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MICROCHIP

MCV18E

18-Pin Flash Microcontroller

Microcontroller Core Features:

» High-Performance RISC CPU
» Only 35 Single-Word Instructions to Learn

- All single-cycle instructions except for
program branches which are two-cycle

Operating Speed: DC — 20 MHz Clock Input
DC - 200 ns Instruction Cycle

Interrupt Capability
(up to 7 internal/external interrupt sources)

8-Level Deep Hardware Stack
Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

Power-on Reset (POR)

Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own On-chip RC
Oscillator for Reliable Operation

Dual Level Brown-out Reset Circuitry

- 2.5 VBOR (Typical)

- 4.0 VBOR (Typical)

Programmable Code Protection
Power-Saving Sleep mode

Selectable Oscillator Options

Fully Static Design

In-Circuit Serial Programming™ (ICSP™)

Low-Power Features:

« Standby Current:

- 125 nA @ 2.4V, Min.

» Operating Current:

- 17.5 pA @ 32 kHz, 2.4V, Min.
- 150 pA @ 1 MHz, 2.4V, Min.

« Watchdog Timer Circuit:

- 1.25 pA @ 2.4V, Min.

* Timerl Oscillator Current:

- 3.75 pA @ 32 kHz, 2.4V, Min.

Peripheral Features:

Timer0: 8-Bit Timer/Counter with 8-Bit Prescaler

Timerl: 16-Bit Timer/Counter with Prescaler
can be incremented during Sleep via External
Crystal/Clock

Timer2: 8-Bit Timer/Counter with 8-Bit Period
Register, Prescaler and Postscaler

Enhanced Capture, Compare, PWM module:
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM maximum resolution is 10-bit
- Enhanced PWM:
- Single, Half-Bridge and Full-Bridge modes
- Digitally programmable dead-band delay
- Auto-shutdown/restart
8-Bit Multi-Channel Analog-to-Digital Converter

CMOS Technology:

» Wide Operating Voltage Range:
- Industrial: 5.5V

« High Sink/Source Current 25/25 mA

* Wide Temperature Range:
- Industrial: -40°C to 85°C

* 13 1/O Pins with Individual Direction Control
* Programmable Weak Pull-ups on PORTB

Memory _bi
Device /0 8-bit AID Timers 8/16 PWM VDD Range
Flash Data (ch) (outputs)
MCV18E 2048 x 14 128 x 8 13 4 2/1 1/2/4 5.5V

© 2009 Microchip Technology Inc.
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MCV18E

18-Pin Diagram

18-pin PDIP, SOIC

RA2/AN2 —[]1 —/ 180=—=RALAN1
RA3/AN3/VREF «——[] 2 17[]=— RAO/ANO
RA4/TOCKI <[] 3 16[]<~——OSC1/CLKIN
MCLRVPP— »[]4 Y  15[J—OSC2/CLKOUT
Vss——=[]5 S 14[J<——VDD
RBO/INT/ECCPAS2~——[]6 £ 13[J~—RB7/PID
RB1/T10SO/T1CKl ~—[] 7 12[]=—=RB6/P1C
RB2/T10S| -—[]8 11[]-—RB5/P1B
RB3/CCP1/P1A <~———[]9 10[ ]~ RB4/ECCPASO
TABLE 1: 18-PIN PDIP, SOIC SUMMARY
1/0 Pin Analog ECCP Timer Interrupts | Pull-ups Basic
RAO 17 ANO — — —_ — —
RA1 18 AN1 — — — — _
RA2 1 AN2 — — _ _ _
RA3 2 AN3/VREF — _ _ _ _
RA4 3 — — TOCKI — _ _
RBO 6 — ECCPAS2 — INT Y —
RB1 7 - - T10SO/T1CKI - Y -
RB2 8 — — T108SI — Y _
RB3 9 - CCP1/P1A - - Y -
RB4 10 — ECCPASO — I0C Y —
RB5 1 — P1B — 10C Y _
RB6 12 — P1C — I0C Y ICSPCLK
RB7 13 — P1D — I0C Y ICSPDAT
— 14 _ — — — — VDD
— > — - — — = Vss
— - — — — — MCLR/VPP
— | 16 — = — — = OSC1/CLKIN
— | 15 — — — — — OSC2/CLKOUT

DS41399A-page 4 © 2009 Microchip Technology Inc.



MCV18E

Table of Contents

1.0 Device Overview .... 4
b2 O I /(=100 T g A @ o =T 174 L1 (o) (PP U PP TPRROT 9
T O VL@ I = o] 4 T TP PP P PP PP 21
oo I T 1 [=T (O Yoo U =T PP PP VP PPPPPPPRPUPP 29
5.0  Timerl Module With Gate CONIOL........ciiiuiiie ittt et e e bt e ettt e e st e ee e s et eaasbee e ssee e nesee e nbeeaeabbeeeanbeeeeanneaesnnneeeanneas 33
(SO 0 =T 2 1Y (o To [ ] L= TP PP P PR P PRSPPI 39
7.0 Analog-to-Digital Converter (ADC) MOTUIE ........coi ittt s e et e e ab e e et bt e e sbbe e e ebeee e s neeeesneeesaneeeeannee 41
8.0 Enhanced Capture/Compare/PWM MOGUIE ..........ccuiiiiiiiiiitie ettt et ettt ettt s b e st e e be e n e e stae e 51
9.0 Special Features of the CPU...........ccccceoene ... 65

10.0 Electrical Characteristics............ ... 81
11.0 Packaging Information... ... 95
APPENIX Al REVISION HISTOMY .....eiiiit ettt ettt e et e o1 st e o1k et eea ke e e e ea ket e es bt e e ea e e e e s et e e s s ee e e s e e e nssbeeennsneeennnneenne 99
T = OO PP PP TRPTRPRT 101
Product IdentifiCAtION SYSTEM .......ciiiiiiiie ittt ettt b e bttt et e he e bt e e b e ea bbbt ettt er e et enr e et 107

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please contact your local Microchip Technology sales office.
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.

The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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NOTES:
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MCV18E

1.0 DEVICE OVERVIEW

This document contains device specific information for
the MCV18E. Figure 1-1 is the block diagram for the
MCV18E device. The pinouts are listed in Table 1-1.

FIGURE 1-1: MCV18E BLOCK DIAGRAM
13 DataBus 8 PORTA
[ Progam Counter <
Flash @ RAO
2K x 14 RA11l
Program RAM L RA2
Memory 8 Level Stack 128x8 Y RA3
13-hit X
( ) File RA4
Registers
Program  ;,
Bus PORTB
Instruction Reg RBO
RB1
H Direct Addr 7 RB2
RB3
RB4
RB5
RB6
8 RB7
Power-up
Timer
Instruction Oscillator
Decode and <r—>{ | Start-up Timer ALU
Control P
ower-on
Reset 8
OSCI/CLKIN [X]— Timing |\ | [ Watchdog
0SC2/CLKOUT [X]<—| Generation Timer eg
Brown-out
Reset
MCLR VDD, Vss
Timer0 Timerl Timer2
Enhanced CCP
(ECCP) AID
Note 1: Higher order bits are from the STATUS register.
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TABLE 1-1: MCV18E PINOUT DESCRIPTION
Name Function | Input Type | Output Type Description
MCLR/VPP MCLR ST _ Master clear (Reset) input. This pin is an active-low Reset to
the device.
VpPp P — Programming voltage input
OSC1/CLKIN OsC1 XTAL — Oscillator crystal input
CLKIN CMOS — External clock source input
CLKIN ST — RC Oscillator mode
OSC2/CLKOUT 0SC2 XTAL — Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillator mode.
CLKOUT — CMOS In RC mode, OSC2 pin outputs CLKOUT which has 1/4 the
frequency of OSC1, and denotes the instruction cycle rate.
RAO/ANO RAO TTL CMOS Bidirectional I/O
ANO AN — Analog Channel 0 input
RA1/AN1 RA1 TTL CMOS Bidirectional 1/0
AN1 AN — Analog Channel 1 input
RA2/AN2 RA2 TTL CMOS Bidirectional I/O
AN2 AN — Analog Channel 2 input
RA3/AN3/VREF RA3 TTL CMOS Bidirectional 1/0
AN3 AN — Analog Channel 3 input
VREF AN — A/D reference voltage input
RA4/TOCKI RA4 ST oD Bidirectional I/O. Open drain when configured as output.
TOCKI ST — Timer0 external clock input
RBO/INT/ECCPAS2 RBO TTL CMOS Bidirectional I/O. Programmable weak pull-up.
INT ST — External Interrupt
ECCPAS2 ST — ECCP Auto-Shutdown pin
RB1/T10SO/T1CKI RB1 TTL CMOS Bidirectional I/O. Programmable weak pull-up.
T10SO — XTAL Timerl oscillator output. Connects to crystal in Oscillator
mode.
T1CKI ST — Timerl external clock input
RB2/T10SI RB2 TTL CMOS Bidirectional I/O. Programmable weak pull-up.
T10SI XTAL — Timer1 oscillator input. Connects to crystal in Oscillator mode.
RB3/CCP1/P1A RB3 TTL CMOS Bidirectional I/O. Programmable weak pull-up.
CCP1 ST CMOS Capturel input, Comparel output, PWM1 output.
P1A — CMOS PWM P1A output
RB4/ECCPASO RB4 TTL CMOS Bidirectional I/0. Programmable weak pull-up. Interrupt-on-
change.
ECCPASO ST — ECCP Auto-Shutdown pin
RB5/P1B RB5 TTL CMOS Bidirectional I/O. Programmable weak pull-up. Interrupt-on-
change.
P1B — CMOS PWM P1B output
RB6/P1C RB6 TTL CMOS Bidirectional /0. Programmable weak pull-up. Interrupt-on-
change. ST input when used as ICSP™ programming clock.
Pi1C — CMOS PWM P1C output
RB7/P1D RB7 TTL CMOS Bidirectional I/O. Programmable weak pull-up. Interrupt-on-
change. ST input when used as ICSP™ programming data.
P1D — CMOS PWM P1D output
Vss Vss P — Ground reference for logic and 1/0O pins.
VDD VDD P — Positive supply for logic and 1/O pins.
Legend: | =Input AN = Analog input or output oD = Open drain
O = Output TTL =TTL compatible input ST = Schmitt Trigger input with CMOS levels
P = Power XTAL = Crystal CMOS = CMOS compatible input or output

DS41399A-page 8
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MCV18E

2.0 MEMORY ORGANIZATION

There are two memory blocks in the MCV18E device.
Each block (program memory and data memory) has
its own bus so that concurrent access can occur.

2.1 Program Memory Organization

The MCV18E has a 13-bit Program Counter (PC) capa-
ble of addressing an 8K x 14 program memory space.
The MCV18E has 2K x 14 words of program memory.
Accessing a location above the physically implemented
address will cause a wrap-around.

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP

AND STACK OF MCV18E

PC<12:0>

CALL, RETURN 13
RETFI E, RETLW

Stack Level 1

Stack Level 8

Reset Vector 0000h

: <::
Interrupt Vector 0004h
0005h

On-chip Program
Memory

User Memory
Space

07FFh
0800h

1FFFh

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers (GPR)
and the Special Function Registers (SFR). Bits RP1
and RPO of the STATUS register are the bank select
bits.

RP<1:0>(1) Bank
(Status<6:5>)
00 0
01 1
10 20
11 3@

Note 1. Maintain Status bit 6 clear to ensure
upward compatibility with future products.

2:  Notimplemented

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function
Registers are General Purpose Registers,
implemented as static RAM. All implemented banks
contain Special Function Registers. The upper 16 bytes
of GPR space and some “high use” Special Function
Registers in Bank 0 are mirrored in Bank 1 for code
reduction and quicker access.

© 2009 Microchip Technology Inc.
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221 GENERAL PURPOSE REGISTER FIGURE 2-2: REGISTER FILE MAP
FILE
The register file can be accessed either directly or File File
indirectly through the File Select Register FSR Address Address
(Section 2.5 “Indirect Addressing, INDF and FSR 00h INDF®D INDFD 80h
Registers”). 01h| TMRO OPTION_REG | 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h 87h
08h 88h
09h 89h
0Ah| PCLATH PCLATH 8Ah
0Bh| INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch
0Dh 8Dh
OEh TMR1L PCON 8Eh
OFh TMR1H 8Fh
10h T1CON 90h
11h TMR2 91h
12h T2CON PR2 92h
13h 93h
14h 94h
15h| CCPRI1L 95h
16h| CCPR1H 96h
17h| CCP1CON 97h
18h | PWM1CON 98h
19h| ECCPAS 99h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh| ADRES 9Eh
1Fh| ADCONO ADCON1 | 9Fh
20h General General AOh
Purpose Purpose
Register Register
80 Bytes Coh
6Fh EFh
70h| 16 Ey_ltés_ i Accesses FOh
7Fh 70-7Fh FFh
Bank 0 Bank 1
D Unimplemented data memory locations,
read as ‘0’
Note 1: Not a physical register.
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2.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
give in Table 2-1.

The Special Function Registers can be classified into
two sets; core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in that
peripheral feature section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY BANK 0

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\g‘;‘feB%”R Page
00h INDF(D) Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 20
0lh TMRO Timer0 module’s register XXXX XXXX 29
02h pcL®W Program Counter’s (PC) Least Significant Byte 0000 0000 | 19
03h STATUSW IRP() | RP1(4) ‘ RPO | TO ‘ PD | z | DC ‘ c 0001 1xxx | 13
04h FsrR® Indirect Data Memory Address Pointer XXXX XXXX 20
05h PORTAG:6) — — —™ RA4 RA3 RA2 RAL RAO ---x 0000 | 21
06h PORTB(®:6) RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX 23
07h-09h — Unimplemented =

O0Ah PCLATH(®2 — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 19
0Bh INTCON® GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 15
0Ch PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF -0-- -000 17
0Dh — Unimplemented =

OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 33
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 33
10h T1CON — | — [rickesi | 11ckpso | T10SCEN| TISYNC | TMRICS | TMRION | --00 0000 | 36
11h TMR2 Timer2 Module’s Register 0000 0000 39
12h T2CON — [ Toutpss | Toutps2 | Toutps1 | TouTPso | TMR20N | T2ckPs1 | T2ckPs0 | - 000 0000 | 40
13h-14h — Unimplemented =

15h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX 52
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX 52
17h CCP1CON P1M1 P1MO DC1B1 DC1BO CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | 0000 0000 52
18h PWM1CON PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 0000 0000 64
19h ECCPAS ECCPASE | ECCPAS2 —® ECCPASO | PSSAC1 PSSACO | PSSBD1 PSSBDO | 00-0 0000 61
1Ah-1Dh — Unimplemented =

1Eh ADRES A/D Result Register XXXX XXXX 41
1Fh ADCONO ADCS1 | ADCS0 ‘ CHS2 | CHS1 ‘ CHSO0 | GO/DONE | —M ‘ ADON | 0000 0000 | 45
Legend: x = unknown, u = unchanged, q = value depends on condition, — = unimplemented, read as ‘0’, Shaded locations are unimplemented,

read as ‘0.
Note 1: These registers can be addressed from either bank.
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8> whose contents are
transferred to the upper byte of the program counter.
Other (non Power-up) Resets include: external Reset through MCLR and the Watchdog Timer Reset.
The IRP and RP1 bits are reserved. Always maintain these bits clear.
On any device Reset, these pins are configured as inputs.
This is the value that will be in the PORT output latch.
Reserved bits, do not use.
ECCPASL bit is not used on MCV18E.

N

O N ORA®
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TABLE 2-2: SPECIAL FUNCTION REGISTER SUMMARY BANK 1

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gll?u,eB?R Page
80h INDF®D) Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 20
81h OPTION_REG RBPU | INTEDG ‘ TOCS | TOSE ‘ PSA | PS2 ‘ PS1 | PSO 1111 1111 14
82h pCLW Program Counter’s (PC) Least Significant Byte 0000 0000 19
83h STATUS® IRP() | RP14 ‘ RPO | TO ‘ PD | z ‘ DC | C 0001 1xxx | 13
84h FSR® Indirect Data Memory Address Pointer XXXX XXXX 20
85h TRISA — — —(@) TRISA4 TRISA3 TRISA2 TRISA1 TRISAO ---1 1111 21
86h TRISB TRISB7 TRISB6 TRISB5 | TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 23
87h-89h — Unimplemented —
8Ah PCLATH(12 — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 19
8Bh INTCON® GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 15
8Ch PIE1 — ADIE — — — CCP1IE TMR2IE TMRI1IE -0-- -000 16
8Dh — Unimplemented —
8Eh PCON = | = ‘ = | = ‘ = | = ‘ POR | BOR —--- --qQ 16
8Fh-91h — Unimplemented =
92h PR2 Timer2 Period Register 1111 1111 | 39,56
93h-9Eh — Unimplemented =
9Fh ADCON1 — — — — — PCFG2 PCFG1 PCFGO ---- -000 46
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, Shaded locations are unimplemented,
Note 1: Tﬁ(jsde?fag?s.ters can be addressed from either bank.

2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8> whose contents are

transferred to the upper byte of the program counter.

Other (non Power-up) Resets include: external Reset through MCLR and the Watchdog Timer Reset.
The IRP and RP1 bits are reserved. Always maintain these bits clear.

On any device Reset, these pins are configured as inputs.

This is the value that will be in the PORT output latch.

Reserved bits, do not use.

Noak®
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MCV18E

2221 STATUS Register

The STATUS register, shown in Register 2-1, contains
the arithmetic status of the ALU, the Reset status and
the bank select bits for data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOV instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any Status bits, see the
“Instruction Set Summary.”

Note 1: The MCV18E does not use bits IRP and
RP1 of the STATUS register. Maintain
these bits clear to ensure upward
compatibility with future products.

2: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in

intended. subtraction.
For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).
REGISTER 2-1: STATUS: STATUS REGISTER
Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO TO PD z DC C
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 IRP: This bit is reserved and should be maintained as ‘0’
bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit 5 RPO: Register Bank Select bit (used for direct addressing)
1 = Bank 1 (80h-FFh)
0 = Bank 0 (00h-7Fh)
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRADT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions), For Borrow, the polarity is

reversed.

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/Borrow bit)) (ADDWE, ADDLW SUBLW SUBWFE instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1. For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the sec-
ond operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order bit

of the source register.

© 2009 Microchip Technology Inc.
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2222 OPTION Register

The OPTION register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single
assignable register known also as the prescaler), the
External INT Interrupt, TMRO and the weak pull-ups on
PORTB.

Note:  To achieve a 1:1 prescaler assignment for
the TimerO register, assign the prescaler
to the Watchdog Timer.

REGISTER 2-2: OPTION_REG: OPTION REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual PORT latch values

bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
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
111 1:256 1:128

DS41399A-page 14 © 2009 Microchip Technology Inc.
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2223 INTCON Register

The INTCON Register is a readable and writable
register which contains various enable and flag bits for
the TMRO register overflow, RB Port change and
external RBO/INT pin interrupts.

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE PEIE TOIE INTE RBIE(D TOIF®@ INTF RBIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: PORTB Change Interrupt Enable bit(1)
1 = Enables the PORTB change interrupt
0 = Disables the PORTB change interrupt
bit 2 TOIF: TimerO Overflow Interrupt Flag bit(®
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: PORTB Change Interrupt Flag bit
1 = When at least one of the PORTB general purpose I/O pins changed state (must be cleared in
software)

0 = None of the PORTB general purpose I/O pins have changed state

Note 1: IOCB register must also be enabled.

2:  TOIF bit is set when TimerO rolls over. Timer0O is unchanged on Reset and should be initialized before
clearing TOIF bit.

© 2009 Microchip Technology Inc. DS41399A-page 15
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2224

This register contains the individual enable bits for the

PIE1 Register Note:

Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.

peripheral interrupts.

REGISTER 2-4: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1
u-0 R/W-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0
— ADIE — — — CCP1IE TMR2IE TMRL1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5-3 Unimplemented: Read as ‘0’
bit 2 CCPL1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 1 TMR2IE: Timer2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt
bit 0 TMR1IE: Timerl Overflow Interrupt Enable bit

1 = Enables the Timerl overflow interrupt
0 = Disables the Timerl overflow interrupt

DS41399A-page 16
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2225 PIR1 Register Note: Interrupt flag bits get set when an interrupt
This register contains the individual flag bits for the condition occurs, regardless of the state of
peripheral interrupts. its corresponding enable bit or the global
enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-5: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

U-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0

— ADIF — — | — | ccPiF TMR2IF TMRLIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIF: A/D Interrupt Flag bit

1 = A/D conversion complete
0 = A/D conversion has not completed or has not been started

bit 5-3 Unimplemented: Read as ‘0’
bit 2 CCPL1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare Mode

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM Mode

Unused in this mode

bit 1 TMR2IF: Timer2 to PR2 Match Interrupt Flag bit

1 = Timer2 to PR2 match occurred (must be cleared in software)
0 = Timer2 to PR2 match has not occurred

bit 0 TMR1IF: Timerl Overflow Interrupt Flag bit

1 = Timer1 register overflowed (must be cleared in software)
0 = Timerl has not overflowed
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2226 PCON Register Note: Ifthe BOREN Configuration bit is set, BOR
The Power Control (PCON) register contains a flag bit is ‘1" on Power-on Reset and reset to ‘0’
to allow differentiation between a Power-on Reset when a Brown-out condition occurs. BOR
(POR) to an external MCLR Reset or WDT Reset. must then be set by the user and checked
These devices contain an additional bit to differentiate on subsequent Resets to see if it is clear,
a Brown-out Reset condition from a Power-on Reset indicating that another Brown-out has
condition. occurred.

If the BOREN Configuration bit is clear,

BOR is unknown on Power-on Reset.

REGISTER 2-6: PCON: POWER CONTROL REGISTER

U-0 U-0 U-0 uU-0 U-0 U-0 R/W-0 R/W-x
— — — — — — POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-2 Unimplemented: Read as ‘0’
bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit O BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)
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2.3 PCL and PCLATH

The Program Counter (PC) is 13 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC<12:8>) is not directly
readable or writable and comes from PCLATH. On any
Reset, the PC is cleared. Figure 2-3 shows the two
situations for the loading of the PC. The upper example
in Figure 2-3 shows how the PC is loaded on a write to
PCL (PCLATH<4:0> — PCH). The lower example in
Figure 2-3 shows how the PC is loaded during a CALL or
QOTOinstruction (PCLATH<4:3> — PCH).

23.1 MODIFYING PCL

Executing any instruction with the PCL register as the
destination simultaneously causes the Program
Counter PC<12:8> bits (PCH) to be replaced by the
contents of the PCLATH register. This allows the entire
contents of the program counter to be changed by
writing the desired upper 5 bits to the PCLATH register.
When the lower 8 bits are written to the PCL register, all
13 bits of the program counter will change to the values
contained in the PCLATH register and those being
written to the PCL register.

A computed GOTOis accomplished by adding an offset
to the program counter (ADDWF PCL). Care should be
exercised when jumping into a look-up table or
program branch table (computed GOTO) by modifying
the PCL register. Assuming that PCLATH is set to the
table start address, if the table length is greater than
255 instructions or if the lower 8 bits of the memory
address rolls over from OxFF to 0x00 in the middle of
the table, then PCLATH must be incremented for each
address rollover that occurs between the table
beginning and the target location within the table.

For more information refer to Application Note AN556,
“Implementing a Table Read” (DS00556).

2.3.2 PROGRAM MEMORY PAGING

The CALL and GOTO instructions provide 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTOinstruction,
the upper bit of the address is provided by
PCLATH<3>. When doing a CALL or GOTO instruction,
the user must ensure that the page select bit is
programmed so that the desired program memory
page is addressed. If a RETURNfrom a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<3> bit is not required for the RETURN
instructions (which POPs the address from the stack).

FIGURE 2-3: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 87 0 Instruction with

| T PCL as

' 8 Destination
% ALU

PCLATH<4:0>
5

PCLATH

PCH PCL
12 1110 87 0
| | | | QOTO, CALL

. 11
PCLATH<4:3> 1%: Opcode <10:0>

2

[T T 117
PCLATH
2.4 Stack

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Mid-range devices have an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space, and the Stack Pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLWor a RETFI E instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed 8 times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

© 2009 Microchip Technology Inc.
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2.5 Indirect Addressing, INDF and

FSR Registers

The INDF register is not a physical register. Addressing
INDF actually addresses the register whose address is
contained in the FSR register (FSR is a pointer). This is
indirect addressing.

EXAMPLE 2-1: INDIRECT ADDRESSING

 Register file 05 contains the value 10h

* Register file 06 contains the value 0Ah

» Load the value 05 into the FSR register

» Aread of the INDF register will return the value of
10h

« Increment the value of the FSR register by one
(FSR = 06)

* A read of the INDR register now will return the
value of OAh.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although Status bits may be affected).

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

EXAMPLE 2-2: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
MOVLW 0x20 ;initialize pointer
MOVWAF  FSR ;to RAM
NEXT CLRF INDF  ;clear RAM & FSR
I NCF FSR ;inc pointer
BTFSS FSR 4 ;all done?
GOTO  NEXT ;no, clear next
CONTI NUE
;yes, continue

An effective 9-bit address is obtained by concatenating
the 8-bit FSR register and the IRP bit of the STATUS
register, as shown in Figure 2-4. However, IRP is not
used in the MCV18E.

Indirect Addressing

FIGURE 2-4: DIRECT/INDIRECT ADDRESSING
Direct Addressing
RP1:RPO 6 from opcode 0
2
o | LT[ []]
LV_J - \4 J
Bank Select Location Select
- » 00 01
00h 80h
Data
Memory®
7Fh FFh
Bank 0O Bank 1
Note 1: For register file map detail see Figure 2-2.
2:  Maintain clear for upward compatibility with future products.
3:  Not implemented.

IRP 7 FSR register 0
@ L[ [T T 1[]]
k v A v J
Bank Select Location Select

10 1 <’

100h 180h

(3) (3

17Fh 1FFh

Bank 2 Bank 3
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3.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

3.1 PORTA and the TRISA Register

PORTA is a b5-bit wide bidirectional port. The
corresponding data direction register is TRISA. Setting
a TRISA bit (= 1) will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISA bit (= 0)
will make the corresponding PORTA pin an output (i.e.,
put the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the PORT latch.
All write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the
PORT data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

PORTA pins, RA<3:0>, are multiplexed with analog
inputs and analog VREF input. The operation of each
pin is selected by clearing/setting the control bits in the
ADCONL1 register (A/D Control Register 1).

Note: On a Power-on Reset, these pins are
configured as analog inputs and read as
‘0.

The TRISA register controls the direction of the RA

pins, even when they are being used as analog inputs.

The user must ensure the bits in the TRISA register are

maintained set when using them as analog inputs.

Note:  Setting RA3:0 to output while in Analog
mode will force pins to output contents of
data latch.

EXAMPLE 3-1:

INITIALIZING PORTA

BCF STATUS, RPO
CLRF  PORTA

BSF STATUS, RPO
MOVLW OxEF

MOV TRI SA

BCF STATUS, RPO

;Initialize PORTA by

;cl earing out put
;data | atches

; Sel ect Bank 1

; Val ue used to
;initialize data
;direction

; Set RA<3:0> as inputs

; RA<4> as out puts
;Return to Bank O

FIGURE 3-1: BLOCK DIAGRAM OF
RA<3:0>
DATA
BUS D Q
VDD
WR VDD
PORT— CKT_Q Dd 5
Data Latch J -—|X’
) D p D N 1/0 pin
WR
TRIS—| CK\_ 0 Vss  Vss
TRIS Latch Analog
Input
mode
RD TRIS TTL
Input
Buffer
Q D
EN
RD PORT

=

To A/D Converter

€

© 2009 Microchip Technology Inc.
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FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Latch
DATA
BUS D Q RA4/TOCKI
WR oK~ = '_|X|
PORT lQ@ N
TRIS Latch
*— D Q Vss Vss
WR )
TRIS ck~_ol? ?C.hm'“ N
o/
;] Buffer
q
RD TRIS
e Q D
EN —|

RD PORT

[

Timer0 Clock Input

-

TABLE 3-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
PORTA — — — RA4 RA3 RA2 RA1 RAO |[---x 0000 |---u uuuu
TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO |[---1 1111 |---1 1111
ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO |---- -000|---- -000
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTA.
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISB. Setting
a TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

EXAMPLE 3-2: INITIALIZING PORTB

BCF STATUS, RPO ;sel ect Bank 0O

CLRF PORTB ;lnitialize PORTB by
; ¢l earing out put
;data | atches

BSF STATUS, RPO ; Select Bank 1

MOVLW  OXCF ; Val ue used to

;initialize data

;direction

; Set RB<3:0> as inputs

; RB<5: 4> as out puts

; RB<7: 6> as inputs

MOVWWF  TRI SB

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU of the OPTION regis-
ter. The weak pull-up is automatically turned off when
the port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RBO/INT/ECCPAS2 PIN
VDD VbD
RBPUD H
weak
D_O' P pull-up
DATA Data Latch
BUS D Q
WR RBO/
PORT CK INT/____
R ECCPAS2
TRIS Latch
e— D Q Vss
WR
TRIS CK™
TTL
r Input 7
Buffer
RD TRIS
RD PORT EN
Schmitt Trigger
RBO/INT . uffer 1
~
‘ RD PORT
ECCPAS2: ECCP Auto-shutdown input
Note 1: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION register).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTB pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (such as BSF, BCF, XORWF) with
TRISB as the destination should be avoided. The user
should refer to the corresponding peripheral section for
the correct TRIS bit settings.

Four of PORTB's pins, RB<7:4>, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins, RB<7:4>, are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB<7:4> are
OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF of the INTCON register.

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

1. Perform a read of PORTB to end the mismatch
condition.

2. Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

© 2009 Microchip Technology Inc.
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FIGURE 3-4: BLOCK DIAGRAM OF RB1/T10SO/T1CKI PIN

RBPUM
m—N

T10SCEN

VDD

Data Latch
D Q

DATA BUS

RB1/T10SO/T1CKI

WR PORTB CK_\‘_G

TRIS Latch
D Q —
CKLQ

1:< |7
RD TRISB
T10SCEN Dc

TTL Buffer

EN
RD PORTB

T10SI (From RB2)

Vss

WR TRISB

\

TMR1 oscillator
To Timerl clock input /_/.I

N

ST Buffer
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).

FIGURE 3-5: BLOCK DIAGRAM OF RB2/T10SI PIN
VDD
RBPUX
T10SCEN RBPUE:D weak
pull-up VDD
Data Latch
DATA BUS D Q RB2/T10SlI
WR PORTB CKL O
TRIS Latch
— D Q M Vss
WR TRISB )
L
RD TRIS
T10SCEN {>Q I
TTL Buffer
EN %
RD PORTB
* TMR1
T10SO0 (To RB1) O<] Oscillator

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).
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FIGURE 3-6: BLOCK DIAGRAM OF RB3/CCP1/P1A PIN

BRrP! L
[PWMA(P1A) / CCP1 Compare] Output Enable RB%—q

[PWMA(P1A) / CCP1 Compare] Output

VDD

o

PWMA(P1A) Auto-shutdown tri-state —D_

TTL Buffer

Data Latch J
DATA BUS
D Q
WR PORTB CK_\‘_G
TRIS Latch
D Q
WR TRISB —
CKLQ
RD TRIS
/I Q D
EN
RD PORTB

Schmitt Trigger Buffer

RB3/CCP1/P1A

Vss

}_4_

CCP — Capture input //.]
\I

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).

FIGURE 3-7: BLOCK DIAGRAM OF RB4/ECCPASO PIN

RBPUM I::

VDD

gweak VDD
pull-up

Data Latch
DATA BUS RB4/ECCPASO
D Q
WR PORTB CK_\_
TRIS Latch
D Q Vss
WR TRISB TTL
CK_\— Buffer:7 %7
ST
p > Buffer
RD TRIS Latch
/I Q D
RD PORT EN Q1
Set RBIF
(i P—
Eré)ggltg%rins RD PORT Note 1: To enable weak pull-ups, set
’ EN the appropriate TRIS bit(s)
Q3 and clear the RBPU bit of the

ECCPASO: ECCP Auto-Shutdown input

OPTION register.

© 2009 Microchip Technology Inc.
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FIGURE 3-8: BLOCK DIAGRAM OF RB5/P1B PIN
Voo
(1)
PWMB(P1B) Enable RBPU_ 4 é weak oo
PWMB(P1B) Data out — pull-up
PWMB(P1B) Auto-shutdown tri-state |_ 1
RB5/P1B
DATA BUS Data Latch
D Q 0
WR PORTB CK_\_
TRIS Latch Vss
D Q
WR TRISB o
CK \Q TTL
_\— K Buffer
]
RD TRISB Latch
/‘ Q D
RD PORTB EN ——Q1
Set RBIF
From other i Q D
RB<7:4> pins
EN @ RD PORTB
Q3
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).
FIGURE 3-9: BLOCK DIAGRAM OF RB6/P1C PIN
VDD
(1)
PWMC(P1C) Enable RBPU_____ 4P "eak Voo
PWMC(P1C) Data out — pull-up
PWMC(P1C) Auto-shutdown tri-state 1
RB6/P1C
DATA BUS Data Latch
D Q 0
WR PORTB CK_\_
TRIS Latch Vss
D Q
WR TRISB o
CK \Q ST TTL
A Buﬁex\7 K Buffer
]
RD TRISB Latch
/] Q D
RD PORTB EN ——Q1
Set RBIF
From other E Q D
RB<7:4> pins
EN @ RD PORTB
Q3
ICSPC — In-Circuit Serial Programming™ Clock Input
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).

DS41399A-page 26

© 2009 Microchip Technology Inc.




MCV18E

FIGURE 3-10: BLOCK DIAGRAM OF RB7/P1D PIN
Voo
RBPUD
PWMD(P1D) Enable RBPU 4 lg weak  vpp
PWMD(P1D) Data out — pull-up
PWMD(P1D) Auto-shutdown tri-state I_ 1
DATA BUS Data Latch \) RB7/P1D
D Q 0
WR PORTB CK_\_
TRIS Latch Vss
D Q
WR TRISB o
CK ST TTL
e Buffer \7 K Buffer
p
RD TRISB Latch
/‘ Q D
RD PORTB EN —Q1
Set RBIF
e o
Erggﬁ?%tge;ins N Note 1: Toenable weak_ pull-ups,
RD PORTB set the appropriate TRIS
EN @QS bit(s) and clear the RBPU
L X - bit of the OPTION register.
ICSPD - In-Circuit Serial Programming™ Data Input
TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
OPTION_REG | RBPU |INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111

Legend: X =unknown, u = unchanged. Shaded cells are not used by PORTB.
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NOTES:
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40 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

 8-hit timer/counter register (TMRO)

 8-bit prescaler (shared with Watchdog Timer)

» Programmable internal or external clock source

* Programmable external clock edge selection

* Interrupt on overflow

Figure 4-1 is a block diagram of the TimerO module.

4.1 Timer0Q Operation

When used as a timer, the TimerO module can be used
as either an 8-bit timer or an 8-bit counter.

4.1.1 8-BIT TIMER MODE

When used as a timer, the Timer0 module will
increment every instruction cycle (without prescaler).
Timer mode is selected by clearing the TOCS bit of the
OPTION register to ‘0.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

Note:  The value written to the TMRO register can
be adjusted, in order to account for the two
instruction cycle delay when TMRO is
written.

41.2 8-BIT COUNTER MODE

When used as a counter, the Timer0 module will
increment on every rising or falling edge of the TOCKI
pin. The incrementing edge is determined by the TOSE
bit of the OPTION register. Counter mode is selected by
setting the TOCS bit of the OPTION register to ‘1’.

FIGURE 4-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
Fosc/4
Data Bus
0
8
! 1 Y
Sync o
1 ™ 2 Tey > TMRO
TOCKI 0
pin ]
TOSE TOCS 8-bit Set Flag bit TOIF
Prescaler A on Overflow
b
PSA
WDTE
PS<2:0> 1
I WDT
Time-out
0
31 kHz Watchdog J
INTOSC Timer PSA
Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION register.
2:  WDTE bit is in the Configuration Word register.
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4.1.3 SOFTWARE PROGRAMMABLE
PRESCALER

A single software programmable prescaler is available
for use with either TimerO or the Watchdog Timer
(WDT), but not both simultaneously. The prescaler
assignment is controlled by the PSA bit of the OPTION
register. To assign the prescaler to Timer0, the PSA bit
must be cleared to a ‘0’.

There are 8 prescaler options for the TimerO0 module
ranging from 1:2 to 1:256. The prescale values are
selectable via the PS<2:0> bits of the OPTION register.
In order to have a 1:1 prescaler value for the TimerO
module, the prescaler must be assigned to the WDT
module.

The prescaler is not readable or writable. When
assigned to the Timer0 module, all instructions writing to
the TMRO register will clear the prescaler.

When the prescaler is assigned to WDT, a CLRWDT
instruction will clear the prescaler along with the WDT.

4131 Switching Prescaler Between
Timer0 and WDT Modules

As a result of having the prescaler assigned to either
TimerO or the WDT, it is possible to generate an
unintended device Reset when switching prescaler
values. When changing the prescaler assignment from
Timer0 to the WDT module, the instruction sequence
shown in Example 4-1, must be executed.

EXAMPLE 4-1: CHANGING PRESCALER
(TIMERO — WDT)

BANKSEL TMRO ;
CLRWDT ; Clear VDT

CLRF TMRO ;Clear TMRO and
; prescal er
BANKSEL OPTI ON_REG ;

BSF OPTI ON_REG, PSA ; Sel ect WDT
CLRVWDT ;

MOVLW b’ 11111000’ ; Mask prescal er
ANDWF OPTI ON_REG W ;bits

| ORLW b’ 000001071’ ; Set WDT prescal er
MOVWF OPTI ON_REG ;to 1:32

When changing the prescaler assignment from the
WDT to the Timer0 module, the following instruction
sequence must be executed (see Example 4-2).

EXAMPLE 4-2: CHANGING PRESCALER
(WDT — TIMERO)
CLRVWDT ; Clear VOT and

; prescal er
BANKSEL OPTI ON_REG
MOVLW b’ 11110000° ; Mask TMRO sel ect and
ANDWF  OPTION_REG W ; prescaler bits
| ORLW b’ 00000011’ ; Set prescale to 1:16
MOVWF OPTI ON_REG ;

4.1.4 TIMERO INTERRUPT

Timer0 will generate an interrupt when the TMRO
register overflows from FFh to 00h. The TOIF interrupt
flag bit of the INTCON register is set every time the
TMRO register overflows, regardless of whether or not
the TimerO0 interrupt is enabled. The TOIF bit must be
cleared in software. The TimerO interrupt enable is the
TOIE bit of the INTCON register.

Note:  The TimerQ interrupt cannot wake the
processor from Sleep since the timer is

frozen during Sleep.

4.1.5 USING TIMERO WITH AN
EXTERNAL CLOCK

When TimerO0 is in Counter mode, the synchronization
of the TOCKI input and the TimerO register is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks.
Therefore, the high and low periods of the external
clock source must meet the timing requirements as
shown in the Section 10.0 “Electrical
Characteristics”.
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TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
TMRO Timer0 Module Register XXXX XXXX [uuuu uuuu
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 00OQu
OPTION_REG RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | ---1 1111 | ---1 1111
Legend: —=Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Timer0
module.
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5.0 TIMER1 MODULE WITH GATE
CONTROL

The Timerl module is a 16-bit timer/counter with the
following features:

 16-bit timer/counter register pair (TMR1H:TMR1L)

« Programmable internal or external clock source
 3-bit prescaler

» Optional LP oscillator

» Synchronous or asynchronous operation

* Interrupt on overflow

* Wake-up on overflow (external clock,
Asynchronous mode only)

« Time base for the Capture/Compare function
» Special Event Trigger (with ECCP)

Figure 5-1 is a block diagram of the Timerl module.

5.1 Timerl Operation

The Timerl module is a 16-bit incrementing counter
which is accessed through the TMR1H: TMRLL register
pair. Writes to TMR1H or TMR1L directly update the
counter.

When used with an internal clock source, the module is
a timer. When used with an external clock source, the
module can be used as either a timer or counter.

5.2 Clock Source Selection

The TMR1CS bit of the TLCON register is used to select
the clock source. When TMRI1CS = 0, the clock source
is Fosc/4. When TMR1CS = 1, the clock source is
supplied externally.

FIGURE 5-1: TIMER1 BLOCK DIAGRAM
Set flag bit
TMR1IF on
Overflow ) 0| Synchronized
TMR1 clock input
TMR1H | TMR1L .
1| -—
TMR1ON
T on/off T1SYNC
' T1I0SC !
RB1/T10SO/T1CKI E * L 4 {} 1 —3
: | Prescaler Synchronize B
T10SCEN Fosc/4 1,2,4,8 A det
Enable . Internal 0 I
RB2/T10SI Oscillator® j( 2

Note 1: ST Bufferis low-power type when using LP oscillator, or high-speed type when using T1CKI.
2:  Timerl register increments on rising edge.
3:  Synchronize does not operate while in Sleep.

Sleep input
T1CKPS<1:0>

521 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMRLL register pair will increment on multiples
of Tcy as determined by the Timerl prescaler.

5.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timerl
module may work as a timer or a counter.

When counting, Timerl is incremented on the rising
edge of the external clock input T1CKI. In addition, the
Counter mode clock can be synchronized to the
microcontroller system clock or run asynchronously.

In Counter mode, a falling edge must be registered by
the counter prior to the first incrementing rising edge
after one or more of the following conditions:

» Timerl is enabled after POR or BOR

e A write to TMR1H or TMR1L

* T1CKl is high when Timer1 is disabled and when
Timerl is re-enabled T1CKI is low. See Figure 5-2.
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5.3 Timerl Prescaler

Timerl has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The TICKPS bits of the
T1CON register control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write to
TMR1H or TMRL1L.

54 Timerl Oscillator

A low-power 32.768 kHz crystal oscillator is built-in
between pins T10SI (input) and T1OSO (output). The
oscillator is enabled by setting the TLOSCEN control
bit of the TLCON register. The oscillator will continue to
run during Sleep.

The Timerl oscillator is shared with the system LP
oscillator. Thus, Timerl can use this mode only when
the primary system clock is derived from the internal
oscillator or when in LP oscillator mode. The user must
provide a software time delay to ensure proper
oscillator start-up.

TRISB1 and TRISB2 bits are set when the Timerl
oscillator is enabled. RB1 and RB2 bits read as ‘0’ and
TRISB1 and TRISB2 bits read as ‘1'.

Note:  The oscillator requires a start-up and
stabilization time before use. Thus,
T1OSCEN should be set and a suitable
delay observed prior to enabling Timer1.

5.5 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC of the TLCON register is set, the
external clock input is not synchronized. The timer
continues to increment asynchronous to the internal
phase clocks. The timer will continue to run during
Sleep and can generate an interrupt-on-overflow,
which will wake-up the processor. However, special
precautions in software are needed to read/write the
timer (see Section 5.5.1 “Reading and Writing
Timerl in Asynchronous Counter Mode”).

Note 1: When switching from synchronous to
asynchronous operation, it is possible to
skip an increment. When switching from
asynchronous to synchronous operation,
it is possible to produce an additional
increment.

2: In Asynchronous Counter mode, Timerl
can not be used as a time base for the
Capture or Compare modes of the ECCP

module.

551 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write contention
may occur by writing to the timer registers, while the
register is incrementing. This may produce an
unpredictable value in the TMR1H: TMRLL register pair.

5.6 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt-on-rollover, you must set
these bits:

« Timerl interrupt enable bit of the PIE1 register
* PEIE bit of the INTCON register
* GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TMRLL register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

5.7 Timerl Operation During Sleep

Timerl can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

« TMR1ON bit of the TLCON register must be set

* TMRLIE bit of the PIE1 register must be set

* PEIE bit of the INTCON register must be set

The device will wake-up on an overflow and execute
the next instruction. If the GIE bit of the INTCON

register is set, the device will call the Interrupt Service
Routine (0004h).
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5.8 ECCP Capture/Compare Time
Base

The ECCP module uses the TMR1H:TMRIL register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPRI1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPRIL register pair matches the value in
the TMR1H:TMRI1L register pair. This event can be a
Special Event Trigger.

For more information, see Section 8.0 “Enhanced
Capture/Compare/PWM Module”.

5.9 ECCP Special Event Trigger

If a ECCP is configured to trigger a special event, the
trigger will clear the TMR1H:TMRLL register pair. This
special event does not cause a Timerl interrupt. The
ECCP module may still be configured to generate a
ECCP interrupt.

In this mode of operation, the CCPR1H:CCPR1L
register pair effectively becomes the period register for
Timerl.

Timerl should be synchronized to the Fosc to utilize
the Special Event Trigger. Asynchronous operation of
Timerl can cause a Special Event Trigger to be
missed.

In the event that a write to TMR1H or TMRL1L coincides
with a Special Event Trigger from the ECCP, the write
will take precedence.

For more information, see Section 8.0 “Enhanced
Capture/Compare/PWM Module”.

FIGURE 5-2: TIMER1 INCREMENTING EDGE
T1CKI =1
when TMR1
Enabled * * * *
T1CKI= 0
when TMR1
Enabled * * * *
Note 1: Arrows indicate counter increments.
2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of
the clock.
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5.10 Timerl Control Register

The Timerl Control register (T1CON), shown in
Register 5-1, is used to control Timerl and select the
various features of the Timerl module.

REGISTER 5-1: T1CON: TIMER 1 CONTROL REGISTER

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = T1CKPS1 T1CKPSO | T10SCEN T1SYNC TMR1CS TMR1ON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS<1:0>: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale Value
10 = 1:4 Prescale Value
01 = 1:2 Prescale Value
00 = 1:1 Prescale Value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Timer1 oscillator is enabled
0 = Timerl oscillator is disabled
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMRICS = 0:
This bit is ignored. Timerl uses the internal clock
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from T1CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl
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TABLE 5-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 — ADIE — — — CCP1IE TMR2IE TMRI1IE -0-- -000 -0-- -000
PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF -0-- -000 -0-- -000
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
T1CON = = T1CKPS1 | TLCKPSO | TLOSCEN | TISYNC | TMRICS | TMR1ON | --00 0000 | --uu uuuu

Legend: x = unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
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6.0 TIMER2 MODULE

The Timer2 module is an 8-bit timer with the following
features:

 8-bit timer register (TMR2)

 8-bit period register (PR2)

¢ Interrupt on TMR2 match with PR2

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

See Figure 6-1 for a block diagram of Timer2.

6.1 Timer2 Operation

The clock input to the Timer2 module is the system
instruction clock (Fosc/4). The clock is fed into the
Timer2 prescaler, which has prescale options of 1:1,
1:4 or 1:16. The output of the prescaler is then used to
increment the TMR2 register.

The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match occurs, two things happen:

* TMR2 is reset to 00h on the next increment cycle
» The Timer2 postscaler is incremented

The match output of the Timer2/PR2 comparator is
then fed into the Timer2 postscaler. The postscaler has
postscale options of 1:1 to 1:16 inclusive. The output of
the Timer2 postscaler is used to set the TMR2IF
interrupt flag bit in the PIR2 register.

FIGURE 6-1: TIMER2 BLOCK DIAGRAM

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR20ON bit in the
T2CON registerto a ‘1’. Timer2 is turned off by clearing
the TMR20ON bit to a ‘0".

The Timer2 prescaler is controlled by the T2CKPS bits
in the T2CON register. The Timer2 postscaler is
controlled by the TOUTPS bits in the T2CON register.
The prescaler and postscaler counters are cleared
when:

* A write to TMR2 occurs.
* A write to T2CON occurs.

» Any device Reset occurs (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset).

Note: TMR2 is not cleared when T2CON is
written.

Prescaler
1:1, 1:4, 1:16

e

T2CKPS<1:0>

Fosc/4 ————»

Sets Flag
bit TMR2IF

A

TMR2
Output

Postscaler

1:1t0 1:16

}.

TOUTPS<3:0>
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REGISTER 6-1: T2CON: TIMER 2 CONTROL REGISTER

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 TMR20ON T2CKPS1 T2CKPSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer2 Output Postscaler Select bits

0000 = 1:1 Postscaler
0001 = 1:2 Postscaler
0010 = 1:3 Postscaler
0011 = 1:4 Postscaler
0100 = 1:5 Postscaler
0101 = 1:6 Postscaler
0110 = 1:7 Postscaler
0111 = 1:8 Postscaler
1000 = 1:9 Postscaler
1001 =1:10 Postscaler
1010 =1:11 Postscaler
1011 =1:12 Postscaler
1100 = 1:13 Postscaler
1101 = 1:14 Postscaler
1110 = 1:15 Postscaler
1111 =1:16 Postscaler

bit 2 TMR2ON: Timer2 On bit

1= Timer2is on
0 = Timer2 is off

bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 =Prescaleris 1
01 = Prescaler is 4
1x =Prescaleris 16

TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

; ; : . ) ) . ) Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 — ADIE — — — CCP1IE TMR2IE TMRL1IE -0-- -000 -0-- -000
PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF -0-- -000 -0-- -000
PR2 Timer2 Module Period Register 1111 1111 1111 1111
TMR2 Holding Register for the 8-bit TMR2 Register 0000 0000 0000 0000
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO | -000 0000 -000 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used for Timer2 module.
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7.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 8-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 8-hit binary result via successive
approximation and stores the conversion result into the
ADC result register (ADRES).

FIGURE 7-1: ADC BLOCK DIAGRAM

The ADC voltage reference is software selectable to
either VDD or a voltage applied to the external reference
pins.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

Figure 7-1 shows the block diagram of the ADC.

VDD

|
PFCG<2:.0>

— |

VREF o (ADCONL register)
L - — — 1 4
RAO/ANO 000
RA1/AN1 001
RA2/AN2 010 ADC
RA3/VREF/AN3 011 GO/DONE—>| l 8
CHS — ADRES
ADON_| |_ADRES |
Vss
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7.1 ADC Configuration

When configuring and using the ADC the following
functions must be considered:

 Port configuration

» Channel selection

» ADC voltage reference selection

» ADC conversion clock source

* Interrupt control

7.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and digital
signals. When converting analog signals, the 1/0O pin
should be configured for analog by setting the associated
TRIS and ADCONL1 bits. See the corresponding Port
section for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

7.1.2 CHANNEL SELECTION

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 7.2
“ADC Operation” for more information.

7.1.3 ADC VOLTAGE REFERENCE

The PCFG bits of the ADCONL1 register provide
independent control of the positive voltage reference.
The positive voltage reference can be either VDD or an
external voltage source.

7.1.4 CONVERSION CLOCK

The source of the conversion clock is software
selectable via the ADCS bits of the ADCONO register.
There are four possible clock options:

» Fosc/2

» Fosc/8

» Fosc/32

* FRc (dedicated internal oscillator)

The time to complete one bit conversion is defined as
TaD. One full 8-bit conversion requires 9.5 TAD periods.

For correct conversion, the appropriate TAD specification
must be met. See A/D conversion requirements in
Section 10.0 “Electrical Characteristics” for more
information. Table 7-1 gives examples of appropriate
ADC clock selections.

Note:  Unless using the FRc, any changes in the
system clock frequency will change the
ADC clock frequency, which may
adversely affect the ADC result.

TABLE 7-1: TAD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Device Frequency
Operation ADCS<1:0> 20 MHz 5 MHz 1.25 MHz 333.33 kHz
2 Tosc 00 100 ns®@ 400 ns® 1.6 us 6 us
8 Tosc 01 400 ns® 1.6 s 6.4 us 24 pus®
32 Tosc 10 1.6 pus 6.4 us 25.6 ps® 96 ps®
RC 11 2-6 psH ¥ 2-6 ps: 4) 2-6 ps: (4) 2-6 us
Legend: Shaded cells are outside of recommended range.

Note 1:

The RC source has a typical TAD time of 4 ps.

2:  These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.
4: When device frequency is greater than 1 MHz, the RC A/D conversion clock source is recommended for

Sleep operation only.
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7.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC interrupt flag is the ADIF bit in the
PIR1 register. The ADC interrupt enable is the ADIE bit
in the PIE1 register. The ADIF bit must be cleared in
software.

Note:  The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the global interrupt must be disabled. If the
global interrupt is enabled, execution will switch to the
Interrupt Service Routine.

Please see Section 7.1.5 “Interrupts” for more
information.
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7.2 ADC Operation

7.2.1 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONO register must be set to a ‘1’. Setting the GO/
DONE bit of the ADCONO register to a ‘1’ will start the
Analog-to-Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 7.2.6 “A/D Conversion

Procedure”.

7.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:

» Clear the GO/DONE bit
» Set the ADIF flag bit

» Update the ADRES register with new conversion
result

7.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRES register will not be updated with the partially
complete  Analog-to-Digital conversion sample.
Instead, the ADRES register will retain the value of the
previous conversion. Additionally, a 2 TAD delay is
required before another acquisition can be initiated.
Following this delay, an input acquisition is automati-
cally started on the selected channel.

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is

terminated.

7.2.4 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the FRC
option. When the FRc clock source is selected, the
ADC waits one additional instruction before starting the
conversion. This allows the SLEEP instruction to be
executed, which can reduce system noise during the
conversion. If the ADC interrupt is enabled, the device
will wake-up from Sleep when the conversion
completes. If the ADC interrupt is disabled, the ADC
module is turned off after the conversion completes,
although the ADON bit remains set.

When the ADC clock source is something other than
Frc, a SLEEP instruction causes the present conver-
sion to be aborted and the ADC module is turned off,
although the ADON bit remains set.

7.2.5 SPECIAL EVENT TRIGGER

The ECCP Special Event Trigger allows periodic ADC
measurements without software intervention. When
this trigger occurs, the GO/DONE bit is set by hardware
and the Timerl counter resets to zero.

Using the Special Event Trigger does not assure
proper ADC timing. It is the user’s responsibility to
ensure that the ADC timing requirements are met.

See Section 8.0 “Enhanced Capture/Compare/
PWM Module” for more information.

7.2.6 A/D CONVERSION PROCEDURE

This is an example procedure for using the ADC to
perform an Analog-to-Digital conversion:
1. Configure Port:
« Disable pin output driver (See TRIS register)
» Configure pin as analog
2. Configure the ADC module:
» Select ADC conversion clock
» Configure voltage reference
» Select ADC input channel
» Select result format
e Turn on ADC module
3. Configure ADC interrupt (optional):
» Clear ADC interrupt flag
» Enable ADC interrupt
» Enable peripheral interrupt
« Enable global interrupt®
4. Wait the required acquisition time(®).
Start conversion by setting the GO/DONE bit.
6. Wait for ADC conversion to complete by one of
the following:
« Polling the GO/DONE bit
» Waiting for the ADC interrupt (interrupts
enabled)
7. Read ADC Result
8. Clearthe ADC interrupt flag (required if interrupt
is enabled).

o

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2. See Section7.3 “A/D Acquisition
Requirements”.
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7.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the
operation of the ADC.

REGISTER 7-1: ADCONO: A/D CONTROL REGISTER O

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0
ADCS1 ADCSO0 CHS2 CHS1 CHSO GO/DONE — ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 ADCS<1:0>: A/D Conversion Clock Select bits
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32
11 = FRrc (Clock derived from the internal ADC RC oscillator)
bit 5-3 CHS<2:0>: Analog Channel Select bits
000 = ANO
001 = AN1
010 = AN2
011 = AN3

100 = Reserved, do not use
101 = Reserved, do not use
110 = Reserved, do not use
111 = Reserved, do not use

bit 2 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: ADC Enable bit
1 = ADC is enabled
0 = ADC is disabled and consumes no operating current
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REGISTER 7-2: ADCON1: A/D CONTROL REGISTER 1

U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
— — — — — PCFG2 PCFG1 PCFGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 PCFG<2:0>: A/D Port Configuration Control bits.

The following table illustrates the effects of the various configurations:

AN3/ | AN2/ | AN2/ | ANO/
PCFG<2:0> RA3 RA2 RA1L RAO VREF
0x0 A A A A VDD
0x1 VREF A A A RA3
100 A D A A VDD
101 VREF D A A RA3
11x D D D D VDD

Legend: A = Analog input, D = Digital /0
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7.3 A/D Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHoLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 7-2. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge the
capacitor CHoLD. The sampling switch (Rss) impedance
varies over the device voltage (VDD), see Figure 7-2.
The maximum recommended impedance for analog
sources is 10 kQ. As the source impedance is
decreased, the acquisition time may be decreased.
After the analog input channel is selected (or changed),

EQUATION 7-1:

ACQUISITION TIME EXAMPLE

an A/D acquisition must be done before the conversion
can be started. To calculate the minimum acquisition
time, Equation7-1 may be used. This equation
assumes that 1/2 LSb error is used. The 1/2 LSb error is
the maximum error allowed for the ADC to meet its
specified resolution.

TACQ

TAMP + TC + TCOFF

Solving for Tc:

= 1.37us
Therefore:

= 4.67us

Assumptions;  Temperature = 50°C and external impedance of 10k¢2 5.0V VDD

Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

2us+ Tc + [(Temperature - 25°C)(0.05us/°C)]

The value for Tc can be approximated with the following eguations:

1 ) _
VAPPLIED(l 047 = VcHoLD

—Tc
VAPPLIED(l—eRCj = VcHoLD

—Tc
VAPPLIED(l—eRCJ = VAPPLIED(l—

501'4_7) ;combining [1] and [2]

Tc = —CHoLb(RIC + Rss+ Rs) In(1/2047)
= —10pF(1k2+ 7kQ2+ 10k<2) In(0.0004885)

TACQ = 2ps+ 1.37ps+ [(50°C- 25°C)(0.05us/°C)]

;[1] VcHoLD charged to within 1/2 Isb

;[2] VcHOLD charge response to VAPPLIED

leakage specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
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FIGURE 7-2: ANALOG INPUT MODEL
Voo Sampling
e, VT = 0.6V _ Switch
. Rs + ANx Ric<1lk ' SS Rss
X J\N\’_:_@ AMA- .
: . CPIN _L D -
\ @ ' 5pF VT = OlechILEAKAGE CHoLD =10 pF
= . I l Vss
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
| LEAKAGE = Leakage current at the pin due to
various junctions
RiC = Interconnect Resistance
8 J 567891011
SS = Sampling Switch Sampling Switch
CHoLD = Sample/Hold Capacitance (kQ)
Note 1: See Section 10.0“Electrical Characteristics”.

FIGURE 7-3:

ADC TRANSFER FUNCTION

Full-Scale Range

FFh
FEh
FDh
FCh
FBh

~

-~
04h -
03h -
02h -

01h -
00h

ADC Output Code

l«— 1 LSB ideal

Full-Scale
Transition

~>‘ L, 1 LSB ideal
Vss Zero-Scale

Transition

> Analog Input Voltage

f

VDD/VREF+
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TABLE 7-2: SUMMARY OF ASSOCIATED ADC REGISTERS

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
ADCONO ADCS1 | ADCSO CHS2 CHS1 CHSO | GO/DONE = ADON | 0000 0000 | 0000 0000
ADCON1 — — — — — PCFG2 PCFG1 PCFGO ---- -000 ---- -000
ADRES A/D Result Register XXXX XXXX uuuu uuuu
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 — ADIE — — — CCP1IE TMR2IE TMRI1IE -0-- -000 -0-- -000
PIR1 — ADIF — — — CCP1IF TMR2IF TMRL1IF -0-- -000 -0-- -000
PORTA — — — RA4 RA3 RA2 RA1 RAO - - XX XXXX --uu uuuu
TRISA — — — TRISA4 TRISA3 TRISA2 TRISAL TRISAO --11 1111 --11 1111

Legend: x = unknown, u = unchanged, —= unimplemented read as ‘0’. Shaded cells are not used for ADC module.
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NOTES:
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8.0 ENHANCED CAPTURE/
COMPARE/PWM MODULE

The Enhanced Capture/Compare/PWM module is a
peripheral which allows the user to time and control
different events. In Capture mode, the peripheral
allows the timing of the duration of an event. The
Compare mode allows the user to trigger an external
event when a predetermined amount of time has
expired. The PWM mode can generate a Pulse-Width
Modulated signal of varying frequency and duty cycle.

Table 8-1 shows the timer resources required by the
ECCP module.

Note: CCPR1 and CCP1 throughout this
document refer to CCPR1 or CCPR2 and
CCP1 or CCP2, respectively.

TABLE 8-1: ECCP MODE - TIMER
RESOURCES REQUIRED
ECCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

REGISTER 8-1: CCP1CON: ENHANCED CCP1 CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PiM1 P1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 7-6 P1M<1:0>: PWM Output Configuration bits

If CCP1M<3:2> = 00, 01, 10:

xx = P1A assigned as Capture/Compare input; P1B, P1C, P1D assigned as port pins

If CCP1M<3:2> =11;

00 = Single output; P1A modulated; P1B, P1C, P1D assigned as port pins

01 = Full-Bridge output forward; P1D modulated; P1A active; P1B, P1C inactive

10 = Half-Bridge output; P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins
11 = Full-Bridge output reverse; P1B modulated; P1C active; P1A, P1D inactive

bit 5-4 DC1B<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused.

Compare mode:
Unused.
PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.

bit 3-0 CCP1M<3:0>: ECCP Mode Select bits

0000 = Capture/Compare/PWM off (resets ECCP module)

0001 = Unused (reserved)

0010 = Compare mode, toggle output on match (CCP1IF bit is set)

0011 = Unused (reserved)

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit is set)
1001 = Compare mode, clear output on match (CCP1IF bit is set)
1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is

unaffected)

1011 = Compare mode, Special Event Trigger (CCP1IF bit is set; CCP1 resets TMR1 or TMR2)
1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high

1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low

1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high

1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low
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8.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin CCP1. An event is defined as one of the
following and is configured by the CCP1M<3:0> bits of
the CCP1CON register:

» Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

When a capture is made, the Interrupt Request Flag bit
CCPL1IF of the PIR1 register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPR1H, CCPRLL register pair

is read, the old captured value is overwritten by the new
captured value (see Figure 8-1).

8.1.1 CCP1 PIN CONFIGURATION

In Capture mode, the CCP1 pin should be configured
as an input by setting the associated TRIS control bit.

Note: If the CCP1 pin is configured as an output,
a write to the port can cause a capture
condition.

FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK

DIAGRAM
Set Flag bit CCP1IF

Prescaler (PIR1 register)
X'* +1,4,16
ccp1 | CCPR1H | CCPRIL |
pin
and Capture
Edge Detect " Enable
)( ’T’ | TR1H | TMRIL |
CCP1CON<3:0>

System Clock (Fosc)

8.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchronized
Counter mode for the CCP module to use the capture
feature. In Asynchronous Counter mode, the capture
operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPL1IE interrupt enable bit of the PIE1 register clear to
avoid false interrupts. Additionally, the user should
clear the CCP1IF interrupt flag bit of the PIR1 register
following any change in operating mode.

8.14 CCP PRESCALER

There are four prescaler settings specified by the
CCP1M<3:0> bits of the CCP1CON register.
Whenever the CCP module is turned off, or the CCP
module is not in Capture mode, the prescaler counter
is cleared. Any Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the CCP1CON register before changing the
prescaler (see Example 8-1).

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS

BANKSEL CCP1CON ; Set Bank bits to point

;to CCP1CON

CLRF CCP1CON ; Turn CCP nodul e of f

MOVLW  NEW CAPT_PS; Load the Wreg with

; the new prescal er
nmove val ue and CCP ON

; Load CCP1CON with this

; val ue

MOVWF  CCP1CON
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TABLE 8-2: REGISTERS ASSOCIATED WITH CAPTURE

Value on
Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | YAUCON | ol other
POR, BOR Resets
CCPRI1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | XXXX XXXX
CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | XXXX XXXX
CCP1CON P1M1 P1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO | 0000 0000 | 0000 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
PIE1 — ADIE — — — CCP1IE TMR2IE TMRI1IE -0-- -000 | -0-- -000
PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF -0-- -000 | -0-- -000
PR2 Timer2 Period Register 1111 1111 | 1111 1111
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | XXXX XXXX
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | XXXX XXXX
TMR2 Timer2 module’s register 0000 0000 | 0000 0000
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 | 1111 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture.
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8.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the CCP1 module may:
» Toggle the CCP1 output.

» Set the CCP1 output.

 Clear the CCP1 output.

» Generate a Special Event Trigger.

» Generate a Software Interrupt.

The action on the pin is based on the value of the
CCP1M<3:0> control bits of the CCP1CON register.

All Compare modes can generate an interrupt.
FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set CCPL1IF Interrupt Flag

(PIR1)
\/
I

CCP1 4
Pin

v
Q S_Output
| | Logic Match

TRIS
Output Enable

Special Event Trigger

Special Event Trigger will:

¢ Clear TMR1H and TMRLL registers.

* NOT set interrupt flag bit TMR1IF of the PIR1 register.
» Setthe GO/DONE bit to start the ADC conversion.

8.2.1 CCP1 PIN CONFIGURATION

The user must configure the CCP1 pin as an output by
clearing the associated TRIS bit.

Note:  Clearing the CCP1CON register will force
the CCP1 compare output latch to the
default low level. This is not the PORT I/O
data latch.

8.2.2 TIMER1 MODE SELECTION

In Compare mode, Timerl must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

8.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen
(CCP1M<3:0> =1010), the CCP1 module does not
assert control of the CCP1 pin (see the CCP1CON
register).

8.24 SPECIAL EVENT TRIGGER

When Special Event Trigger mode is chosen
(CCP1M<3:0>=1011), the CCP1 module does the
following:

* Resets Timerl
« Starts an ADC conversion if ADC is enabled

The CCP1 module does not assert control of the CCP1
pin in this mode (see the CCP1CON register).

The Special Event Trigger output of the CCP occurs
immediately upon a match between the TMR1H,
TMR1L register pair and the CCPR1H, CCPR1L
register pair. The TMR1H, TMRI1L register pair is not
reset until the next rising edge of the Timer1 clock. This
allows the CCPR1H, CCPRI1L register pair to
effectively provide a 16-bit programmable period
register for Timer1.

Note 1: The Special Event Trigger from the CCP
module does not set interrupt flag bit
TMRXIF of the PIR1 register.

2: Removing the match condition by
changing the contents of the CCPR1H
and CCPRI1L register pair, between the
clock edge that generates the Special
Event Trigger and the clock edge that
generates the Timerl Reset, will preclude
the Reset from occurring.
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TABLE 8-3: REGISTERS ASSOCIATED WITH COMPARE

Value on

Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | YAUCON | ol other

POR, BOR Resets
CCPRI1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | XXXX XXXX
CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | XXXX XXXX
CCP1CON P1M1 P1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO | 0000 0000 | 0000 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
PIE1 — ADIE — — — CCP1IE TMR2IE TMRI1IE -0-- -000 | -0-- -000
PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF -0-- -000 | -0-- -000
PR2 Timer2 Period Register 1111 1111 | 1111 1111
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | XXXX XXXX
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | XXXX XXXX
TMR2 Timer2 module’s register 0000 0000 | 0000 0000
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 | 1111 1111

Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Compare.
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8.3 PWM Mode

The PWM mode generates a Pulse-Width Modulated
signal on the CCP1 pin. The duty cycle, period and
resolution are determined by the following registers:

* PR2

* T2CON

e CCPR1L

« CCP1CON

In Pulse-Width Modulation (PWM) mode, the CCP
module produces up to a 10-bit resolution PWM output
on the CCP1 pin. Since the CCP1 pin is multiplexed

with the PORT data latch, the TRIS for that pin must be
cleared to enable the CCP1 pin output driver.

The PWM output (Figure 8-4) has a time base
(period) and a time that the output stays high (duty
cycle).

FIGURE 8-4: CCP PWM OUTPUT

Period

<—TMR2 = PR2

Pulse Width

! «—TMR2 = CCPR1L:CCP1CON<5:4>

.'<—TMR2 =0

Note:  Clearing the CCP1CON register will

relinquish CCP1 control of the CCP1 pin.

Figure 8-3 shows a simplified block diagram of PWM
operation.

Figure 8-4 shows a typical waveform of the PWM
signal.
For a step-by-step procedure on how to set up the CCP

module for PWM operation, see Section 8.3.7 “ Setup
for PWM Operation”.

FIGURE 8-3: SIMPLIFIED PWM BLOCK

DIAGRAM

CCP1CON<5:4>
Duty Cycle Registers K

| CCPRIL | ‘

v

| CCPR1H® (Slave) |

4} CCP1
| Comparator i R Q
| TMR2 ‘ ) ‘ =

TRIS

Comparator

Clear Timer2,
toggle CCP1 pin and
latch duty cycle

Note 1: The 8-bittimer TMR2 register is concatenated
with the 2-bit internal system clock (Fosc), or
2 bits of the prescaler, to create the 10-bit time
base.

2:  In PWM mode, CCPR1H is a read-only register.

DS41399A-page 56

© 2009 Microchip Technology Inc.



MCV18E

8.3.1 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 8-1.

EQUATION 8-1: PWM PERIOD

PWM Period = [(PR2)+ 1] e 4e TOSC e
(TMR2 Prescale Value)

When TMR2 is equal to PR2, the following three events

occur on the next increment cycle:

« TMR2is cleared

* The CCP1 pin is set. (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

* The PWM duty cycle is latched from CCPRL1L into
CCPR1H.

Note:  The Timer2 postscaler (see Section 6.0
“Timer2 Module”) is not used in the
determination of the PWM frequency.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to multiple registers: CCPRI1L register and
DC1B<1:0> bits of the CCP1CON register. The
CCPRLL contains the eight MSbs and the DC1B<1:0>
bits of the CCP1CON register contain the two LSbs.
CCPRI1L and DC1B<1:0> bits of the CCP1CON
register can be written to at any time. The duty cycle
value is not latched into CCPR1H until after the period
completes (i.e., a match between PR2 and TMR2
registers occurs). While using the PWM, the CCPR1H
register is read-only.

Equation 8-2 is used to calculate the PWM pulse width.

Equation 8-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 8-2: PULSE WIDTH

Pulse Width = (CCPR1L:CCP1CON<5:4>) o
Tosc e (TMR2 Prescale Value)

EQUATION 8-3: DUTY CYCLE RATIO

. _ (CCPRIL:CCP1CON<5:4>)
Duty Cycle Ratio = A(PR2+ 1)

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated with
either the 2-bit internal system clock (Fosc), or 2 bits of
the prescaler, to create the 10-bit time base. The system
clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPR1H and
2-bit latch, then the CCP1 pin is cleared (see
Figure 8-3).
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8.3.3

PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit

resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is 10 bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 8-4.

EQUATION 8-4:

PWM RESOLUTION

Resolution =

log[4(PR2 + 1)]

log(2)

bits

Note:

If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

TABLE 8-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)
PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PR2 Value OXFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 8-5: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)
PWM Frequency 1.22 kHz 4.90 kHz 19.61kHz | 76.92kHz | 153.85kHz | 200.0 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PR2 Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5
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8.3.4 OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the CCP1
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMR2 will continue from its
previous state.

8.3.5 CHANGES IN SYSTEM CLOCK
FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency.

8.3.6 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

8.3.7 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:
1. Disable the PWM pin (CCP1) output drivers by
setting the associated TRIS bit.
2. Setthe PWM period by loading the PR2 register.
3. Configure the CCP module for the PWM mode
by loading the CCP1CON register with the
appropriate values.
4. Setthe PWM duty cycle by loading the CCPR1L
register and DC1B bits of the CCP1CON register.
5. Configure and start Timer2:
¢ Clear the TMR2IF interrupt flag bit of the
PIR1 register.
» Set the Timer2 prescale value by loading the
T2CKPS bits of the T2CON register.
« Enable Timer2 by setting the TMR2ON bit of
the T2CON register.
6. Enable PWM output after a new PWM cycle has
started:
e Wait until Timer2 overflows (TMR2IF bit of
the PIR1 register is set).
« Enable the CCP1 pin output driver by
clearing the associated TRIS bit.

© 2009 Microchip Technology Inc.
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8.3.8 ENHANCED PWM AUTO-
SHUTDOWN MODE

The PWM mode supports an Auto-Shutdown mode that
will disable the PWM outputs when an external
shutdown event occurs. Auto-Shutdown mode places
the PWM output pins into a predetermined state. This
mode is used to help prevent the PWM from damaging
the application.

The auto-shutdown sources are selected using the
ECCPASX bits of the ECCPAS register. A shutdown
event may be generated by:

* Alogic ‘0’ on the INT pin

 Setting the ECCPASE bit in firmware

A shutdown condition is indicated by the ECCPASE
(Auto-Shutdown Event Status) bit of the ECCPAS
register. If the bit is a ‘0’, the PWM pins are operating
normally. If the bit is a ‘1’, the PWM outputs are in the
shutdown state. Refer to Figure 8-5.

FIGURE 8-5:

When a shutdown event occurs, two things happen:

The ECCPASE hit is set to ‘1’. The ECCPASE will
remain set until cleared in firmware or an auto-restart
occurs (see Section 8.3.9 “Auto-Restart Mode”).

The enabled PWM pins are asynchronously placed in
their shutdown states. The PWM output pins are
grouped into pairs [P1A/P1C] and [P1B/P1D]. The state
of each pin pair is determined by the PSSAC and
PSSBD bits of the ECCPAS register. Each pin pair may
be placed into one of three states:

* Drive logic ‘1’
* Drive logic ‘0’
* Tri-state (high-impedance)

AUTO-SHUTDOWN BLOCK DIAGRAM

ECCPAS<2:0>

= {1

T 110

] 101

X'—|>«> 100

INT @_ 011

From Comparator C2 010

From Comparator C1 001
1% PRSEN

PSSAC<0> 1

P1A DRV
—/=" 10

PSSBD<0>
P1B_DRV
.. S— O

From Data Bus

Write to ECCPASE

ECCPASE

PSSAC<0>

P1C_DRV

PSSBD<0>
P1D_DRV
——0
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REGISTER 8-2: ECCPAS: ENHANCED CAPTURE/COMPARE/PWM AUTO-SHUTDOWN

CONTROL REGISTER

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ECCPASE ECCPAS2 — ECCPASO PSSAC1 PSSACO PSSBD1 PSSBDO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 7 ECCPASE: ECCP Auto-Shutdown Event Status bit
1 = A shutdown event has occurred; ECCP outputs are in shutdown state
0 = ECCP outputs are operating
bit 6 ECCPAS2: ECCP Auto-Shutdown bit 2
1 = RBO (INT) pin low level (‘0’) causes shutdown
0 = RBO (INT) pin has no effect on ECCP
bit 5 Unimplemented: Read as ‘0’
bit 4 ECCPASO: ECCP Auto-Shutdown bit ‘0’
1 = RB4 pin low level (‘0’) causes shutdown
0 = RB4 pin has no effect on ECCP
bit 3-2 PSSACnh: Pins P1A and P1C Shutdown State Control bits
00 = Drive pins P1A and P1C to ‘0’
01 = Drive pins P1A and P1C to ‘1’
1x = Pins P1A and P1C tri-state
bit 1-0 PSSBDn: Pins P1B and P1D Shutdown State Control bits

00 = Drive pins P1B and P1D to ‘0’
01 = Drive pins P1B and P1D to ‘1’
1x = Pins P1B and P1D tri-state

Note 1: The auto-shutdown condition is a level-
based signal, not an edge-based signal.
As long as the level is present, the auto-
shutdown will persist.

2: Writing to the ECCPASE bit is disabled
while an auto-shutdown condition
persists.

3: Once the auto-shutdown condition has
been removed and the PWM restarted
(either through firmware or auto-restart),
the PWM signal will always restart at the
beginning of the next PWM period.
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FIGURE 8-6: PWM AUTO-SHUTDOWN WITH FIRMWARE RESTART (PRSEN = 0)
Shutdown Event : . :
ECCPASE bit | | | !

PWM Activity —I: I_‘

T<_PWM Period —>T T T ECCItASE T

Cleared by
Start of Shutdown  Shutdown Firmware PWM
PWM Period Event Occurs Event Clears Resumes

8.3.9 AUTO-RESTART MODE

The Enhanced PWM can be configured to
automatically restart the PWM signal once the auto-
shutdown condition has been removed. Auto-restart is
enabled by setting the PRSEN bit in the PWM1CON
register.

If auto-restart is enabled, the ECCPASE bit will remain
set as long as the auto-shutdown condition is active.
When the auto-shutdown condition is removed, the
ECCPASE bit will be cleared via hardware and normal
operation will resume.

FIGURE 8-7: PWM AUTO-SHUTDOWN WITH AUTO-RESTART ENABLED (PRSEN =1)
Shutdown Event : . :
ECCPASE bit : .I

PWM Activity . :

el

Start of Shutdown Shutdown PWM
PWM Period Event Occurs Event Clears Resumes
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8.3.10 PROGRAMMABLE DEAD-BAND
DELAY MODE

In Half-Bridge applications where all power switches
are modulated at the PWM frequency, the power
switches normally require more time to turn off than to
turn on. If both the upper and lower power switches are
switched at the same time (one turned on, and the
other turned off), both switches may be on for a short
period of time until one switch completely turns off.
During this brief interval, a very high current (shoot-
through current) will flow through both power switches,
shorting the bridge supply. To avoid this potentially
destructive shoot-through current from flowing during
switching, turning on either of the power switches is
normally delayed to allow the other switch to
completely turn off.

In Half-Bridge mode, a digitally programmable dead-
band delay is available to avoid shoot-through current
from destroying the bridge power switches. The delay
occurs at the signal transition from the non-active state
to the active state. See Figure 8-8 for illustration. The
lower seven bits of the associated PWM1CON register
(Register 8-3) sets the delay period in terms of
microcontroller instruction cycles (Tcy or 4 Tosc).

FIGURE 8-8: EXAMPLE OF HALF-
BRIDGE PWM OUTPUT

Period Period

.. Pulse Width | :

P1A®@)! ’—‘ 1|

o
I|<_

|
[
[ td |
P1B@ | =
I
@

1t
-

td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

FIGURE 8-9: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“Push-Pull”)

FET
Driver

N+

P1A IS

FET
Driver

]Tﬁ
1]
<+

P1B >

.|T$T|_
1]
<+
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REGISTER 8-3: PWM1CON: ENHANCED PWM CONTROL REGISTER

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
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 PRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the ECCPASE bit clears automatically once the shutdown event goes
away; the PWM restarts automatically
0 = Upon auto-shutdown, ECCPASE must be cleared in software to restart the PWM

bit 6-0 PDC<6:0>: PWM Delay Count bits

PDCn = Number of Fosc/4 (4 * Tosc) cycles between the scheduled time when a PWM signal
should transition active and the actual time it transitions active

TABLE 8-6: REGISTERS ASSOCIATED WITH PWM

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other

POR, BOR Resets
CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | XXXX XXXX
CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | XXXX XXXX
CCP1CON P1M1 P1MO DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | 0000 0000 | 0000 0000
ECCPAS ECCPASE | ECCPAS2 — ECCPASO | PSSAC1 PSSACO | PSSBD1 | PSSBDO | 00-0 0000 | 00-0 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 00O0x
PIE1 — ADIE — — — CCP1IE TMR2IE TMRLIIE -0-- -000 | -0-- -000
PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF -0-- 0000 | -0-- -000
PR2 Timer2 Period Register 1111 1111 | 1111 1111
PWM1CON | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 0000 0000 | 0000 0000
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | XXXX XXXX
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | XXXX XXXX
TMR2 Timer2 Module’s Register 0000 0000 | 0000 0000
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 | 1111 1111

Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the PWM.
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9.0 SPECIAL FEATURES OF THE
CPU

The MCV18E device has a host of features intended to
maximize system reliability, minimize cost through
elimination of external components, provide power-
saving operating modes and offer code protection.
These are:

* OSC Selection
* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
* Interrupts
« Watchdog Timer (WDT)
» Sleep
» Code protection
« ID locations
« In-Circuit Serial Programming™ (ICSP™)

The MCV18E device has a Watchdog Timer, which can
be shut off only through Configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in Reset until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which pro-
vides a fixed delay on power-up only and is designed to
keep the part in Reset while the power supply stabi-
lizes. With these two timers on-chip, most applications
need no external Reset circuitry.

Sleep mode is designed to offer a very low-current
Power-Down mode. The user can wake-up from Sleep
through external Reset, Watchdog Timer Wake-up, or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost, while the
LP crystal option saves power. A set of Configuration
bits are used to select various options.

9.1 Configuration Bits

The Configuration bits can be programmed (read as
‘0") or left unprogrammed (read as ‘1’) to select various
device configurations. These bits are mapped in
program memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special configuration memory space (2000h-3FFFh),
which can be accessed only during programming.

© 2009 Microchip Technology Inc.
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REGISTER 9-1: CONFIG: CONFIGURATION WORD REGISTER

— [ = [ e [ = [ — [ = [ = [ =
bit 15 bit 8
Borv | Boren® | — |  — | PwrRTE | wboTtE | Fosci | Fosco
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable’ U = Unimplemented bit,
read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-14 Unimplemented: Read as ‘1’
bit 13 CP: Code Protection bit®
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled
bit 12-8 Unimplemented: Read as ‘1’
bit 7 BORV: Brown-out Reset Voltage bit
1 = VBOR set to 4.0V
0 = VBOR set to 2.5V
bit 6 BOREN: Brown-out Reset Selection bits
1 = BOR enabled
0 = BOR disabled
bit 5-4 Unimplemented: Read as ‘1’
bit 3 PWRTE: Power-up Timer Enable bit(})
1 = PWRT disabled
0 = PWRT enabled
bit 2 WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled
bit 1-0 FOSC<2:0>: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator
Note 1. Enabling Brown-out Reset does not automatically enable Power-up Timer.
2:  The entire program memory will be erased when the code protection is turned off.
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9.2 Oscillator Configurations

9.2.1 OSCILLATOR TYPES

The MCVI18E can be operated in four different
oscillator modes. The wuser can program two
Configuration bits (FOSC1 and FOSCO) to select one
of these four modes:

e LP — Low-power Crystal

e XT - Crystal/Resonator

* HS - High-speed Crystal/Resonator
* RC - Resistor/Capacitor

9.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 9-1). The MCV18E
oscillator design requires the use of a parallel cut crys-
tal. Use of a series cut crystal may give a frequency out
of the crystal manufacturers specifications. When in
XT, LP or HS modes, the device can have an external
clock source to drive the OSC1/CLKIN pin (Figure 9-2).
FIGURE 9-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XTOR LP

OSC CONFIGURATION)

c|1(1> osc1
1
= osc2| {-

RrRs®@
c2® MCV18E

] To
internal
logic

Sleep

Note 1: See Table 9-1 and Table 9-2 for

recommended values of C1 and C2.
2: A series resistor (RS) may be required.
3: RF varies with the crystal chosen.

FIGURE 9-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR
LP OSC

CONFIGURATION)

Clock from ~>@—> osc1
ext. system MCV18E

Open <«—— OSC2

TABLE 9-1: CERAMIC RESONATORS
Ranges Tested:
Mode Freq. OSC1(C1) | 0SscC2(C2)
XT 455 kHz 68-100 pF 68-100 pF
2.0 MHz 15-68 pF 15-68 pF
HS 4.0 MHz 10-68 pF 10-68 pF
8.0 MHz 15-68 pF 15-68 pF
16.0 MHz 10-22 pF 10-22 pF
Note 1: These values are for design guidance

only. See notes at bottom of page.

TABLE 9-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type CFrlysct:ll Cap.change Cap.cljzzange
LP 32 kHz 15-33 pF 15-33 pF
200 kHz 5-10 pF 5-10 pF
XT 200 kHz | 47-68 pF 47-68 pF
1 MHz 15-33 pF 15-33 pF
4 MHz 15-33 pF 15-33 pF
HS 4 MHz 15-33 pF 15-33 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF
Note 1: These values are for design guidance
only. See notes at bottom of page.

Note 1: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

3: RS may be required to avoid overdriving
crystals with low drive level specification.

4: When using an external clock for the
OSC1 input, loading of the OSC2 pin
must be kept to a minimum by leaving the

OSC2 pin unconnected.
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9.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
resistor (RExT) and capacitor (CEXT) values and the
operating temperature. In addition to this, the oscillator
frequency will vary from unit-to-unit due to normal
process parameter variation. Furthermore, the
difference in lead frame capacitance between package
types will also affect the oscillation frequency,
especially for low CEXT values. The user also needs to
take into account variation due to tolerance of external
R and C components used. Figure 9-3 shows how the
R/C combination is connected to the MCV18E.

FIGURE 9-3: RC OSCILLATOR MODE

VDD

REXT
osc1 | Internal

L * A [—> clock
Cext J; MCV18E
Vss — =

—~*— OSC2/CLKOUT
Fosc/4

Recommended values:

3 kQ < REXT <100 kQ (VDD > 3.0V)
10 kQ < REXT <100 kQ (VDD > 3.0V)
CEXT > 20 pF

9.3 Reset

The MCV18E differentiates between various kinds of
Reset:

* Power-on Reset (POR)

* MCLR Reset during normal operation
« MCLR Reset during Sleep

* WDT Reset (during normal operation)
* WDT Wake-up (during Sleep)

* Brown-out Reset (BOR)

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR Reset during Sleep and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different Reset situations as indicated in
Table 9-4. These bits are used in software to determine
the nature of the Reset. See Table 9-6 for a full
description of Reset states of all registers.

A simplified block diagram of the On-chip Reset circuit
is shown in Figure 9-5.

The PIC® microcontrollers have an MCLR noise filter in
the MCLR Reset path. The filter will detect and ignore
small pulses.

It should be noted that a WDT Reset does not drive the
MCLR pin low.

9.4 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected. To take advantage of the POR,
just tie the MCLR pin directly (or through a resistor) to
VbD. This will eliminate external RC components
usually needed to create a Power-on Reset. A
maximum rise time for VDD is specified (parameter
D004). For a slow rise time, see Figure 9-4.

When the device starts normal operation (exits the
Reset condition), device operating parameters
(voltage, frequency, temperature,...) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met. Brown-out Reset may be used to
meet the start-up conditions.

FIGURE 9-4: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW Vbb POWER-UP)

VDD VDD

R1
MCLR

c MCV18E

1|

Note 1: External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor quickly
when VDD powers down.

2: R <40kQis recommended to make sure that
voltage drop across R does not violate the
device’s electrical specification.

3:  R1=100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor C
in the event of MCLR/VPP pin breakdown due
to Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).
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9.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out,
on power-up only, from the POR. The Power-up Timer
operates on an internal RC oscillator. The chip is kept
in Reset as long as the PWRT is active. The PWRT's
time delay allows VDD to rise to an acceptable level.
The power-up timer enable Configuration bit, PWRTE,
is provided to enable/disable the PWRT.

The power-up time delay will vary from chip-to-chip due
to VDD, temperature and process variation. See AC
parameters for details.

9.6 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal
oscillator or resonator has started and stabilized. See
AC parameters for details.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
Sleep.

9.7 Programmable Brown-Out Reset
(PBOR)

The MCV18E has on-chip Brown-out Reset circuitry. A
Configuration bit, BOREN, can disable (if clear/
programmed) or enable (if set) the Brown-out Reset
circuitry.

The BORV Configuration bit selects the programmable
Brown-out Reset threshold voltage (VBOR). When
BORVis 1, VBOR IS 4.0V. When BORYV is 0, VBOR is
2.5V

A Brown-out Reset occurs when VDD falls below VBOR
for a time greater than parameter TBOR (see Table 10-4).
A Brown-out Reset is not guaranteed to occur if VDD falls
below VBOR for less than parameter TBOR.

On any Reset (Power-on, Brown-out, Watchdog, etc.)
the chip will remain in Reset until VDD rises above
VBOR. The Power-up Timer will be invoked and will
keep the chip in Reset an additional 72 ms only if the
Power-up Timer enable bit in the Configuration register
is setto 0 (PWRTE = 0).

If the Power-up Timer is enabled and VDD drops below
VBOR while the Power-up Timer is running, the chip will
go back into a Brown-out Reset and the Power-up
Timer will be re-initialized. Once VDD rises above VBOR,
the Power-up Timer will execute a 72 ms Reset. See
Figure 9-6.

For operations where the desired brown-out voltage is
other than 4.0V or 2.5V, an external brown-out circuit
must be used. Figure 9-8, Figure 9-9 and Figure 9-10
show examples of external Brown-out Protection
circuits.
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FIGURE 9-5: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
>
MCLR
Sleep
WDT | WDT —
Module [Time-out
Reset
VDD rise

Power-on Reset

detect
VDD

Reset

Brown-out
BOREN

OST/PWRT

OST

; ) R

0OSC1

’_D—.> 10-bit Ripple counter I

Ol

Chip_Reset

[

- T

(1)  PWRT

On-chi
RC OS% 4|> 10-bit Ripple counter lf

Enable OST

Note 1: Thisis a separate oscillator from the RC oscillator of the CLKIN pin.

PWRTE See Table 9-3 for time-out
situations.

FIGURE 9-6: BROWN-OUT SITUATIONS (PWRTE = 0)
VDD
_____________v _________________ VBOR
et
Internal [ =—
Reset r2ms
VDD
-________—____\—f:\f _____________ VBOR
/! ! |
| ! |
Internal | <2ms o———___
Reset 72ms
VDD
_____ \_____________f_____________ VBOR
| |
I I
Internal F—’l—
Reset 72.ms
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FIGURE 9-9:

EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 3

FIGURE 9-7: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1
VDD . . VDD
33k J
Q1
10k MCLR
7A\ 40k | mcvise
Note 1: This circuit will activate Reset when VDD goes

below (Vz + 0.7V) where Vz = Zener voltage.
Internal Brown-out Reset circuitry should be
disabled when using this circuit.

FIGURE 9-8:

EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 2

VDD

VDD

VDD

Note 1:

' VDD
R1

R2 40K

Q1
MCLR

MCV18E

This brown-out circuit is less expensive, albeit
less accurate. Transistor Q1 turns off when VDD
is below a certain level such that:

R1
V _ =07V
PPX RI+R2
Internal Brown-out Reset should be disabled
when using this circuit.
Resistors should be adjusted for the
characteristics of the transistor.

Note 1: This brown-out protection circuit employs
Microchip Technology’s MCP809
microcontroller supervisor. The MCP8XX and
MCP1XX families of supervisors provide
push-pull and open collector outputs with
both high and low active Reset pins. There
are 7 different trip point selections to
accommodate 5V and 3V systems.

MCLR

MCV18E
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9.8 Time-out Sequence

On power-up, the time-out sequence is as follows: First
PWRT time-out is invoked after the POR time delay has
expired. Then OST is activated. The total time-out will
vary based on oscillator configuration and the status of
the PWRT. For example, in RC mode with the PWRT
disabled, there will be no time-out at all. Figure 9-10,
Figure 9-11, and Figure 9-12 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 9-12). This is useful for testing purposes or to
synchronize more than one MCV18E device operating
in parallel.

Table 9-5 shows the Reset conditions for some Special
Function Registers, while Table 9-6 shows the Reset
conditions for all the registers.

TABLE 9-3:

TIME-OUT IN VARIOUS SITUATIONS

9.9 Power Control/STATUS Register
(PCON)

The Power Control/STATUS Register, PCON has two
bits.

Bit 0 is the Brown-out Reset Status bit, BOR. If the
BOREN Configuration bit is set, BOR is ‘1’ on Power-
on Reset and reset to ‘0’ when a Brown-out condition
occurs. BOR must then be set by the user and checked
on subsequent resets to see if it is clear, indicating that
another Brown-out has occurred.

If the BOREN Configuration bit is clear, BOR is
unknown on Power-on Reset.

Bit 1 is POR (Power-on Reset Status bit). It is cleared
on a Power-on Reset and unaffected otherwise. The
user must set this bit following a Power-on Reset.

Power-up or Brown-out

Oscillator Configuration

Wake-up from Sleep

PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024 Tosc 1024 Tosc 1024 Tosc
RC 72 ms — —
TABLE 9-4: STATUS BITS AND THEIR SIGNIFICANCE
POR | BOR | TO | PD
0 X 1 1 Power-on Reset (BOREN = 0)
0 1 1 1 Power-on Reset (BOREN = 1)
0 X 0 X | llegal, TO is set on POR
0 X X 0 | lllegal, PD is set on POR
1 0 1 1 Brown-out Reset
1 1 0 1 WDT Reset
1 1 0 0 WDT Wake-up
1 1 u u | MCLR Reset during normal operation
1 1 1 0 | MCLR Reset during Sleep or interrupt wake-up from Sleep
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TABLE 9-5: RESET CONDITION FOR SPECIAL REGISTERS

Condition Program STA_TUS PCQN

Counter Register Register
Power-on Reset (BOREN = 0) 000h 0001 1xxx ---- --0x
Power-on Reset (BOREN = 1) 000h 0001 1xxx ---- --01
MCLR Reset during normal operation 000h 000u uuuu ---- --uu
MCLR Reset during Sleep 000h 0001 Ouuu ---- --uu
WDT Reset 000h 0000 1uuu ---- --uu
WDT Wake-up PC+1 uuu0 Ouuu ---- --uu
Brown-out Reset 000h 0001 1uuu ---- --u0
Interrupt wake-up from Sleep PC +1® uuul Ouuu ---- --uu
Legend: u =unchanged, x = unknown, - = unimplemented bit read as ‘0’.

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

© 2009 Microchip Technology Inc.
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TABLE 9-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS OF THE MCV18E
Register Power-on Reset, MCLR Resets Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
w XXXX XXXX uuuu uuuu uuuu uuuu
INDF N A N A N A
TMRO XXXX XXXX uuuu uuuu uuuu uuuu
PCL 0000h 0000h pCc + 1@
STATUS 0001 1xxx 000q quuu® uuug quuu®
FSR XXXX XXXX uuuu uuuu uuuu uuuu
PORTAX: (). (6) --xx 0000 --xx 0000 --uu uuuu
PORTB®: ) XXXX XXXX uuuu uuuu uuuu uuuu
PCLATH ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0000 - 00x 0000 - 00u uuuu - uuu®
PIR1 -0-- -000 -0-- -000 -u-- -uuu®
TMR1L XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H XXXX XXXX uuuu uuuu uuuu uuuu
T1CON --00 0000 --uu uuuu --uu uuuu
TMR2 0000 0000 0000 0000 uuuu uuuu
T2CON - 000 0000 - 000 0000 - uuu uuuu
CCPRI1L XXXX  XXXX uuuu uuuu uuuu uuuu
CCPR1H XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 0000 0000 0000 0000 uuuu uuuu
PWM1CON 0000 0000 0000 0000 uuuu uuuu
ECCPAS 00-0 0000 00-0 0000 u- uu uuuu
ADRES XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 0000 0000 0000 0000 uuuu uuuu
OPTION_REG 1111 1111 1111 1111 uuuu uuuu
TRISA --11 1111 --11 1111 --uu uuuu
TRISB 1111 1111 1111 1111 uuuu uuuu
PIE1 -0-- -000 -0-- -000 -u-- -uuu
PCON ---- --Qq ---- --uu ---- --uu
PR2 1111 1111 1111 1111 uuuu uuuu
ADCON1 ---- -000 ---- -000 ---- -uuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition

Note 1:

One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

2:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

See Table 9-5 for Reset value for specific condition.

On any device Reset, these pins are configured as inputs.
This is the value that will be in the PORT output latch.
Output latches are unknown or unchanged. Analog inputs default to analog and read ‘0’
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FIGURE 9-10:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
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FIGURE 9-11:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
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FIGURE 9-12:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
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9.10

The MCV18E devices have up to 7 sources of interrupt.
The Interrupt Control Register (INTCON) records
individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

Interrupts

Note: Individual interrupt flag bits are set
regardless of the status of their

corresponding mask bit or the GIE bit.

A Global Interrupt Enable bit, GIE of the INTCON
register enables all unmasked interrupts when set, or
disables all interrupts when cleared. When bit GIE is
enabled, and an interrupt’s flag bit and mask bit are set,
the interrupt will vector immediately. Individual
interrupts can be disabled through their corresponding
enable bits in various registers. Individual interrupt bits
are set, regardless of the status of the GIE bit. The GIE
bit is cleared on Reset and when an interrupt vector
occurs.

The “return-from-interrupt” instruction, RETFI E, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the
Special Function Registers, PIR1 and PIR2. The
corresponding interrupt enable bits are contained in
Special Function Registers, PIE1 and PIE2, and the
peripheral interrupt enable bit is contained in Special
Function Register, INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two-cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit or the GIE bit.

FIGURE 9-13: INTERRUPT LOGIC
TOIE Wake-up (If in Sleep mode)
TOIE :D—I—T\ r
INTF
:D Interrupt to CPU
ADIF
ADIE
CCP1IF
CCP1IE GIE
TMRZIF:I )
TMR2IE
TMR1IF
TMRI1IE
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9.10.1 INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered,
either rising if bit INTEDG of the OPTION register is
set, or falling if the INTEDG bit is clear. When a valid
edge appears on the RBO/INT pin, flag bit INTF of the
INTCON register is set. This interrupt can be disabled
by clearing enable bit INTE of the INTCON register.
Flag bit INTF must be cleared in software in the Inter-
rupt Service Routine before re-enabling this interrupt.
The INT interrupt can wake-up the processor from
Sleep, if bit INTE was set prior to going into Sleep. The
status of Global Interrupt Enable (GIE) bit decides
whether or not the processor branches to the interrupt
vector following wake-up. See Section 9.13 “Power-
down Mode (Sleep)” for details on Sleep mode.

9.10.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF of the INTCON register. The interrupt can
be enabled/disabled by setting/clearing enable bit
TOIE of the INTCON register. (Section 4.0 “Timer0
Module”).

9.10.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF of
the INTCON register. The interrupt can be enabled/
disabled by setting/clearing enable bit RBIE of the
INTCON register. (Section 3.2 “PORTB and the
TRISB Register”).

9.11 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt, (i.e., W register and
STATUS register). This will have to be implemented in
firmware.

Example 9-1 stores and restores the W, STATUS,
PCLATH and FSR registers. Context storage registers,
W_TEMP, STATUS TEMP, PCLATH_TEMP and
FSR_TEMP, must be defined in Common RAM which
are those addresses between 70h-7Fh in Bank 0 and
between FOh-FFh in Bank 1.

The example:

a) Stores the W register.

b) Stores the STATUS register in Bank 0.

c) Stores the PCLATH register.

d) Stores the FSR register.

e) Executes the Interrupt Service Routine code
(User-generated).

f) Restores all saved registers in reverse order
from which they were stored.

EXAMPLE 9-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM
MOVWF W TEMP ; Copy Wto TEMP register, could be bank one or zero
SWAPF STATUS, W ; Swap status to be saved into W
MOVWF STATUS_TEMP ; Save status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWF PCLATH_TEMP ; Save PCLATH into W
CLRF PCLATH ; Page zero, regardless of current page
BCF STATUS, |RP ;Return to Bank O
MOV FSR, W ; Copy FSRto W
MOVWF FSR_TEMP ; Copy FSR fromWto FSR TEWP
(ISR
MOVF FSR_TEMP, W ; Restore FSR
MOVWF FSR ; Move Winto FSR
MOVF PCLATH TEMP, W ; Restore PCLATH
MOVWF PCLATH ; Move Winto PCLATH
SWAPF STATUS_TEMP, W ; Swap STATUS_TEMP register into W
MOVWF STATUS ; Move Winto STATUS register
SWAPF W TEMP, F ; Swap W TEMP
SWAPF W TEMP, W ; Swap WTEMP into W
RETFI E ;Return frominterrupt and enable G E

© 2009 Microchip Technology Inc.

DS41399A-page 77




MCV18E

9.12 Watchdog Timer (WDT)

The Watchdog Timer is a free running, on-chip, RC
oscillator which does not require any external
components. This RC oscillator is separate from the RC
oscillator of the OSC1/CLKIN pin. That means that the
WDT will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device have been stopped,
for example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device Reset (Watchdog Timer Reset). If the device is in
Sleep mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watchdog
Timer Wake-up). The TO bit in the STATUS register will
be cleared upon a Watchdog Timer time-out.

The WDT can be permanently disabled by clearing
Configuration bit WDTE (Section 9.1 “Configuration
Bits”).

FIGURE 9-14:

WDT time-out period values may be found in the
Electrical Specifications section under TwDT (parameter
#31). Values for the WDT prescaler (actually a
postscaler, but shared with the TimerO prescaler) may
be assigned using the OPTION register.

Note:  The CLRWDT and SLEEP instructions clear
the WDT and the postscaler, if assigned to
the WDT, and prevent it from timing out
and generating a device Reset condition.

Note: ~ When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but the

prescaler assignment is not changed.

WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source (Figure 4-1)

|_o]
1™ > Postscaler
WDT Timer U
X { 8
% f 8-to-1 MUX -— PS2:PSO
WDT PSA
Enable Bit
&——» To TMRO (Figure 4-1)
0 * |

Note: PSA and PS2:PS0 are bits in the OPTION register.

MUX -%— PSA

v

WDT
Time-out

TABLE 9-7: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
CONFIG1® BORV | BOREN — — PWRTE | WDTE FOSC1 | FOSCO — —
OPTION_REG RBPU INTEDG TOCS TOSE PS2 PS1 PSO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used the Watchdog Timer.

Note 1: See Configuration Word Register (Register 9-1) for operation of all register bits.
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9.13 Power-down Mode (Sleep)

Power-Down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit of the STATUS register is
cleared, the TO of the STATUS register bit is set, and
the oscillator driver is turned off. The 1/O ports maintain
the status they had, before the SLEEP instruction was
executed (driving high, low or high-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external
circuitry is drawing current from the 1/O pin, power-
down the A/D and the disable external clocks. Pull all
I/O pins that are high-impedance inputs, high or low
externally, to avoid switching currents caused by
floating inputs. The TOCKI input should also be at Vbb
or Vss for lowest current consumption. The
contribution from on-chip pull-ups on PORTB should
be considered.

The MCLR pin must be at a logic high level (parameter
D042).

9.13.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the

following events:

1. External Reset input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or some
peripheral interrupts.

External MCLR Reset will cause a device Reset. All
other events are considered a continuation of program
execution and cause a “wake-up”. The TO and PD bits
in the STATUS register can be used to determine the
cause of device Reset. The PD bit, which is set on
power-up, is cleared when Sleep is invoked. The TO bit
is cleared if a WDT time-out occurred (and caused
wake-up).

The following peripheral interrupts can wake the device
from Sleep:

1. TMR1interrupt. Timerl must be operating as an
asynchronous counter.

2. ECCP capture mode interrupt.
3.  ADC running in ADRC mode.

Other peripherals cannot generate interrupts, since
during Sleep, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the
interrupt address (0004h). In cases where the
execution of the instruction following SLEEP is not
desirable, the user should have a NOP after the SLEEP
instruction.

9.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT post-
scaler will be cleared, the TO bit will be set and
the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes.
To determine whether a SLEEP instruction executed,
test the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT
instruction should be executed before a SLEEP
instruction.

© 2009 Microchip Technology Inc.

DS41399A-page 79



MCV18E

FIGURE 9-15:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

. Q11 Q2 Q31 Q4; Q1| Q2| Q3 Q4; Q1

» Q1 Q3 Q3| @4, Q1l Q2] Q31 Q4; Q1l QA Q3| Q4; Q1| Q2 Q3| Q4
osc1 mmf\—.WU’LMFU’WWLM

Note XT, HS or LP Oscillator mode assumed.

Rwnr

CLKOUT(4) \_/—:\ A\ Tos@)! / \ N/ \ :
INT pin: 5 5 S 5 f 5 5
(INTCON %eg )" : : \/: . . Interrupt Latency , '
! ! X l ' (Note 3) ' '

. | P 0.
. , . Sleep ' . \ ' \ '

INSTRUCTION FLOW : | ! : : : : :
Pc)'( BC Y Pc+i X PC+2 X PC+2 ¥ PC+2 X ___0004nh X __0006h
'nstgggﬂgg{ Inst(PC) = Sleep Inst(PC + 1) Inst(PC + 2) Inst(0004h) Inst(0005h)
'n:;reléﬁt'gg{:mst(pc -1) : Sleep : : Inst(PC + 1) : Dummy cycle : Dummy cycle; Inst(0004h) :

TosT = 1024Tosc (drawing not to scale). This delay will not be there for RC Osc mode.
GIE =1 assumed. In this case after wake-up, the processor jumps to the interrupt routine. If GIE = 0, execution will continue in-line.
CLKOUT is not available in these Osc modes, but shown here for timing reference.

9.14 Program Verification/Code
Protection

If the code protection bit has not been programmed, the
on-chip program memory can be read out for
verification purposes.

9.15

Four memory locations (2000h-2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution, but are
readable and writable during program/verify. It is
recommended that only the 4 Least Significant bits of
the ID location are used.

ID Locations

9.16

MCV18E microcontrollers can be serially programmed
while in the end application circuit. This is simply done
with two lines for clock and data, and three other lines
for power, ground and the programming voltage. This
allows customers to manufacture boards with unpro-
grammed devices and then program the microcon-
troller just before shipping the product. This also allows
the most recent firmware or a custom firmware to be
programmed.

In-Circuit Serial Programming™

For complete details on serial programming, please
refer to the In-Circuit Serial Programming™ (ICSP™)
Specification, (DS40245).
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10.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings()

Ambient temperature UNAEr DIBS.........cooiiiiiiiiiiiieee e .-40°C to +85°C
(o] o To SR (=T 00 01T = LU £ O PO P PO PPPPPOP -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4) -0.3V to (VDD +0.3V)
Voltage 0N VDD With FTESPECE 10 WSS ...eiiiiiiiiiiiiiiiiiee ittt sttt ettt e st e e et be e s ne e e e nneee s -0.3V to +7.5V
Voltage on MCLR With reSPect t0 VSS (NOTE 2) ......cvvervecereeeeeeeeieeeeeeseseeeeeseeeesesseseesesssssesnesne s 0V to +13.25V
Voltage 0N RAZ With TESPECT T0 VSS .. .uiiiiiiiiiiiie ittt ettt ettt st e et e e s nbe e e ne e e e nneeas 0V to +8.5V
Total power dissipation (Note 1) (PDIP @Nnd SOIC) ........cciiiiiiiiiieiirie et sre e e e ennee 1.0w
Maximum CUITENE OUE OF WSS PN ...eeiiiiiiiiiiiie ittt ettt ettt e st sttt e bt e e e be e e e aar e e e sbbeeeesbeeeenbeeennnees 300 mA
MaXimum CUTENE INEO VDD PN ...cuveeeiiiiiiiieie et et e e e it ss et e st e e s st e e e e e e bt e e e anr e e e nne e e e seneeeenrneennnnes 250 mA
Input clamp current, K (V1 < 0 OF VI > VDD) .....couoeuiiiiieieiiieteieieisietessee sttt et tese s sesessssesesasesesesessssesesesassnsesesassasasas +20 mA
Output clamp current, IOK (VO < 0 OF VO 3 VDD) ...ocvcuiiiiieiiieiisieit ettt st esaese e e ssesessesassessesesseseesessesesnans 20 mA
Maximum output current SUNK DY @ny 1/O PiN.....cooueioiiiiiie et e e

Maximum output current sourced by any /O pin
Maximum current sunk by PORTA and PORTB (COMDINE)........ccouiiiiiiiiiiee e
Maximum current sourced by PORTA and PORTB (combined)

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - X I0H} + X {(VDD-VOH) x loH} + > (Vol x loL)

2: Voltage spikes below Vss at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Q should be used when applying a “low” level to the MCLR/VPP pin rather
than pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 10-1:

MCV18E VOLTAGE FREQUENCY GRAPH, -40°C < TA < +85°C()
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

10.1

DC Characteristics: MCV18E (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial

Pilrgm Sym Characteristic Min | Typt | Max | Units Conditions
VDD |Supply Voltage
D001 24 — 5.5 V | Industrial
DO01A
D002* |[VDR |RAM Data Retention — 15% | — \%
Voltage
D003 |VPOR | VDD Start Voltage to ensure — Vss | — V | See section on Power-on Reset for
internal Power-on Reset signal details
D004* |SvDD | VDD Rise Rate to ensure 005 | — — | VIms | PWRT enabled (PWRTE bit clear)
internal Power-on Reset signal
D005 |VBOR | Brown-out Reset voltage trip
point
— 4.0 — V |BOREN bit set, BOR bit =1
— 2.5 — V | BOREN bit set, BOR bit =0
* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1. This is the limit to which VDD can be lowered without losing RAM data.
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10.2

DC Characteristics: MCV18E (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C

Pilré:\m Sym Characteristic Min | Typt | Max |Units| VDD Conditions
VDD | Supply Voltage
D001 2.4 — 5.5 \% —
IDD Supply Current
D010 — 23 28 pA | 3.0 |Fosc=32kHz
— 45 | 637 | uA 50 LP Oscillator mode
D011 — | 180 | 250 | pA | 3.0 |Fosc=1MHz
— 290 | 370 | uA 50 XT Oscillator mode
D012 — 350 | 470 nA 3.0 |Fosc =4 MHz
— 600 | 780 | uA 50 XT Oscillator mode
D013 — 2.1 29 | mA | 45 |Fosc =20 MHz
— 25 | 33 | mA | 50 |HS Oscillator mode
IPD Power-down Base Current
D020 — | 01 |085| pA | 3.0 |WDT, BOR and TIOSC:
disabled
— 02 | 27 | uA | 5.0
Peripheral Module Current®
DO21 — 3.5 pA | 3.0 |WDT Current
— 135 | pA | 5.0
D022 — 37 50 pA 3.0 |BOR Current
— 40 55 pA | 45
— 45 | 60 | pA | 5.0
D025 — 2.6 75 HA 3.0 | Tlosc Current
— 3.0 9 pA | 5.0

T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this
peripheral is enabled. The peripheral “A” current can be determined by subtracting the base IDD or IPD

current from this limit.

Note 1:

© 2009 Microchip Technology Inc.
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10.3

DC Characteristics: MCV18E (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial

Operating temperature

Operating voltage VDD range as described in DC spec Section 10.1 “DC
Characteristics: MCV18E (Industrial)” and Section 10.3 “DC Character-|
istics: MCV18E (Industrial)”.

Pi{:m Sym Characteristic Min Typt Max Units Conditions
Input Low Voltage
VIL 1/0O ports
D030 with TTL buffer Vss — 0.8 V |4.5V <VDD <5.5V
DO30A Vss — | 0.15 VDD V  |otherwise
D031 with Schmitt Trigger buffer Vss — | 0.2VDD \%
D032 MCLR, OSC1 (in RC mode) Vss — | 0.2VDD \Y,
D033 OSCl1 (in HS mode) Vss — | 0.3VDD V  |(Notel)
OSC1 (in XT and LP modes) Vss — 0.6 \%
Input High Voltage
VIH 1/0O ports —
D040 with TTL buffer 24 — VDD V |45V <VDD<5.5V
DO040A 0.25VDD| — VDD V  |otherwise
+0.8V
D041 with Schmitt Trigger buffer 08VDD | — VDD V  |For entire VDD range
D042 MCLR 0.8VDD | — VDD \Y
D042A OSC1 (XT, HS and LP modes) 0.7VvpbD | — VDD V  |(Notel)
D043 OSCl1 (in RC mode) 09VopD | — VDD \Y
Input Leakage Current®: (®
D060 liL 1/0 ports — — +1 pA |Vss <VPIN < VDD, Pin at
high-impedance
— — +500 nA |Vss < VPIN < VDD, Pin configured as
analog input
D061 MCLR, RA4/TOCKI — — 5 pA | Vss < VPIN < VDD
D063 OSC1/CLKIN — — 5 pA | Vss <VPIN < VDD, XT, HS and LP Osc
modes
D070 IPURB  [PORTB weak pull-up current 50 250 400 pA | VDD = 5V, VPIN = Vss
Output Low Voltage
D080 VoL 1/0 ports — — 0.6 V  [loL=8.5mA, VDD = 4.5V, -40°C to
+85°C
D083 OSC2/CLKOUT (RC Osc mode) — — 0.6 V |loL=1.6 mA, VbD = 4.5V, -40°C to
+85°C
Output High Voltage
D090  [VoH  |I/O ports®) VDD-0.7 | — — V  |IoH =-3.0 mA, VDD = 4.5V, -40°C to
+85°C
D092 OSC2/CLKOUT (RC Osc mode) VDD-0.7 | — — V  |loH=-1.3 mA, VDD = 4.5V, -40°C to
+85°C
D150* |VoD Open-Drain High Voltage — — 8.5 V  |RA4 pin
Capacitive Loading Specs on Output Pins
D100 COSC2 |OSC2/CLKOUT pin — — 15 pF |In XT, HS and LP modes when exter-
nal clock is used to drive OSC1.
D101 Cio All'l//O pins and OSC2 (in RC mode) — — 50 pF
* These parameters are characterized but not tested.
T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: In RC Oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the PIC® device be
driven with external clock in RC mode.
2:  The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified levels repre-
sent normal operating conditions. Higher leakage current may be measured at different input voltages.
3:  Negative current is defined as current sourced by the pin.
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10.4 AC (Timing) Characteristics

10.4.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created
using one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OSC1
ck CLKOUT rd RD
cs [ S w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \ Valid
L Low z High-impedance

© 2009 Microchip Technology Inc.
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10.4.2 TIMING CONDITIONS

The temperature and voltages specified in Table 10-1
apply to all timing specifications, unless otherwise
noted. Figure 10-2 specifies the load conditions for the
timing specifications.

TABLE 10-1: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

Standard Operating Conditions (unless otherwise stated)

Operating temperature ~ -40°C < TA < +85°C for industrial

AC CHARACTERISTICS Operating voltage VDD range as described in DC spec Section 10.1 “DC Character-
istics: MCV18E (Industrial)” and Section 10.3 “DC Characteristics: MCV18E
(Industrial)”. LC parts operate for commercial/industrial temp’s only.

FIGURE 10-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1

Load condition 2

L

VDD/2
RI Pin
Pi —— ClI .
in T Legend:
RL = 464Q
Vss

CL = 50 pF for all pins except OSC2/CLKOUT
15 pF for OSC2 output

Cl

-

Vss

10.4.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 10-3: EXTERNAL CLOCK TIMING
Q4 . Q1 ; Q2 X Q3 Q4 . Q1 I
: ! ! ' |
0OSC1
- 2
CLKOUT
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TABLE 10-2: EXTERNAL CLOCK TIMING REQUIREMENTS
Pilr:m Sym Characteristic Min | Typt Max | Units Conditions
1A Fosc |Ext. Clock Input Frequency® DC| — 4 MHz | RC and XT Osc modes
DC — 20 MHz | HS Osc mode
DC — 200 kHz |LP Osc mode
Oscillator Frequency™® DC| — 4 MHz |RC Osc mode
0.1 — 4 MHz | XT Osc mode
4 — 20 MHz |HS Osc mode
5 — 200 kHz |LP Osc mode
1 Tosc | External CLKIN Period® 250 | — — ns |RC and XT Osc modes
50 — — ns |HS Osc mode
5 — — us | LP Osc mode
Oscillator Period® 250 | — — ns |RC Osc mode
250 — 10,000 | ns |XT Osc mode
50 — 250 ns |HS Osc mode
5 — — pus | LP Osc mode
2 Tey | Instruction Cycle Time® 200 — DC ns |Tcv = 4/Fosc
3* TosL, |External Clock in (OSC1) Highor| 100 — — ns | XT oscillator
TosH |Low Time 25| — — us | LP oscillator
15 — — ns |HS oscillator
4* TosR, |External Clockin (OSC1) Riseor| — — 25 ns | XT oscillator
TosF | Fall Time — — 50 ns |LP oscillator
— — 15 ns |HS oscillator

* These parameters are characterized but not tested.

T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1:

Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values

are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator
operation and/or higher than expected current consumption. All devices are tested to operate at “min”
values with an external clock applied to the OSC1/CLKIN pin.
When an external clock input is used, the “Max” cycle time limit is “DC” (no clock) for all devices.

© 2009 Microchip Technology Inc.
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T ——

Note 1: Referto Figure 10-2 for load conditions.

TABLE 10-3: CLKOUT AND I/O TIMING REQUIREMENTS

Pilrgm Sym Characteristic Min | Typt Max Units | Conditions
10* TosH2ckL |0SC1T to CLKOUTY — 75 200 ns (Note 1)
11* TosH2ckH | OSC17T to CLKOUTT — 75 200 ns (Note 1)
12* TckR CLKOUT rise time — 35 100 ns (Note 1)
13* TckF CLKOUT fall time — 35 100 ns (Note 1)
14* TckL210V | CLKOUT 4 to Port out valid — — 20 ns (Note 1)
15* TiIoV2ckH | Port input valid before CLKOUT T Tosc+ | — — ns (Note 1)
200

16* TckH2i0l | Port input hold after CLKOUT T 0 — — ns (Note 1)
17* TosH21I0V | OSC1T (Q1 cycle) to Port out valid — 50 150 ns

18* TosH2i0l | OSC1T (Q2 cycle) to Port input invalid (/O 100 — — ns

in hold time)

19* TioV20sH | Port input valid to OSC17 (/O in setup time) 0 — — ns

20* TIOR Port output rise time — 10 40 ns

21* TIOF Port output fall time — 10 40 ns

22tt* | TINP INT pin high or low time Tey — — ns

23tt* | TrBP RB<7:4> change INT high or low time Tey — — ns

* These parameters are characterized but not tested.
1t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Tt These parameters are asynchronous events not related to any internal clock edge.
Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x Tosc.

DS41399A-page 88 © 2009 Microchip Technology Inc.



MCV18E

FIGURE 10-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING®)
. I(d
. »
VDD /
l «
. »
MCLR / \ /
Internal :4_ 30 . (f)
POR .
:<— 33 —>», : (¢
PWRT ' : 22
Time-out 32 . :
- X ¢
osc - ! ”?
Time-out X
! «
Internal : . 27
Reset {
Watchdog : ' ()(;
Timer ' .
Reset : u
' . -—31 —» .
—» 34 -— —» 34 -—
1/0 Pins > \
Note 1. Refer to Figure 10-2 for load conditions.
FIGURE 10-6: BROWN-OUT RESET TIMING
BVDD - - - -~ -+ \—'
VDD f———
. 35 .
TABLE 10-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS
P;a\lrgm Sym Characteristic Min Typt Max | Units Conditions
30 TMmcL | MCLR Pulse Width (low) — — pus | VbD =5V, -40°C to +85°C
31* TwDT | Watchdog Timer Time-out Period 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)
32 Tost | Oscillation Start-up Timer Period — 11024 Tosc| — — | Tosc = OSC1 period
33* TPWRT | Power-up Timer Period 28 72 132 | ms |VDD =5V, -40°C to +85°C
34 Tioz I/O high-impedance from MCLR — — 2.1 us
Low or WDT Reset
35 TBorR Brown-out Reset Pulse Width 100 — — us | VDD < BvbD (D005)

* These parameters are characterized but not tested.

1t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

© 2009 Microchip Technology Inc.

DS41399A-page 89




MCV18E

FIGURE 10-7: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS®

- 47 > < 48 —»|
|
TMRO or
TMRI X1
|
Note 1: Refer to Figure 10-2 for load conditions. !
TABLE 10-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
P;a\lrsm Sym Characteristic Min Typt| Max |Units| Conditions
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns |N = prescale
20 or Tcy + 40 value
N (2, 4,..., 256)
45* Tt1H T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns [Must also meet
Synchronous, |Standard 15 — — ns |parameter 47
Prescaler =
24,8
Asynchronous |Standard 30 — — ns
46* TtlL T1CKI Low Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [Standard 15 — — ns |parameter 47
Prescaler =
2,4,8
Asynchronous |Standard 30 — — ns
A7* Tt1P T1CKI input Synchronous |Standard Greater of: — — ns [N = prescale
period 30 oR_TcY + 40 value (1, 2, 4, 8)
N
Asynchronous |Standard 60 — — ns
Ftl Timerl oscillator input frequency range 32.768 — [32.768| kHz
(oscillator enabled by setting bit TLOSCEN)
48* TCKEZtmrl |Delay from external clock edge to timer increment 2Tosc — | 7Tosc | —

* These parameters are characterized but not tested.
T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 10-8: CAPTURE/COMPARE/PWM TIMINGS®
CCP1
(Capture Mode) —m
' 50 51— .

:17 52 4>:

ccP1 % Z 2 Sk

(Compare or PWM Mode)

Note 1: Referto Figure 10-2 for load conditions.

TABLE 10-6: CAPTURE/COMPARE/PWM REQUIREMENTS

Pilr:m Sym Characteristic Min Typt| Max | Units| Conditions
50* TecL |CCP1input low |No Prescaler 05Tcy+20 | — | — ns
time With Prescaler 10 — | — | ns
51* TccH |CCP1 input high |No Prescaler 05Tcy+20 | — | — ns
time With Prescaler 10 — | — | ns
52* TeccP |CCP1 input period 3Tcy +40 — | — ns |N = prescale
N value (1,4, or
16)
53* TccR |CCP1 output rise time — 10 | 40 | ns
54* TccF |CCP1 output fall time — 10 | 40 ns

* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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TABLE 10-7: A/D CONVERTER CHARACTERISTICS: MCV18E (INDUSTRIAL)
Pilr:m Sym Characteristic Min Typt Max Units Conditions
AO0 VDD | VDD Operation 2.4 — 5.5 \%
A01 NR |Resolution — — 8-bits bit |VREF=VDD =5.12V,
Vss < VAIN < VREF
A03 EiL | Integral linearity error — — <+15 | LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF
A04 EpL | Differential linearity error -1.0 — 1.7 LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF
AO05 ErFs | Full scale error — — <+15 LSb |VREF = VDD=5.12V,
Vss < VAIN < VREF
A06 Eorr | Offset error — — <+15 | LSb |VREF=VDD =5.12V,
Vss < VAIN < VREF
A20 VREF | Reference voltage 2.5V — VoD +0.3| V
A25 VAIN | Analog input voltage Vss - — VREF + \%
0.3 0.3
A30 ZAIN | Recommended impedance of — — 10.0 kQ
analog voltage source
A40 IaD | A/D conversion Standard — 180 — pA | Average current
current (VDD) consumption when
AD is on.(
A50 IREF | VREF input current(®) 10 — 1000 pA | During VAIN
acquisition.
Based on differential
of VHOLD to VAN to
charge CHoLD, see
— — 10 pA | Section 10.1“DC
Characteristics:
MCV18E (Indus-
trial)”.
During A/D
Conversion cycle

* These parameters are characterized but not tested.

T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1:

When A/D is off, it will not consume any current other than minor leakage current.

The power-down current spec includes any such leakage from the A/D module.
2:  VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
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FIGURE 10-9: A/D CONVERSION TIMING

BSF ADCONO, GO 1Tey: -

134—| |«— (Tosc/2)® :
131 .
Q4 . :

— ' 130 e

AD CLK <132+, .

-

PSSR G € €3 €D €5 ED ED D G
or I
o [ | oo

SAMPLE SAMPLING STOPPED

Note  1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the SLEEP instruction
to be executed.

TABLE 10-8: A/D CONVERSION REQUIREMENTS

P;a\lrsm Sym Characteristic Min Typt Max | Units Conditions
130 Tap | A/D clock period Industrial 1.6 — — us | Tosc based, VREF > 3.0V
Industrial 1.6 4.0 6.0 pus | A/D RC mode
131 TcNv | Conversion time (not including S/H time)™ | 9.5 — 9.5 | Tap
132 TACQ | Acquisition time (Note 2) 20 — us
5* — — ps | The minimum time is the ampli-

fier settling time. This may be
used if the “new” input voltage
has not changed by more than 1
LSb (i.e., 20.0 mV @ 5.12V) from
the last sampled voltage (as
stated on CHOLD).

134 Tco | Q4 to A/D clock start — Tosc/2 ** | — — | If the A/D clock source is
selected as RC, a time of Tcy is
added before the A/D clock
starts. This allows the SLEEP
instruction to be executed.

135 Tswc | Switching from convert — sample time 1.5** — — TAD

* These parameters are characterized but not tested.
**  This specification ensured by design.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 10.1 “DC Characteristics: MCV18E (Industrial)” for min. conditions.

© 2009 Microchip Technology Inc. DS41399A-page 93



MCV18E

NOTES:

DS41399A-page 94 © 2009 Microchip Technology Inc.



MCV18E

11.0 PACKAGING INFORMATION

11.1 Package Marking Information

18-Lead PDIP Example
XXXKXXXXXXXXKXXXX MCV18I-P 3
D XOOXXXXXXXXXXXXXXX D O
o R YYWWNNN o R\ 0610017
18-Lead SOIC (7.50 mm) Example
HXXXXXXXXXXXX MCV18I- SO
HXXXXXXKXXXXXX @
XXXXXXXXXXXX AR\ 0610017
YYWWNNN
X\ o
Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

wWw Week code (week of January 1 is week ‘01")

NNN  Alphanumeric traceability code

@ Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

*

Standard PIC® device marking consists of Microchip part number, year code, week code, and traceability
code. For PIC® device marking beyond this, certain price adders apply. Please check with your Microchip
Sales Office. For QTP devices, any special marking adders are included in QTP price.
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11.2 Package Details

The following sections give the technical details of the packages.

18-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

(o Y Y P Y Y

NOTE 1 ;
N

& R RS AT RS RS

N o]
d]

T

!
$
o I

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e .100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 1130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .880 .900 .920
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .014
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-007B
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18-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
INIRIRIN I
,,},%/74, ,,,,,, |
/////j ‘ E1
/;////‘ ‘ J
NoTE 1— 12424 1
IRIRIRI RN IRIR I
123 L
—= e
-
O |~ h
| o
[ \ p C
L e B B .
$A14T L—=— p \/ %
L1 f=—
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 11.55 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 — 1.27
Footprint L1 1.40 REF
Foot Angle [0} 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1.

2
3.
4

. § Significant Characteristic.

Pin 1 visual index feature may vary, but must be located within the hatched area.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-051B
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18-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

e

oI

SILK
G =~ SCREEN
C
E ] |« f
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Contact Pitch E 1.27 BSC
Contact Pad Spacing C 9.40
Contact Pad Width X 0.60
Contact Pad Length Y 2.00
Distance Between Pads Gx 0.67
Distance Between Pads G 7.40

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2051A
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APPENDIX A: REVISION HISTORY

Revision A (10/2009)

Original release of this data sheet.
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ADC .o 41
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Compare............... ....54
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RB2/TLOS ittt 24
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Watchdog Timer (WDT) ....coooviriieriieeiieee e 78
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TimMiNg Diagram........coccvviiiiieiiiee e 89
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Compare Mode...... ... 54
CCP1 Pin Configuration ...........cccceevivieenieeeennnn. 54
Software Interrupt Mode...........ccceeviivenninen. 52, 54
Special Event THgger ......cccooovieiieiiiiiiiiieiee 54
Timerl Mode Selection..........c.ccccccveevienennenne 52, 54
Flag (CCPLIF Bit) .c.veeveeieieciiieere e 17
Prescaler ................. ... 52
PWM Mode..... ... 56
Duty Cycle........... ... 57
Effects of ReSet......ccccoveiiiiiiiii 59
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20 MHZ...coiiiiiieeee e 58
Example PWM Frequencies and Resolutions,
BMHZ .o 58
Operation in Sleep Mode..........cccccvvvveeiiieeennnnn. 59
Setup for Operation ..........c.ccceeeenne ..59
System Clock Frequency Changes ... .. 59
PWM Period ..o, ... 57
Setup for PWM Operation ..........cccocvviieniiinnie e, 59
Timing Diagram .......cccocvveiiniieiie e 91
CCP1CON (Enhanced) RegiSter .........ccccovvveiiirieriieeeenn. 51
Code Examples
Assigning Prescaler to Timer0..........ccocevvveeviiniiennens 30
Assigning Prescaler to WDT................... ... 30
Changing Between Capture Prescalers .... ... 52
How to Clear RAM Using Indirect Addressing............ 20
Initializing PORTA ..o 21
Initializing PORTB ......cocviiiiiiiieiiiee e 23
Code ProteCtion .........ccceiveieiieiiic e 65, 80
Compare Module. See Enhanced Capture/Compare/PWM
(ECCP)
CONFIG REQGISIEN ..ottt 66
Configuration Bits ...
D
Data MEMOIY ....ovviiiiiiiiiee e 9
Bank Select (RP BitS) .......cccoecuieiiieiiiiniiiiciesie e 9
General Purpose Registers .. ... 10
Register File Map ................. ... 10
Special Function Registers..........ccccoovviieniiniicineenn, 11
DC CharacteristiCs..........coecuveriieniiiiiesie e 82, 83, 84
Direct AddreSSiNg .....ccovuveeeiiieeeiiie et 20
E
ECCP. See Enhanced Capture/Compare/PWM
ECCPAS REGISLET......uiiiiiiiiiiiiieitie et 61
Effects of Reset
PWM MOde......cooiiiiiiiiiiii e 59
Electrical CharacteristiCs ..........coovevveeiiiiiiiiieniie e 81
Enhanced Capture/Compare/PWM ..........ccccoviveeiiineeninnen. 51

Enhanced Capture/Compare/PWM (ECCP)
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Enhanced PWM Mode
AULO-RESTA ... 62
AULO-ShULOWN ... 60
Half-Bridge Application Examples..
Programmable Dead Band Delay ..

Shoot-through Current...................

TIMer RESOUICES.......uceiiiiiieiiiiie et 51
External Power-on Reset CirCuit.........cccccvevieiiecninnciinnnene 68
=
Fuses. See Configuration Bits
I
1O POIMS . 21
ID LOCALIONS ...ttt 65, 80
In-Circuit Serial Programming (ICSP) ..65, 80
INdireCt AdAreSSING .....oveeiviireiiiiie e 20

FSR Register .... 10, 11, 20

INDF REQISEEN ...t 11
INT Interrupt (RBO/INT). See Interrupt Sources
INTCON REQISIEN ...ttt 11, 15
Internal Sampling Switch (RSS) IMPEDANCE .........ccccovevunen. 47
INtEITUPt SOUICES.....ovveviiiiiiiiiieeceeee e ..65,76

Interrupt-on-Change (RB) ........cccociviiiniiiiniciicciece. 23

RBO/INT Pin, EXternal.........cccccceeviiiiiinieniececsecee 77

TMRO OVErflow ......cccoeiiiiiiiiiiiiici i, 77
Interrupts

ADC ..o 44
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CCP1CON (Enhanced CCP1 Control) ..... .51
CONFIG (Configuration Word) .........c.occveeivieeiiireenns 66
ECCPAS (Enhanced CCP Auto-shutdown Control) ... 61
INTCON (Interrupt Control).........ccccevneerieiiieninieiienns 15
INTCON Register

RBIF ..o 23
OPTION_REG (OPTION)......... .14
PCON (Power Control Register)...... .. 18
PIE1 (Peripheral Interrupt Enable 1)............ccccceveenneee. 16
PIR1 (Peripheral Interrupt Register 1) ...........ccceveeee. 17
PWM1CON (Enhanced PWM Control) .............ccueeee. 64
STATUS L. 13
TLCON Lt 36
T2CON Lot 40

DS41399A-page 102

© 2009 Microchip Technology Inc.



MCV18E

Brown-out Reset (BOR). See Brown-out Reset (BOR)
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Power-on Reset (POR). See Power-on Reset (POR)
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

» Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://support.microchip.com

© 2005 Microchip Technology Inc.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: MCV18E Literature Number: DS41399A

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Package:

SO
p

SOIC
PDIP

PART NO. _|)g XX XXX
Device Temperature  Package Pattern
Range
Device: MCV18E, MCV18ET®;
VDD range 2.0V to 5.5V
Temperature Range: | = -40°Cto +85°C (Industrial)

Examples:

a)

b)

Note

MCV18E - I/P = Industrial temp., PDIP pack-
age.

MCV18E - I/SO = Industrial temp., SOIC pack-
age.

1: T =intape and reel SOIC package only.

© 2009 Microchip Technology Inc.
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WORLDWIDE SALES AND SERVICE

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:

http://support.microchip.com

Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA

Tel: 408-961-6444
Fax: 408-961-6445
Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4080

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370

Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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