEADR2 | EEADR1 | EEADRO
bit7 bit0

Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown

bit7~0 EEADR: Specify in256Units to be carried outEEPROMA unit of read/write operation
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2.3.1 EECON1andEECON2register

EECONT1is the control register, its low4bits are physically implemented. High4Bit unimplemented, read as0.

Control bitRDandWRStart read and write operations respectively. Software can only1When the read or write operation is completed, it is cleared by

hardware.WRClearing the bit to zero effectively prevents accidental or premature termination of a write operation.

WillWRENLocation1A write operation will be allowed. It will be cleared to 0 on power-up.WRENWhen a normal write operation isMCLRReset orWDTWhen the
reset interrupt occurs, WRERRWill be placed1In these cases, the user can check after resetWRERRbit, clear it to zero and rewrite the corresponding unit. The data and

address will be cleared. Therefore, it is necessary to re-EEDATAandEEADRRegisters are initialized.
At the end of the write operation,PIFB1Interrupt flag registerEEIFWill be placed1This flag must be cleared by software.

EECON2Not a physical register. ReadEECON2What you get is the whole0.EECON2Registers are only in dataEEPROMUsed during writing.

Note: When the dataEEPROMPerform a write operation (WR = 1) should not be modifiedEECON1,EEDATAandEEADRregister.

register9CH:EEPROMControl Register (EECON1)

u-0 U-0 U-0 U-0 RIW R/W-0 R/S-0 R/S-0
- | = - | = WRERR WREN WR | RD
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7“‘4 Unimplemented: Read asO

bit3 WRERR:EEPROMError flag

1 =A write operation is terminated prematurely (anyMCLR  Reset,WDTreset or brownout detection)

0 =Write operation completed

bit2 WREN:EEPROMWrite Enable Bit 1 =
Allow write cycles
0 =Prohibition of dataEEPROMWrite operation

bit1 WR: Write control bit
1 =Start a write cycle (Hardware will clear this bit once the write operation is complete. Software can onlyWRLocation1It cannot be cleared. )

0 =data inputEEPROMThe cycle is completed

bit0 RD: Read control bit
1 =start upEEPROMRead operation (read takes one cycle.RDBit is cleared by hardware. Software can onlyRDLocation1It cannot be
cleared.)

0 =Not StartedEEPROMRead Operation
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2.3.2Read DataEEPROMMemory

To read a data memory location, the user must write the address toEEADRregister, and thenEECON1Control bits of registersRDPlace1, like
example2-3-2 In the next cycle,EEDATAThe register has data. Therefore, the data can be read by the next instruction.EEDATA This value will be

retained until the next time the user reads from or writes to the cell (during a write operation).

example2-3-2: Read dataEEPROM

LDR data_addr,W ;

BSR STATUS,PAGE ;Bank1

STWR EEADR ; Send the address to be read to the address register
BSR EECON1,RD :Send read command

LD R E E DATA,W ; Read the result and sendWRegister Return

2.3.3Writing DataEEPROMMemory

To writeEEPROMData storage unit, The user must first write the address of the unit intoEEADRregister and write the data intoEEDATA
The user must then begin writing each byte in a specific order.

example2-3-3: Write dataEEPROM

LDR data_addr,W ;

BSR STATUS,PAGE ;Bank 1

STWR EEADR ;Write address to address register

BCR STATUS,PAGE ;bank 0

LDR data_buff,W ;

BSR STATUS,PAGE ;BANK1

STWR E E DATA ; Send the data to be written to the data register
BSR EECON1, WREN ; Enable wite operation

BCR INTS,GIE ; Turn off global nterrupt

BTSC  INTS,GIE ;

LJUMP  $-2 :

LDWI 0X55 ; The following four lines are fixed and must be written like this
STWR EECON2 ;

LDWI  OXAA ;

STWR EECON2 ;

BSR EECON1,WR Write operation

BTSC EECON1,WR ;waitEEPROMOperation completed
LJUMP  $-1 ;

BCR EECON1, WREN  Tur offthe write operation o prevent accdenta writng
BSR INTS,GIE  Enable global interrupt

If the above sequence is not followed completely (55hWriteEECON2,WillAAhWriteEECON2, ThenWRLocation1) byte by byte, the write operation will not start.
During the execution of this code segment, the four lines of fixed writing must disable interrupts, otherwise unpredictable results may occur. Cycle counting is
performed during the execution of the required sequence. When the count value is not equal to the cycle required to execute the required sequence, data cannot be

writtenEEPROM.

In addition, it is necessary toEECON1middleWRENLocation1This mechanism prevents the write operation from being performed due to code execution errors (exceptions). (Right now
Program out of control) causes incorrect data writingEEPROMUnless updatedEEPROM, users should always keepWRENBit cleared.WRENBIt cannot be cleared by

hardware.




MDT10F684 MD T MCU

2.3.4Write verification

Depending on the application, data will be writtenEEPROMThe actual value is compared with the value to be written (seeexample2-3-4 ) is a good programming practice

used.

example2-3-4: Write verification

BSR STATUS,PAGE ;BANK1

LDR EEDATAW :The last read data is saved toW
BSR EECON1,RD ;readEEPROM

XORWR EEDATAW ; Compare the two read results

BCR STATUS,PAGE

BTSS STATUS, Z : Are they equal?

LJUM P WRITE_ERR ; If not equal, error handling

. ; Equal, continue

2.3.4.1Usage DataEEPROM

dataEEPROMA high-endurance, byte-addressable array optimized for storing frequently changing information (such as program variables
or other frequently updated data) When the variables in one sector change frequently, while the variables in another sector remain unchanged, it is possible to exceed
rightEEPROMTotal number of writes (specifiedD124) but does not exceed the total number of writes to a single byte (specD120andD120A) If
In this case, the array must be refreshed. For this reason, variables that do not change frequently (such as constants,IDand calibration values, etc.) are stored in the

flash memory.

2.3.5Avoid accidental write operations

In some cases, users may not want toEEPROMThe memory writes data.EEPROMThe memory has various mechanisms to prevent EEPROM

When powered on,WRENis cleared. In addition, the power-on delay timer (delay64ms) can also prevent accidental writingEEPROM.

Write operation start sequence andWRENThe bits work together to prevent miswrites in the following situations:
Undervoltage
Power glitch
Software failure

2.3.6Code protection dataEEPROMOperation

The data memory can be protected by setting the Configuration Word register (RegisterCONFIG)middleCPDThis is done by clearing the bit to zero.

When the code protection feature of the data memory is enabled,CPUAbility to transfer data from dataEEPROMIf code protection is enabled for
data memory, it is recommended that you also enable code protection for program memory. This will cause unused program memory locations to be
programmed asO(This will serve asNOPimplement)prevent someone from accessing the data storage by writing additional programs that can output the contents of the data storage

Programming unused locations in program memory0lt also helps prevent code protection of data memory from being violated.
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2.3.7With dataEEPROMRelated registers/bits

name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 PORandBOR All other
The value of Reset value
INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000
EEDATA EEDATA7 EEDATA6 EEDATAS EEDATA4 EEDATA3 EEDATA2 EEDATA1 EEDATAO 0000 0000 0000 0000
EEADR EEADR7 EEADR6 EEADRS EEADR4 EEADR3 EEADR3 EEADR1 EEADRO 0000 0000 0000 0000
EECON1 — — — — WRERR WREN WR RD - ---x000 ----q000
EECON2 EEPROMControl Register2 e

Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) ,q =The value depends on the situation.
dataEEPROMShaded cells are not used by the module.

Note 1:EECON2Not a physical register.

2.4 PCLandPCHLAT

Program Counter (PC)for13Bit width.8The bits are readable and writablePCLRegister, High5Bit(PC<12:8>) fromPCHLAT, cannot be read or written
directly. As long as a reset occurs,PCIt will be cleared to zero.picture2-4 Shows loadingPCTwo cases of value.picture2-4 The example above shows that
when writingPCL (PCHLAT<4:0>-PCH) is how to loadPCof.picture2-4 The following example shows how to executeLCALLorLJUMP During the instruction
period (PCHLAT<4:3>-PCH), how to loadPCof.

picture2-4: Loading in different situationsPC

PCH PCL byPCLfor
12 8 7 0 rargermstructions
PC | |
result
NN
PCLATH
PCH PCL
1211 10 8 7 0
PC | | Goro, caLL
OPCODE<10:0>
LT TP
PCLATH

2.4.1RevisePCL

Execute anyPCLInstructions that use the register as the destination will also cause the program counter toPC<12:8>Bit(PCH)quiltPCHLAT
This can be done by setting the desired high5Bit WritePCHLATregister to change the contents of the program counter.8 Bit WritePCLregister, all

the program counter13The bit will becomePCHLATThe values contained in the registers and the values written toPCLThe value in the register.

calculateLJUMPInstructions are written by adding an offset to the program counter (ADDWR PCL). By modifyingPCLRegister jump to lookup table or program
branch table (calculationLJUMP) should be used with caution.PCHLATSet to the starting address of the table. If the table length is greater than 255instructions, or if
the memory address is low8Located in the middle of the tableOxFFReturn to0x00, then every time a rollover occurs between the table start address and the target

address in the table,PCHLATMust all be increasing.
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2.4.25tack

MDT10F684The device has8Level Depthx13bit-wide hardware stack (seepicture2-2 andpicture2-4 ). The stack space does not occupy either the
program storage area or the data storage area, and the stack pointer is not readable or writable.CALLinstruction or when an interrupt causes the program
to jump, the value PCwill be pressed into (PUSH) stack.RET,RTIWorRTFlinstruction, the breakpoint address in the stack will be popped from the stack (POP)
arrivePCmiddle.PCHLATNot affectedPUSHorPOPImpact of operation.

The stack works like a circular buffer. This means that when the stack is pushed8After the second9The value pushed on the stack for the second time will overwrite the value saved when the stack was

pushed for the first time, and the value pushed on the stack for the tenth time will overwrite the value saved when the stack was pushed for the second time, and so on.

Note: 1: There is no status flag to indicate whether the stack overflows or underflows.

2: does not exist is calledPUSHorPOPThe stack is pushed or popped by executingCALL,RET,RTIWand

RTFIinstruction, or originates from pointing to an interrupt vector address.

register02H/82H: Program Counter Low Byte Control Register (PCL)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PC7 | pPc6 | Pc5 | pPc4 | pPc3 | pPc2 | Pt | PCO
bit7 Bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
bit7-0 PC<7:0>: Program counter low8Bit.

registerOAH/8AH: Program Counter High Byte Control Register (PCHLAT)

U-0 U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— | — | — | Pc12 | PCc11 | PC10 | PC9 | PC8
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Place1 0 =Clear X =unknown
b|t7'5 Unimplemented: Read asO

bit4-0 PC<12:8>: Program counter high5Bit.

2.5Indirect addressing,IARandMSRregister

IARThe register is not a real register. UseIARRegister addressing will produce indirect addressing.

uselARRegisters can be indirectly addressed.IARRegister instructions are actually file select registers (MSR) to access the data
pointed to by.IARA read operation will return00OhIndirectlIARWriting to this register will result in a no-operation (although status flags
may be affected). By8PositionMSRRegisters andSTATUSRegisterIRPbits can be combined to obtain a valid9

Bit address, such aspicture2-5 shown.

example2-5 Given a method that uses indirect addressing,RAMAddress Unit20h-2FhA simple procedure for clearing.
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example2-5: Indirect addressing

;Function: Address20Start of continuous16BytesRAMclear0

LDWI 0X20 ;
STWR MSR :Address pointer initial value

NEXT: CLRR IAR ; ClearMSRThe register value corresponding to the value
INCR MSR Increment address pointer

BTSS MSR,4 ;Are you done?
I_J U M P N EXT ; Not finished yet, continue
CONTINUE: Jfinished

picture2-5:MDT10F684Direct/indirect addressing

Direct Addressing Indirect Addressing

RP11)RPO 6 From the opcode 0 1RPay 7 File selection register 0

NN EEN HpEEEN
e / A /

Storage Area Selection Unit Selection Storage Area Selection

L | N
» 00 01 10 11 ¢J
00h 180h

Unit Selection

data

Memory

Unused

7F 1FFh
BankO Bank1 Bank2 Bank3

For detailed memory map information, see Figure2-2.

Note 1:reserveRP1and1RPbits; always keep these two bits cleared.

2.6Watchdog Timer (WDT)

WDTFeatures include:

- Work onLFINTOSC (31kHz)

- Include16Bit Prescaler

- andTimer0Share8Bit Prescaler
- Timeout period from1msto268Second

Configuration bits and using software control

WDTIn suchsurface2-6-1 Cleared to zero in the stated case.
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2.6.1 WDTOscillator

WDTThe time base comes from31kHz LFINTOSC.OSCCONRegisterLTSBit does not reflectLFINTOSCWhether it is enabled.

On all resetsWDTCONThe value is "---01000". The nominal time base is thus17ms.

Note: When the Oscillator Start-up Timer (OST)hour, WDTRemains in reset state becauseOSTuseWDTThe ripple counter is used to perform the
oscillator delay count.OSTAfter the count expires, WDTWill start counting (if enabled) .

2.6.2 WDTcontrol

WDTEDbit in the Configuration Word register.1Thour, WDTcontinue to operate.

Configuration Word RegisterWDTELocation1hour, WDTCONRegisterSWDTENDbit has no effect. FWDTECIlear, thenSWDTENBIts can
be used to enable and disableWDT. The location1EnableWDT, clear this bit to disableWDT.

TMRRegisterPSCandPS<2:0>Bit Function ANDMDT10F684For more information, seeNo.
7.1Festival"TimerOModules.”

picture2-6: Watchdog Timer Block Diagram

0

FromTimerOClock Source =~ ————®»

16BitWDTPrescaler | 8
<2:0>
s PeA t j PS<2:0
LFINTOSCclock o—» toTimer0
WDTPS<3:0> 0 1

PSA

4@ From the Configuration Word registerWDTE
FromWDTCONofSWDTEN WDTtime out

Note1:This isTimer0andWDTFor more information, seeNo.7.0Festival"TimerOModule.
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register18H: Watchdog Timer Control Register (WDTCON)

uU-0 u-0 u-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0
— | — — WDTPS3 WDTPS2 WDTPS1 WDTPSO | SWDTEN
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-5 Unimplemented: Read as0
Bit4-1 WDTPS<3:0>: Watchdog timer period selection bit

value = prescaler

0000 =1:32

0001 =1:64

0010=1:128

0011 =1:256

0100 = 1:512(Reset value)

0101 =1:1024

0110 =1:2048

0111 =1:4096

1000 =1:8192

1001 =1:16384
1010 =1:32768
1011 =1:65536
1100 =reserve
1101 =reserve
1110 =reserve
1111 =reserve

Bit0 SWDTEN: Software enables or disables the watchdog timer bit)
1 = WDTOpen
0 = WDTOff (Reset value)

Note 1: If the Configuration Word Register (CONFIG)ofWDTEConfiguration bits =1,butWDTis always enabled, and the state of this control bit
Status irrelevant.

If the Configuration Word register (CONFIG)ofWDTEConfiguration bits =0, you can use this control bit to turn on/offWDT.

surface2-6-1:WDTstate

condition WDT
CLRWTOrder
Oscillator Failure Detection Clear
Exit Sleep + System Clock =T10SC,EXTRC,NTRCorEXTCLK
Exit Sleep + System Clock =XT,HSorLP Clear untilOSTFinish

surface2-6-2: Summary of registers related to the watchdog timer

name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 PORandBOR All other
WDTCON — — — WDTPS3 WDTPS2 WDTPS1 WDTPSO SWDTEN ---00000 ---00000
TMR PAPH IES TCS TCE PSC PS2 PS1 PSO 1111 1111 1111 1111
CONFIGO CPDB CPB MCLRE PWRTE WDTE FOSC2 FOSC1 FOSCO — —
Figure caption: Shaded cells are not used by the watchdog timer.

Note 1For the operation of all bits in the Configuration Word register, seeregister1200H .
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3.0Reset

3.10verview

MDT10F684There are several different types of reset: a)
Power-on reset (POR)
b) During normal working hoursWDTReset

¢) During dormancyWDTReset

e) During dormancyMCLRReset
f) Undervoltage reset (BOR)

Some registers are not affected by any reset; their state is unknown on a power-on reset, and unchanged on other resets. Most
registers reset to their "reset state" on a reset of .

* Power-on reset

*  MCLRReset

* During sleepMCLRReset
* WDTReset

WDTWake-up does not cause registers toWDTThis is because wakeup is treated as resuming normal operation.TOandPDThe bits are set differently in different
reset situations.10r clear, such assurface3-1 The software can use these bits to determine the nature of the reset. The detailed reset status of all registers is shown in
surface3-2 shown.

picture3-1 A simplified block diagram of the on-chip reset circuit is given.MCLRThere is a noise filter on the reset path to detect and filter out small pulses. For

pulse width specifications, seeNo.13.0Section "Electrical Characteristics "

picture3-1: Simplified block diagram of the on-chip reset circuit

X E External reset

MCLRAPPPinout SLEEP
-;- o
Woaduies
Tmeoutrest
Voo

Power-On Reset

BOREN S
SBOREN
OST/PWRT
osT
0s&7 1081t R Qo=
CLK1Pinout

PWRT

‘LFINTOSC }—P 11Bit Ripple Counter ‘

‘ EnablePWRT
EnableOST

Note 1: See the Configuration Word Register (register12-1).

POR | BOR TF PF
X 1 1 Power-On Reset
u 0 1 1 Brown-out reset
u u 0 u WDTReset
u u 0 0 WDTwake
u u u u During normal working P:o;:s;/I_C_L;Reset
U u 1 0 During dormar;c;/K/I_C_L_R_Reset

Figure caption:u =constant,x =unknown
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surface3-2: Initial state of the register

MCLRReset .
Wake-up from Sleep via interrupt
register ddress Foweron Reset :Z:‘:E?:Zt passWDTDelayed wakeup from sleep mode

W — XXXX XXXX uuuu uuuy uuuu uuuu
IAR 00h/80h XXXX XXXX XXXX XXXX uuuu uuuu
RTCC 01h XXXX XXXX uuuu uuuy uuuu uuuu
PCL 02h/82h 0000 0000 0000 0000 PC+ 1)
STATUS 03h/83h 0001 1xxx 000q quuu@ uuuqg quUUUE)
MSR 04h/84h XXXX XXXX uuuu uuuu uuuu uuuu
PORTA®R) 05h - -x0x000 --u0 u000 - - Uu uuuu
PORTC2) 07h - - xx 0000 - -uu 0000 - - uu uuuu
PCHLAT 0Ah/8Ah ---00000 ---00000 ---uuuuu
INTS 0Bh/8Bh 0000 0000 0000 0000 uuuu uuuuER
PIFB1 0Ch 0000 0000 0000 0000 e
TMR1L OeH XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H OF XXXX XXXX uuuu uuuu uuuu uuuu
T1STA 10h 0000 0000 uuuu uuuu -uuu uuuu
TMR2 11h 0000 0000 0000 0000 uuuu uuuu
T2CON 12h - 000 0000 - 000 0000 -uuu uuuu
CCPR1L 13h XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 14h XXXX XXXX uuuu uuuy uuuu uuuu
CCP1CON 15h 0000 0000 0000 0000 uuuu uuuu
PWM1CON 16h 0000 0000 0000 0000 uuuu uuuu
ECCPAS 17h 0000 0000 0000 0000 uuuu uuuu
WDTCON 18h ---01000 ---01000 ---uuuuu
CMSTA 19h 0000 0000 0000 0000 uuuu uuuu
CMCON1 1Ah | ------ I I uu
ADRESH 1E XXXX XXXX uuuu uuuu uuuu uuuu
ADSO 1F 00-0 0000 00-0 0000 uu-u uuuu
TMR 81h 11111111 11111111 uuuu uuuu
CPIOA 85h --111111 --11 1111 - - uu uuuu
CPIOC 87h --111111 --11 1111 - - Uu uuuu
PIEB1 8Ch 0000 0000 0000 0000 uuuu uuuu
PSTA 8E --01 100x - - 0u 00uq(,5) - - uu uuuu
OSCCON 8F -110x000 -110 q000 -uuu uuuu
ADINS 91h 11111111 11111111 uuuu uuuu
PR2 92h 11111111 11111111 11111111
PAPHR@) 95h --11-11 --11-11 uuuu uuuu
PAINTR 96h -- 000000 --00 0000 - - uu uuuu
VRSTA 99h 0-0-0000 0-0-0000 uu-uuuu
EEDATA 9Ah 0000 0000 0000 0000 uuuu uuuu
EEADR 9B 0000 0000 0000 0000 uuuu uuuu
EECON1 9Ch ----x000 ----g000 ----uuuu
EECON2 1] T L
ADRESL 9E XXXX XXXX uuuu uuuu uuuu uuuu
ADS1 9F 0000 ---- 0000 ---- uuuu ----

Figure caption: u =constant,x =Unknown, - = unimplemented bit, read as0,q =The value depends on the specific conditions.
Note 1:ifvDDToo low, the power-on reset will be activated and the registers will be affected differently. 2:INTS
and / or)PIFB1Register10ne or more bits will be affected (cause wake-up). 3: When the device is awakened
by an interrupt andGIELocation1hour,PCLoad interrupt vector (0004h)
4: For reset values under specific conditions, seesurface3-7-1 .
5:If the reset is due to brownout, thenbit0=0All other resets will causebitO=u.

6:Depend onANINSRegister-controlled port pins with analog functions are read as0, even if the data latch is undefined (POR) or unchanged (other resets)
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3.2Power-On Reset

existVDDON-chip power-on reset circuitry holds the device in reset until a voltage level is reached sufficient for normal operation.

POR, as long asMCLRThe pin is connected to theVDDA maximum rise time is required to achieveVDD. SeeNo.13.0 Section "Electrical

Characteristics " If Brown-out Reset is enabled, the maximum rise time specification does not apply. The Brown-out Reset circuit will hold the
device in Reset untilVDDachieveVBOR(SeeNo.3.6Section "Brownout Reset (BOR) )

n

Note: WhenVDDWhen low, the power-on reset circuit will not generate an internal reset. To re-enable the power-on reset,VDDMust maintain at least100usofVss

Voltage.

When the device starts normal operation (exits reset), the device's operating parameters (i.e. voltage, frequency, temperature, etc.) must be met to

ensure normal operation. If these conditions are not met, the device must remain in reset until the operating conditions are met.

3.3 MCLR

bit signal. MCLRE = 1hour,PA3/MCLRpin becomes an external reset input. In this mode,PA3/MCLRPins have toVDD Weak pull-up
function.

picture3-3:suggestedMCLRCircuit

VDD

R1 PICe
1 KQ (or larger) MCU
R2
MCLR
100 Q
SW1 l (Need to be shared with capacitor)
(Optional)
1
0.1 pF
(optional, non-critical component)
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3.4Watchdog reset

3.5Power-On Delay Timer (PWRT)

The Power-up Timer provides a time delay only during power-up (power-on reset or brown-out reset).55msThe power-on delay timer uses a fixed delay of (nominal value).

LFINTOSCThe oscillator is used as the clock source, and the operating frequency is31kHzFor more information, seeNo.4.5Section "Internal Clock Mode ”

if onlyPWRTis active, the chip is held in reset.PWRTDelayVDDSufficient time to rise to the required level
flat.

PositionPWRTECan be disabled (if set1Although not required, the Power-up Timer should be enabled
when Brown-out Reset is enabled.

The delay of the power-on delay timer varies from chip to chip due to the following reasons:

® VDDdifference
« Temperature differences

+ Manufacturing process differences

See DC parameters for details (No.13.0Section "Electrical Characteristics " ).

Note: existMCLRThe pin is belowVSSVoltage spikes, including those greater than80mAcurrent, which can cause latch-up.MCLRWhen a "low" level is

applied to the pin, a resistor with a value between50-100Qseries resistor instead of pulling the pin directly toVSS.

3.6Brown-out reset

Configuration Word RegisterBORENOandBOREN1Bit used to select4Two additional Brown-out Reset modes are added to
allow software or hardware toBORThe enable control mode.BOREN<1:0> = 01WhenPSTARegisterSBORENBIt Enable/DisableBOR
, so that it can be controlled by software.BOREN<1:0>, the brownout reset can be automatically disabled during sleep mode to
save power; and re-enabled after wake-up.SBORENFor the definition of the Configuration Word, seeregister PSTA .

ifVDDFall toVBORBelow, and the duration exceeds the parameter value (TBOR) (SeeNo.13.0Section "Electrical Characteristics ”, the undervoltage condition will
The device is reset.VDDThis will happen regardless of the rate of change ofVDDLower thanVBORThe time is less than the parameter value (

TBOR), a reset may not necessarily occur.

Any reset (power-on reset, brown-out reset, or watchdog timer reset, etc.) will keep the chip in reset untilVDDup toVBOR Above
(seepicture3-6)  If enabled, the Power-up Timer will start at this time and will keep the device in Reset longer.64ms.

Note: The Configuration Word registerPWRTEBIt is used to enable the Power-up Timer.

If during the Power-up Delay Timer running,VDDReduce toVBORAfter that, the chip will return to the Brown-out Reset state and the

Power-up Delay Timer will return to its initial state.VDDup toVBORThe power-on delay timer will execute a period of64msreset.
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picture3-6: Undervoltage condition

VbD
NG VBOR
internal
Reset 64 ms(1)
VbD
N RN, VBOR
| |
internal 64 ms
Reset 64 ms(1)
VoD —
VBOR
internal
Reset - 64 ms(1)
Note1:only atPWRTEBIt is set toOWhen64 msDelay.

surface3-6: Summary of registers related to undervoltage

name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 PORandBOR All other
The value of Resetvalue
PSTA — — ULPWUE SBOREN — — POR BOR ---00000 ---00000
STATUS IRP PR1 PAGE TF PF Z HC C 1111 1111 1111 1111
Fguecaption: U =cOnstant,x =Unknown, — = unimplemented bit, read as0,q =The value depends on the specific situation.BORShaded cells are not used. 1: Other
Note  (non-power-on) resets include normal operationMCLRreset and watchdog timer reset.

3.7Delay Timing

The delay sequence during power-on is as follows:

+ existPORAfter the delay, apply aPWRTDelay.
* PWRTActivate after timeoutOST.

The total delay time depends on the oscillator configuration andPWRTEFor example, inECMode andPWRTEBIts are erased (PWRTDisabled),
there will be no delay at all.picture3-7-1,3-7-2 and3-7-3 The delay timing for each case is shown in Figure 1. After the oscillator starts oscillating,

the device will start oscillating atINTOSCas a clock source to execute code (seeNo.4.7.2Section "Two-Speed Start-up Sequence" andNo.4.9Section
“Fail-Safe Clock Monitor ")

MCLRWhen pulled high, the device will immediately begin executing code (seepicture3-7-2 ). This is useful for testing or synchronizing multiple parallel jobs.
MDT10F684 It is very useful for devices.

surface3-7-1 The reset conditions of some special registers are given, andsurface3-2 The reset conditions for all registers are given.

picture3-7-1: Timeout sequence at power-on (MCLRDelay)  :situation1

Vop

MCLR

internalPOR

TPWRT

X

v

PWRTtime out

«—TOST -

OSTtime out

Internal reset
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picture3-7-2: Timeout sequence at power-on (MCLRDelay)

:situation2

VDD

MCLR

internalPOR

TPWRT

PWRTtime out

«—TOST -,

OSTtime out

Internal reset

picture3-7-3: Timeout sequence at power-on (MCLRandVDD)

VDD

MCLR

internalPOR

TPWRT

v

X

PWRTtime out

«—TOST

OSTtime out

Internal reset

surface3-7-1: Initial state of special registers

condition Program Counter Status Register PSTAregister

Power-On Reset 0000h 0001 Txxx --01--0x
During normal working hoursMCLRReset 0000h 000u uuuu --0u --uu
During dormar;c;lgﬂzlﬁReset 0000h 0001 Ouuu --0u--uu
WDTReset 0000h 0000 uuuu --0u--uu
WDTwake PC+1 uuu0 Ouuu --uu --uu
Brown-out reset 0000h 0001 Tuuu --01--u0
Wake-up from Sleep via interrupt PC+ 1 uuul Ouuu --uu --uu
Legend: u = unchanged, x = unknown, — = unimplemented bit, read as '0".

Note 1: When the device is awakened by an interrupt and the global interrupt enable bit GIE is set, after executing PC+1, the PC is loaded into the interrupt register (0004h).

surface3-7-2: Timeouts in various situations

Power-on

Brown-out reset

Oscillator Configuration

PWRTE =1

Waking from Hibernation

XT,HS,LP TpwrT+ 1024 * Tosc

1024 * Tosc

TpwrT+ 1024 * Tosc

1024 * Tosc 1024 * Tosc

RC,EC,INTOSC TPWRT

TPWRT
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3.8power control(PSTA)register

Power Control RegisterPSTA (register8E ) has two status bits that indicate the type of reset that last occurred.

bitOyesBOR(Brown-out reset) flag.BORis unknown at power-on reset. The user must then1, and checks on
subsequent resetsBORIs it 0? If so, it means that a brown-out reset has occurred. BOREN<1:0> = 00)hour,BORThe
status bits are "don't cares" and are not necessarily predictable.

bit1yesPOR(Power-on reset) flag, the value at power-on reset is0, otherwise it is not affected. After power-on reset, the user must
write1After a subsequent reset, ifPORfor0, it indicates that a power-on reset has occurred (i.e.VDDmay have become low)

For more information, seeNo.6.3.4Section "Ultra-low power wake-up" andNo.3.6Section "Brownout Reset (BOR) "

4.0System clock

4.10verview

The oscillators have a variety of clock sources and selection features, allowing them to be used in a wide range of applications while maximizing performance and minimizing power consumption.picture4-1

A block diagram of the oscillator module is given.

The clock source can be configured to be an external oscillator, a quartz crystal resonator, a ceramic resonator, and a resistor and capacitor (RC) circuit. In addition, the
system clock source can be configured to be provided by one of two internal oscillators, with a software selectable speed. Other clock features include:

- External or internal system clock source selectable by software.

Two-Speed Start-up mode minimizes the delay between external oscillator startup and code execution.

Fail-Safe Clock Monitor (FSCM) is designed to detect failure of the external clock source (LP,XT,HS,ECorRCmode) and automatically

Switch to the internal oscillator.

The oscillator module can be configured as follows80ne of the clock modes.

1. EC——External clock,I/OexistOSC2/CLKOUTsuperior.

2. LP——32kHzLow power crystal mode.

3. XT——Medium gain crystal or ceramic resonator oscillator mode.

4. HS——High-gain crystal or ceramic resonator mode.

5. RC——External RC (RC),FOSC/40utput toOSC2/CLKOUT.

6. RCIO——External RC,I/0existOSC2/CLKOUTsuperior.

7. INTOSC——Internal oscillator,FOSC/40utput toOSC2andI/OexistOSC1/CLKINsuperior.
8. INTOSCIO——Internal oscillator,I/0existOSC2/CLKOUTandOSC1/CLKINsuperior.

Through the Configuration Word register (CONFIG)ofFOSC<2:0>The internal clock can be generated by two internal oscillators. HFINTOSCIt

is a calibrated high frequency oscillator.LFINTOSCis an uncalibrated low frequency oscillator.

picture4-1:MCUClock Source Block Diagram
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External Oscillator FOSC<2:0>

(Configuration Word Register)

0sC2 @7 5CS<0>

(OSCCONTregister)

LP,XT,HS,RC,RCIO,EC
ANy ALFS,RE, ,
osc1 E L 2 L 4 \\/

IRCF<2:0>
(OSCCONregister)

8MHz | (CPUand peripherals)

110
2MHz | o

1 MHz

HFINTOSC
8 MHz " i o1

—

MUX

INTOSC

System clock

y 4 MHz
Internal Oscillator

g
MUX

500 KHz
250 KHz

125 KHz

22202 ) 001
LFINTOSC 31 KHz
31 KHz 000

Power-on Delay Timer(PWRT)
Watchdog Timer(WDT)
Fail-Safe Clock Timer (FSCM)

4.20scillator Control

Oscillator Control (OSCCON)register(picture4-1) Controls options such as system clock and frequency selection.OSCCONThe register contains the following
Bit:

Frequency selection bits (IRCF)

Frequency status bit (HTSandLTS)

- System clock control bit (OSTSandSCS)

register8F: Oscillator Control Register (OSCCON)

U-0 R/W-1 R/W-1 R/W-0 R-1 R-0 R-0 R/W-0
— | IRCF2 IRCF1 | IRCFO OSTSa) HTS LTS | scs
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
b|t7 Unimplemented: Read asO
bit6-4 IRCF<2:0>: Internal oscillator frequency selection bit

000 = 31kHz

001 = 125kHz

010 = 250kHz

011 = 500kHz

100 = TMHz

101 = 2MHz

110 = 4MHz(Default) 111

= 8MHz
bit3 OSTS: Oscillator start-up timeout status bita

1 =The device operates inFOSC<2:0>Defined external clock
0 =The device runs on the internal oscillator (HFINTOSCorLFINTOSC)
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bit2 HTS:HFINTOSC(high frequency--8MHzarrive125kHz) Status Bit 1
= HFINTOSCStablize
0 = HFINTOSCUnstable

bit1 LTS:LFINTOSC(Low frequency——31kHz) Status Bit
1 = LFINTOSCStablize
0 = LFINTOSCUnstable

bit0 SCS: System clock selection bit

1 =Internal oscillator for system clock

0 =Clock sourceFOSC<2:0>Decide

Note 1: Dual-speed start and selectLP,XTorHSWhen the oscillator mode is selected or the fail-safe mode is enabled, this bit will be reset to0.

4.3Clock source mode

The clock source modes can be divided into external and internal modes.

External clock mode relies on external circuitry to provide the clock source. Examples include: Oscillator modules (ECmodel) , quartz crystal resonator or ceramic resonator

Oscillator (LP,XTandHSmode) and RC (RC) mode circuit.

The internal clock source is built into the oscillator module. The oscillator module has two internal oscillators, one is8MHzHigh frequency internal oscillator

(HFINTOSC) the other is31kHzLow frequency internal oscillator (LFINTOSC).

accessibleOSCCONRegisters for system clock selection (SCS) bits to select the system clock between external or internal clock sources. (For more information

For more information, seeNo.4.6Section "Clock Switching ").

4.4External clock mode

4.4.10scillator Start-up Timer (OST)

If the oscillator module is configured asLP,XTorHSmode, Oscillator Start-up Timer (OST)OSC10scillation count1024 times. This occurs on power-on reset (POR)
and after the Power-up Delay Timer (PWRT) delay has expired (if configured), or after waking up from Sleep. During this time, the program counter does not
increment and program execution is suspended.OSTEnsure that the oscillator circuit using a quartz crystal resonator or ceramic resonator has started and is
providing a stable system clock signal to the oscillator module. When switching between clock sources, a certain delay is required to allow the new clock to stabilize.

surface4-4-1 An example of oscillator delay is given.

To minimize latency between external oscillator start-up and code execution, a Two-Speed Clock Start-up mode can be selected (seeNo.4.7Section "Dual-Speed Clock

Startup Mode ").

surface4-4-1: Oscillator Delay Example

Switch from Switch to frequency Oscillator Delay

LFINTOSC 31kHz

Hibernate/POR Oscillator Warm-up Delay (Twarm)
HFINTOSC 125kHzarrive8MHz

Hibernate/POR EC,RC DC—20MHz Double cycle

LFINTOSC (31 kHZ) EC,RC DC—20MHz One cycle at a time

Hibernate/POR LP,XT,HS 32kHzarrive20MHz 1024clock cycles (OST)

LFINTOSC (31 kHZ) HFINTOSC 125kHzarrive8MHz Tus(approximation)
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4.4.2 ECmodel

External clock (EC) mode allows externally generated logic levels to be used as the system clock source. When operating in this mode, the external clock source is connected

to OSC1enter,0SC2Pins can be used as general purposel/O.picture4-4-2 GivenECmode pin connections.

When selectingECmode, the oscillator start-up timer (OST) is disabled. Therefore, the Power-On Reset (POR) or after waking up from sleep mode.
YSPRING MCUThe design is completely static, stopping the external clock input will cause the device to stop working and keep all data intact. When the

external clock is started again, the device resumes operation as if it had never been stopped.

picture4-4-2: External clock (EC) How the mode works

Clock from external system 4>9—’ OSC1/CLKIN

MCU

I/0 «—» OSC2/CLKOUTm

"

Note1: Other functions of this pin are listed in1.0section “Device Overview".

4.4.3 LP,XTandHSmodel

LP,XTandHSMode supports connection toOSC1andOSC2The use of quartz crystal resonators or ceramic resonators (picture4-4-3-1) .mold

The internal inverter-amplifier can be selected with a low, medium or high gain setting to support a variety of resonator types and speeds.

LPThe oscillator mode selects the lowest gain setting of the internal inverter-amplifier.LPThe current consumption of this mode is the smallest among the three modes. This mode is

designed only for driving32.768kHztuning fork(Tuning Fork) type crystal oscillator (watch crystal oscillator).

XTThe oscillator mode selects a medium gain setting for the internal inverter-amplifier. XTThe current consumption of this mode is in the middle of the three modes. This mode is best

suited for driving resonators with medium drive level specifications.

HSThe oscillator mode selects the highest gain setting for the internal inverter-amplifier.HSThe current consumption of this mode is the highest among the three modes. This mode is best

suited for driving resonators that require high drive settings.

picture4-4-3-1 andpicture4-4-3-2 Typical circuits for quartz crystal resonators and ceramic resonators are given respectively.

N Ote 1: The characteristics of quartz crystals vary with type, package, and manufacturer. For specifications and recommended applications, consult the manufacturer's data sheets.

According to the manual.

2: Always verify that the oscillator operates within the intended applicationVDDand temperature range.

picture4-4-3-1: Working principle of quartz crystal (LP,XTorHSmodel)
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MDTeMCU
OSC1/CLKIN
) } \d @ ° I
C1 To internal logic
I quartz
Crystal Hibernation
H(:2 Ra’ 0OSC2/CLKOUT

Note 1: Low drive level quartz crystals may require a series resistor (Rs). 2:RFThe value varies
depending on the selected oscillation mode (typical values are2 Maarrive

10Mabetween).

picture4-4-3-2: Working Principle of Ceramic Resonator (XTorHSmodel)

mpteMCU

OSC1/CLKIN
VI QSCI/CLKIN [

To internal logic

0OSC2/CLKOUT

C2  ceramics Ra)

Resonator

Note 1: Low drive level quartz crystals may require a series resistor (Rs). 2:RfFThe value varies
depending on the selected oscillation mode (typical values are2 Ma
arrive10Mabetween).
3% For the ceramic resonator to work properly, it may be necessary to connect an anti-

Feed resistance (Rp) (Typicall Mq).

4.4.4externalRCmodel

External RC (RC) mode supports the use of externalRCWhen the clock accuracy is not high, this allows designers to have a wide range of frequency

choices while keeping costs to a minimum.RCandRCIOTwo modes.

existRCmode, the circuit is connected toOSC1.RCOSC2/CLKOUTOutputRCOscillation frequency4This signal can be used to provide a clock for external circuits,

synchronization, calibration, testing or other application requirements.picture4-4-4 Given an externalRCConnection diagram of the mode.

picture4-4-4:externalRCmodel
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MDTeMCU
VbD
RExT
OSC1/CLKIN
A internal
L { clock
CExT I
Vss =
FOSC/40r +—0SC2/CLKOUT()
1/02)
suggested value: 10 kQ < RexT< 100 kQ, <3V
3 kQ < Rext< 100 kQ, CeExT> 3-5V
20PF, 2-5V
Note 1: Other functions of this pin are listed inNo.1.0Section "Device Overview"
middle. 2: The output depends onRCorRCIOClock mode.

existRCIOMode,RCCircuit connected toOSC1.0SC2Become an extra generall/OPin.I/OThe pin becomesPORTAofbit4 (PA4).
picture4-5-5 GivenRCIOConnection diagram of the mode.

RCThe oscillator frequency is a function of the supply voltage, the resistance (Rexr) and capacitance (Cexr) value and the operating temperature. Other factors that affect the oscillator

frequency are:
Voltage threshold change
Component tolerance

Capacitors in different packages

Users should also consider the use of externalRCThe difference is caused by the tolerance of the components.

4.5Internal clock mode

The oscillator module has two independent internal oscillators that can be configured or selected as system clock sources.

1. HFINTOSC(High Frequency Internal Oscillator) is factory calibrated and operates at a frequency of8MHz, the accuracy range is +1%.

2. LFINTOSC(Low Frequency Internal Oscillator) is not calibrated and operates at a frequency of31kHz.

Through softwareOSCCONThe internal oscillator frequency selection bits of the registerIRCF<2:0>Operation allows you to select the system clock speed.

accessibleOSCCONRegisters for system clock selection (SCS) bits to select the system clock between an external or internal clock source (seeNo.4.6 Section

"Clock Switching ") .

4.5.1 INTOSCandINTOSCIOmodel

When the Configuration Word register (CONFIG) using the oscillator selection bitsFOSC<2:0>When setting up the device, INTOSCandINTOSCIO In this mode, the internal

oscillator is configured as the system clock source.

existINTOSCMode,OSC1/CLKINCan be used as general purposel/0.0SC2/CLKOUTOutput of the selected internal oscillator frequency4Frequency division. CLKOUTThe signal

can be used to provide a clock for external circuitry, synchronization, calibration, test, or other application requirements.

existINTOSCIOMode,OSC1/CLKINandOSC2/CLKOUTPins can be used as general purposel/O.
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4.5.2 HFINTOSC

High frequency internal oscillator (HFINTOSC) is factory calibrated8MHzInternal clock source.

HFINTOSCThe outputs are connected to the post divider and multiplexer (seepicture4-1) .useOSCCONRegisterIRCF<2:0>Bit,

One of seven frequencies can be selected via software. For more information, seeNo.4.5.4Section "Frequency Select Bits (IRCF) "

WillOSCCONRegisterICRF<2:0>Bit set to #000choose8MHzarrive125kHzAny frequency between HFINTOSC.ThenOSCCON
Register system clock source (SCS)Location1, or by setting the configuration register (CONFIG)middle IESOPlace1Enable Two-
Speed Start-up.

OSCCONRegisterHFInternal Oscillator (HTS) bits are used to displayHFINTOSCWhether it is stable.

4.5.3 LFINTOSC

Low frequency internal oscillator (LFINTOSC) is uncalibrated31kHzInternal clock source.

LFINTOSCThe outputs are connected to the post divider and multiplexer (seepicture4-1) . Through softwareOSCCONRegisterIRCF<2:0>
Operate on bits, select31kHzFor more information, seeNo.4.5.4Section "Frequency Select Bits (IRCF) _".LFINTOSCOr the power-on
delay timer (PWRT) . Watchdog Timer (WDT) and a fail-safe clock monitor (FSCMY's clock source.

Select31kHz(WillOSCCONRegisterIRCF<2:0>Bit setting000) is the system clock source (OSCCONRegister bitsSCS = 1), or
when any of the following is enabled,LFINTOSCWill be enabled:

- Two-Speed Startup (Configuration Word bitIESO = 1andOSCCONRegister bitsIRCF = 000)

Power-on delay timer (PWRT)

Watchdog timer (WDT)

Fail-Safe Clock Monitor (FSCM)

OSCCONRegisterLFInternal Oscillator (LTS) bit is used to indicateLFINTOSCWhether it is stable.

4.5.4Frequency Select Bits (IRCF)

8MHz HFINTOSCand31kHz LFINTOSCThe outputs are connected to the post divider and multiplexer (seepicture4-1).0SCCONThe internal oscillator frequency

selection bits of the registerIRCF<2:0>Used to select the frequency output of the internal oscillator. The following can be selected by software:80ne of the
frequencies:

8MHz

4MHz(Default value after reset)

2MHz

1MHz

500kHz

250kHz

125kHz

31kHz

Note: After any reset, 0OSCCONRegisterIRCF<2:0>The bit will be set to110And the frequency selection is set to4MHz. User editableIRCFbits to select

other frequencies.
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4.5.5 HFINTOSCandLFINTOSCClock Switching Timing

WhenLFINTOSCandHFINTOSCWhen switching between the two oscillators, the new oscillator may be turned off to save power (seepicture4-5-5 ).in
this case, OSCCONRegisterIRCFThere is a delay after a bit is modified before the frequency selection takes effect. OSCCONRegisterLTS andHTSThe bit will
reflectLFINTOSCandHFINTOSCThe current active state of the oscillator. The frequency selection sequence is as follows:

1. OSCCONRegisterIRCF<2:0>bit is modified.

2.If the new clock is off, a clock start delay begins.

3.The clock switching circuit waits for the falling edge of the current clock to arrive.
4. CLKOUTKeep it low, the clock switching circuit waits for the arrival of a new clock rising edge.
5.NowCLKOUTConnect to the new clock.OSCCONRegisterHTSandLTSThe bits are updated as required.

6.Clock switch complete.
For more information, seepicture4-1 .

If the internal oscillator speed is selected within8MHzarrive125kHzThere is no startup delay when selecting a new frequency. This is because both the old and new

frequencies come from the post divider and multiplexer. HFINTOSC.

Start delay specification inNo.13.0Section "Electrical Characteristics" In the table related to oscillators.

picture4-5-5: Internal oscillator switching timing

HFINTOSC — LFINTOSC(prohibitFSCMandWDT)

HFINTOSC

Start-uptime  2cjdesmovonizaton run
<

LFINTOSC | il i

IRCF<2:0> 0 =0
System clock

HFINTOSC —* LFINTOSC(prohibitFSCMandWDT)

HFINTOSC

LFINTOSC

IRCF<2:0>

System clock

LFINTOSC —» HFINTOSC

LFINTOSC |

Start-up time

HFINTOSC

IRCF<2:0> =0

System clock ‘ ‘
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4.6Clock Switching

Through softwareOSCCONRegisters for system clock selection (SCS) bits can be operated to switch the system clock source between external and internal clock

sources.

4.6.1System clock selection (SCS)Bit

OSCCONRegisters for system clock selection (SCS) bits are used to selectCPUand peripherals system clock source.

OSCCONRegister bitsSCS = 0The system clock source is determined by the configuration word register (CONFIG)middleFOSC<2:0>Position Matching

Set decision.

OSCCONRegister bitsSCS = 1When, according toOSCCONRegisterIRCF<2:0>The internal oscillator frequency selected by bit
Take the system clock source. After reset, OSCCONRegisterSCSAlways cleared.

Note: Any automatic clock switching (which may occur from Two-Speed Start-up or the Fail-Safe Clock Monitor) does not updateOSCCONRegisterSCSBit

User can monitorOSCCONRegisterOSTSbits to determine the current system clock source.

4.6.20scillator start-up timeout state (OSTS)Bit

OSCCONOscillator Start-up Timeout Status Register (OSTS) bit is used to indicate whether the system clock comes from an external clock source or an internal
clock source. The external clock source is determined by the configuration word register (CONFIG)ofFOSC<2:0>definition.OSTSIt also specifically states thatLP,XTorHS

mode, the oscillator start-up timer (OST) has timed out.

4.7Dual-Speed Clock Startup Mode
Two-Speed Start-up mode provides additional power savings by minimizing the latency between external oscillator start-up and code execution. For applications that frequently use Sleep
mode, Two-Speed Start-up mode reduces the overall power consumption of the device by removing the external oscillator start-up time after the device wakes up.

This mode allows the application to wake up from sleep.INTOSCIt can be used as a clock source to execute a few instructions and then return to sleep without waiting for

the main oscillator to stabilize.

Note: ExecutionSLEEPThe instruction will stop the oscillator start-up time and makeOSCCONRegisterOSTSBit remains cleared.

When the oscillator module is configured asLP,XTorHSmode, the oscillator start-up timer (OST) Enable (seeNo.4.4.1Section “Oscillator

Start-up Timer (OST) ") OSTWill pause program execution until it completes.10240scillation count. Dual-Speed Start-up modeOSTUse internal

The oscillator is used to operate the oscillator, minimizing the delay in code execution.OSTCount to1024andOSCCONRegisterOSTSLocation1, program

execution switches to the external oscillator.

4.7.1Two-Speed Boot Mode Configuration

Configure Two-Speed Boot mode with the following settings:
Configuration Word Register (CONFIG)IESO = 1;Internal/external switch bit (enable two-speed startup mode) .
- OSCCONRegister bitsSCS = 0.

Configuration Word Register (CONFIG)middleFOSC<2:0>Configured asLP,XTorHSmodel.

Two-Speed Startup Mode is entered after the following operations:
Power-on reset (POR) and the Power-On Timer (PWRT) after the delay ends (when enabled), or
Wake up from sleep state.
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If the external clock oscillator is configured asLP,XTorHSmode, Two-Speed Start-up will be disabled. This is becausePOR The external clock oscillator does not

require stabilization time after being powered on or when exiting Sleep.

4.7.2Two-Speed Start Sequence

1.Wake up from power-on reset or sleep mode.

2.Using the internal oscillator toOSCCONRegisterIRCF<2:0>The frequency set by the bit starts the execution of the instruction.
3. OSTEnable, count1024clock cycles.

4. OSTTimeout, waiting for the falling edge of the internal oscillator.

5. OSTSPlace1.

6.The system clock remains low until the next falling edge of the new clock arrives (LP,XTorHSmodel).

7.The system clock is switched to the external clock source.

4.7.3Checking the dual-speed clock status

Passed inspectionOSCCONRegisterOSTSThe state of the bit can determine whether the microcontroller is configured as a word register (CONFIG)middle FOSC<2:0>The

MCU can run from an external clock source as defined by the MCU bits, or from the internal oscillator.

picture4-7-3: Dual speed start

] TOST »
0sC1 0 >< 1 331022><1023

0sC2 [

brogram Counter \ PC-N S S PC PC+1

4.8Power-down mode (sleep)

By executingSLEEPInstruction to enter power-down mode.

If the watchdog timer is enabled:

WDTwill be cleared and keep running.
Status registerPDThe bit is cleared.
* TOPosition is set1.

- Turn off the oscillator driver.

1/0OPort Keep ExecutionSLEEPState before the instruction (driven to high level, low level or high impedance state)

To minimize current consumption in this mode, alll/Opins should be kept asVDDorVSSto ensure that no external circuitry fromI/O pin consumes

current, the comparator andCVREFTo avoid the input pin being left floating and introducing switching current, a high impedance input
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ofI/OThe pin is pulled high or low. To minimize current consumption, TOCKIThe input should also remainVDDorVSS. It should also be considered PORTA

Effect of on-chip pull-up.

MCLRThe pin must be logic high.

Note: Please note that due toWDTA reset caused by a timeout will notMCLRThe pin is driven low.

4.8.1 MCLRPin wakeup from sleep state

The device can wake up from Sleep by any of the following events:

MCLRExternal reset input on pin.
- Watchdog timer wakeup (ifWDTEnable).
PA2/INTPin interrupt,PORTAInterrupt-on-change or peripheral interrupt.

The first event causes a device reset. The second two events are considered to be a continuation of program execution.TOandPDbit is used to
determine theSLEEPThe bit is set at power-on.1,PDIt is cleared to zero when the command is executed.TOLocation is happeningWDTCleared to zero on

wakeup.

The following peripheral interrupts can wake the device from Sleep:
1.TMR1Interrupt.Timer1Must be used as an asynchronous counter.
2.ECCPCapture mode interrupt.

3.A/DConversion (whenA/DThe clock source isFsmhour).
4.EEPROMThe write operation is complete.

5. The comparator output state changes.

6. Interrupt on level change.

7. FromINTExternal interrupt pin.
Since no on-chip clocks are active during sleep, other peripherals cannot generate interrupts.

When executingSLEEPinstruction, the next instruction (PC+1If you want to wake up the device through an interrupt event, you must set the
corresponding interrupt enable bit1(Enabled). Wake-up occurs withGIEThe state of the bit is irrelevant. IfGIEBit is cleared (disable@l} device will continue to execute
SLEEPThe instruction after the instruction. IfGIEPosition is set1(Enable) , the device executesSLEEPThe instruction after the instruction, then jump to the interrupt location
site(0004h) to execute code. If you do not want to executeSLEEPInstructions after the instruction, the user shouldSLEEPPlace a line after the instruction

NOPinstruction.

Note: If global interrupts are disabled (GIEis cleared) , but any interrupt source sets its interrupt enable bit and the corresponding interrupt flag position1, device

Will wake up immediately from sleep.

When the device wakes up from sleep mode, WDTwill be cleared regardless of the wakeup reason.

4.8.2Using interrupt wakeup

When global interrupts are disabled (GIEis cleared), and any interrupt source sets its interrupt enable bit and interrupt flag bit1, one of the following events

will occur:

If you are executingSLEEPIf an interrupt occurred before,SLEEPThe instruction will be treated as aNOPinstruction is executed. Therefore, WDTand

Its prescaler and postscaler (if enabled) will not be cleared, andTOThe bit will not be set1,at the same timePDThe bit will not be cleared.

If you are executingSLEEPIf an interrupt occurs during or after an instruction, the device will immediately wake up from Sleep.SLEEPThe instruction will
is executed before waking up. Therefore, WDTand its prescaler and postscaler (if enabled) will be cleared, andTOThe bit will be set1,at the same timePD

The bit will also be cleared.
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Even when executingSLEEPBefore the instruction, check that the flag is0, it may also beSLEEPSet before the instruction is executed1To determine

whether theSLEEPInstructions, testablePDIfPDLocation1, then it meansSLEEPThe instruction is treated as aNOPThe instruction was executed.
In executionSLEEPBefore the instruction, you must first execute aCLRWTInstructions to ensure thatWDTFor details, seepicture4-8 .

picture4-8: Wake up the device from sleep mode through interrupt

Q1)Q2|Q3 4 @)1 ®2 4344 Q] §Q1| Q2|Q3 Q4 c:{n 243 Q4 Q1: Qb Q3 Q4 Q1 :pz R3 Q4 |
0sC1 Wmuumm
CLKOUTw [ 1\ / \ [
INTPinout i
INTFLogo H
(INTCONregister) |
GIE bit !

v

(INTCONregister)

|
1
T
|
|
|
1
1
|
|
|
|
|

Instruction Flow

1
I
1
Instruction fe;ch{lnst(PC): Sleep Inst(PC + 1) Inst(PC + 2) Inst(0004h) Inst(0005h)
I

Hibernation Inst(PC + 1) Empty Cycle Empty Cycle Inst(0004h)

—
' ' 1 |
' | 1 |
' | 1 |
pc X PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h !
1 ! 1
| ' '
| | '
| 1 |
1 1 |
| | |
| 1 |
1 1 |
| ' |

'
Execute Instructions{lnst(PC -1)
|
'

Note 1: Assume thatXT,HSorLPOscillator mode.
2:TOST = 1024 TOSC (Figure not drawn to scale). This delay does not apply toECandRCOscillator mode.
3: AssumptionsGIE = 1In this case, after the processor wakes up, it will jump to0004hIfGIE = 0, the program will continue to execute. 4: exist
XT,HS,LPorECIn oscillator mode, no outputCLKOUTSignals are used here only as a timing reference.

4.9Fail-Safe Clock Monitor

Fail-Safe Clock Monitor (FSCM) allows the device to continue operating in the event of an external oscillator failure.FSCMCan be used during
oscillator start-up delay timer (OST) at any time after the expiration of the oscillator.FSCMBY setting the Configuration Word register (CONFIG)middle
FCMEN Location1To enable.FSCMAvailable for all external oscillator modes (LP,XT,HS,EC,RCandRCIO).

picture4-9:FSCMblock diagram

Clock Monitor
Latches(CM)
(Edge Trigger)
external S Q
clock d
LFINTOSC —
+64 »R Q
Oscillator
31KHz 488 Hz
(~32 ps) (~2 ms)
detected
sampling Clock
Clock failure

4.9.1Fault protection detection

FSCMThe module connects an external oscillator toFSCMSampling clock comparison to detect oscillator failure.LFINTOSCDivide by64, the sampling
clock is generated.picture4-9 The fault detector has a latch inside. At each falling edge of the external clock, the latch is set.1The latch is cleared on each

rising edge of the sampling clock. If a full half cycle of the sampling clock elapses without the master clock going low, a fault is detected.
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4.9.2Fail-safe operation

When the external clock fails,FSCMSwitches the device clock to the internal clock source andPIR2RegisterOSFIFLogo location1IfPIR2RegisterOSFIELocation1At the same
time, the flag position1, an interrupt will be generated. The device firmware can then take steps to mitigate the problems that may have been caused by the failed clock. The

system clock will continue to be derived from the internal clock source until the device firmware successfully restarts the external oscillator and switches back to external operation.

FSCMThe internal clock source is selected byOSCCONRegisterIRCF<2:0>This allows the internal oscillator to be configured before a malfunction

occurs.

4.9.3Failsafe condition cleared

Reset, ExecuteSLEEPInstruction or flipOSCCONRegisterSCSAfter the Fault Protection condition is cleared.OSCCONRegisterSCSAfter the bit is
modified, OSTWill restart.OSTWhen running, the device continues toOSCCONSelectedINTOSCto perform the operation. OSTAfter the timeout, the Fail-Safe

condition is cleared and the device will operate from the external clock source. The Fail-Safe condition must be cleared before theOSFIF Flag bit.

4.9.4Reset or wake up from sleep

FSCMDesigned to be able to start the oscillator during the delay timer (OST) at any time after the expiration of the oscillator.OSTThe use cases are
after waking up from sleep state and after any type of reset.0STCan'tECorRCClock mode is used, so once reset or wake-up is completed, FSCMIt is in

activated state.FSCMis enabled, when Two-Speed Start-up is also enabled.OSTWhen running, the device is always in the code execution phase.

Note: Due to the wide range of oscillator start-up times, during oscillator start-up (i.e., when exiting from Reset or Sleep) , Fault protection circuit
After an appropriate period of time, the user should checkOSCCONRegisterOSTSbits to verify that the oscillator has started
successfully and the system clock has switched successfully.

5.0Interrupt

MDT10F684There are several interrupt sources:
- External InterruptPA2/INT

: Timer0Overflow interrupt

*  PORTAInterrupt on Change
Two comparator interrupts

: A/DInterrupt

: Timer10verflow interrupt

. Timer2Match Interrupt

. EEPROMData write interrupt
Fail-safe clock monitor interrupt

EnhancedCCPInterrupt

Interrupt Control Register (INTS) and peripheral interrupt request registers1 (PIFB1) Record various interrupt requests in their respective flag bits.INTS The register also

includes individual interrupt enable bits and a global interrupt enable bit.

INTSThe global interrupt enable bit in the registerGIEIn place1When cleared, all unmasked interrupts are enabled, and when cleared, all interrupts are disabled.
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passINTSandPIEB1The corresponding enable bits in the register can be used to disable each interrupt.GIEis cleared.

In response to an interrupt, the following actions occur automatically:
* GIECleared to disable any other interrupts.
« The return address is pushed onto the stack.

+ existPCMiddle loading0004h.
Execute the "return from interrupt" instructionRTFIExit the interrupt routine andGIELocation1, thereby re-enabling unmasked interrupts.

INTSThe register contains the following interrupt flag bits:
* INTPin Interrupt
* PORTAInterrupt on Change

® TimerOOverflow interrupt
The peripheral interrupt flag is inPIFB1The corresponding interrupt enable bit is in thePIEB1register.

PIFB1The register contains the following interrupt flag bits:
® EEPROMData write interrupt

® A/DiInterrupt

® 2Comparator interrupt

® Timer1Overflow interrupt

* Timer2Match Interrupt

* Fail-Safe Clock Monitor Interrupt

* EnhancedCCPInterrupt

For external interrupt events, such asINTPin orPORTALevel change interrupt, the interrupt response delay will be3arrive4The exact delay time
depends on when the interrupt event occurs (seepicture5-1-1 ) The interrupt response delay is exactly the same for single-cycle or two-cycle instructions.
After the interrupt service routine, the interrupt source can be determined by querying the interrupt flag bit. Before re-enabling the interrupt, the interrupt flag bit must be cleared by software to

avoid repeated response to the interrupt.

Note:1: Setting of each interrupt flag1Not affected by the corresponding interrupt mask bit orGIEThe effect of bit state.

2: When executing a clearGIEAfter the instruction is executed, any interrupt waiting to be executed in the next cycle will be ignored.GIEThe bit is reset1

After that, the ignored interrupt will continue to wait for processing.

aboutTimer1,Timer2,Comparators,A/D,dataEEPROM,EUSART,SSPor enhancedCCPFor more information on a module, see the

corresponding peripheral chapter.

picture5-1-1: Interrupt logic
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I0C-RAO
10CA0

IOC-RA1
I0CA1

I0C-RA2
I0CA2

IOC-RA3
I0CA3

IOC-RA4
I0CA4
> Wake up (if in sleep mode)n
IOC-RA5
I0CAS

TMR2IF
TMR2IE

arriveCPUInterrupt request

TMR1IF
TMRI1IE

C1IF
C1IE

C2IF
C2IE

ADIF
ADIE

EEIF
EEIE

OSFIF
OSFIE

Note 1: some peripherals depend on the system clock to work. Since the system clock is suspended during sleep, only

Peripherals that rely on the system clock can wake the device from Sleep.No.12.7.1Festival

CCP1IF
CCP1IE

“MCLRpin to wake up from sleep state".

picture5-1-2:INTPin Interrupt Timing
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INTFLogo
(INTCONTregister)

v
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GIEBIt
(INTCONregister)

1
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1
\
1
:
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|
:
]
T
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i
1
1
1

______ = 1
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Instruction Flow : 1 : : ]

PC X PC X__PC+1 X PC+1 X 0004h D !
i i i i i i
mswucionfecn{ | Inst(PC) ! Inst(PC+1) ) — i Inst(0004h) |  Inst(0005h) |
1 1 1 1 1 1
1 1 1 1 1 1

1 1 1
sewemwcons | INStPC-1) 1 InstPCQ) | empyode | empyoee | Inst(0004h) |
1 1 1 1 1 1

Note 1: Sample hereINTFFlags (eachQ1cycle).

2: Asynchronous interrupt response delay is3-dindivualTCYThe synchronous interrupt response delay is3indivualTCY,inTCYFor one instruction cycle, regardless ofInst  PC )it is single

3: only atINTOSCandRClIn oscillator modeCLKOUTIt will be effective.
4: aboutINTFor the minimum pulse width, seeNo.15.0Section "Electrical Characteristics"Communication standards

in..5: Allowed inQ4-Q1At any time during the cycleINTFPlace1.

5.1Interrupt Special Function Register
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5.1.1 INTSregister

INTSRegisters are readable and writable registers, containingRTCCRegister overflow,PORTALevel changes and externalPA2/INTVarious enable and

flag bits for pin interrupts.

Note: When an interrupt condition occurs, regardless of the corresponding interrupt enable bit orINTSGlobal enable bit of registerGIERegardless of the status, the interrupt flag will be set1

User software should ensure that the corresponding interrupt flag bits are cleared before enabling interrupts.

registerOBH/8BH: Interrupt Control Register (INTS)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE | PEIE | TS | INS | PAIE | TIF | INTF | PAIF
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
b|t7 GIE: Global interrupt enable bit

1 =Enable all unmasked interrupts

0 =Disable all interrupts

bité PEIE: Peripheral interrupt enable bit
1 =Enable all unmasked peripheral interrupts

0 =Disable all peripheral interrupts

bit5 TIS:Timer0Overflow interrupt enable bit
1 =allowTimerOInterrupt 0 =prohibit

TimerOInterrupt

bit4 INTS:PA2/INTExternal interrupt enable bit 1
=allowPA2/INTExternal Interrupt O =prohibit
PA2/INTExternal Interrupt

bit3 PAIE:PORTAInterrupt-on-change enable bitn)
1 =allowPORTAInterrupt on Change 0 =
prohibitPORTAInterrupt on Change

bit2 TIF:TimerOOverflow interrupt flage
1 =TimerORegister has overflowed (must be cleared by software) 0

= TimerORegisters did not overflow

bit1 INTF:PA2/INTExternal interrupt flag

1 =happenedPA2/INTExternal interrupt (must be cleared by software) 0 =

Yet to happenPA2/INTExternal Interrupt

bit0 PAIF:PORTALevel change interrupt flagm
1 =at least onePORTA<5:0>The pin level status has changed (must be cleared by
software) 0 =nonePORTA<5:0>The pin level status changes

Note 1: Must be enabled at the same timePAINTRregister.

2:whenRTCCWhen the counter returns to zero,TIFLocation1. When resetRTCCThe status remains unchanged, it should be clearedTIFbits were previously initialized.
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5.1.2 PIEB1register

PIEB1Register containing the peripheral interrupt enable bits.

Note: To enable any peripheral interrupt, you mustINTSRegisterPEIELocation1.

register8CH: Peripheral interrupt enable register1 (PIEB1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEIE | ADIE | CCP1IE | C2IE | C1IE | OSFIE | TMR2IE | TMR1IE
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7 EEIE:EEPROMWrite completion interrupt enable bit 1
=allowEEWrite completion interrupt
0 =prohibitEEWrite completion interrupt
bit6 ADIE:A/DConverter Interrupt Enable
Bit 1 =allowA/DConverter Interrupt 0 =
prohibitA/DConverter Interrupt CCP1IE
bit5 :CCP1Interrupt Enable Bit 1 =allowCCP1
Interrupt
0 =prohibitCCP1Interrupt
b|t4 C2IE:Comparators2Interrupt Enable Bit 1
=Enable comparator2Interrupt
0 =Disable comparator2Interrupt
bit3 C1IE:Comparators1Interrupt Enable Bit 1
=Enable comparator1Interrupt
0 =Disable comparator1Interrupt
bit2 OSFIE: Oscillator Fault Interrupt Enable Bit
1 =Enable oscillator fault interrupt
0 =Disable oscillator fault interrupt
bit1 TMR2IE:Timer2andPR2Match Interrupt Enable Bit 1 =
allowTimer2andPR2Match Interrupt 0 =prohibitTimer2
andPR2Match Interrupt TMR1IE:Timer1Overflow
bit0 interrupt enable bit 1 =allowTimer10Overflow interrupt 0

=prohibitTimer1Overflow interrupt

5.1.3 PIFB1register

PIFB1Register containing the peripheral interrupt flags.

Note:

When an interrupt condition occurs, regardless of the corresponding interrupt enable bit orINTSGlobal enable bit of registerGIERegardless of the status, the interrupt flag will be set1

User software should ensure that the corresponding interrupt flag bits are cleared before enabling interrupts.




MDT10F684 MD T MCU

registerOCH: Peripheral interrupt request register1 (PIFB1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEIF | ADIF | CCPIIF | C2IF | C1IF | OSFIF | TMR2IF | TMRI1IF
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
b|t7 EEIF:EEPROMWrite operation interrupt flag 1 =Write

operation complete (must be cleared by software)
0 =The write operation has not yet completed or has not yet been started
bit6 ADIF:A/DInterrupt flag 1= A/
DConversion Complete
0 = A/DThe conversion has not yet completed or has
b|t5 not yet started CCP1IF:CCP1Interrupt flag capture
mode:
1 =happenedTMR1Register capture (must be cleared by software) 0 =

Yet to happenTMR1Register capture compare mode:

1 =happenedTMR1Register compare match (must be cleared by software) 0

=Yet to happenTMR1Register Compare Match PWMmodel:

Not used in this mode
bit4 C2IF:Comparators2Interrupt flag
1 =Comparators20utput has changed (must be cleared by software) 0
=Comparators20utput has not changed C1IF:Comparators1Interrupt
bit3 flag
1 =Comparators1The output has changed (must be zeroed by
software) 0 =Comparators10utput has not changed OSFIF: Oscillator
bit2 fault interrupt flag
1 =The system oscillator fails and the clock input switches toINTOSC(Must be cleared by software) 0 =The
system clock is running normally
bit1 TMR2IF:Timer2andPR2Match interrupt flag
1 =happenedTimer2andPR2Compare match (must be cleared by software)
0 =Yet to happenTimer2andPR2Comparison match TMR1IF:Timer1
bit0 Overflow interrupt flag
1 =Timer1Register has overflowed (must be cleared by software) 0

= Timer1Registers not overflowing

surface5-1: Registers related to interrupts

name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 PORandBOR All other
The value of Reset value
INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PAINTR = = PAINTR5 PAINTR4 PAINTR3 PAINTR2 PAINTR1 PAINTRO --00 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000

Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) q=The value depends on the situation. The shaded cells are not used by the interrupt module.
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5.2 PA2/INTInterrupt

PA2/INTThe external interrupt on the pin is edge triggered; whenTMRRegisterIESPosition is set1When the rising edge is triggered,IESTriggered on
falling edge when the bit is cleared.PA2/INTWhen a valid edge occurs on the pin, INTSRegisterINTFLocation1. This can be done byINTS RegisterINTEBefore
re-enabling the interrupt, the interrupt service routine must first clear the control bit to 0.INTFThe bit is cleared to 0.INTEThe bit is set before entering the
sleep state.1,butPA2/INTAnN interrupt can wake up the processor from a sleep state.PA2/INTFor the timing of interrupts waking the processor from sleep

mode, seepicture4-8 .

Note: MustANSELandCMSTAQThe registers are initialized to configure the analog channels as digital inputs. Pins configured as analog inputs always

read as0.

5.3 TimerOInterrupt

RTCCRegister overflow (FWf—00h) willINTSRegisterTOIFLocation1. You can set1/ClearINTSRegisterTOI bit to enable/disable
the interrupt.TimerOFor module operation, seeNo.7.1Festival"TimerOModules "

5.4 PORTAInterrupt on Change

PORTAChanges in input level will causeINTSRegisterPAIFLocation1. You can set1/ClearINTSRegisterPAIEbit to enable/
disable the interrupt.PAINTRThe registers configure the individual pins of the port.

Note: This occurs while a read operation is being performed.I/OIf the pin level changes,PAIFThe interrupt flag may not be set1.

5.5 EEPROMWrite data interrupt

To ensureEEPROMTo generate an interrupt at the end of a write operation, you must set the following location1:
* PIEB1RegisterEEPROMWrite completion interrupt enable bitEEIE

* INTSRegisterPEIEBit

* INTSRegisterGIEBit

In the interrupt service routine,PIFB1RegisterEEIFClearing the bit to 0 will clear the interrupt flag.

5.6 A/DInterrupt

ADCWhen the module completes the analog-to-digital conversion,PIR1RegisterADIFInterrupt flags are set1. You can set1/ClearPIEB1
RegisterADIEbit to enable/disable the interrupt. ADCFor interrupt operation of the module, seeNo.9.2.5Festival"ADCModule interrupt ".
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5.7Interrupted context protection

During the interruption, only the returnedPCOften, users may wish to save critical registers during an interrupt (for example, W
Registers and Status RegistersThis must be done in software. The temporary save register should beW_TEMPandSTATUS_TEMPPlaceGPR
The end16Byte (seepicture2-2 ).this16Each unit is shared by all storage areas and does not require partitioning. This simplifies scene protection and recovery
operations.12-1The code shown in can be used to:

SaveWregister

Save status register

- implementISRCode

- Restore the status register (and bank select bit register)

- recoverWregister

Note:MDT10F684Usually no need to savePCHLATHowever, if you want tolSRand the main program using calculationsGOTO, it is necessary toISR
Save and restorePCHLAT.

example5-7: The status register andWRegisters are stored inRAMmiddle

STWR W_TEMP ;saveWRegister toW_TEMP

SWAPR STATU S,W ;WillSTATUSThe high and low four bits of the register are swapped and saved toW(Purpose: Do not
STWR STATU S_TE MP change the logo) ;saveSTATUSRegister contents toSTATUS_TEMP;

;(IS R) ;Interrupt Service Routine

SWAPR STATUS_TEMP,W ;exchangeSTATUS_TEMPHigh and low four bytes ;

STWR STATUS Restore Flag Status Register

SWAP R W_TE M P, R ;recoverWRegister value (Purpose of using the exchange instruction: do not change the status register value)
SWAPR W_TEMP,W

6.0 I/Oport

This series of devices has14Universall/ODepending on the peripherals enabled, some (or all) of the pins cannot be used for general purposel/OUsually, after a peripheral is

enabled, the associated pin cannot be used for general purposel/OPin it out.

6.1 PORTAandCPIOAregister

PORTAyes6bit-wide bidirectional port.PORTAThe corresponding data direction register isCPIOA (register85H ) .WIillICPIOALocation
1 (=1) can make the correspondingPORTApin as an input pin (i.e. disable the corresponding output driver).CPIOABIt clear ( =0) will make the
correspondingPORTApin as an output pin (i.e., enables the output driver and places the contents of the output latch on the selected pin).PA3 is an

exception, it can only be used as an input pin,CPIOBit is always read as1.example6-1 Given an initializationPORTAMethods.

readPORTAregister(register05H ) will read the pin state and writing to this register will write to the port latch. All write operations are read-modify-
write operations. Therefore, writing to a port means reading the pin level of the port, modifying the read value, and then writing the modified value to the

port data latch.MCLRE = Thour,PA3Read as0.

Even thoughPORTAWhen the pin is used as an analog input,CPIOARegisters still controlPORTAWhen using them as
analog inputs, the user must ensure thatCPIOAThe bits in the register remain set1status.[/OThe pin always reads0.

Note: MustANSELandCMSTAThe registers are initialized to configure the analog channels as digital input channels. Pins configured as analog inputs

reado.
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example6-1:initializationPORTA

BCR STATUS,PAGE ;Bank0

CLRR  PORTA ; Clear portAOutput Buffer

LDWI 07H ;

STWR CMSTA  Turn off the comparator

BSR STATUS,PAGE ;Bank1

CLRR ANSEL ;All analog/digital multiplexed ports are set as digital ports
LDWI OCH ; Set portA<3,2>bits are input, the others are output ;
STWR CPIOA

BCR STATUS,PAGE ;BankO0

register05H:PORTAregister(PORTA)

U-0 U-0 R/W R/W-0 Rx R/W-0 R/W-0 R/W-0
— | — | pas | PAM | PA3 | PA2 PA1 | PAO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Place1 0 =Clear x =unknown

b|t7'6 Unimplemented: Read asO

bit5-0 PA<5:0>:PORTA I/OPin Position

1 = PORTAPIn Level>ViH
0 = PORTAPIN level<Vi

register85H:PORTATri-state registers (CPIOA)

uU-0 u-0 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1
- | = CPIOA5 | CPIOA4 CPIOA3 CPIOA2 CPIOA1 | CPIOAO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Place1 0 =Clear x =unknown

b|t7'6 Unimplemented: Read as0

bit5-0 CPIOA<5:0>:PORTATTi-state control bit 1 =

PORTAPIn configured as input (tri-state) 0 =
PORTAPins configured as output

Note 1:CPIOA<3>Always read as1.
2:existXT,HSandLPIn oscillation mode,CPIOA<5:4>Always read as1.
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6.2 PORTCandCPIOCregister

PORTCBY8A universal bidirectional pinl/OThe pin can be configured asI/Oor asA/Dconverter(ADC) or the analog input of a comparator.

For specific information on each function (such asCCPorADC), see the corresponding section of this data sheet.

Note: MustANSELandCMSTAThe registers are initialized to configure the analog channels as digital input channels. Pins configured as analog inputs
read0.

example6-4:initializationPORTC

BCR STATUS,PAGE ;Bank 0

CLRR PORTC ; Clear output buffer

LDWI 07h

STWR CMSTA £ Turnof the comparator

BSR STATUS,PAGE ;Bank 1

CLRR ANSEL ; Set the port to a digital port

LDWI  0Ch ;set upPC1,PC2For input, otherPCOutput
STWR CPIOC

register07H:PORTCregister(PORTC)

R/W R/W R/W R/W R/W-0 R/W-0 R/W-0 R/W-0
PC7 | Pc6 | PC5 | Pc4 | Pc3 | P2 | pPA | PCO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Placel 0 =Clear x =unknown
bit7-0 PC<7:0>:PORTCI/OPin

Position 1 = PORTCPin Level>
VIH 0 = PORTCPin level<VIL

register87H:PORTCTri-state registers (CPIOC)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CPIOC7 | CPIOC6 | CPIOC5 | CPIOC4 | CPIOC3 | CPIOC2 | CPIOC1 | CPIOCO
bit7 bit0
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-0 CPIOC<7:0>:PORTCTri-state control bit 1 =

PORTCPin configured as input (tri-state) 0 =
PORTCPins configured as output
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6.30ther pin functions

MDT10F684Every one ofPORTAThe pins have level change interrupt and weak pull-up function (PA3When used as a reset pin, enable pull-up.IOport, there is no

pull-up resistor).PAOIt has ultra-low power wake-up functions. The following three subsections will introduce these functions.

6.3.1 ANSELregister

ANSELRegisters are used tol/OThe input mode of the pin is configured as analog.ANSELSetting the pin high will cause all read operations on this pin to result

in0and enable the analog function of the pin to operate normally.

ANSELThe state of the bit has no effect on the digital output function.CPIOClear andANSELPlace1The pins will still function as digital outputs, but their output

mode will be analog. This can result in unexpected operation when executing read-modify-write instructions on the affected ports.

register91H: Analog Select Register (ADINS)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANS7 | ANS6 | ANS5 | ANS4 | ANS3 | ANS2 | ANS1 | ANSO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
bit7-0 ANS<7:0>: Analog selection bit

existAN<7:0>Analog selection of analog or digital functions on the pins
respectively. 1 =Analog Input. Pins are assigned as analog inputa. 0 =numberl/O

Pins are assigned to ports or special functions.

Note 1: Setting a pin as an analog input automatically disables the digital input circuitry, weak pull-up, and interrupt-on-change (if any).

correspondingCPIOThe OUTPUT_MODE bit must be set to input mode to allow external control of the voltage on this pin.

6.3.2Weak pull-up

EveryPORTAPIns (exceptPA3) have their own configurable internal weak pull-ups. Control bitsWPUAEnables or disables each weak

(TMR<7>) disable the pull-up function.PA3forl/OAnd configured asMCLRWhen it is disabled, it starts automaticallyPA3Weak pull-up function.MCLRThe pull-ups are not under

software control.

register95H: Weak pull-upPORTAregister(PAPHR)

U-1 U-1 R/W-1 R/W-1 U-1 R/W-1 R/W-1 R/W-1
— \ — | PHA5 | PHA4 | — | PHA2 | PHA1 | PHAO
bit7 bit0

Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear X =unknown

bit7-6 Unimplemented: Read as0
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bit5-4

bit3

bit2-0

Note

PHA<5:4>: Weak pull-up control bit
1 =Enable pull-up
0 =Disable pull-up

Unimplemented: Read asO

PHA<2:0>: Weak pull-up control bit

1 =Enable pull-up

0 =Disable pull-up

1: Must be enabledTMRGlobal register;F’XI;HBits to enable individual

pU”-UpS. 2: If the pin is in output mode (CPIOC = 0) , the weak pull-up device is automatically disabled.

3: Configured in the configuration word register asMCLRhourPA3The pull-up is enabled and configured asI/OThe pull-up is
disabled. 4:existXT,HSandLPIn oscillation modePHA<5:4>Always read as1.

6.3.3Interrupt on Change

EveryPORTAEach pin can be configured as an interrupt-on-change pin.PAINTR_xEnable or disable the interrupt function for each

pin.reqister85H . Disable interrupt-on-change on power-on reset.

For pins that have enabled interrupt-on-change, the value on the pin is the same as the last read.PORTAThe last “mismatch” is compared with the

latched value. The outputs are logically ORed togetherdn order toINTSregister(register0BH )middlePORTALevel change interrupt flag ~ (PAIF)

Place1.

This interrupt can wake up the device in sleep mode. The user can clear the interrupt in the interrupt service routine by:

a)rightPORTAPerform a read or write operation. This ends the pin level mismatch condition.

b)Set the flagPAIFCleared.

The level mismatch condition will continue toPAIFLogo location1. And readPORTAwill end the mismatch condition and allowPAIFThe flag bit is cleared.

The latch will hold the last value read regardless ofMCLRand brown-out resets. After these resets, if a level mismatch occurs,PAIF The flag will

continue to be set1.

Note: Before executing anyPORTAIf the operationl/OIf the pin level changes,PAIFThe interrupt flag may not be set1.

register96H: Interrupt on level changePORTAregister(PAINTR)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
—_ —_ PAINTRS5 PAINTR4 PAINTR3 PAINTR2 PAINTR1 ‘ PAINTRO
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear X =unknown
bit7-6 Unimplemented: Read as0.
bit5-0 PAINTR<5:0>: Interrupt on level changePORT AControl bit 1
=Enable interrupt-on-change
0 =Disable interrupt on change
NOte 1: Global interrupt enable must be enabled (GIE) so that each interrupt can be

recognized. 2:existXT,HSandLPIn oscillation modePAINTR<5:4>Always read as1.
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6.3.4Ultra-low power wake-up

PAQOThe ultra-low power wake-up on the MCU allows the voltage to fall slowly, thus generating aPAOInterrupt on
Change.ULPWUEBIt(PSTA<5>)1This will generate a small current sink that can be used toPAOThe capacitor on the .

To use this feature,PAOThe pin should first be configured as a high output to charge the capacitor, allowingPAOThe level change interrupt andPAO
To configure the pin as an input.ULPWUEPlace1Start discharging and executeSLEEPInstructions.PAOThe voltage onVILAfter that, the device will wake up
and execute the next instruction.INTSRegisterGIELocation1, the device will call the interrupt service routine (0004h) For more information, please

See alsoNo.6.3.3Section "Interrupt on Change" andNo.5.4Festival"PORT Alnterrupt on Change ”

This feature provides a low-power technique that can periodically wake up a device from sleep mode. The delay depends onPAOsuperiorRCTo learn how to

initialize the ultra-low power wake-up module, seeexample6-3-4 .

The series resistor providesPAOThe overcurrent protection function of the pin allows the delay to be calibrated in software (seepicture6-3-1). A timer can be used to measure the charge and discharge time of
the capacitor. The charge time is then adjusted to provide the desired interrupt delay. This technique compensates for the effects of temperature, voltage, and component accuracy. The ultra-low power wake-up

peripheral can also be configured as a simple programmable low voltage detection device or temperature sensor.

example6-3-4: Initialization of ultra-low power wake-up

BCR STATUS,PAGE ;Bank 0

BSR PORTA,0 ;clearOportAofPAO

LDWI 0O7H

STWR CMSTA  Turn off the comparator

BSF STATUS,PAGE ;Bank 1

BCR ANSEL,0 ;portAofPAOSet to digital port;
BCR CPIOA,0 portAofPAOSet as output ;
LCALL CapDelay Delay

BSR PSTA,ULPWUE  Enable ultra low power wake-up function

BSR PAINTR,O ;set upPAOPort level change wake-up function
BSR CPIOA,0 ;set upPAOInput

LDWI B'10001000" ; Enable level change interrupt, global interrupt
STWR INTS ;

SLEEP ; Sleep, wait to wake up

NOP

NOP

6.4 PORTAPin Description and Pin Diagram

EachPORTApins are multiplexed with other functions. Here we briefly describe the pins and their multiplexed functions.A/Dconverter(A/D Converter

,ADC), please refer to the relevant chapters in this data sheet for specific information.
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6.4.1 PAO/ANO/C1IN+/SCK/ULPWU

picture6-4-1 The pinout diagram for this pin is given.PAO/ANO/C1IN+/SCK/ULPWUThe pin can be configured to function as one of the following:
* Generall/O

+ Connect toADCAnalog input

« Connect to the analog input of the comparator

« In-Circuit Serial Programming (In-CircuitSerialProgramming™) programming and debugging clockSCK

* Analog input for ultra-low power wake-up

picture6-4-1:PAOblock diagram

simulation(n
Input,Mode Vbp
Data Bus D Q weak
Write CK
WPUA @ RAPD
read 4
WPUA— Voo
e— D Q ~~ @
write CK 1/OPinout
PORTA ~ Q
Vss
e— D Q
Write CK o
TRISA ~ Q
read.ﬂj
TRISA
simulation()
read ® § Input Mode
PORTA |
e— D Q
Write CK @ Q D
IOCA ~ Q
EN
read
IOCA Q D
Interrupt on Change EN :|
readPORTA
g T0 comparator
«
o toA/Dconverter
«
Note 1: The analog input mode consists of the comparator mode andANSELDecide.




MDT10F684 MD T MCU

6.4.2 PA1/AN1/C1IN-/VREF/SDA

picture6-4-2 The pinout diagram for this pin is given.PA1/AN1/C1IN-/VREF/SDAThe pin can be configured to function as one of the following:
* Generall/O

+ Connect toADCAnalog input

« Connect to the analog input of the comparator

* ADCReference voltage input

« Data port for in-circuit serial programming and debuggingSDA

picture6-4-2:PA1block diagram

simulation()
I Mod
nput Mode VDD
Data Bus
Q
" K = weak
WPUA @ —
RAPU
read ¢
WPUA
*— Q VbD
wie CK =
PORTA N Q
1/0Pinout
*— Q
write CK —=
TRISA X Qe Vss
simulation(n
read ":"< }J Input Mode
TRISA | A
read Jﬂ
PORTA
*— Q
write CK 6
IOCA S Q D
EN
read Q3
IOCA
Q D
Interrupt on Change
ererenthens I EN
readPORTA
- To comparator
toA/Dconverter
Y
NOte 1: The analog input mode consists of the comparator mode andANSELDecide.
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6.4.3 PA2/AN2/TOCKI/INT/C1OUT/EE_EW_CLK

picture6-4-3 The pinout diagram for this pin is given.PA2/AN2/TOCKI/INT/C1OUT/EE_EW_CLKThe pin can be configured to function as one of the following:
* Generall/O

+ Connect toADCAnalog input

* RTCCClock input

« External edge-triggered interrupt

* From the comparator1Digital output

* DATA EEPROM Erase and Write Self_timer Clock

picture6-4-3:PA2block diagram

simulation(n
Input Mode VDD
Data Bus D Q
K — weak
wiite 0
WPUA ~ —
RAPU
read
WPUA —;
c1ouT
Enable
*— Q VbD
Write CK 6
PORTA ~ C10UT {1
0 -
I/OPinout
*— Q
write CK —
TRISA X Qo Vss
simulation()
read ”:K }j Input Mode
TRISA l FJJ
Sk S—
PORTA |
*— Q
wiie CK o]
IOCA ~ Q D
read EN Q3
IOCA
HCFW 0
Interrupt on Change E N
readPORTA :l
toTimer0
, toINT
)
 _toA/Dconverter
W
Note 1: Analog input mode is determined byANSELproduce.
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6.4.4 PA3/MCLR/VPP

picture6-4-4 The pinout diagram for this pin is given.PA3/MCLR/VPPThe pin can be configured to function as one of the following:
* Universal input

» Master Clear Reset with weak pull-up

picture6-4-4:PA3block diagram

VDD
MCLRE —‘ >°—#£weak
Data Bus q
MCLRE
read o< v Reset .
TRISA | $5
MCLRE Vss
read ¢
PORTA |
e— D Q
Write CK G Q D
IOCA ~
EN Q3
read
IOCA Q D
Level Ch:nge—G:\—Q EN:‘
- readPORTA
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6.4.5 PA4/AN3/T1G/0SC2/CLKOUT

picture6-4-5 The pinout diagram for this pin is given.PA4/AN3/ T1G /OSC2/CLKOUTThe pin can be configured to function as one of the following:
* Generall/O

+ Connect toADCAnalog input

* Timer1Gate control (count enable)

« Crystal/Resonator Connections

+ Clock output

picture6-4-5:PA4block diagram

simulation()

Input ModeCLKx)

model

Data Bus Q VoD
K = weak
WPUA R __
RAPU
Oscillator
read @ ’7 o
WPUA* Circuit
0scC1 CLKOUT VbD
o] Q Fosc/4
POWS}A _C\K_ o) 1/OPinout
CLKOUT
Enable Vss
o—D Q
INTOSC/
TRWIVEA §\|f o] N RC/EC@) °
CLKOUT
read . Enable
TRISA — Analog input mode
read &< |
PORTA
$ D Q D|—e
wite CK 6
IOCA N EN Q3
read Q DI
I0OCA
EN
Interrupt on Change
: readPORTA
P toT1G
P toA/Oconverter

Note 1:CLKMode isXT,HS,LPandLPTMR1 ,andCLKOUTEnable. 2:have
CLKOUToptions. 3: Analog input mode fromANSEL.
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6.4.6 PA5/T1CKI/OSC1/CLKIN

picture6-4-6 The pinout diagram for this pin is given.PA5/T1CKI/OSC1/CLKINThe pin can be configured to function as one of the following:

* Generall/O
* TMR1Clock Input

« Crystal/Resonator Connections

* Clock input

picture6-4-6:PASblock diagram

INTOSC
modelTMR1LPEN()
Data Bus VbD
weak
wite CK
~ -
WPUA RAPU
read ¢ Oscillator
WPUA | Circuit
0sc2
VDD
e— D Q
wite CK Q
PORTA ~
1/0OPinout
| Q
Vss
Write CK —
TRISA X Qe
INTOSC
read r model r
TRISA |
read &< j
PORTA
| Q
wite CK = Q D —e
I0CA ~ @
EN Q3
read
IOCA Q D
Interrupt on Change E N
é readPORTA
_ toTimer1
Note 1:Timer1ofLPOscillator enabled.
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surface6-4:andPORT ASummary of related registers

PORandBOR All other
name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
The value of Reset value
ADINS ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 11111111 11111111
CMSTA c20ouT C10UT C2INV C1INV CIS CcM2 cm1 CMO 0000 0000 0000 0000
PSTA — — ULPWUE SBOREN — — POR BOR --01--qq --0u --uu
INTS GIE PE1E TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PAINTR = = PAINTR5 PAINTR4 PAINTR3 PAINTR2 PAINTR1 PAINTRO --00 0000 --00 0000
TMR PAPH IES TCS TCE PSC PS2 PS1 PSO 111111 11111111
PORTA — — PA5 PA4 PA3 PA2 PA1 PAO - -x0x000 - -uu uu00
CPIOA = = CPIOAS CPIOA4 CPIOA3 CPIOA2 CPIOA1 CPIOAO --11 1111 --111111
PAPHR — — PHA5 PHA4 — PHA2 PHA1 PHAO --11-111 --11-111
Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) .PORT AShaded cells are not used.
6.5 PORTCPin Description and Pin Diagram
6.5.1 PCO/AN4/C2IN+
PCOThe pin can be configured to function as one of the following:
* Generall/O
* ADCAnalog input
« Comparator analog input
PC1The pin can be configured to function as one of the following:
* Generall/O
* ADCAnalog input
» Comparator analog input
picture6-5-2:PCO0andPC1block diagram
Data Bus
VbD
e—D Q
PORTC N
oD Q 1/0OPinout
e CK =| o
TRISC @ Vss
Analog Input
read: modelm
TRISC
]
read ™
PORTC
o To comparator
Y
, toA/Dconverter
Y
Note 1:The analog input mode comes fromANSELor comparator mode
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6.5.3 PC2/AN6/P1D

PC2The pin can be configured to function as one of the following:
* Generall/O

* ADCAnalog input

* From EnhancedCCPDigital output

6.5.4 PC3/AN7/P1C

PC3The pin can be configured to function as one of the following:
* Generall/O

* ADCAnalog input

* From EnhancedCCPDigital output

picture6-5-4:PC2andPC3block diagram

Data Bus
CCPOUT
VDD
o— D Q
wiie CK =
PORTC @ ccPouT
oD Q I/0OPinout
wite CK =
TRISC @ Vss
Analog Input
q modelm
read_|
TRISC
e
read
PORTC
toA/Dconverter
<
Note 1: Analog input mode fromANSEL.

6.5.5 PC4/C20UT/P1B

PC4The pin can be configured to function as one of the following:
* Generall/O
* Digital output from comparator

* From EnhancedCCPDigital output

Note:

EnableC20UTandP1Bwill bePC4Therefore, if you enableC20UT, you cannot ECCPFor use in half-bridge or
full-bridge mode and vice versa.
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picture6-5-5:PC4block diagram

C20UTEnable :Di
CCPOUTENable
C20UTEnable Vo
c20uT
1
CCPOUTEN 0%/\_‘
ccpout 1/OPinout
Data Bus
Vss
o— D Q
wie CK o)
PORTC N
e—D Q
e CK =| .
TRISC @
read !
TRISC
]
read N
PORTC
NOte 1: Port/Peripheral selection signal selects whether it is port data or peripheral output.

6.5.6 PC5/CCP1/P1A

PC5The pin can be configured to function as one of the following:
* Generall/O
* From EnhancedCCPDigital Input/Output

picture6-5-6:PC5block diagram

Data Bus
CCP1OUT VbD
&— D Q Enable
&K 5 CCP10UT
PORTC @
oD Q I/OPinout
wiite CK =
TRISC R Vss
read:
TRISC
e
read ™
PORTC
< To EnhancedCCP @
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6.5.7 PC6

PC6The pin can be configured to function as one of the following:

* Generall/O

6.5.8 PC7

PC7The pin can be configured to function as one of the following:

* Generall/O

surface6-5:andPORTCSummary of related registers

name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 PORandBOR All other
The value of Reset value
ADINS ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 11111111 11111111
CMSTA C20UT c10UT C2INV C1INV CIS CM2 CM1 CMO 0000 0000 0000 0000
PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO xxxx 0000 uuuuuu00
CPIOC CPIOC7 CPIOC6 CPIOC5 CPIOC4 CPIOC3 CPIOC2 CPIOC1 CPIOCO 11111111 11111111

x =unknown,u =unchanged, — = unimplemented (read as0) .PORT CShaded cells are not used.
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7.0Timer

7.1 TimerOModules

Timer0The module is88-bit timer/counter with the following features:
* 8-bit Timer/Counter Register (RTCC)

* 81-bit prescaler (shared with watchdog timer)

+ Programmable internal or external clock source

+ Programmable external clock edge selection

« Overflow interrupt

picture7-1:TimerOBlock diagram of the module

FOSC/4
Data Bus
1 A
j — [ TMRO
TOCKI ‘ 2yde
PinoutTOSE TOCS Prefz"ter
When overflow occurs, the flag
TOIFPlace1
WDTE PS<2:0>
SWDTEN WDT
165It time out
Prescaler
16
31KHZ | | wtchdog f PSA
INTOSC Timer
WDTPS<3:0>
Note 1:TOSE, TOCS,PSAandPS<2:0 >BothOPTIONBIt in a register. 2:SWDTEN
andWDTPS<3:0>forWDTCONBIt in a register. 3:WDTEbits in the
Configuration Word register.
7.1.1 TimerOHow it works
When used as a timer,TimerOModules can be used as8bit timer or8Bit counter.
register01H:TimerOModule Registers (RTCC)
R/W R/W R/W R/W R/W R/W R/W R/W
RTCC7 | RTCC6 | RTCC5 | RTCC4 | RTCC3 | RTCC2 | RTCC1 | RTCCO
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown

bit7-0 RTCC <7:0>:81-bit timer/counter register
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7.1.2 8Bit Timer Mode

When used as a timer, TimerOThe module will increment on every instruction cycle (no prescaler) WilITM Rregister( register81 H )

of TCSClearing this bit to 0 selects timer mode.

whenRTCCWhen written, it will be disabled immediately after writing2Cycle increments.

Note:RTCCWhen written, in order to take into account the delay of two instruction cycles, the writeRTCCThe value of the register.

7.1.3 8Bit Counter Mode

When used as a counter, TimerOThe module will beTOCKIEach rising edge on the pin is incremented. The incrementing edge is determined byTMRregister(

register 81H )of TCEThe position is determined. TMRRegisterTCSLocation1Selects counter mode.

7.1.4Software programmable prescaler
TimerOor watchdog timer (WDT) can use a software programmable prescaler, but not both. The prescaler assignment is
determined byTMRRegisterPSCbit control. To assign the prescaler toTimer0, you mustPSCBit cleared.

TimerOThe module's prescaler ratio is80ptions, from1:2to1:256The prescaler ratio can be set byTMRregister(
register81H )of PS<2:0>bit to select.TimerOModule Get1:1The prescaler must be assigned toWwDTmodule.

The prescaler is not readable or writable.TimerOmodule, all writesRTCCRegister instructions will clear the
prescaler. WDTWhen, aCLRWTThe instruction will clear both the prescaler andWDT.

7.1.4.1existTimer0andWDTSwitching prescalers between modules

Since the prescaler can be assignedTimerOorWDT, so an unwanted device reset may occur when switching prescaler ratios.TimerOSwitch

toWDTmodule, you must executeexample7-1-4-1-1 The instruction sequence shown.

example7-1-4-1-1: Change the prescaler (TIMERO—WDT)

BCR STATUS,PAGE ;Bank 0

CLRWT ; Clear watchdog timer

CLRR TMRO ;clearTMRO

BSR STATUS,PAGE ;Bank 1

LDWI b'10001111"  Disable pull-up,RTCCFrequency division for watchdog, frequency division ratio1:128 ;
TMODE

CLRWT : Clear watchdog

BCR STATUS,PAGE ;Bank 0

When the prescaler is switched fromWDTSwitch toTimerOmodule, the following instruction sequence must be executed (seeexample7-1-4-1-2 )
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example7-1-4-1-2: Change the prescaler (WDT—TIMERO)

CLRWT : Clear watchdog

BSR STATUS,PAGE ;Bank 1

LDWI  b'xxxx0xxx' ; Assign the divider toTMRO
TMODE ;

BCR STATUS, PAGE ;Bank 0

7.1.5 TimerOInterrupt

TMORegister fromFWfOverflow toOOhhour, TimerOAn interrupt will be generated.INTSRegisterTIFThe interrupt flag will be set every timeRTCC Set

when register overflows1, regardless of whether it is allowedTimerOinterrupt. You must use software toTIFBit cleared.TimerOThe interrupt enable bit is
INTS RegisterTIEBit.

Note: Since the timer is frozen during sleep,TimerOAn interrupt cannot wake the processor from sleep.

7.1.6 Timer0OUse with an external clock

TimerOWhen processing counter mode, TOCKIInput andTimerOThe registers are synchronized by sampling the internal phase clockQ2andQ4Therefore, the

high and low periods of the external clock source must meetNo.13.0Section "Electrical Characteristics" The timing requirements listed in .

surface7-1-6:andTIMEROSummary of related registers

. 3 5 3 3 ) 3 3 PORandBOR All other
name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
The value of Reset value

RTCC TimerOModule Registers XXXX XXXX uuuu uuuu
INTS GIE PE1E TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
TMR PAPH IES TCS TCE PSC PS2 PS1 PSO 11111111 11111111
CPIOA — — CPIOAS CPIOA4 CPIOA3 CPIOA2 CPIOA1 CPIOAO --11 1111 --11 11N
Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) .TimerOShaded cells are not used.

7.2With gateTimer1Modules

Timer1The module is168-bit timer/counter with the following features:
* 16-bit Timer/Counter Register (TMR1H:TMR1L)

+ Programmable internal or external clock source

* 3Bit Prescaler

+ OptionalLPOscillator

 Synchronous or asynchronous operation

* Through comparators orT1GPinTimer1Gate control (count enable)
« Overflow interrupt

» Wake-up on overflow (external clock and asynchronous mode only)

+ Time base for capture/compare functions

+ Special event trigger (withECCP)

« Comparator output andTimer1Clock synchronization
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picture7-2:Timer1Block diagram of the module

TMR1GE

@ T1GINV

When overflow occurs, the flag

TMR1IFPlace1 TMR1ON

TMR1m)
toC2Comparator Module Synchronous clock input
EN Timer1clock 0 <
TMR1H TMR1L t

1

T1SYNC
Oscillator
OSC1/T1CKI g o ¢ R 1
V Presca Ier Synchronous detectiony
Fosc/4 0 1,248 r
0SC2/T1G E — Internal clock
TMR1CS T1CKPS<1:0>
1
T10SCEN

Fosc= 100 SYNCC20UT 0
Fosc= 000

TIGSS

Hibernation

« STBuffer in useLPThe oscillator is low power, usingT1CKIIt is a high-speed type.
NOtE 1:1imertThe register increments on a rising edge. 2: No

synchronization is performed during sleep.

7.2.1 Timer1How it works

Timer1The module is16bit up counter, through a pair of registersTMR1H:TMR1LVisit. TMRTHorTMR1LA write operation will
directly update the counter.
When used with the internal clock source, the module is a timer. When used with an external clock source, the module can be used as a timer or a counter.

likeregister10H As shown,Timer1Control RegisterT1STAFor controlTimer1and selectTimer1Various functions of the module.

register10H:TIMER1Control Register (T1STA)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T1GINV TMR1GE T1CKPS1 ‘ T1CKPSO T10SCEN T1SYNC TMR1CS TMR10ON
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place 0 =Clear x =unknown
bit7 T1GINV:Timer1Gating Flip Bita

1 = Timer1Gating is high level effective (when gating is high levelTimer1count) 0 =

Timer1The gate is low level effective (when the gate is low levelTimer1count)

bito TMR1GE:Timer1Gate Enable Bitw
ifTMRT1ON = 0:

This bit is ignored

ifTMRTON = 1:
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1 =Timer1existTimer10Open when gate inactive 0
=Timer10pen

bit5-4 T1CKPS<1:0>:Timer1Input clock prescaler ratio selection bit
11=1:8
10=1:4
01=1:2
00=1:1

bit3 T10SCEN:LPIf the oscillator enable control bit is not
CLKOUTOscillatorINTOSCIn active state: 1 = LPThe
oscillator is enabled forTimer1clock 0 = LPOscillator off

otherwise:

This bit is ignored

bit2 :I'i‘ligYili\ligjrlimeH External clock input synchronization
control bit TMR1CS = 1:
1 =Asynchronous external clock input
0 =Synchronous external clock input

TMR1CS = 0:

This bit is ignored.Timer1Using the internal clock

bit1 TMR1CS:Timer1Clock source selection bits
1 =FromT1CK1External clock pin (rising edge) 0
=Internal clock (FOSC/4)

bit0 TMR1ON:Timer10Open Bit 1
=EnableTimer1
0 =stopTimer1

Note 1: Regardless of the gating source, T1GINVThe bits will flipTimer1Gating logic.
2: You mustTMR1GELocation1To useT1GPin orC20UT, which pin to use asTimer1The gate source
CM2CON1RegisterT1GSSBit selection.

Timer1The module is16bit timer/counter, TMR1H:TMR1L.

registerOE:16BitTimer1The low byte holding register (TMR1L)

R/W R/W R/W R/W R/W R/W R/W R/W
TMR1<7> | TMR1<6> | TMR1<5> | TMR1<4> | TMR1<3> | TMR1<2> | TMR1<1> | TMR1<0>
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear X =unknown
bit7-0 TMR1 <7:0>:16BitTimer1Timer/Counter Low Byte Register

registerOFH:16BitTimer1High Byte Holding Register (TMR1H)
R/W R/W R/W R/W R/W R/W R/W R/W
TMR1<15> | TMR1<14> | TMR1<13> | TMR1<12> | TMR1<11> | TMR1<10> | TMR1<9> | TMR1<8>
bit7 bit0
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Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-0 TMR1 <15:8>:16BitTimer1Timer/Counter High Byte Register

7.2.2Clock source selection

T1STARegisterTMR1CSbits are used to select the clock source.TMR1CS = 0When the clock source isFOSC/4.TMR1CS = 1 When the clock
source is provided externally.

Clock Source TM R1 CS
FOSC/4 0
T1CKIPinout 1

7.2.2.1Internal clock source

When the internal clock source is selected, TMR1H:TMR1LThis pair of registers will beFOSCA multiple ofTimer1Prescaler

Certainly.

7.2.2.2External clock source

When selecting an external clock source, Timer1The module can work as a timer or a counter.

When counting,Timer10n external clock inputT1CKIIn addition, the Counter Mode clock can be synchronized to the microcontroller system clock or

run asynchronously.

If an external clock oscillator is required (and the microcontroller is used withoutCLKOUTofINTOSC),butTimer1be usableLPOscillator as clock source.

Note: In counter mode, after any one or more of the following conditions occur, the counter must first experience a falling edge before the first rising edge increments
* POREnable after resetTimer1
* WriteTMR1THorTMR1L
* Timer1Prohibited
* T1CKIWhen high levelTimer1Prohibited
* (TMR10ON = 0) , thenT1CKIWhen low levelTimer1Enabled (TMR1ON = 1).

Seepicture7-2-2

picture7-2-2:TIMER1Incrementing edge

TICKI =1
TMR1When enabled ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

new=o L L L]

TMR1When enabled T T T T

N ote 1: Thearrow points to the counter increment.

2: In counter mode, a falling edge must occur before the first incrementing rising edge of the clock.
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7.2.3 Timer1Prescaler

Timer1There are four prescaler options to adjust the clock input1,2,4or8Frequency division.T1STARegisterT1PZThe prescaler counter

cannot be read or written directly; however, TMRTHorTMR1LThe prescaler counter is cleared when a write operation is performed.

7.2.4 Timer10scillator

OSC1(Input) pin andOSC2A low power consumption32.768kHzCrystal oscillator.T1STAThe register willTTOSCENControl location1
Enable the oscillator. The oscillator continues to run during sleep mode.

Timer1Oscillators and SystemsLPOscillator sharing. In this way,Timer1This can only be done when the main system clock comes from the internal oscillator or

the oscillator is in LPThe user must provide a software delay to ensure proper oscillator start-up.
Timer1When the oscillator is enabled, CPIOA5andCPIOA4Location1.

PA5andPA4The bits are read asOandCPIOA5andCPIOA4The bits are read as1.

Note: The oscillator requires a period of start-up and stabilization time before use.T1OSCENPlace1And enableTimer1There should be an appropriate

Delay.

7.2.5 Timer1Working in asynchronous counter mode

likeT1STAControl bits of registersT1SYNCPlace1, the external clock input is not synchronized. The timer increments asynchronously with the internal phase clock. If an external clock source

is selected, the timer will continue to run during sleep and can generate an interrupt on overflow to wake the processor. However, extreme caution should be exercised when reading and writing

the timer (seeNo.7.2.5.1Section "Reading and Writing in Asynchronous Counter Mode"Timer1 ” )
Note: When switching from synchronous to asynchronous operation, an increment may be missed. When switching from asynchronous to synchronous operation, an extra increment may be generated.

7.2.5.1Reading and Writing in Asynchronous Counter ModeTimer1

When the timer runs on an external asynchronous clock, readingTMRTHorTMR1Lwill ensure that the read operation is valid (this is the responsibility of the hardware).

However, it should be noted that using two8Bit value to read16Bit timers themselves present certain problems because the timer may overflow between read operations.

For write operations, it is recommended that the user stop the counter directly and then write the desired value. If the register is counting up,

writing to the timer register may cause write contention, which mayTMR1H:TMR1LThis produces unpredictable values in the registers.
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7.2.6 Timer1Gating

Timer1The gate source can be software configured asT1GPin or comparatorC2This allows the device to be used directlyT1GTiming external events,
or using comparatorsC2Timing of simulation events.Timer1For selection of gating source, seeCMCON1register(register99H ) This feature
Can simplify A-XA/Dconverter and many other applications.

Note:  T1STARegisterTMR1GEPosition must be set1ToT1GorC20UTUse asTimer1Gating source. More about selectionTimer1For information
on gating sources, seeCMCON1register(register99H )

useT1STARegisterT1GINVBIt flippableTimer1Gating, regardless of its sourceT1GPin or comparatorC2This will configureTimer1
This ensures that there is an active low or active high time between events.

7.2.7 Timer1Interrupt

Timer1A pair of registers (TMRTH:TMR1L) increases toFFFFhAfter Return0000h.Timer1When the counter is full,PIFB1RegisterTimer1The
interrupt flag is set1To ensure that an interrupt occurs on a rollover, you must set the following locations1:

* T1STARegisterTMR1ONBiIt

* PIEB1RegisterTMR1IEBIt

* INTSRegisterPEIEBit

* INTSRegisterGIEBit

In the interrupt service routine, TMR1IFClearing the bit to 0 will clear the interrupt flag.

Note:TMR1H:TTMR1LThis register andTMR1IFBit should be cleared before enabling interrupts.

7.2.8 Timer1How it works in sleep mode

Only when the asynchronous counter mode is set, Timer1To operate in Sleep mode, an external crystal or clock source signal can be used to increment the
counter in this mode. To set up the timer to wake up the device:

* You mustT1STARegisterTMR1ONLocation1

* You mustPIEB1RegisterTMR1IELocation1

* You mustINTSRegisterPEIELocation1

* You mustT1STARegisterT1SYNCLocation1

* You mustT1STARegisterTMR1CSLocation1

* You canT1STARegisterT1OSCENLocation1

When an overflow occurs, the device wakes up and executes the next instruction.INTSRegisterGIELocation1, the device will call the interrupt service routine (

0004h)

7.2.9 ECCPCapture/Compare Time Base

When operating in capture or compare mode,ECCP TMR1H:TMR1LRegister as time base.

In capture mode, TMRT1H:TMR1LThe value of this register pair is copied toCCPR1H:CCPR1L This pair of
registers.
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In compare mode, whenCCPR1H:CCPR1LThe value of this register sTMR1H:TMR1LWhen the value of matches, an event will be triggered. This event

can be a special event trigger.

For more information, seeNo.8.0Section "Enhanced Capture/Compare/PWM-+(With automatic shutoff and deadband) module ".

7.2.10 ECCPSpecial event triggers
whenECCPWhen configured to trigger a special event, the trigger willTMRTH:TMR1LThis clears the register to 0. This special event does not generate Timer1
Interrupt.ECCPThe module can still be configured to produceECCPInterrupt.
In this working mode,CCPR1H:CCPR1LThis pair of registers becomesTimer1The period register.
Timer1Should be synchronizedFOSCto take full advantage of special event triggers.Timer1Working asynchronously can result in missing special event triggers.
WhenTMR1HorTMR1LThe write operation is similar to aECCPWhen special event triggers occur simultaneously, the write operation has priority.

For more information, seeNo.8.4.5Section "Special Event Triggers ".

7.2.11Comparator Synchronization

Used to makeTimer1The incrementing clock can also be used to synchronize the comparator outputs. This feature can be enabled in the comparator module.

Use the comparator forTimer1When gated, the comparator output should be synchronized toTimer1This will ensure that when the comparator changesTimer1Do not miss

an increment. For more information, seeNo.10.9Section "ComparatorC20utput andTimer1Synchronize .

7.2.12andTimer1Summary of related registers

surface7-2-12:andTIMER1Summary of related registers

PORandBOR All other
name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
The value of Reset value

CMCON1 — — — — — — T1GSS C2SYNC | ------ 10 | ------ 10
INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
TMR1H 16BitTMR1High Byte Holding Register XXXX XXXX uuuu uuuu
TMR1L 16BitTMR1Low Byte Holding Register XXXX XXXX uuuu uuuu
T1STA T1GINV TMR1GE T1CKPS1 T1CKPSO | T10SCEN TISYNC | TMR1CS TMR1ON 0000 0000 1111 1111
Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) .Timer1Shaded cells are not used by the module.

7.3 Timer2Modules

Timer2A module is a8Bit timer with the following functions:
* 8Bit Timer Register (TMR2)

* 8Bit Period Register (PR2)

* TMR2andPR2Break on Match

* Software programmable prescaler ratio (1:1,1:40r1:16)
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* Software programmable postscaler (1:1to1:16)

Timer2For a block diagram, seepicture7-3 .

picture7-3:TIMER2block diagram

TMR2 Set the flag

Output TMR2IFPlace1
Prescaler Reset
Fosc/4 ——p
1:1,1:4,1:16
Post divider
2 EQ | 1:lto116
4

T2CKPS<1:0>

TOUTPS<3:0>

7.3.1 Timer2How it works

Timer2The clock input of the module is the system instruction clock (FOSC/4) The clock is fed intoTimer2The prescaler has a prescaler ratio of1:1,
1:40r1:16The output of the prescaler is then used to incrementTMR2register.

TMR2andPR2The values of are constantly compared to determine when there is a match.TMR2Will be from0O0hStart increasing until it reachesPR2The following two things
happen when they match:

* TMR2Resets to00h.

® Timer2Post-divider ratio increment

Timer2/PR2The match output of the comparator is fed intoTimer2Post divider. The options for the post divider range from1:1to1:16.Timer2The

output of the post divider is used toPIR1RegisterTMR2IFInterrupt flag set1.
TMR2andPR2The registers are fully readable and writable. TMR2Register set toOOhandPR2Register set toFWf.
WillT2CONRegisterTMR2ONLocation10OpenableTimer2. WillITMR20ONClear bit to 0 to turn offTimer2.

Timer2The prescaler is composed ofT2CONRegisterT2PBit control.Timer2The post divider is composed ofT2CONRegisterTOUTPS
The prescaler and postscaler counters are cleared when:

*TMR2o0f write operations.

*T2CONof write operations.

* Any device reset occurs (power-on reset,MCLRreset, watchdog timer reset or brownout reset)

Note:T2CONWhen writtenTMR2Not cleared.

register12H:TIMER2Control Register (T2CON)

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20N | T2CKPS1 | T2CKPSO
bit7 bit0

Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
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b|t7 Unimplemented: Read asO

bit6-3 TOUTPS<3:0>:Timer20utput post-division ratio selection
bits 0000 = 1:1
0001 =1:2
0010=1:3
0011 =14
0100=1:5
0101 =1:6
0110=1.7
0111 =1.8
1000=1:9
1001 =1:10
1010 = 1:11
1011 =1:12
1100=1:13
1101 =1:14
1110=1:15
1111 =1:16

bit2 TMR20ON:Timer2Open Bit
1 =Timer20pen
0 = Timer2closure

bit1-0 T2CKPS<1:0>:Timer2Clock prescaler ratio selection bit
00=1:1
01=14
1x=1:16

register11H:Timer2Module Registers (TMR2)

R/W R/W R/W R/W R/W R/W R/W R/W
TMR2<7> | TMR2<6> | TMR2<5> | TMR2<4> | TMR2<3> | TMR2<2> | TMR2<1> | TMR2<0>
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-0 TMR2<7:0>:Timer2Timer Registers

register92H:Timer2Module Period Register (PR2)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
PR2<7> | PR2<6> | PR2<5> | PR2<4> | PR2<3> | PR2<2> | PR2<1> | PR2<0>
bit7 bit0
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1l 0 =Clear x =unknown

bit7-0 PR2<7:0>:Timer2Module Period Register
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surface7-3-4:andTimer2Summary of related registers

PORandBOR All other
name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
The value of Reset value

INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
PR2 Timer2Module Period Register 11111111 11111111
TMR2 Timer2Module Registers 0000 0000 0000 0000
T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20ON T2CKPS1 T2CKPSO - 000 0000 - 000 0000
Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) .Timer2Shaded cells are not used by the module.

8.0Enhanced Capture/Compare/PWM+(With automatic shutoff and deadband) module

Enhanced Capture/Compare/PWMThe module is a peripheral that the user can use to time and control different events. In capture mode, the peripheral can time the
duration of an event. Compare mode allows the user to trigger an external event after a predetermined period of time.PWMmode can generate pulse width modulated signals with

variable frequency and duty cycle.

8.1surface:ECCPMode - Timer resources required

ECCPmodel Timer Resources
Capture Timer1
Compare Timer1
PWM Timer2

8.2register:CCP1CON: EnhancedCCP1Control Register

register15H: EnhancedCCP1Control Register (CCP1CON)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PIMI | PIMO | DC1B1 | DCIBO | CCPIM3 | CCP1IM2 [ CCPIM1 | CCP1MO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-6 P1M<1:0>:PWMOutput Configuration

Bits IFCCP1M<3:2> = 00,010r10:

xx = P1AConfigured as capture/compare input;P1B,P1CandP1DConfigured as a

port pin ifCCP1M<3:2> = 11:

00 =Single output;P1Amodulation;P1B,P1CandP1DConfigured as port pins 01 =

Full bridge forward output;P1Dmodulation;P1Aefficient;P1BandP1Cinvalid

10 =Half-bridge output;P1AandP1Bmodulation, with dead-band control;P1CandP1DConfigured as port pins 11
=Full bridge reverse output;P1Bmodulation;P1Cefficient;P1AandP1Dinvalid

Note: To use PWM for 8-pin 684, only 01 can be set, other modes are invalid.
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bit5-4

bit3-0

DC1B<1:0>:PWMDuty cycle least significant bit

capture mode:

Unused.

Comparison Mode:

Unused.

PWMmodel:

These bits arePWMLow duty cycle2High8atCCPR1Lmiddle.

CCP1M<3:0>:ECCPMode select bits

0000 =Capture/Compare/PWMClose (ResetECCPmodule)

0001 =Not used (reserved)

0010 =Compare mode, flip output on match (CCP1IFLocation1)

0011 =Not used (reserved)

0100 =Capture mode, each falling edge

0101 =Capture mode, each rising edge

0110 =Capture mode, each4Rising edge

0111 =Capture mode, each16Rising edge

1000 =Compare mode, output is set when match occurs1 (CCP1IFLocation1

) 1001 =Compare mode, output cleared on match (CCP1IFLocation1)

1010 =Compare mode, software interrupt is generated when a match occurs (CCP1IFLocation1,CCP1pins are not affected)

1011 =Compare mode, trigger special events (CCP1IFLocation1,CCP1ResetTMR1, and ifA/DThe module is enabled.
Start onceA/DConversion

1100 = PWMmodel;P1AandP1CHigh level is valid;P1BandP1DHigh level is effective

1101 = PWMmodel;P1AandP1CHigh level is valid;P1BandP1DLow level is effective

1110 = PWMmodel;P1AandP1CLow level is valid;P1BandP1DHigh level is effective

1111 = PWMmodel;P1AandP1CLow level is valid;P1BandP1DLow level is effective

8.3Snap Mode

In capture mode, whenCCP1When an event occurs on the pin,CCPRTH:CCPR1LCaptureTMR1Register16An event is defined as one

of the following and is represented byCCP1CONRegisterCCP1M<3:0>Bits to configure:

« Each falling edge

+ Each rising edge

+ Every4Rising edge

* Every16Rising edge

After capturing,PIFB1Interrupt request flag in registerCCP1IFPlaced1This bit must be cleared to 0 by software.CCPR1H andCCPR1LIf another

capture occurs before the value in this register pair is read, the old captured value will be overwritten by the new captured value (seepicture 8-3-1).

register13H:capture/compare/PWMregister1The low byte ofCCPR1L)

R/W R/W R/W R/W R/W R/W R/W R/W
CCPR1<7 CCPR1<6 CCPR1<5 CCPR1<4 CCPR1<3 CCPR1<2 CCPR1<«1 CCPR1<0
> > > > > > > >
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown

bit7-0

CCPR1<7:0>:capture/compare/PWMregister1The low byte
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register14H:capture/compare/PWMregister1The high byte ofCCPR1H)

R/W R/W R/W R/W R/W R/W R/W R/W
CCPR1<15 CCPR1<14 | CCPR1<13 CCPR1<12 CCPR1<11 CCPR1<10 CCPR1<9 CCPR1<8
> > > > > > > >
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown

bit7-0 CCPR1<15:8>:capture/compare/PWMregister1High Byte

8.3.1 CCP1Pin Configuration

In capture mode, the relevantCPIOCControl location1WillCCP1Pin configured as input.

Note: IFCCP1If the pin is configured as an output, writing to the port will generate a capture condition.

picture8-3-1: Capture mode working principle block diagram

FlagsCCP1IFPlace1
(PIR1register)
Prescaler
+1,4,16
CCP1 CCPRIH CCPRIL
Pinout
and Capture
Edge detection Enable ‘ ‘
} TMR1TH TMR1L
CCP1CON<3:0>

System clock (FOSC)

8.3.2 Timer1Mode Selection

To makeCCPThe module uses the capture feature, Timer1Must be running in Timer mode or Synchronous Counter mode. In Asynchronous Counter mode,

capture operation may not work.

8.3.3Software interrupts

When the capture mode is changed, a false capture interrupt may be generated. The user should keepPIEB1RegisterCCP1IEIn addition,

the user should also clear this bit to zero after any such operating mode change.PIFB1Interrupt flag registerCCP1IF.
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8.3.4 CCPPrescaler

CCP1CONRegisterCCP1M<3:0>Bit specifies4different prescaler ratios.CCPmodule, orCCPWhen the module is not in
capture mode, the prescaler counter will be cleared. Any reset will clear the prescaler counter.

Switching from one capture prescaler to another does not clear the prescaler and may generate an interrupt. To avoid unexpected

operation, set theCCP1CONClear the register to turn offCCPModule (seeexample8-3-4 )

example8-3-4: Switch between capture prescaler ratios

CLRR  CCP1CON ;ResetCCPModules
LDWI  NEW_CAPT_PS ;
STWR CCP1CON ; Set newCCPparameter

8.4Comparison Mode

In compare mode,16BitCCPR1Register values are continuously compared withTMR1When a match occurs,CCPModules
may:

* FlipCCP10utput

* WillCCP10Output1

* WillCCP10Output clear

« Trigger special events

* Generate software interrupt
The action on the pin depends onCCP1CONRegisterCCP1M<3:0>The value of the control bit.
All compare modes can generate an interrupt.

8.4.1Compare mode working diagram

picture8-4-1: Compare mode working diagram

CCP1CON<3:0>

Mode Selection

WIllICCP1IFInterrupt flag set1

(PIRT)

CccPi ‘ CCPRTH ‘ CCPRIL ‘

Pinout iL
Q S ] Output ‘

. Comparators
Ri— logic match ﬁ?
TRIS

Output Enable ‘ TMRTH ‘ TMR1L ‘

Special event triggers

Special Event Triggers will:

. ClearTMR1HandTMR1Lregister.

. Will notPIR1Interrupt flag registerTMR1IFPlace1.
. WillGO/DONELocation1start upADCConvert.
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8.4.2 CCP1Pin Configuration

The user must clear the relevantCPIOPositionCCP1Pins are configured as outputs.

Note: ClearCCP1CONThe register will forceCCP1The compare output is latched at the default low level.PORTCofl/OData latch.

8.4.3 Timer1Mode Selection

In compare mode,Timer1Must be run in Timer mode or Synchronous Counter mode. Compare operations may not work properly in Asynchronous

Counter mode.

8.4.4Software interrupt mode

When software interrupt mode is selected (CCP1M<3:0> = 1010)hour,CCPThe module does not getCCP1pin control (see
CCP1CONTregister).

8.4.5Special event triggers

When the special event trigger mode is selected (CCP1M<3:0> = 1011)hour,CCPThe model will:
* ResetTimer1

« likeADCEnable, then start onceADCConversion
In this mode,CCPModule does not getCCP1pin control (seeCCP1CONregister)

onceTMRTH:TMR1LThis register andCCPR1H:CPR1LWhen a match occurs between this pair of registers,CCPSpecial event
trigger output. TMRTH:TMR1LRegister inTimer1The reset will not occur until the next rising edge of the clock. CCPRTH:CCPR1L
Registers can be used asTimer1of16Bit-programmable period register.

Note:1:CCPThe module's special event trigger will notPIFB1Interrupt flag registerTMR1IFPlace1.

2: On the clock edge that generates the Special Event Trigger and the resetTimer1By changing the clock edge betweenCCPR1HandCCPR1LThis pair

Removing the match condition by changing the contents of the register will prevent a reset from occurring.

8.5 PWMmodel

PWMThe mode will beCCP1The pin generates a pulse width modulated signal. Its duty cycle, period and resolution are determined by the following registers:

* PR2

* T2CON

¢ CCPR1L
* CCP1CON

In pulse width modulation (Pulse-WidthModulation,PWM) mode,CCPModule inCCP1The pin generates up to10bit
resolutionPWMOutput.CCP1Pins andPORTTo multiplex the data latch, the pin must beCPIOClear to enableCCP1Pin output
driver.
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Note:CCP1CONClearing the register to zero will discard theCCP1pin control.

8.5.1Figure: SimplifiedPWMblock diagram

To learn more aboutCCPThe module is set toPWMFor detailed steps, seeNo.8.5.9Festival"PWMWorking Settings ".

picture8-5-1:simplifiedPWMblock diagram

CCP1CON<5:4>
Duty Cycle Register r
CCPR1L
CCPR1H@2)(Driven)
Comparators. R Q
) S TRIS
TMR2
1L ]
ClearTimer2,
ﬁ? FlipCCP1Pin and
PR2 Latch duty cycle
Note 1:8Bit timerTMR2Registers and2System clock bit
(Fosc)or2The prescaler consists of10Bit time base. 2
:existPWMMode,CCPR1HIt is a read-only register.

CCP1

8.5.2 CCP PWMOutput

PWMOutput (picture8-5-2 ) consists of a time base (period) and a period of time that the output remains high (duty cycle).

picture8-5-2:CCP PWMOutput

cycle

A

Pulse Width

4—— TMR2 = PR2

A
N

TMR2=0 ¢ TMR2 = CCPR1L:CCP1CON<5:4>
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8.5.3 PWMcycle

PWMThe cycle isTimer2ofPR2Register specified.formula8-5-3 ComputablePWMcycle.

formula8-5-3:PWMcycle

PWMPeriod = [(PR2) + 1] « 4 « TosC*
(TMRZ2Prescaler value)

whenTMR2equalPR2, the following three events will occur in the next increment cycle: .
¢ TMR2is cleared.
* CCP1Pin is set1(Exception: IfPWMDuty Cycle =0%, the pin is not set1).
*  PWMDuty cycle fromCCPR1LLatch toCCPR1H.

Note: OKPWMFrequency not usedTimer2Register (seeNo.7.3.1Festival"Timer2How it works ” ).

8.5.4 PWMDuty Cycle

By writing the following registers10Bit value can be specifiedPWMDuty Cycle:CCPR1LRegisters andCCP1CONRegister
DC1B<1:0>Bit.CCPR1LContains eightMSb,CCP1CONRegisterDC1B<1:0>The bit contains twolLSB.CCP1CONRegisterCCPR1Land
DC1B<1:0>can be written at any time. The duty cycle is not reset until the cycle is complete (i.e.PR2andTMR2registers) is
latched intoCCPR1HIN. UsePWMhour,CCPR1HThe registers are read-only.

formula8-5-4-1 Used for calculationPWMPulse width.
formula8-5-4-2 Used for calculationPWMDuty cycle.

formula8-5-4-1:Pulse Width

Pulse Width = (CCPR1L:CCP1CON<5:4> «
T0sC* (TMR2Prescaler value)

formula8-5-4-2: Duty cycle

_ (CCPRIL:CCPTCON<5:4>)
Duty Cycle = 4(PR2 + 1)

CCPR1HRegisters and2The internal latch of the bit is used toPWMThe duty cycle is double buffered.PWMBurr-free work plays a
very important role.

8Bit TimerTMR2Registers and2bit of the internal system clock (FOSC)or2The prescaler of the bit is connected to form10bit time base. If

Timer2The prescaler is set to1:1The system clock is used.

when10Bit time base andCCPR1Hand2When the latch of the bit matches,CCP1pin is cleared (seepicture8-5-1).
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8.5.5 PWMResolution

The resolution determines the effective duty cycle for a period. For example,10The bit resolution is1024A discrete duty cycle, and8The bit resolution is256 A

discrete duty cycle.

PR2for255When10Maximum bitPWMResolution. Resolution isPR2Functions of register values, such asformula8-5-5 shown.

formula8-5-5:PWMResolution

Resolution

log(2)

_ log[4(PR2 + 1)] Bit

Note: (1) If the pulse width is greater than the period, then the allocatedPWMThe pin will remain unchanged.

(2) 10-bit PWM resolution can only be generated when bits <1,0> of T2CON and <5,4> of CCP1CON are set to 00 at the same time.

surface8-5-5-1:PWMFrequency and resolution examples (Fosc = 20MHz)

1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz 208.3 kHz
PWMfrequency
=5000/(256*16) =5000/(256*4) =5000/256 =5000/64 =5000/32 =5000/24
Timer prescale ratio (1,40r1 6) 16(The lower two bits are invalid) | 4(The lower two bits are invalid) 1 1 1 1
OxFF OxFF OxFF O0x3F Ox1F 0x17
PR2Value
=28 =28 =28 =26 =25 =246
8 8 10 8 7 6.6
Maximum resolution (bits)
=8 =8 =8+2 =6+2 =5+2 4.6+2
surface8-5-5-2:PWMFrequency and resolution examples (Fosc = 8MHz)
1.22 kHz 4.9 kHz 19.61 kHz 76.92 kHz 153.85 kHz 200.0 kHz
PWMfrequency
=2000/(102*16) =2000/(102*4) =2000/102 =2000/26 =2000/13 =2000/10
Timer prescale ratio (1,40r1 6) 16(The lower two bits are invalid) | 4(The lower two bits are invalid) 1 1 1 1
0x65 0x65 0x65 0x19 0x0C 0x09
PR2Value
=2 6.67 =2 6.67 =2 6.67 =247 =237 =2 333
6.67 6.67 8.67 6.7 5.7 5.33
Maximum resolution (bits)
=6.67 =6.67 =6.67+2 =4.7+2 =3.7+2 =3.33+2

8.5.60peration in sleep mode

In sleep mode, TMR2The register is not incremented and the module state is unchanged.CCP1The pin is driving a value and it will continue

to drive that value.TMR2The previous state will continue.

8.5.7Changes in system clock frequency

PWMThe frequency is derived from the system clock frequency. Any change in the system clock frequency will result inPWMFor details, seeNo.1.1Section "System Structure

Diagram ”
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8.5.8Effect of reset

Any reset will force all ports to input mode and forceCCPThe register is in its reset state.

8.5.9 PWMWorking Settings

Follow the steps below toCCPThe module is configured asPWMWork:

1.The relevantCPIOLocation1prohibitPWMPin (CCP1) output driver.
2.FittingPR2Registers to setPWMcycle.

3.Load with appropriate valuesCCP1CONThe register willCCPThe module is configured asPWMmodel.

4.loadCCPR1LRegisters andCCP1CONRegisterDC1B<1:0>set upPWMDuty cycle.
5.Configure and startTimer2:

* WillPIFB1RegisterTMR2IFThe interrupt flag is cleared.

* loadT2CONRegisterT2PBit SettingTimer2Prescaler ratio.

* WillT2CONRegisterTMR20NLocation1EnableTimer2.
6.Start a new onePWMAfter the cycle, enablePWMOutput:

* waitTimer2overflow(PIR1RegisterTMR2IFLocation1).

* The relevantCPIOBiIt clear enableCCP1pin's output driver.

8.6 PWM(Enhanced Mode)
EnhancedPWMmode can generate up to10bit resolutionPWMIt uses fourPWMThe output mode does:

* onePWM

+ Half BridgePWM

* Full BridgePWM, forward mode
* Full BridgePWM, reverse mode

To select EnhancedPWMmodel,CCP1CONRegisterP1MThe bit must be set correctly1.

PWMOutput andl/Opins are multiplexed and are designated asP1A,P1B,P1CandP1D.PWMThe polarity of the pin is configurable by setting
CCP1CONRegisterCCP1MPosition appropriately1Select the polarity.

surface8-6-1 Shown is each enhancedPWMmode pinout.

picture8-6-1 EnhancedPWMSimplified block diagram of the module.

Note: Enable at the beginningPWMTo prevent incomplete waveforms,ECCPThe module is generatingPWMWait for a new signal beforePWM The

cycle begins.
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picture8-6-1: EnhancedPWMSimplified block diagram example of a pattern

DC1B<1:0>

=

‘ ‘ P1M<1:0> CCP1M<3:0>

i/Z i4
% [; CCP1/P1A CCP1/P1A
TRIS

Duty Cycle Register

‘ CCPR1L

CCPR1H(Driven)
- S
Comparators R Q Output TRIS

Controller

. S s A
TMR2 (1) TRIS
1L |
c TRIS
ClearTimer2,
ﬁ? FlipPWMPin and TT

PR2 Latch duty cycle

PWM1CON

Note 1:8Bit TimerTMR2Registers and2InternalQClock or2The prescaler is connected to form10Bit time base.

Note: 1: Each must be configured correctlyPWMOutputCPIORegister value.
2: ClearCCP1CONThe register will discard allPWMOutput pinsECCPControl.

3: EnhancedPWMAny pins not used by a mode can be used for other pin functions.
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picture8-6-2:PWM(Enhancement Mode) Output Relationship Example (Active High State)

0 PR2+1
P1M<1:0> onePWM 4—— Pulse Width ——F
cycle
00 (Single output) P1Amodulation - 1
Delay( Delay(1)
P1Amodulation P - [
10 (Pinggiac) P1Bmodulation _ | —

P1Aefficient

P1Binvalid

01 (Ful bridge, forward)

P1Cinvalid

P1Dmodulation E— R

P1Aefficient -

P1Bmodulation

11 (Full Bridge, Reverse)

P1Cefficient

P1Dinvalid —

relation:
* Period =4 * Tosc* (PR2 + 1) * (TMR2Prescaler Ratio )
¢ Pulse Width =Tosc* ( CCPR1L<7:0> : CCP1CON<5:4> ) * ( TMR2Prescaler ratio)
* Delay =4 * Tosc* (PWM1CON<6:0>)

Note 1: pead zone delay usePWM1CONRegister Settings (No.11.4.6Section "Programmable Dead-Band Delay Mode").
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picture8-6-3:PWM(Enhancement Mode) Output Relationship Example (Active Low State)

0 PR2+1
P1M<1:0> onePWM —— Pulse Width ——
cycle
00 single outpuy P1Amodulation
P1Amodulation J— «—L_
Delay() Delaym
10 eingaieo) P1Bmodulation _ r
P1Aefficient
P1Binvalid
01 (ruitbridge, forward)
P1Cinvalid
P1Dmodulation [
P1Ainvalid R
P1Bmodulation
11 (run sridge, Reverse)
P1Cefficient
P1Dinvalid —_—
relation:
*  Period =4 * Tosc* (PR2 + 1) * (TMR2Prescaler Ratio )
*  Pulse Width =Tosc* ( CCPR1L<7:0>: CCP1CON<5:4>) * ( TMR2Prescaler ratio)
* Delay =4 * Tosc* (PWM1CON<6:0> )
Note 1: bead zone delay usePWM1CONRegister Settings (No.11.4.6Section "Programmable Dead-Band Delay Mode").
surface8-6-1:differentPWMExample pinout for enhanced mode
ECCPmodel P1M<1:0> CCP1/P1A P1B P1C P1D
onePWM 00 yes yes yes yes
Half BridgePWM 10 yes yes no no
Full bridge, forward 01 yes yes yes yes
Full Bridge, Reverse 11 yes yes yes yes
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8.6.1Half-bridge mode

In half-bridge mode, two pins are used as outputs to drive push-pull loads.PWMThe output signal is sent toCCP1/P1Apins, while complementary
PWMThe output signal is sent toP1BPins (seepicture8-6-2 ) This mode can be used in half-bridge applications such aspicture8-6-1-2 as shown, or for full bridge applications

Use, at this time use twoPWMThe signal modulates four power switches.

In half-bridge mode, programmed dead-band delays can be used to prevent shoot-through current in the half-bridge power devices.PWM1CONRegisterPDC<6:0> The bits are

used to set the number of instructions before the output is driven active. If this value is greater than the duty cycle, the corresponding output will remain inactive for the entire cycle.

See theNo.8.6.65ection "Programmable Dead-Band Delay Mode " .

becauseP1AandP1BOutput andPORTData latch multiplexing must clear the associatedCPIOPositionP1AandP1BConfigured as output.

picture8-6-1-1: Half BridgePWMOutput example

cycle cycle
Pulse Width
| Ll
P1A@)
> < U
td :
P1B) = > ;‘*
(U} 1 m

Td =Dead zone delay

Note 1:at this time, TMR2Register equalsPR2register. 2: The

output signal shown is valid at high level.

picture8-6-1-2: Half-bridge application example

Standard half-bridge circuit ("push-pull")

V+
FET
driver

FET
driver

<+

P1A

P1B D —v
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8.6.2Full-bridge mode

In full-bridge mode, all four pins function as outputs.picture8-6-2-1 An example full-bridge application is shown.

In forward mode,CCP1/P1AThe pin is driven to the active state.P1Dpin is the modulation output, andP1BandP1Cis driven to an invalid state, such as

picture8-6-2-2 shown.

In reverse mode,P1CThe drive is in a valid state.P1Bpin is the modulation output, andP1AandP1Dis driven to an invalid state, such aspicture 8-6-2-2

shown.

P1A,P1B,P1CandP1DOutput andPORTData latch multiplexing. The relevantCPIOPositionP1A,P1B,P1C andP1DPins are
configured as outputs.

picture8-6-2-1: Full-bridge application example

V+
FET FET
driverQA QCdriver
P1A D | H fi
load
P1B FET —_— FET
driver driver
P1C QB Qb
V-
P1D ﬁ
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picture8-6-2-2: Full BridgePWMOutput example

Forward Mode
cycle
» -
P1A@
Pulse Width
P1B@ - 7
P1C
P1De) -
1) 1)
cycle
R Modi - g
everse Mode Pulse Width
- »
P1A@
P1Bw .
P1Cw .
P1D2)
Q)] (O]
Note 1:at this time, TMR2Register equalsPR2register. 2: The
output signal shown is valid at high level.

8.6.3Startup Considerations

Use anyPWMmode, the application hardware mustPWMUse appropriate external pull-up/pull-down resistors on output pins.

Note: When the microcontroller exits from reset, alll/OThe pins are all in high impedance state.I/OPin or ActivatePWM Before output, the

external circuit must put the power switch in the off state.

CCP1CONRegisterCCP1M<1:0>bits are user selectable per pairPWMOutput pins (P1A/P1CandP1B/P1D) is high level active or low
level active.PWMThe output polarity must be enabledPWMWe do not recommendPWMDo not change the polarity configuration while
the pin's output driver is enabled as this may damage the application circuit.

existPWMWhen the module is initialized,P1A,P1B,P1CandP1DThe output latch may not be in the correct state.PWMThe pin output drivers
are enhancedPWMModes enabled simultaneously may result in damage to the application circuit.PWMmode must be enabled in the correct
output mode andPWMThe pin output driver completes a fullPWMcycle. A wholePWMWhether the cycle is completed can be checked byPIR1
RegisterTMR2IFIn the secondPWMIs it set at the beginning of the cycle?1Check.
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8.6.4 EEnhancedPWMAuto-off mode

PWMThe module supports an auto-shutdown mode, which disables thePWMoutput. The auto-off mode willPWMThe output pin is placed in a

predetermined state. This module is used to preventPWMDamage application.

useECCPASRegisterECCPASxThe auto-shutdown source can be selected by the bit. A shutdown event can be generated by:
* INTPin logic appears0

» ComparatorsC1

» ComparatorsC2

* In the firmware,ECCPASELocation1

The closed state isSECCPASRegisterECCPASE(Auto-shutdown event status) bit indication. If this bit isO,PWMpin operates normally.

If this bit is1,PWMThe output is in the OFF state.

When a shutdown event occurs, two things happen:

ECCPASELocation1.ECCPASEKeep1status until it is cleared by the firmware or an automatic restart occurs (seeNo.8.6.5Section "Auto Restart Mode

"

)

EnabledPWMThe pin is asynchronously placed in its off state.PWMThe output pins are divided into two pairs [P1A/P1Cland[P1B/P1D]The status of

the two pairs of pins is determined byECCPASRegisterPSSACandPSSBDEach pair of pins can be placed in one of three states:
* Driven by logic1
* Driven by logic0

« Tri-state (high impedance)

register17H: Enhanced Capture/Compare/PWMAuto Shutdown Control Register (ECCPAS)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO | PSSBD1 | PSSBDO
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1l 0 =Clear x =unknown
bit7 ECCPASE:ECCPAuto-shutdown event status bit

1 =An automatic shutdown event occurred;ECCPOutput is in OFF state 0 =

ECCPOutput works normally

bit6-4 ECCPAS<2:0>:ECCPAuto-shutdown source select bit 000 =
Disable automatic shutdown
001 =Comparators10utput changes 010 =
Comparators20utput changes 011 =
Comparators1or20ne of the changes 100
= INTThe pin voltage isVIL
101 = INTThe pin voltage isVILor comparator1Variety 110 = INT
The pin voltage isVILor comparator2Variety 111 = INTThe pin

voltage isVILor comparator1/20ne of the changes

bit3-2 PSSAC:P1AandP1CPin shutdown status control bit
00 =Drive pinP1AandP1Cfor0 01 =Drive pinP1A
andP1Cfor1 1x = P1AandP1CPins are tri-stated
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bit1-0 PSSBD:P1BandP1DPin shutdown status control bit
00 =Drive pinP1BandP1Dfor0 01 =Drive pinP1B
andP1Dfor1 1x = P1BandP1DPins are tri-stated

Note: 1: The auto-off condition is based on the level signal, not the edge signal. As long as the level does not change, the auto-off does not change.
2: Write disabled under auto-close conditionECCPASEBIt.

3: Once the auto-shutdown condition is cleared andPWMReboot (either by firmware or automatically),PWMThe signal will always be on the nextPWMweek

Restart at the beginning of the period.

picture8-6-4: Firmware restartPWMAutomatic shutdown (PRSEN=0)

< PWMcycle »
Close Event
ECCPASEBIt
PWMACctivity 4|
Fﬁ normalPWM 44 T
ECCPASE
Use firmware
PWMCycle Start Ashutdown eventoccurred  ClOS€ Event Clear  recoverPWM

Cleared

8.6.5Automatic restart mode
EnhancedPWMConfigurable to automatically restart when auto-shutdown condition is clearedPWMsignal.PWM1CONRegister PRSEN
Location1Automatic restart can be enabled.

When automatic restart is enabled, as long as the automatic shutdown condition is valid, ECCPASEKeep the position1. When the auto-close condition is cleared,ECCPASE The bit will be

cleared by hardware, resuming normal operation.

picture8-6-5: When automatic restart is enabledPWMAutomatic shutdown (PRSEN=1)

< PWMcycle

Close Event

ECCPASEBIt

PWMActivity 4‘
T‘i normalPWM 44

PWMCycle Start A close event occurs. recoverPWM
Cleared
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8.6.6Programmable dead-band delay mode

All power switches are modulatedPWMIn a half-bridge application with a low frequency, it usually takes a long time for the power switch to switch on from off. If the upper and lower
power switches are activated at the same time (one is on and the other is off), , before one switch is completely turned off, the two switches may be in a short period of time
During this short period of time, a very high current (punch-through) will flow through the two power switches.shoot-throughTo avoid
this destructive shoot-through current during switching, the on-time of either power switch is usually delayed to allow the other switch

time to completely turn off.

In half-bridge mode, digitally programmable dead-band delays are used to prevent shoot-through current from damaging the bridge power switches. A delay
occurs when a signal changes from an inactive state to an active state. Seepicture8-6-1-2 RelatedPWM1CONregister(register16H ) is used as the instruction cycle of

the microcontroller (TCY,Right now4TOSC) to set the delay period for the unit.

register16H: EnhancedPWMControl Register (PWM1CON)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PRSEN | PDC6 | PDC5 | PDC4 | PDC3 | PDC2 | PDC1 | PDCO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7 PRSEN:PWMRestart enable bit

1 =When automatically closed,ECCPASEbit is automatically cleared on exit shutdown event)PWMAutomatic

restart 0 =When the software is turned off, ECCPASEClear to restartPWM

bit6-0 PDC<6:0>:PWMDelay count bit
PDCn =ReservePWMThe signal should turn valid andPWMThe signal actually becomes validFOSC/4(4*TOSC)Number of cycles

Note 1: Quick start and selectedLP,XTorHSWhen the fault protection mode is enabled, this bit is reset to0.

surface8-6-6:capture/compare/PWMSummary of related registers

name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 PORandBOR All other
The value of Reset value

CCPR1L Capture/Compare/PWMregister1The low byte XXXX XXXX uuuu uuuu
CCPR1H Capture/Compare/PWMregister1High Byte XXXX XXXX uuuu uuuu
CCP1CON P1M1 P1MO DC1B1 DC1B0O CCP1M3 CCP1M2 CCP1M1 CCP1MO 0000 0000 0000 0000
CMSTA C20UT C10UT C2INV C1INV CIS CcMm2 Ccm1 CMO 0000 0000 0000 0000
CMCON1 — — — — — — T1GSS C2SYNC | ------ 10 | ------ 10
ECCPAS ECCPASE ECCPAS2 ECCPAS1 ECCPASO PSSAC1 PSSACO PSSBD1 PSSBDO 0000 0000 0000 0000
INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
PR2 Timer2Module Period Register 1111111 11111111
PWM1CON PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 0000 0000 0000 0000
TISTA TIGINV TMRIGE | T1CKPS1 TICKPSO | TIOSCEN | TISYNC | TMRICS TMR1ON 0000 0000 uuuu uuUU
T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20ON T2CKPS1 T2CKPSO - 000 0000 - 000 0000
TMR1L 16BitTMR1Low Byte Holding Register XXXX XXXX uuuu uuuu
TMR1H 16BitTMR1High Byte Holding Register XXXX XXXX uuuu uuuu
TMR2 Timer2Module Registers 0000 0000 0000 0000
CPIOA — — CPIOAS CPIOA4 CPIOA3 CPIOA2 CPIOA1 CPIOAO --11 1111 --11 1111
CPIOC CPIOC7 CPIOC6 CPIOC5 CPIOC4 CPIOC3 CPIOC2 CPIOC1 CPIOCO 11111111 11111111

Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) . Capture/Compare/PWMShaded cells are not used.
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9.0Analog-to-digital converter (ADC) module

Analog-to-digital converter (Analog-to-digital Converter,ADC) can convert the analog input signal into the corresponding10This series of devices
uses multiple analog inputs to multiplex into a sample-and-hold circuit. The output of the sample-and-hold circuit is connected to the input of the

converter. The converter generates the10The converted binary value is stored inADCResult Register (ADRESL:ADRESH)middle.
ADCThe reference voltage can be selected by software asVDDor the voltage applied to the external reference pin.

ADCAn interrupt can be generated when a conversion is complete. This interrupt can be used to wake the device from Sleep.

9.1picture:ADCblock diagram

picture9-1:ADCblock diagram

Voo
VCFG=0
VREF VCFG =1 04F
RAO/ANO
RA1/AN1/VRer
RA2/AN2 A/D
GO/DONE —p| 10
RA4/AN3
RCO/AN4
RC1/ANS .
ADFM —| 0 =Align Left
RC2/AN6 1 =Right Align
RC3/AN7 ADON—{ [ \]K/UO
. ‘ ADRESH ‘ ADRESL ‘
CHS<3:0> Vss L

9.2 ADCConfiguration

Configuration and UsageADCThe following features must be considered:
« Port Configuration

* Channel selection

®  ADCReference voltage selection

®  ADCConvert clock source

« Interrupt control

« The format of the conversion result
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9.2.1Port Configuration

ADCCan be used to convert analog and digital signals. When converting analog signals, the relevantCPIOandANSELLocation1Willl/OThe pin should be configured as an

analog function. See the corresponding port chapter for more information.

Note: The presence of analog voltages on pins defined as digital inputs can cause the input buffers to conduct excessive current.

9.2.2Channel Selection

ADSORegisterCHSThe 1/2 bit determines which channel is connected to the sample-and-hold circuit.

When changing channels, a delay is required before starting the next conversion. For more information, seeNo.9.3Festival"ADCHow it works " .

9.2.3 ADCReference voltage

ADSORegisterADVRS<1:0>The 0x00 bit provides control of the positive reference voltage.

The positive reference voltage can be:

+ Select power supply voltageVDDAsSADC's reference.

* Select External (fromPA1) asADC's reference.

+ Internal reference voltage selected via configuration register2V,3V,4V(calibrated to1%).

The negative reference voltage s always connected to the reference ground.

9.2.4Conversion clock

The conversion clock source can be selected by software, by settingADS1RegisterADCSThere are seven clock options:

¢ FOSC/2

¢ FOSC/4
* FOSC/8
* FOSC/16
¢ FOSC/32
* FOSC/64

* Fsm(Dedicated internal oscillator)
Complete one (bit) is defined asTao.Finish10Bit conversion requires11indivualTaoCycle, such aspicture9-2-4 shown.

The correct conversion must satisfy the correspondingTaoFor more information, seeNo.13.0Section "Electrical Characteristics" middleA/DConversion requirements. surface

9-2-4 Correct selection shownADCExample of a clock.

Note: Unless you are usingFsmOtherwise, any change in the system clock frequency will changeADCThe clock frequency willADCThe results had a negative

impact.

picture9-2-4: Analog-to-digital conversionTadcycle
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Tcyto TADTAD1 TAD2
I T

!

Conversion Start

‘ , TAD3 | TAD4  Tap5 TAD6 , TAD7 TAD8 , TAD9 TAD10 TAD11
T T T T T T T T

b9 b8 b7 b6 b5 b4 b3 b2bi " bo

The holding capacitor is disconnected from the analog input (a typical event is100 ns)

v

WillGO/DONELocation1 loadADRESHandADRESLregister, GO
Bit cleared,
ADIFLocation1,

Holding capacitor connected to analog input

surface9-2-4:ADCClock cycle (Tap)—Device operating frequency (Vdd=3.0V)

ADCClock cycle (Tap) Device frequency (Fosc)

ADCClock Source ADCS<2:0> 20 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 100 ns@) 250 ns() 500 ns() 2.0 us
Fosc/4 100 200 ns() 500 ns) 1.0 use) 4.0 us
Fosc/8 001 400 nse) 1.0 us@ 2.0us 8.0 usp)
Fosc/16 101 800 nse) 2.0us 4.0 us 16.0 usE)
Fosc/32 010 1.6 us 4.0us 8.0 usp) 32.0 us@
Fosc/64 110 3.2us 8.0 usp) 16.0 us@E) 64.0 us@)

Fsm x11 2-6 US(1,4) 2-6 US(1,4) 2-6 US(1,4) 2-6 US(1,4)
Figure caption: Shaded cells are outside the recommended range.
NOte  1:existvDD > 3.0vin the case of FsuTypical clock sourcesTasTime is4 us. 2: These values violate the

minimumTaotime requirement. 3: To speed up the conversion, it is recommended to select another

clock source.

4: When the device frequency is greater than1 MHzIt is recommended to use it only when the conversion is done during sleep.FsmClock source.

9.2.5 ADCModule interrupt

ADCWhen the conversion is complete, ifADCInterrupt flagADIEEnable and global interrupt flagGIEIf it is also enabled, it will generateADCInterrupt, enter the interrupt

service routine; in the interrupt service routine, the interrupt flag must be cleared by softwareADIF(cleared to 0) .

Note: regardlessADCWhether interrupts are allowed,ADIFThe bit is set at the completion of each conversion.1.

ADCnoneFsvuMode, need to useADCWhen waking up, the system clock must be one of the internal fast/slow clocks.

The interrupt can be generated while the device is operating or in sleep mode. If the device is in sleep mode, the interrupt will wake the device. When waking from sleep mode, the
interrupt will always executeSLEEPIf the user attempts to wake up the device and resume sequential code execution, global interrupts must be disabled. If global interrupts are enabled, code

execution will be transferred to the Interrupt Service Routine.

9.2.6 A/DConversion result format

10BitA/DThe conversion result has two formats, left-aligned and right-aligned.ADSORegisterADFMbits control the output format.
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picture9-2-6-1 Two output formats are shown.

picture9-2-6-1: Analog-to-digital conversionTadcycle

Tevto TADTART TAD2 ‘ TAD3 ‘ TAaD4 , TAD5 TaD6 , TAD7 TAD8 , TAD9 TAD10 TAD11
I T T T T T T T T T

T b9 b8 b7 b6 b5 b4 b3 b2bi b0

Conversion Start

The holding capacitor is disconnected from the analog input (a typical event is100 ns)

v

WillGO/DONELocation1 loadADRESHandADRESLregister, GO
Bit cleared,
ADIFLocation1,

Holding capacitor connected to analog input

picture9-2-6-2: Analog-to-digital conversionTadcycle

ADRESH ADRESL

worv=o) fwe| [ [ [ [ [ [ | [ Jw[ [ [ [ [ | |

bit 7 bit 0 bit 7 bit 0

. )

—
10BitA/Dresult Unimplemented: Read as0

worm=0 [ | e ] L[ [ T ] ] [ [

bit 7 bit 0 bit 7 bit 0

~ )
—
Unimplemented: Read as0 10BitA/Dresult

9.3 ADCHow it works

9.3.1Start the conversion

To enableADCmodule, you mustADSORegisterADONLocation1.WillADSORegisterGO/DONELocation1The analog-to-digital conversion will be started.

Note: SeeNo0.9.3.5Festival"A/DConversion steps ”.

9.3.2Conversion Complete

When the conversion is complete, ADCThe module will:

* WillGO/DONEBIt clear
* WillADIFLogo location1

* Update with new transformation resultsADRESH:ADRESLregister
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9.3.3Termination Conversion

If the conversion must be terminated before completion, the available software willGO/DONECleared. ADRESH:ADRESLThe registers are not updated by
pending analog-to-digital conversion samples.ADRESH:ADRESLThis register pair will hold the values from the previous conversion. In addition, wait until2 TaoAfter

the delay, input acquisition of the selected channel will start automatically.

Note: A device reset forces all registers back to their reset states.ADCThe module is closed and any pending conversions are
terminated.

9.3.4Special event triggers

ECCPSpecial event triggers can be performed periodically without software interventionADCWhen a trigger event occurs,GO/DONESet by

hardware1,Timer1The counter is reset to zero.
The use of special event triggers does not ensure normalADCTiming. Ensure satisfactionADCTiming requirements are the responsibility of the user.

For more information, seeNo.8.0Section "Enhanced Capture/Compare/PWM-+(With automatic shutoff and deadband) module ".

9.3.5 A/DConversion steps

The following is the useADCExample of steps to perform an analog-to-digital conversion:
1. Configure ports:
+ Disable pin output drivers (seeCPIOregister)
+ Configure the pin as analog
2. ConfigurationADCModules:
» chooseADCConversion clock
+ Configure reference voltage
* chooseADCInput Channels
+ Select the format of the conversion result
* OpenADCModules
3. ConfigurationADClInterrupt (optional) +
» WillADCInterrupt flag cleared
+ allowADClInterrupt
* Enable peripheral interrupts
+ Enable global interrupts()

4. Wait for the required acquisition time)

5.GO/ DONEPlace1Start the conversion

6. Wait through one of the following situationsADCConversion completed:

* InquireGO/ DONEBIt
+ waitADCInterrupt (when interrupts are enabled)

7. ReadADCresult

8.ADCClear the interrupt flag (interrupts must be enabled) .

Note: 1:If the user attempts to wake the device from Sleep and execute code sequentially, global interrupts can be disabled.

2:SeeNo.9.5Festival"A/DCollection time requirements ".
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example9-3-5:A/DConversion

;ADCConversion program snippet:

BSR STATUS,PAGE ;chooseBANK1

LDWI B'01110000' ;Select InternalRCASADCClock Source
STWR ADS1

BSR CPIOA,0 ;set upPAOenter

BSR ANSEL,O ;set upPAOFor analog port

BCR STATUS,PAGE ;chooseBANKO

LDWI B'10000001" ; Set the result to right-align, enableADC,aisle0,VDDFor reference
STWR ADSO

LCALL SampleTime ; Delay for a short time

BSR ADSO,GO ; Start conversion

BTSC ADSO,GO ;waitADCConversion Complete

LJUMP $-1 ;

LDR AD RESH,W ; Read the result high2Bit

STWR RESULTHI

BSR STATUS,PAGE ;Bank 1

LDR ADRESL,W :Read result low8Bit

STWR RESULTLO

BCR STATUS,PAGE

BCR ADSO,ADON :closureADC

9.4 ADCRegister Definition

The following registers are used to controlADCwork.

9.4.1 ADS0:A/DControl Register0

register1FH:A/DControl Register0 (ADS0)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM | ADVRS1 | ADVRSO | CHS2 | CHS1 CHSO | Go/DONE | ADON
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7 ADFM:A/DConversion result format selection bit 1
=Right Align
0 =Align Left
bit6-5 ADVRS<6:5>:chooseADCReference voltage 00 =Select

power supply voltageVDDAsADCReferences 10 =Select
External (fromPA1) asADCReferences

X1 =Internal reference voltage, this voltage is selected by the configuration register2V,3V,4V.
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bit4-2 CHS<2:0>: Analog channel selection bit
000 = ANO
001 = AN1
010 = AN2
011 =AN3
100 = AN4
101 = AN5
110 = AN6
111 =AN7
bit1 GO/DONE:A/DConversion status bit

1 = A/DConversion in progress.1Start onceA/DConvert.

A/DThis bit is automatically cleared by hardware when the conversion is complete.

0 = A/DConversion completed/not in progress

bit0 ADON:ADCEnable bit
1 =EnableADC

0 =prohibitADC, does not consume working current

9.4.2 ADS1:A/DControl Register1

register9F:A/DControl Register1 (ADS1)

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 U-0 uU-0
ADRVO | ADCS2 | ADCS1 | ADCSO | — — - | =
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7 ADRVO: Control whetherPA10utput internal reference voltage (Note: this voltage has no driving

capability) 1 = sent to PA1 port
0 = Not sent to PA1 port.
bit6-4 ADCS<2:0>:A/DConversion clock select
bits 000 = FOSC/2
001 = FOSC/8
010 = FOSC/32

x11 = FsmIntelligent frequency division, ADCThe conversion clock will select the division ratio according to the oscillation mode:
When the system clock selectsLPorRCorRCIOMode,ADCThe conversion clock is the system clock2Frequency division.
When the system clock selectsXTMode,ADCThe conversion clock is the system clock8When the

system clock selectsHFMode, ADCThe conversion clock is the system clock32Frequency division.
100 = FOSC/4
101 = FOSC/16
110 = FOSC/64

bit3-0 Unimplemented: Read asO

How to output the internal reference voltage toPA10n the port (this voltage has no driving capability and can only be used as a test internal reference voltage):
(M set upPA1For analog,input port;

(2)  set upADSTFirst7BitADRVOfor1;

(3)  set upADSOFirst5BitADVRSOfor1;

(4) EnableADC;
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9.4.3 ADRESH:ADCResult High Register
register1EH:ADCResult High Register (ADRESH),ADFM =0

R/W R/W R/W R/W R/W R/W R/W R/W
ADRES9 | ADRES8 | ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-0 ADRES<9:2>:ADCResult register bits,10The high bit of the conversion result8Bit

register1EH:ADCResult High Register (ADRESH),ADFM = 1

R/W R/W R/W R/W R/W R/W R/W R/W
- | = - | = 1 = — ADRES9 | ADRESS8
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
bit7-2 Reserved: Do not use
bit1-0 ADRES<9:8>:ADCResult register bits,10The high bit of the conversion result2Bit

9.4.4 ADRESL:ADCResult low register
register9E:ADCResult low register (ADRESL),ADFM =0

R/W R/W R/W R/W R/W R/W R/W R/W
ADRES1 | ADRESO | — | = \ — — — | =
bit7 bit0
Figure caption:
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7-6 ADRES<1:0>:ADCResult register bits,10The low bit of the conversion result2Bit
bit5-0 reserved: Do not use

register9E:ADCResult low register (ADRESL),ADFM = 1

R/W R/W R/W R/W R/W R/W R/W R/W
ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2 | ADRES1 | ADRESO
bit7 bit0
R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown

bit7-0 ADRES<7:0>:ADCResult register bits,10The low bit of the conversion result8Bit
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9.5 A/DCollection time requirements

becauseADCTo achieve the specified accuracy, the charge holding capacitor (CHOLD) to the input channel level. For analog input models, seepicture9-5-1 . Source Impedance
(RS) and the internal sampling switch (RSS) Impedance directly affects capacitanceCHOLDThe charging time of the sampling switch (RSS) Impedance varies with device voltage (VDD),
seepicture9-5-1 The maximum impedance of the analog signal source is recommended to be10kQThe acquisition time decreases as the source impedance decreases. After selecting
(or changing) the analog input channel, the acquisition must be completed before starting the conversion.formula9-5 To calculate the minimum acquisition time. This formula

assumes that the error is1/2 LSb (ADCConversion required1024step).1/2LSbThe error isADCThe maximum error allowed to achieve the specified accuracy.

Note: 1: Since the reference voltage (VREF) eliminates itself and therefore has no effect on the formula.
2: Charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended source impedance for the analog input is10kQ. This is to meet the pin leakage specification.

picture9-5-1: Simulate input model

Vbp

VT= 0.6V Sampling switch

Ric< 1K SS Rss

=10 pF
TLEAKAGE CHowo=10p

+500 nA

Vss/VREF-

Legend CpPIN =Input Capacitance
VT Threshold voltage Vb
TLEAKAGE =Caused by various nodes
Leakage current
Ric “Interconnect resitance
SS =Sampling switch 567891011
CHoLD =Sample and hold capacitor sampling switch

(KQ)
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picture9-5-2:ADCTransfer Function

Full scale range

3FF

3FE
A

3FC / —>» | 4——1 LSBIdeal value

3FB
t full range
Jump

=
004h
003h-{—
002}

001h

OOOh > Analog input voltage
€—1 LSBIdeal value

—»
Vss NREF- —T LZemscale T

Jump VDD AREF+

ADCOutput Code

formula9-5: Sample time example

i A= 50°C, AREFHINT 10 kG2, 5.0V Vpp

Tacp = A A BT I + (RF e 2570 i 1] + i A
= Tamp + T + TcoFF
=5 uis + Tc + [ 354 - 25°C)(0.05 us/°C)]

Te {7 i LA ELF 250 it 55

VAPPLIED(I — ﬁ) = VCHOLD ;1] 7F 1/2 Ish #2538 [ 7 % VedoLp 7
- IC
VAPPUED[; e RC‘?} = VeHOLD :[2] {45 VappLIED X VeHOLD 7 Hi
—Te
VAPPLJED{I - eRCJ = Vapprrep(1— Fi;?) ;EE 1] 2]
HHE T

Tc = —Crorp( RIc + Rss +Rs) In(1/72047)
=10 pF(1 k2 + 7 k2 + 10 k<) In0.004885

=1.37 us

LA
Tico = 5us + 1.37 s + [(50°C - 25°C)(0.05 s/°C)]

=7.67 is
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surface9-5:andADCSummary of related registers

name | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POT":’B?R Al °“I'er
The value o Reset value

ADSO ADFM ADVRS1 ADVRS0 CHS2 CHS1 CHSO GO/DONE ADON 0000 0000 0000 0000
ADS1 ADRVO ADCS2 ADCS1 ADCSO0 — — — — 0000 ---- 0000 ----
ANINS ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111111 11111111
ADRESH A/DResult register high byte XXXX XXXX uuuu uuuu
ADRESL A/DResult register low byte XXXX XXXX uuuu uuuu
INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
PORTA — — PA5 PA4 PA3 PA2 PA1 PAO - -x0x000 - -uu uuuu
PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO - -xx 0000 - -uu uuuu
CPIOA = = CPIOAS CPIOA4 CPIOA3 CPIOA2 CPIOA1 CPIOAO --11 1111 --11 1111
CPIOC CPIOC7 CPIOC6 CPIOC5 CPIOC4 CPIOC3 CPIOC2 CPIOC1T CPIOCO 11111111 11111111
Figure caption: x =unknown,u =unchanged, — = unimplemented (read as0) .ADCShaded cells are not used by the module.

10.0Comparator Module

Comparators are used to interface analog circuits with digital circuits by comparing two analog voltages and providing a digital value that represents their relative magnitude.
Comparators are very useful for mixed-signal building blocks because they provide analog functionality independent of program execution. The analog comparator module includes the following
features:

« Independent comparator control

« Programmable input selection

« Internal/external comparator output

* Programmable output polarity

* Interrupt on Change

* Wake up from sleep

* PWMclosure

* Timer1Gate control (count enable)

« Output andTimer1Clock input synchronization

* SRLatches

* Programmable and fixed reference voltages

Note: Only the comparatorC2Connect toTimer1.

10.1Comparator Overview

picture10-1-1 Shown is a single comparator and the relationship between the analog input levels and the digital output.VIN+The analog voltage is less thanVIN-When the analog voltage is higher than, the

comparator outputs a digital low level.VIN+The analog voltage is greater thanVIN-When the analog voltage is higher than , the comparator outputs a digital high level.

picture10-1-1: Single comparator
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VINg ——— +

Output

VIN. — -

Output I I I I

Note: The black area of the comparator output indicates the

Reconcile the uncertainty caused by the response time.

This device contains two comparators, as shown in Figure8-2and Figure8-3Neither

comparator can be configured independently.

picture10-1-2: Single comparator

toC10UTPinout

inouid 1od
savapdninw

To data bus

D Q |
Q1 W

EN readCMCONO

\ WillC1IFLocation
)

EN
CL

Reset

Note 1:Q1andQ3is a four-phase system clock (Fosc) phase.

Q3*RD CMCONO

2:In sleep modeQ1Keep it at high level.
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picture10-1-3:ComparatorsC20utput Block Diagram

C2SYNC

toTimer1Gating

i ) 0
toC20UTPinout
D Q ﬂ

Timer1Clock Sourceq —L

inouid 1od
soxapdninu

b Q | To data bus
o T
—|EN readCMCONO
\ WillC2IFLocation1
b of— )
Q3*RD CMCONO
EN o

Reset

Note 1: The comparator output isTimer1The falling edge of the clock
source is latched. 2:Q1andQ3is a four-phase system clock (Fosc)

phase. 3:In sleep modeQ1Keep it at high level.

10.1.1Analog Input Connection Considerations

picture10-1-1-1 A simplified circuit for the analog inputs is shown. Since the analog input pins share connections with the digital inputs, they have
VDDandVSSReverse biasESDprotection diode. Therefore, the analog input voltage must be betweenVSSandVDDIf the input voltage deviates from this

range by more than0.6V, one of the diodes will become forward biased and latch-up may occur.

It is recommended to connect a maximum of10kQIn addition, external components connected to the analog input pins, such as capacitors or Zener diodes,

should have very little leakage current to minimize the introduction of errors.

Note:1: ReadPORTregisters, all pins configured as analog inputs will read asOAccording to the input specification, the input

pin will be converted into an analog input.

2: The presence of analog levels on any pin defined as a digital input will cause the input buffer to consume current beyond the specification.

picture10-1-1-1: Simulate input model
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VDD
VT=0.6V
re— - A
: Rs<10K | RIC
| | & 4% toADCenter
' I AIN
! @ ! CPINAS AR VT=0.6V 1) Leakace
' I +500 nA
I | 5PF
| — |
L ! = Vss
Figure caption:Crin = impucopaciance

ILEAKAGE = Pinleakage current caused by various nodes

Ric =

Rs =

VA = Analogvoltage

VT = tvesbotvotage

10.2Comparator Configuration (Figure)

The comparator has eight operating modes.CMSTARegisterCM<2:0>Bits are used to select these modes, such aspicture10-2 shown.I/OThe lines change as the mode
changes and are assigned the following functions:

« Simulation function (A): Digital input buffer is disabled

+ Digital functions (D) : Comparator digital output, covering port function

» Normal port functionality (I/0): Not related to the comparator

Expressed as"A"The port pins will read0,regardlessI/OPin orl/OcontrolCPIOThe pins used as analog inputs should also have their corresponding
CPIOLocation1To disable the digital output driver.D"The pins should be connected to their correspondingCPIOClear this bit to enable the digital output

drivers.

Note: The comparator interrupts should be disabled during comparator mode changes to prevent unexpected interrupts.
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picture10-2:Comparatorsl/OWorking Mode

MDT MCU

Comparator Reset (PORdefault value) Two independent comparators
CM<2:0> =000 CM<2:0> =100
CIIN- Vin- > ciN- A Vv [
ClIN+ A VIN+ + 1 closure (1) C1IN+ A VIN+ + C1 C10UT
C2IN- A VIN- —_ C2IN- A VIN- ~
c2 c20uUT
C2IN+ A VIN+ + c2 closure (1) C2IN+ A VIN+ +
Three inputs multiplexed to two comparators An independent comparator
CM<2:0> =001 A CM<2:0> =101
C1IN- To CIS=0 VIN- [ c1N- 10 VIN- (™ o
Ne A IS =1 10UT i off
C1IN+ o VIN+ + C1 C10U C1IN+ o VIN+ +
20UT +
C2IN+ A Vint | Cc2 c20u C2IN+ A VIN +
Four inputs multiplexed to two comparators Two common reference comparators with outputs
CM<2:0>=010 CM<2:0> =110
CTIN- . Cs=0 Vv [ CIN- A VN =
ClN+ £ o CS=T 4 N C1 c10UT vin+ |, C1 — C10UT
C2IN- A _ ) C10UT(Pin)D
A ° +CIS=0 VIN- [ CoIN A VIN-
C2IN+ = o  CS=T | | @ c20UT i -
c2 — C20UT
+ Coine A JVINE |
FromCvrerModules C20UT(Pin)D
Two common reference comparators Comparator off (lowest power consumption)
CM<2:0>=011 CM<2:0> =111
C1IN- VIN-_ ™ CIN-T/o— YN 2 off
VIN+ C1
C1IN+ 1/0 VIN+ + 1 cout C1IN+ 0 +
o ALV IS C2IN-T/6— ¢VIN- 1= off 0
+ c2
CIIN+ A VIN+ + c2 C20uUT C2IN+ 1/0 __VIN +
Figure caption: A =Analog input, the port always reads0 I/ CIS =Comparator Input Switches (CMCON0<3>) D=
O =Normal portl/O Comparator digital output
Note1: Read asO,unlessCxINV = 1

10.3Comparator Control

CMSTAregister(reqgister19H ) provides control over the following comparator functions:
* Mode selection
+ Output status
+ Output polarity

* Input switch
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10.3.1Comparator output status

The status of each comparator can beCMSTAThe relevant registerCxOUTBIt is read internally.CM<2:0> = 110When the comparator
outputsCxOUTAfter selecting this mode, the relatedCxOUTPinCPIOThe bit must be cleared to enable the output drivers.

10.3.2Comparator output polarity (table)

Inverting the comparator output has the same effect as swapping the comparator inputs. The comparator output polarity can be changed byCMxCONORegisterCxPOL

Location1Flip.CxPOLClearing the bit to 0 will produce a non-inverting output.surface10-3-2 Shown is the output state compared to the input conditions including polarity control.

surface10-3-2: Comparator output state - input condition

Input conditions CxI CxouT
VIN-> VIN+ 0 0
VIN-< VIN+ 0 1
VIN-> VIn+ 1 1
VIN-< VIN+ 1 0

Note:CxOUTRefers to register bits and output pins.

10.3.3Comparator Input Switch

The comparator's toggling input can be switched between analog pins in the following modes:
+ CM<2:0> = 001(Comparator onlyC1)
* CM<2:0> = 010(ComparatorsC1andC2)

In the above modes, both pins are in analog mode regardless of which pin is selected as input.CMSTARegisterCISThe bit controls the

comparator input switch.

10.4Comparator response time
After a comparator input source changes or a different reference voltage is selected, the comparator output is uncertain for a period of time. This period of time is called

the response time. The comparator response time varies with the reference voltage settling time. Therefore, both times must be taken into account when determining the total

response time to a comparator input change. For more information, seeNo.13.0Section "Electrical Characteristics" Medium comparator and reference voltage specifications.

10.5How Comparator Interrupts Work

Whenever the comparator output value changes, the comparator interrupt flag can be set.1The change is detected by a mismatch circuit consisting

of two latches and an XOR gate (seepicture10-1-2 andpicture10-1-3 ) is implemented. When readingCMxSTAOWhen the comparator output level is read, a

latch is updated. The latch holds the value until the next read.CMxSTAOThe other latch of the mismatch circuit is reset by each system clock.Q1Update.Q1
Clock cycle, when the change of comparator output is sent to the second latch, a mismatch condition will be generated. At this time, the two mismatched
latches have opposite output levels, which are detected by the XOR gate and sent to the interrupt circuit. The mismatch condition will last untiiCMxSTAO

register is read or the comparator output returns to its previous state.
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Note: rightCMSTAA write operation to the register will also clear the mismatch condition because all write operations include a read operation at the beginning of the write

cycle.

The software needs to save information about the state of the comparator output to determine the actual change that occurred.

PIR1RegisterCxFbit is the comparator interrupt flag. This bit must be cleared to zero by software to reset. Since this register can be written1, it is possible that a software

interrupt will be generated.

MustPIEB1RegisterCxIbit andINTSRegisterPEIEandGIEAIl positions are set1To enable the comparator interrupt. If any of the above bits are cleared,

the interrupt is not enabled, but when the interrupt condition occurs,PIR1RegisterCxFThe bit will still be set1.

The user can clear the interrupt in the interrupt service routine by the following methods:

a)rightCMSTAThis will end the mismatch condition.
b)The interrupt flagCxFCleared.

If the mismatch condition persists,CxFThe interrupt flag will not be cleared.CMSTAwill end the unmatched condition and allowCxFThe bit is cleared

zero.

picture10-5-1: Not readCMSTAComparator interrupt timing at

Q1 [ ] [ 1] [ 1] [ ] [ ] [ 1]

Q3 [ ] [ ] [] [ ] [ ] [ [ ] [
CxIN+ —> ——TRr |

CXOUT |

WillCMIFPlace 1(Level)
CMIF

Reset by software

picture10-5-2: ReadCMSTAComparator interrupt timing at

Q1 [ ] [ ] [ 1] [ ] [ ] [ 1]

Q3 [ ] [ ] [ ] [ ] [] [ ] [ 1] [ ]

CxIN+ —> :4‘_—TRT |
|

CxOouT

WillCMIFPlacel(Level) W W
CMIF

/L

Reset by software
Depend onCMCONORead operation clears

Note:1: If you have to change while a read operation is in progressCMxSTAOregister(CxOUT)(Q2The start of the cycle), thenPIR1register
ofCxFThe interrupt flag may not be set.1.

2: When any comparator is enabled first, the bias circuit in the comparator module can produce invalid comparator output until the bias circuit stabilizes to

There should be1usThe bias circuit stabilizes in time and then clears the mismatch condition before enabling the comparator interrupt and clearing the interrupt flag.
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10.6How sleep works

If the comparator is enabled before entering sleep mode, it will remain active during sleep. The additional current consumed by the comparator is

No.13.0 Section "Electrical Characteristics "If the comparator is not used to wake up the device, the comparator can be turned off to minimize power

consumption during sleep.CMSTARegisterCM<2:0> = 0000rCM<2:0> = 111mode, the comparator can be turned off.

A change in the comparator output can wake the device from sleep mode. To enable the comparator to wake the device from sleep mode, you mustPIEB1Register CxIbit
andINTSRegisterPEIELocation1When the device wakes from Sleep, the instruction immediately following the Sleep instruction will always be executed. INTSRegisterGIEThe position

is also set1, the device will execute the interrupt service routine.

10.7Effect of reset

A device reset will forceCMSTAandCMCON 1registers to their reset state. This forces the comparator module to the comparator reset mode (

CM<2:0> = 000). This way, all comparator inputs are analog inputs and the comparator is disabled, consuming minimal current.

register19H: Comparator Configuration Register (CMSTA)

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C20UT | C10UT | cC2INv | ClINV | CIS | cm2 | cMm1 | cMmo
Bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Placel 0 =Clear x =unknown
bit7 C20UT:Comparators20utput

bits C2INV = Ohour:
1 = C2VIN+>C2VIN-
0 = C2VIN+<C2VIN-
C2INV = 1hour:
1 = C2VIN+<C2VIN-
0 = C2VIN+>C2VIN-

bit6 C10UT:Comparators10utput
bits C1INV = Ohour:
1 =C1VIN+>C1VIN-
0 = C1VIN+<C1VIN-
C1INV = 1hour:
1 = C1VIN+<C1VIN-
0 = C1VIN+>C1VIN-

bit5 C2INV:Comparators20utput toggle bit
1 = C20utput inversion

0 = C20utput does not flip

bit4 C1INV:Comparators1Output toggle bit
1=C10utput inversion

0 = C10utput does not flip

b|t3 CIS: Comparator input switch position
CM<2:0>=010hour: 1 =
C1IN+Connect toC1VIN-
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C2IN+Connect toC2VIN-
0 = C1IN-Connect toC1VIN-

C2IN-Connect toC2VIN-
CM<2:0>=001hour: 1 =
C1IN+Connect toC1VIN-0 =
C1IN-Connect toC1VIN-

bit2-0 CM<2:0>: Comparator mode selection bits (see Figure8-5) 000 =
The comparator is turned off.CxDPins configured as analog 001
=Three inputs multiplexed to two comparators
010 =Four inputs multiplexed to two comparators
011 =Two common reference comparators
100 =Two independent comparators
101 =An independent comparator
110 =Two common reference comparators with outputs

111 =The comparator is turned off.CxDPin configuration as digitall/O

10.8ComparatorsC2GatingTimer1

You can use this feature to time the duration or interval of simulated events.CMCON1RegisterT1GSSClearing this bit will enableTimer1According to

the comparatorC2The output of is incremented. This requiresTimer10pen and gate enabled. SeeNo.7.2Section "GatedTimer1Modules ”

When the comparator is used asTimer1When the gate source is It is recommended toC2SYNCLocation1The compa ratorC2andTimer1This will ensureTimer1

If the comparator changes during incrementing, Timer1Will not miss incrementing.

10.9ComparatorsC20utput andTimer1Synchronize

ByCMCON1RegisterC2SYNCLocation1The comparator canC2The output ofTimer1When enabled, the comparator output isTimer1The falling edge of the clock
source is latched.Timer1When a prescaler is used, the comparator output is latched after prescaling. To prevent race conditions, the comparator output is latched

afterTimer1The falling edge of the clock source is latched, andTimer1Increments on the rising edge of the clock source. For more information, see the Comparator

Block Diagram (picture10-1-2 andpicture10-1-3 )as well asTimer1block diagram(picture7-2 ).

register1AH: Comparator Configuration Register (CMCON1)

u-0 u-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0
- | = — — — — T1GSS | C2SYNC
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0

-n = PORThe value of 1 =Place1 0 =Clear x =unknown

b|t7'2 Unimplemented: Read asO

bit1 T1GSS:Timer1Gate source select bits (1)

1 =Timer1The gate source isT1GPin (pin should be configured as digital input) 0

=Timer1The gate source is a comparatorC20utput
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blto C2SYNC:ComparatorsC20utput Sync Bit(2) 1 =Output

andTimer1Falling edge of the clock is synchronized 0 =

Asynchronous Output

Note 1:SeeNo.7.2.6Festival"Timer1Gating ”.
2:Seepicture10-1-3.

10.10Comparator reference voltage

The comparator voltage reference module provides an internally generated reference voltage for the comparator. It has the following features:
« Independent of comparator operation

* two16Voltage range

+ Output clamped toVSS

+ andVDDProportional

* Fixed reference voltage (0.6V)

VRSTAregister(register99H ) controls the reference voltage module, such aspicture10-10-4 shown.

10.10.1Work independently

The comparator reference voltage is independent of the comparator configuration.VRSTARegisterVRENbit will enable the voltage reference.

10.10.20utput voltage selection

CVREFThere are two ranges of reference voltage, each of which is16The range is selected byVRSTARegisterVRRBIt control.16The
level isVRSTARegisterVR<3:0>Bit setting.

CVREFThe output voltage is determined by the following formula:

formula10-10-2:CvrefThe output voltage
1 R D -

CirEr = (VR5:02/24) x VDD
FRE = ¢ | CEHLRIEE )

CVREF = (Vop/4) + (VR(3:0>x Vop/32)

VRR

Due to the limitations of the module structure, it is not possible toVSStoVDDSeepicture10-10-4 .

10.10.30utput clamped toVss

ByVRSTAThe following configuration can beCVREFThe output voltage is set toVSS, thus consuming no power:
* VREN=0

* VRR=1

¢ VR<3:0>=0000
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This allows the comparator to perform zero-crossing detection without consuming additional CVREFModule current.

10.10.40utput andVddProportional

The comparator reference voltage is given byVDDSoCVREFOutput withVDDThe absolute accuracy of the comparator reference voltage isNo.13.0

Section "Electrical Characteristics" Listed in.

register99H: Reference Voltage Control Register (VRSTA)

R/W-0 u-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN | — | VRR | — | VR3 | VR2 | VR1T | VRO
bit7 bit0

Figure caption:

R =Readable bit W =Writable bit U =Unimplemented bit, read as0
-n = PORThe value of 1 =Place1 0 =Clear x =unknown
bit7 VREN:CVREFEnable bit 1 =

CVREFCircuit energized
0 = CVREFCircuit is powered off, no leakage currentIDDandCVREF = VSS.

b|t6 Unimplemented: Read asO

bit5 VRR:CVREFRange selection bits
1 =Low level range
0 =High level range

b|t4 Unimplemented: Read asO

bit3-0 VR<3:0>:CVREFValue Select Bits (0sVR<3:0><15) VRR =
1Thour:CVREF = (VR<3:0>/24)*VDD VRR = Ohour:CVREF =
VDD/4+(VR<3:0>/32)*VDD

picture10-10-4: Comparison reference voltage block diagram

16class

8R R R R R
VbD LT AAVAY oo VN *

8R —<a vrj

16-1simulationMUX

VREN 15

14
CVREFTo comparator input ‘—‘ 2
1

0

VR<3:0>(1)

VREN
1 VR<3:0> = 0000
VRR

— Note1: Care must be taken to ensureVREFWithin the common-mode input range of the comparator

For details, please seeNo.15.0Section "Electrical Characteristics”.




MDT10F684

MDT MCU

surface10-10-4: Summary of registers associated with the comparator voltage reference module

PORandBOR All other
name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
The value of Reset value

ANINS ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 11111111 1111111
CMSTA c20UT c1out C2INV C1INV CIS cM2 CM1 CMO 0000 0000 0000 0000
CMCON1 — — — — — — T1GSS C2SYNC | ------ 10 | ------ 10
INTS GIE PEIE TIS INS PAIE TIF INTF PAIF 0000 0000 0000 0000
PIEB1 EEIE ADIE CCP1IE C2IE C1IE OSFIE TMR2IE TMR1IE 0000 0000 0000 0000
PIFB1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF TMRIF 0000 0000 0000 0000
PORTA = = PAS5 PA4 PA3 PA2 PA1 PAO - -x0x000 - -uu uu00
PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO - -xx 0000 - -uu uu00
CPIOA — — CPIOA5S CPIOA4 CPIOA3 CPIOA2 CPIOA1 CPIOAO --11 1111 --11 1111
CPIOC CPIOC7 CPIOC6 CPIOC5 CPIOC4 CPIOC3 CPIOC2 CPIOC1T CPIOCO 11111111 11111111
VRSTA VREN — VRR — VR3 VR2 VR1 VRO 0-0-0000 0-0-0000
fquecspion: X =unknown,u =unchanged, — = unimplemented (read as0) The shaded cells are not used by the comparator.

11.0Configuration Registers

The configuration register is used to configureMCUThe original value of the setting isFlashIn some locations,MCUWhen starting fromFlash Bootto the

configuration register, the configuration register bit width is8bit, due toFlashThe bit width is14Bit,BootWhenBootLow8bits to the configuration register.

11.1 Config Option

ConfigOptionUsed to provide configuration options to customers.

register1201H: Configuration word register high8Bit(Config1 Option)

— RD_CTRL LVDS1 LVDSO FCMEN IESO LVREN1 ‘ LVRENO
bit15 bit8
register1200H: Configuration word register low8Bit(Config0 Option)
CPDB CPB MCLRE PWRTE WDTE FOSC2 FOSC1 FOSCO
bit7 bit0
b|t1 5 Unimplemented: Reserved
bit14 RD_CTRL: Read port control in output mode

1: Read data port returnsPINThe value on 0: Reading

the data port returns the value on the latch

bit13-12 LVDS <1:0>: Low voltage reset voltage setting
11:1.7V
10:1.7V
01:2.1V
00:3.8V
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bit11 FCMEN: System clock failure detection enable bit

1: Enable system clock failure detection, which only works when the system clock is in external crystal oscillator mode 0:

Disable system clock failure detection

b|t1 0 IESO: Internal and external clock switching enable bit, dual-speed startup mode enable,
1: Enable the dual-speed startup mode, which only works when the system clock is in external crystal oscillator

mode 0: Disable two-speed start mode

bit9-8 LVDEN <1:0>: Low voltage reset selection()
11: Low voltage reset enable
10:MCUWhen working, low voltage reset is turned on;MCUDuring sleep, low voltage reset is disabled

01: Low voltage reset byPCONOfSBORENPosition decision 00: Disable low voltage reset

bit7 EI;BiB:iISata code protection bit)
1:Data EEPROMContent is not protected
0O:start upData EEPROMContent protection,MCUCan read, serial port cannot read
bit6 CPB: Code protection bit()
1:FlashContent is not protected
0O:start upFlashContent protection,MCUCan read, serial port cannot read
bit5 MCLRE:PA3/MCLRPin function selection bitsw
1:PA3/MCL§}gggé;ecutionMCLRFunction, is the reset pin 0:PA3/
MCLRFoot executionPA3Function, is a digital input pin
bit4 ;’WI{'I?E?’;wer-on delay timer enable bit
1:PWRTprohibit
0:PWRTEnable
bit3 WDTE: Watchdog timer enable bit
1:WDTEnable, the program cannot disable
0:WDTDisabled, but the program can be setWDTCONofSWDTENPositionWDTEnable
bit2-0 FOSC<2:0>: Oscillator selection bits
111:INTOSCIO Oscillatormodel,PA4forIOPins,PA5forIOPinout 110:RCIO Oscillatormodel,
PA4forIOPins,PA5Clock input pinCLKIN 101:INTOSC Oscillatormodel,PA4Output Clock
CLKOUT,PA5forIOPinout 100:RC Oscillatormodel,PA40utput ClockCLKOUT,PA5It is the
clock input pinCLKIN 011:ECmodel,PA4forIOPins,PA5Clock input pinCLKIN 010:HS
Oscillatormodel,PA4,PA5Connect to high frequency crystal 001:XT Oscillatormodel,PA4,
PA5Connect to crystal 000:LP Oscillatormodel,PA4,PA5Connect to low frequency crystal
N ote 1: Enabling Brown-out Reset does not automatically enable the Power-up Timer. 2:

When code protection is turned off, the entire dataEEPROMwill be erased. 3: When code

protection is turned off, the entire programEEPROMwill be erased.

4:existINTOSCorRCWhen modeMCLRWhen active, the internal clock oscillator is disabled.
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12.0Instruction List

Impact
Instruction code instruction Function operate
Position

010000 00000000 NOP No operation none none
010000 00000001 CLRWT Clear Watchdog 0-WT /TF, /PF
010000 00000010 SLEEP Entering sleep mode 0—-WT, stop OSC /TF, /PF
010000 00000011 TMODE Load the W register value into the option register (81H) W-81H none
010000 00000rrr CPIOR Set port direction register (1 input, 0 output) W-CPIO r none
010001 1rrrrrrr STWR Sendithe contents of the W register to the R regiser W-R none
011000 trrrrrrr LDRR, t Read register R, the result is stored in R (t=1) or W (t=0) R-t z
1110101 LDWI Send immediate data to W register I-wW none
010111 trrrrrrr SWAPRR, t Exchange the high and low four bits of register R, and the result is stored in R (t=1) or W (t=0) [R(0~3) R(4~7)]-t none
011001 trrrrrrr INCRR, t Increment register R, the result is stored in R (t=1) or W (t=0) R+1-t Z

Increment register R, save the resultin R (t=1) or W (t=0); if the result is equal to 0, skip
011010 trrrrrrr INCRSZR, t R+1-t none
The following instructions

011011 trrrrrrr ADDWRR, t The W register is added to the R register, and the result is stored in R (t=1) or W (t=0) W+R-t C HC zZ
011100 trrrrrrr SUBWRR, t The R register is subtracted from the W register, and the result is stored in R (t=1) or W (t=0) R AW-t (R+/W+1-t) C, HC Z
011101 trrrrrrr DECRR, t Decrement register R, the result is stored in R (t=1) or W (t=0) RA1T-t z

Decrement register R, save resultin R (t=1) or W (t=0); jump if result is 0
011110 trrrrrrr DECRSZR, t RA1-t none
The following command

010010 trrrrrrr ANDWRR, t The R register and the W register perform an "AND" operation, and the result is stored in R (t=1) or W (t=0) RNW-t Z
110100 i ANDWI I The W register and the immediate value  perform an "AND operation, and the resuit is saved n the W register. INW-wW z
010011 trrrrrrr IORWRR, t The R register is ORed with the W register, and the result is stored in R (t=1) or W (t=0). RUW-t Z
1101071 iiiiiiii IORWI I The W register is ORed with the immediate value I, and the result s stored in R (t=1) or W (t=0). TUW-W z
010100 trrrrrrr XORWRR, t The R register and the W register perform an "XOR" operation, and the result is stored in R (t=1) or W (t=0) R® W-t Z
110110 iiiiiiii XORWI I The W register performs an "XOR" operation on the immediate value I, and the result is stored in R (t=1) or W (t=0) Ie W-W Z
011111 trrrrrerr COMRR, t R register "invert" operation, the result is stored in R (t=1) or W (t=0) /R-t z
010110 trrrrrrr RRRR, t The R register is cyclically "shifted right" and the result is stored in R (t=1) or W (t=0) R(n)—R(n-1), C=R(7), R(0)~C C
010101 trrrrrrr RLRR, t The R register is cyclically "shifted left" and the result is stored in R (t=1) or W (t=0) R(n)-r(n+1), C=R(0), R(7)~C C
010000 TXXXXXXX CLRW W register cleared to 0 0-W z
010001 Orrrrrrr CLRR R register clear 0 0-R z
0000bb brrrrrrr BCRR, b Clear bit b of R register to 0 0-R(b) none
0010bb brrrrrrr BSRR, b Bit b of R register is set to 1 1-R(b) none
0001bb brrrrrrr BTSCR, b If bit b of the R register is 0, the following instruction is skipped. Skip if R(b)=0 none
0011bb brrrrrrr BTSSR, b If bit b of the R register is 1, the following instruction is skipped. Skip if R(b)=1 none
100nnn nnnnnnnn LCALL N Call instruction in the entire 2K region N-PC, PC+1-Stack none
101nnn nnnnnnnn LJUMP N Jump instructions within the entire 2K area N-PC none
110001 iiiiiiii RTIW I Recu rom a subroutine with an immediate value Stack—PC, [-W none
110111 iiiiiiii ADDWI I Add the W register to the immediate value I and save the result in W PC+1-PC,W+I-W C,HC Z
111000 iiiiiiii SUBWI The immediate value I minus the W register, and the resultis stored in the W register. wW-w C, HC Z
010000 00001001 RTFI Interrupt return Stack—PC,1-GIS none

010000 00000100 RET Return from a subroutine Stack—PC none
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13.0Electrical characteristics

13.1Absolute limit parameters

Ambient temperature Under Dias VOITAge.......cceieiririririeieeeesesesesest ettt snes 40°CTo+85°C
STOMAgE TRMIPEIATUIE....iiiiiiiecteeeete ettt ettt et s e st e bt e sae e e be s bt e sraesbesneesaaesnness -65°CTo+150°C
VDDPIN relative tOVSSVOITAGE. ...coeiirieieieteeeererere ettt sttt ettt sttt s e e s -0.3VTo+6.5V
MCLRPin relative LOVSSVOITAGE ..ttt ettt ettt b et sttt sbesbesbe s ens -0.3VTo+13.5V All other
Pins are relative tOVSSVOItage. ....coiriiririiirieteeeseee ettt -0.3Vto(VDD+0.3V) Total power
CONSUMIPTION(1).tttrteutrreeeserteteuerteteserte st ssesteuesbeee bt see st sbessesesb et esesbeseese s et e bt asesesbeneene b et ebesbeneebensenessesenesbeneenenes 800mW OutflowVSS
MaximuUM CUITENT OF PINS....iiuiiiiiriiiiiirienenencse ettt s sttt e se e st e sbesbessesse et eseensessessenes 95mA InflowVDDMaximum
CUITENT OF PINS.uititieiiiiiiiririrtetete ettt a st ettt et et ebebesessssasssssss s s sssseseses 95mA Input clamp current,Iik (Vi<OorVi
............ +20mA Output clamp current,Iok (Vo<0orVo
BV 5 1 5 ) TS +20mA EitherI/OMaximum output current
SINKING ON PINS.eiiiiiiiiiieierenereseet ettt st sttt et e st e sbesbesbe s st st e e esessesbesresaeens 25mA EitherI/OMaximum output current
SOUFCEA DY @ PINliriiiiiiiiirieiriirieeset ettt ettt ettt ettt s bt e s be s e e sbe e ebesan 25mA PORTAandPORTC(joint)
MaXimuUM SINK CUMTENT ...ttt ettt ss et b e 90mA
PORTAGNAPORTC(JOINT)  MaXimUM SOUICE CUMTENE...cuurvueurreessseeessseeesssesessssseesssessssssesessssessssssessssssessssssessssssesssssnesssssnesesssnas 90mA

Note 1: The power consumption calculation formula is:Pois= VDD x { Iop-¥ Iox} + 3 { ( Vop-Von) x Ion} + Y ( Voux Iov)

N0t|Ce: If the operating conditions exceed the above "absolute maximum parameter values", permanent damage may occur to the device. The above values are only the maximum values of the
operating conditions. We do not recommend operating the device outside of this specification range. If the device works under absolute maximum parameter conditions for a long time, its

stability may be affected.
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picture13-1-1:MDT10F684Voltage-frequency diagram, -40°C<TA< +85°C
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13.2DC Electrical Characteristics

o Choracteristic Standard working conditions
Operating temperature -40°C<Ta<+85°C
symbol characteristic Minimum Typical Value ) Maximum unit condition
VDD voltage 2 5.5 \Y%
VDR RAMData retention voltage @ — 0.5* — \ Device in Sleep Mode
VddThe starting voltage ensures that the
VPOR — Vss — \'%
Electrical reset signal
VddThe rate of rise ensures that the
SvDD 0.05* — — V/ms
Electrical reset signal
230 ™
370 3.3V 4M
570 8M WDT
IDD Working current @ —_ —_ uA PED Dis
320 ™
IRC
580 5v 4M
880 8M
IPD Current drop @ —_ 1 —_ uA WDT Disable VDD=2.5V
AIWDT | wDTCurrent w) — 0.5 — UuA VDD=5V
VSS —_— 1.1 3VTLL
VIL VSS —_—— 1.1 y 3V SCHMITT
Input low voltage VSS . 1 6 5V TLL
VSS —_— 1.6 5V SCHMITT
1.1 —— VDD 3VTLL
1.9 —— VDD 3V SCHMITT
VIH Input high voltage V
1.6 —_— VDD 5V TLL
3.5 —_— VDD 5V SCHMITT
— owentyfour — VOL=0.7V
3V
— 28 — VOL=0.9V
IO L Output Sink Current mA
— 35 — VOL=0.7V
5V
— 42 — VOL=0.9V
— 13 — VOH=1.7V
3V
— 10 — VOH=2.1V
I0OH Output source current mA
—_ twenty two —_ VOH=3.6V
5V
— 12 — VOH=4.2V
1.7 -20% 1.7 1.7 +20% \ LOW
VPED Low voltage reset voltage 2.1-20% 21 2.1 +20% MIDDLE
3.8-20% 3.8 3.8 +20% HIGH
— 32 — 3V
R Pull-up resistor K
— 18 — 5V

Note: “—" means none or pending.
(1) The data in the typical column are25°C, this part of the data is for reference only.2)
This voltage is guaranteed not to be lostRAMMinimum dataVDD.
(3) Operating current varies primarily with operating voltage and frequency. Other factors such as bus loading, bus speed, internal code execution pattern, and temperature also affect the current.
Flow consumption.

(4) Power-down current is when the device is in sleep mode, alll/Opins are in high impedance state and connected toVddorVssMeasured when.
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13.3AC electrical characteristics

Standard working conditions

AC Characteristics
Operating temperature-40°C<Ta<+85°C

symbol characteristic Minimum Typical Value o Maximum unit condition
Fosc System clock 0 8M 20M Hz 5V
FHIRC Internal high speed clock -_— 4M 8 M HZ 5V
FLIRC Internal low speed clock -_— 31 K -_— HZ 5V
TeerD EEPROMReading time _ 1 _ TinS Instruction cycle
Teewr EEPROMWrite time _— 400us Tms S 5V
TINT Interrupt pulse 2 3 TInS Instruction cycle
System startup time
13 20 ms 5V
(Power-On Reset)
System startup time
1024 Tsys 5V
(Depend onSLEEPMode wake-up,
Tsst FsysexistSLEEPMode Off
5V
close)
System startup timéDepend onSLEEP
Mode wake-upmainly atSLEEP 1024 Tsys 5V
mode)
System reset delay time
13 20 ms 5V
(Power-On Reset)
TrsTD
System reset time
77 84 ms 5V

(WDTNormal reset)
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15.0Packaging information

15.1 P-DIP 8 PIN

|
i

/ - J
DJ-» ~B1 I \
D /
C
4 eA
11l 1T w .
MIN NOR MAX MIN NOR MAX
SYMBOLS SYMBOLS
(mm) (mm)
A 3.60 3.80 4.00 E1 6.15 6.35 6.55
A1 0.51 — — e 2.54BSC
A2 3.00 3.30 3.40 eA 7.62BSC
A3 1.55 1.60 1.65 eB 7.62 — 9.30
B1 1.52BSC eC 0 — 0.84
D 9.05 9.25 9.45 L 3.00 — —
L/FCarrier
. . 80*80
size(mil)
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15.2 SOP 8 PIN

/ \‘AZL
HEJjALL

H H H H 7 U
E1 E
B e B B
MIN NOR MAX MIN NOR MAX
SYMBOLS SYMBOLS
(mm) (mm)
A — — 1.75 E1 3.70 3.90 410
A1 0.10 — 0.225 e 1.27BSC
A2 1.30 1.40 1.50 h 0.25 — 0.50
A3 0.60 0.65 0.70 L 0.50 — 0.80
D 4.70 4.90 5.10 L1 1.05 BSC
E 5.80 6.00 6.20 - 0 — 8-
L/FCarrier
i . 80*80 90%90 95%130 —_—
size(mil)
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15.3 P-DIP 14 PIN

MDT MCU

Al
D
eA
RTATRTATRTATE :
) :
O
MIN NOR MAX MIN NOR MAX
SYMBOLS SYMBOLS
(mm) (mm)
A 3.60 3.80 4.00 E1 6.15 6.35 6.55
A1 0.51 — — e 2.54BSC
A2 3.20 3.30 3.40 eA 7.62BSC
A3 1.47 1.52 1.57 eB 7.62 — 9.30
B1 1.52BSC eC 0 —_ 0.84
D 18.90 19.10 19.30 L 3.00 —_ —_




MDT10F684 MD T MCU

15.4 SOP 14 PIN

| 7
PR 4= bt

L
-
B e B B
\ \
MIN NOR MAX MIN NOR MAX
SYMBOLS SYMBOLS
(mm) (mm)
A — — 1.75 E1 3.70 3.90 4.10
A1 0.10 — 0.225 e 1.27BSC
A2 1.30 1.40 1.50 h 0.25 — 0.50
A3 0.60 0.65 0.70 L 0.50 — 0.80
D 8.45 8.65 8.85 L1 1.05 BSC
E 5.80 6.00 6.20 - 0 — 8-
L/FCarrier 70*%70
. . 98*150 100.4*210 —_—
size(mil) 920*110
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15.5 P-DIP 16 PIN

[ |

Al
|
eA
> £
O
MIN NOR MAX MIN NOR MAX
SYMBOLS SYMBOLS
(mm) (mm)
A 3.60 3.80 4.00 E1 6.15 6.35 6.55
A1 0.51 — — e 2.54BSC
A2 3.20 3.30 3.40 eA 7.62BSC
A3 1.47 1.52. 1.57 eB 7.62 — 9.30
B1 1.52BSC eC 0 — 0.84
D 18.90 19.10 19.30 L 3.00 — —
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15.6 SOP 16 PIN

| | T
HE I s B e 6 B e ﬁu @igﬁ E{

O

HBEHWHHH

MIN NOR MAX MIN NOR MAX
SYMBOLS SYMBOLS
(mm) (mm)
A — — 1.75 E1 3.70 3.90 4.10
A1 0.05 — 0.225 e 1.27BSC
A2 1.30 1.40 1.50 h 0.25 — 0.50
A3 0.60 0.65 0.70 L 0.50 — 0.80
D 9.70 9.90 10.10 L1 1.05 BSC
E 5.80 6.00 6.20 - 0 — 8-
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