MICROCHIP

CF/6XX

EPROM-Based 8-Bit CMOS Microcontrollers

Devices included in this data sheet:

* CF7645
* CF7665
* CF7685

High Performance RISC CPU:

¢ Only 35 instructions to learn

« All single-cycle instructions (200 ns), except for
program branches which are two-cycle

« Operating speed:
- DC - 20 MHz clock input
- DC - 200 ns instruction cycle

Pin Diagrams

PDIP, SOIC
RA2/ARI\/|_\23/>E\§§<—> g1 ~ 18 - Eﬁ%
-2 170 <>
RA4TOCKI <= H3 @ 16H === oscucikin
MCLR/VPP —» 0 4 & 15[ — OSC2/CLKOUT
Vss—» [ 5 X 14[] <— VDD
RBO/NT <« [ 6 < 13[] <-—» RB7
RBlL «—»[] 7 12[] -« RB6
RB2 «— [] 8 11 ] <« RB5
RB3 «—» [] 9 101 <«—» RB4

Device Program Data
Memory Memory
CF7645 512 96
CF7665 1K 96
CF7685 2K 128

 Interrupt capability

« 12 special function hardware registers

« 8-level deep hardware stack

« Direct, Indirect and Relative addressing modes

Peripheral Features:

¢ 13 1/O pins with individual direction control

« High current sink/source for direct LED drive

« Timer0: 8-bit timer/counter with 8-bit
programmable prescaler

Special Microcontroller Features:

¢ Power-on Reset (POR)

¢ Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code protection

« Power saving SLEEP mode

« Selectable oscillator options

¢ Serial in-circuit programming (via two pins)

« Four user programmable ID locations

CMOS Technology:

¢ Low-power, high-speed CMOS EPROM
technology
 Fully static design
¢ Operating Range 3.0V to 5.5V
¢ Temperature 0°C to 70°C
* Low power consumption
- <20mA @ 5.0V, 4.0 MHz
- 15 pA typical @ 3.0V, 32 kHz
- < 1.0 pA typical standby current @ 3.0V, 0°C
to 70°C

0 2000 Microchip Technology Inc.
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1.0 GENERAL DESCRIPTION

The CF76XX devices are 18-Pin EPROM-based mem-
bers of the versatile PICmicro® family of low-cost,
high-performance, CMOS, fully-static, 8-hit
microcontrollers.

All PICmicro microcontrollers employ an advanced
RISC architecture. The CF76XX devices have
enhanced core features, eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a sin-
gle-cycle, except for program branches (which require
two cycles). A total of 35 instructions (reduced instruc-
tion set) are available. Additionally, a large register set
gives some of the architectural innovations used to
achieve a very high performance.

CF76XX microcontrollers typically achieve a 2:1 code
compression and a 4:1 speed improvement over other
8-bit microcontrollers in their class.

The CF7645 and CF7665 have 96 bytes of RAM. The
CF7685 has 128 bytes of RAM. Each device has 13 I/O
pins and an 8-bit timer/counter with an 8-bit program-
mable prescaler.

CF76XX devices have special features to reduce exter-
nal components, thus reducing system cost, enhancing
system reliability and reducing power consumption.
There are four oscillator options, of which the single pin
RC oscillator provides a low-cost solution, the LP
oscillator minimizes power consumption, XT is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers power savings.
The user can wake up the chip from SLEEP through
several external and internal interrupts and reset.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software
lock- up.

Table 1-1 shows the features of the CF76XX mid-range
microcontroller families.

A simplified block diagram of the CF76XX is shown in
Figure 3-1.

1.1 Applications

The CF76XX series fits perfectly in applications rang-
ing from battery chargers to low-power remote sensors.
The EPROM technology makes customization of appli-
cation programs (detection levels, pulse generation,
timers, etc.) extremely fast and convenient. The small
footprint packages make this microcontroller series
perfect for all applications with space limitations.
Low-cost, low-power, high-performance, ease of use
and 1/O flexibility make the CF76XX very versatile.

0 2000 Microchip Technology Inc.
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TABLE 1-1:

Clock

Memory

Peripherals

Features

CF76XX FAMILY OF DEVICES
CF7645 | CF7665 | CF7685
Maximum Frequency |20 20 20
of Operation (MHz)
EPROM Program 512 1K 2K
Memory
(x14 words)
Data Memory (bytes) |96 96 128
Timer Module(s) TMRO TMRO TMRO
Interrupt Sources 4 4 4
1/0 Pins 13 13 13
Voltage Range (Volts) |3.0-5.5 3.0-5.5 3.0-5.5
Packages 18-pin 18-pin DIP, 18-pin DIP,
DIP,SOIC; SOIC; SOIC;

All CF76XX Family devices have Power-on Reset, selectable Watch-
dog Timer, selectable code protect and high
I/O current capability. All CF76XX Family devices use serial pro-
gramming with clock pin RB6 and data pin RB7.

DS00000A-page 6
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2.0 CF76XX DEVICE VARIETIES

A variety of packaging options are available. Depending
on application and production requirements, the proper
device option can be selected using the information in
the CF76XX Product Identification System section at
the end of this data sheet. When placing orders, please
use this page of the data sheet to specify the correct part
number.

0 2000 Microchip Technology Inc.
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3.0 ARCHITECTURAL OVERVIEW

The high performance of the CF76XX family can be
attributed to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the CF76XX uses a Harvard architecture, in
which, program and data are accessed from separate
memories using separate busses. This improves
bandwidth over traditional von Neumann architecture,
where program and data are fetched from the same
memory. Separating program and data memory further
allows instructions to be sized differently than 8-bit
wide data word. Instruction opcodes are 14-bits wide
making it possible to have all single word instructions.
A 14-bit wide program memory access bus fetches a
14-bit instruction in a single cycle. A two-stage pipeline
overlaps fetch and execution of instructions.
Consequently, all instructions (35) execute in a sin-
gle-cycle (200 ns @ 20 MHz) except for program
branches.

The CF7645 addresses 512 x 14 on-chip program
memory. The CF7665 addresses 1K x 14 program
memory. The CF7685 addresses 2K x 14 program
memory. All program memory is internal.

The CF76XX can directly or indirectly address its reg-
ister files or data memory. All special function registers
including the program counter are mapped in the data
memory. The CF76XX has an orthogonal (symmetrical)
instruction set that makes it possible to carry out any
operation on any register using any addressing mode.
This symmetrical nature and lack of ‘special optimal sit-
uations’ make programming with the CF76XX simple
yet efficient. In addition, the learning curve is reduced
significantly.

The CF76XX devices contain an 8-bit ALU and working
register. The ALU is a general purpose arithmetic
unit. It performs arithmetic and Boolean functions
between data in the working register and any register
file.

The ALU is 8-bit wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a Borrow and Digit Borrow out bit,
respectively, bit in subtraction. See the SUBLW and
SUBWF instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
a description of the device pins in Table 3-1.

0 2000 Microchip Technology Inc.
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FIGURE 3-1: BLOCK DIAGRAM

) Data Memory
Device Program Memory (RAM)
CF7645 512x 14 96 x 8
CF7665 1K x 14 96 x 8
CF7685 2K x 14 128 x 8
13 8
Data Bus
<[ Program Couner<
EPROM QL <> X|RAO
<»X|RAL
— <> <|RA2
I;Argr%r:m 8 Level Stack RAM %RA3
&4 (13-bit) File -
Registers <X RA4/TOCKI
Program
Bus 14 RAM Addr () t 9
Instruction reg Addr MUX Port B
; 7 Indirect
‘ Direct Addr e <D RBO/INT
1]
—»~| STATUS reg ‘
\ <=>[X|RB7 - RB1
3
Power-up
Timer
Instruction
Decode & K=>{ | _ Oscillator
Control Start-up Timer ALU
|
Power-on
Timing Reset
Xk=> Generation <= Watchdog
OSC1/CLKIN Timer
OSC2/CLKOUT
MCLR VDD, Vss
Note 1: Higher order bits are from the STATUS register.
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TABLE 3-1: CF76XX PINOUT DESCRIPTION

DIP/
Name SoicC ¥O/Z BTUfer Description
pin# | VP yp

OSC1/CLKIN 16 | ST/CMOS | Oscillator crystal input/external clock source input.

OSC2/CLKOUT 15 (0] — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT, which has 1/4 the frequency of OSC1 and
denotes the instruction cycle rate.

MCLR/VPP 4 1P ST Master clear (reset) input/programming voltage input.
This pin is an active low reset to the device.
PORTA is a bi-directional 1/O port.

RAO 17 /10 ST

RA1 18 /10 ST

RA2 1 1/0 ST

RA3 2 1/0 ST

RA4/TOCKI 3 1/0 ST Can be selected to be the clock input to the Timer0

timer/counter. Output is open drain type.

PORTB is a bi-directional I/O port. PORTB can be
software programmed for internal weak pull-up on all
inputs.

RBO/INT 6 /10 TTL/ST® RBO/INT can also be selected as an external

interrupt pin.

RB1 7 /10 TTL

RB2 8 /10 TTL

RB3 9 /10 TTL

RB4 10 1/0 TTL Interrupt on change pin.

RB5 11 1/0 TTL Interrupt on change pin.

RB6 12 1/0 TTUST® Interrupt on change pin. Serial programming clock.

RB7 13 110 TTUST@ Interrupt on change pin. Serial programming data.

Vss 5 P — Ground reference for logic and 1/0O pins.

VDD 14 P — Positive supply for logic and 1/O pins.

Legend: O = output I/O = input/output P = power

— = Not used | = Input ST = Schmitt Trigger input

TTL = TTL input
Note 1. This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.

0 2000 Microchip Technology Inc. DS00000A-page 11
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3.1 Clocking Schemel/lnstruction Cycle

The clock input (OSC1/CLKIN pin) is internally divided
by four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the
program counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The
instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)” in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

Q1L | Q2 | Q3 | Q4 ' Q1 |

Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 1

QLy— —\ —\ |

Q2 | A\ | N\ | M\ | Inﬁggréal
Q3 | \ I —\ I \ || Biock
) — —] —

PC PC X PC+1 X PC+2

(RC mode)

Fetch INST (PC)

OSC2/CLKOUT K—/—(—/—(—/il

Fetch INST (PC+1)

!
| Execute INST (PC-1)
I
|

Execute INST (PC)

|
Fetch INST (PC+2) !
]

Execute INST (PC+1)

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

Fetch 3 Execute 3

1. MOVLW 55h Fetch 1 Execute 1

2. MOWF PORTB Fetch 2 Execute 2
3. CALL SUB 1

4. BSF PORTA, BIT3

Fetch 4 Flush
Fetch SUB_1| Execute SUB_1

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline, while the new instruction is being fetched and then executed.

DS00000A-page 12
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40 MEMORY ORGANIZATION

4.1 Program Memory Organization

The CF76XX has a 13-bit program counter capable of
addressing an 8K x 14 program memory space. Only
the first 512 x 14 (0000h - 01FFh) for the CF7645, 1K x
14 (0000h - 03FFh) for the CF7665 and 2K x 14 (0000h
- O7FFh) for the CF7685 are physically implemented.
Accessing a location above these boundaries will
cause a wrap-around within the first 512 x 14 space
(CF7645) or 1K x 14 space (CF7665) or 2K x 14 space
(CF7685). The reset vector is at 0000h and the inter-
rupt vector is at 0004h (Figure 4-1, Figure 4-2,
Figure 4-3).

FIGURE 4-1:  PROGRAM MEMORY MAP
AND STACK FOR THE CF7645
\ PC<12:0>

CALL, RETURN
RETFI E, RETLW

13

Stack Level 1
Stack Level 2

Stack Level 8

Reset Vector 000h
<::

Interrupt Vector 0004

0005

On-Chip Program
Memory
01FFh

0200h

1FFFh

FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR THE CF7665

PC<12:0>
CALL, RETURN S 13
RETFI E, RETLW

Stack Level 1
Stack Level 2

(]
Stack Level 8

Reset Vector 000h
<::

Interrupt Vector 0004

0005
On-Chip Program
Memory

03FFh
0400h
1FFFh

FIGURE 4-3: PROGRAM MEMORY MAP
AND STACK FOR THE CF7685

PC<12:0>
CALL, RETURN 13
RETFI E, RETLW [

Stack Level 1
Stack Level 2

L]
L]

[ ]
Stack Level 8

Reset Vector 000h
<::

Interrupt Vector 0004

0005
On-Chip Program
Memory

07FFh
0800h
1FFFh

0 2000 Microchip Technology Inc.
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4.2 Data Memory Organization

The data memory (Figure 4-4 and Figure 4-5) is partitioned
into two banks, which contain the General Purpose Regis-
ters and the Special Function Registers. Bank 0 is selected
when the RPO bit is cleared. Bank 1 is selected when the
RPO bit (STATUS <5>) is set. The Special Function Regis-
ters are located in the first 32 locations of each bank. Reg-
ister locations 20-7Fh (BankO) on the CF7645 and 20-7Fh
(Bank0) and A0-BFh (Bankl) on the CF7665 and CF7685
are General Purpose Registers implemented as static
RAM. Some Special Purpose Registers are mapped in
Bank 1.

Addresses FOh-FFh of bank1 are implemented as common
ram and mapped back to addresses 70h-7Fh in bankO on
the CF7645/7665/7685.

42.1 GENERAL PURPOSE REGISTER FILE

The register file is organized as 96 x 8 in the CF7645
and CF7665 and 128 x 8 in the CF7685. Each is
accessed either directly or indirectly through the File
Select Register FSR (Section 4.4).

DS00000A-page 14
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FIGURE 4-4: DATA MEMORY MAP FOR
THE CF7645/CF7665

File File
Address Address
ooh| INDF® INDF(® 80h
01h TMRO OPTION 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
OAh PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch 8Ch
0Dh 8Dh
OEh PCON 8Eh
OFh 8Fh
10h 90h
11h 91h
12h 92h
13h 93h
14h 94h
15h 95h
16h 96h
17h 97h
18h 98h
19h 99%h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh 9Eh
1Fh 9Fh
20h AOh

General
Purpose
Register
6Fh
70h I:C>Eem=3ral Accesses FOh
Register 70h-7Fh
7Fh FFh
Bank O Bank 1
D Unimplemented data memory locations, read as '0’.
Note 1: Not a physical register.

FIGURE 4-5: DATA MEMORY MAP FOR

THE CF7685
File File
Address Address

ooh| INDF® INDF(® 80h
01h TMRO OPTION 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
OAh PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch 8Ch
0Dh 8Dh
OEh PCON 8Eh
OFh 8Fh
10h 90h
11h 91h
12h 92h
13h 93h
14h 94h
15h 95h
16h 96h
17h 97h
18h 98h
19h 99%h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh 9Eh
1Fh 9Fh
20h AOh

General General

Purpose Purpose

Register Register BEh

COh

6Fh
70h General Foh

pumose | Atcesses
7Fh gister FEh

Bank 0 Bank 1

D Unimplemented data memory locations, read as '0’.
Note 1: Not a physical register.

0 2000 Microchip Technology Inc.
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422 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by the
CPU and Peripheral functions for controlling the desired
operation of the device (Table 4-1). These registers are
static RAM.

The Special Function Registers can be classified into two
sets (core and peripheral). The Special Function Registers
associated with the “core” functions are described in this
section. Those related to the operation of the peripheral fea-
tures are described in the section of that peripheral feature.

TABLE 4-1: SPECIAL REGISTERS FOR THE
CF76XX STATUS REGISTER
Value on | Value on
?gdre Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito | POR | all other
Reset | resets®
Bank 0
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical | XXXX XXXx XXXX XXXX
register)
01lh TMRO TimerO Module’s Register XXXX XXXX uuuu uuuu
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 0000 0000
03h STATUS IRP® | RP1( | RPO | TO | PD | z | DC | C 0001 1xxx | 000g quuu
04h FSR Indirect data memory address pointer XXXX XXXX uuuu uuuu
05h PORTA — — — RA4 RA3 RA2 RA1 RAO ---x 0000 ---u 0000
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX uuuu uuuu
07h-09h | Unimplemented — —
OAh PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
0Bh INTCON GIE = TOIE INTE | RBIE | TOIF | INTF | RBIF 0-00 000X 0000 000U
0Ch-1Fh | Unimplemented = =
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical XXXX XXXX | XXXX XXXX
register)
81h OPTION RBPU | INTEDG | ToCS | TOSE | PSA | PS2 | PS1 | PSO | 1111 1111 | 1111 1111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS IRP@) ‘ RP1® ‘ RPO ‘ 7o ‘ PD ‘ z ‘ DC ‘ c 0001 1xxx | 000q quuu
84h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
85h TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | ---1 1111 | ---1 1111
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
87h-89h | Unimplemented — —
8Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 | ---0 0000
8Bh INTCON GIE = TOIE INTE | RBIE | TOIF | INTF | RBIF | 000 000x | 0000 000u
8Ch-8Dh | Unimplemented — —
8Eh PCON = | = | = | = | = | = | POR | = B N
8Fh-9Fh | Unimplemented — —
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown,
g = value depends on condition, shaded = unimplemented
Note 1: Other (non power-up) resets include MCLR reset, and Watchdog Timer Reset during normal operation.
2: IRP & RP1 hits are reserved, always maintain these bits clear.
3: Bit 6 of INTCON register is reserved for future use. Always maintain this bit as clear.

DS00000A-page 16
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The STATUS register, shown in Register 4-1, 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, like 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
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the status register as
000uuluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOWAF instructions are used to alter the
STATUS register, because these instructions do not
affect any status bit. For other instructions, not affecting
any status bits, see the “Instruction Set Summary”.

Note 1: The IRP and RP1 bits (STATUS<7:6>)
are not used by the CF76XX and should
be programmed as '0'. Use of these bits
as general purpose R/W bits is NOT rec-
ommended, since this may affect
upward compatibility with future prod-
ucts.

2: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLWand SUBWF
instructions for examples.

0 2000 Microchip Technology Inc.
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REGISTER 4-1: STATUS REGISTER (ADDRESS 03H OR 83H)

Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x R/W-x

IRP

| rRra | RPO | TO | PD | z | bc | ¢ R = Readable bit

bit

bit

bit

bit

bit

bit

bit

7.

6-5:

bito |W = Writable bit

U = Unimplemented bit,
read as '0’

-n =Value at POR

- x =Unknown at POR

IRP: Register Bank Select bit (used for indirect addressing)

1 =Bank 2, 3 (100h - 1FFh)

0 =Bank 0, 1 (00h - FFh)

The IRP bit is reserved on the CF76XX; always maintain this bit clear.

RP<1:0>: Register Bank Select bits (used for direct addressing)

01 = Bank 1 (80h - FFh)

00 = Bank 0 (00h - 7Fh)

Each bank is 128 bytes. The RP1 bit is reserved on the CF76XX; always maintain this bit clear.

TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = AWDT time-out occurred

PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

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

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

C: Carry/borrow bit (ADDWF, ADDLW SUBLW SUBWF 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: For borrow the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order bit
of the source register.

DS00000A-page 18 0 2000 Microchip Technology Inc.
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4221 OPTION REGISTER

The OPTION register is a readable and writable
register, which contains various control bits to configure
the TMRO/WDT prescaler, the external RBO/INT
interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 4-2: OPTION REGISTER (ADDRESS 81H)

Note: To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT
(PSA =1).

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 | ToseE | psAa |

PS2

PS1 PSO = Readable bit

bit7

RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled

bit 7:

bit 6: INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

bit 5: TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

bit 4: TOSE: TMRO Source Edge Select bit

bit 3: PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

bit 2-0: PS<2:0>: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

000 1:2 1:1
001 14 12
010 18 14
011 116 18
100 132 116
101 164 132
110 1128 164
111 : 256 1128

R R R R R e
RPRERRRRR

0 = Interrupt on falling edge of RBO/INT pin

0 = Internal instruction cycle clock (CLKOUT)

0 = Prescaler is assigned to the Timer0 module

0 = PORTB pull-ups are enabled by individual port latch values

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

= Writable bit

= Unimplemented bit, read
as’0’

= Value at POR reset

= Unknown at POR reset

bit0

cC=s=x

-Nn
-X

0 2000 Microchip Technology Inc.

DSO00000A-page 19



CF76XX

4222 INTCON REGISTER

Note:
The INTCON register is a readable and writable

register, which contains the various enable and flag bits
for all interrupt sources except the comparator module.

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 (INTCON<7>).

REGISTER 4-3: INTCON REGISTER (ADDRESS OBH OR 8BH)

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

R/W-x

| ge | - | 1o | NntE | RBIE | TOF | INTF |

RBIF R = Readable bit

bit7

bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6: Reserved for future use - always maintain
this bit clear.

bit 5:  TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO 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: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2.  TOIF: TMRO Overflow Interrupt Flag bit

0 = TMRO register did not overflow
bit 1: INTF: RBO/INT External Interrupt Flag bit

0 = The RBO/INT external interrupt did not occur
bit 0: RBIF: RB Port Change Interrupt Flag bit

0 = None of the RB<7:4> pins have changed state

1 = TMRO register has overflowed (must be cleared in software)

1 = The RBO/INT external interrupt occurred (must be cleared in software)

1 = When at least one of the RB<7:4> pins changed state (must be cleared in software)

bito [W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

-x = Unknown at POR reset

DS00000A-page 20
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4223 PCON REGISTER

The PCON register contains flag bits to differentiate between a Power-on Reset, an external MCLR reset, or WDT reset.

REGISTER 4-4: PCON REGISTER (ADDRESS 8Eh)

U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0
| — | — | — | — | — | — | Por — R = Readable bit
bit7 bito |[W = Writable bit
U = Unimplemented bit, read
as’'0’

-n =Value at POR reset
-x = Unknown at POR reset

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 0: Unimplemented: Read as '0’
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4.3 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 4-5 shows the two
situations for the loading of the PC. The upper example in
the figure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the figure
shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> —. PCH).

FIGURE 4-5: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
pC | 5 | PcLas
Destination
E PCLATH<4:0> 8
5 ALU result
LTI ]
PCLATH
PCH PCL
12 11 10 8 7 0
pc | | g | coracalL
PCLATH<4:3> 11
2 Opcode <10:0>
LITTTTTT]
PCLATH

43.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an
offset to the program counter (ADDWF PCL). When
doing a table read using a computed GOTO method,
care should be exercised if the table location crosses a
PCL memory boundary (each 256 byte block). Refer to
the application note, “Implementing a Table Read"
(AN556).

43.2 STACK

The CF76XX family has an 8-level deep x 13-bit wide
hardware stack (Figure 4-2 and Figure 4-3). 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 RET-
FI E instruction execution. PCLATH is not affected by
a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no STATUS bits to indicate
stack overflow or stack underflow
conditions.

2. There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLWand RETFI E
instructions, or the vectoring to an
interrupt address.

4.4 Indirect Addressing. INDF and FSR
Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF reg-
ister. Any instruction using the INDF register actually
accesses data pointed to by the File Select Register
(FSR). Reading INDF itself indirectly will produce 00h.
Writing to the INDF register indirectly results in a
no-operation (although status bits may be affected). An
effective 9-bit address is obtained by concatenating the
8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figure 4-6. However, IRP is not used in the
CF76XX.

A simple program to clear RAM location 20h-7Fh using
indirect addressing is shown in Example 4-1.

EXAMPLE 4-1: INDIRECT ADDRESSING

nmovl w  0x20 ;initialize pointer

movwf  FSR ;to RAM
NEXT clrf | NDF ;clear | NDF register
i ncf FSR ;inc pointer
btfss FSR 7 ;all done?
goto NEXT ;no cl ear next

;yes continue
CONTI NUE:

DS00000A-page 22
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FIGURE 4-6: DIRECT/INDIRECT ADDRESSING CF76XX
Direct Addressing Indirect Addressing
RP1 RPOW 6 from opcode 0 RPO 7 FSR register 0
N y J - A v J
bank select location select bank select location select
- > 00 01 10 1 D
00h 180h
not used
Data
Memory
7Fh 1FFh
Bank O Bank1l Bank2 Bank3
For memory map detail see (Figure 4-4 and 4-5).

Note 1: The RP1 and IRP bits are reserved; always maintain these bits clear.
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5.0 I/0 PORTS FIGURE 5-2: BLOCK DIAGRAM OF RA2 PIN

The CF76XX has two ports, PORTA and PORTB. Some gﬁ;a
pins for these 1/O ports are multiplexed with an alter- D Q
nate function for the peripheral features on the device. WR VDD VDD
In general, when a peripheral is enabled, that pin may PORTA| CK\-0Q
not be used as a general purpose /O pin.

Data Latch

5.1 PORTA and TRISA Registers D Q } o~

. - . b WR N Pin
PORTA is a 5-bit wide latch. RA4 is a Schmitt Trigger input TRISA

and an open drain output. Port RA4 is multiplexed with the CKN\-Q Vss
TOCKI clock input. All other RA port pins have Schmitt TRIS Latch Vss
Trigger input levels and full CMOS output drivers. All pins
have data direction bits (TRIS registers), which can con- '>—©§ 7
figure these pins as input or output. Schmitt Trigger

Input Buffer

A 'l in the TRISA register puts the corresponding output RD TRISA

driver in a hi- impedance mode. A 0’ in the TRISA register |
puts the contents of the output latch on the selected pin(s).

Q D—

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All EN "‘

write operations are read-modify-write operations. So a
RD PORTA {>¢

write to a port implies that the port pins are first read,
then this value is modified and written to the port data
latch.

FIGURE 5-1: BLOCK DIAGRAM OF
RAL1:RAO PINS

Data
Bus D Q

WR VDD VDD
PORTA CKT

Data Latch
e D Q
1/0
WR N Pin
TRISA =
== CK™-Q Vss
TRIS Latch Vss

Schmitt Trigger /
Input Buffer

RD TRISA

el

EN

RD PORT, {>G —‘
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TABLE 5-1: PORTA FUNCTIONS
Name Bit # Buffer Type Function
RAO bit0 ST Input/output
RA1 bitl ST Input/output
RA2 bit2 ST Input/output
RA3 bit3 ST Input/output
RA4/TOCKI bit4 ST Input/output or external clock input for TMRO.

Legend: ST = Schmitt Trigger input

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
05h PORTA — — — RA4 RA3 RA2 RA1 RAO ---x 0000 | ---u 0000
85h TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | ---1 1111 |---1 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown
Note: Shaded bits are not used by PORTA.
FIGURE 5-3:  BLOCK DIAGRAM OF RA3 PIN
Data
Bus D Q
VDD VDD
_ CK\-Q j > P
Data Latch J
q
= RA3
WR HIN Pin
TRISA | CK.O Ve
TRIS Latch Vss
Schmitt Trigger
' Input Buffer
RD TRISA ‘— Q
EN
RD PORTA
FIGURE 5-4:. BLOCK DIAGRAM OF RA4 PIN
Data
Bus D Q
| CK™\-Q
Data Latch
e D Q
RA4
WR HIN Pin
TRISA CK™.Q Vs
TRIS Latch Vss |
Schmitt Trigger
¢ Input Buffer
RD TRISA r Q
EN
RD PORTA {><>
TMRO Clock Input
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5.2 PORTB and TRISB Registers

PORTB is an 8-hit wide, bi-directional port. The
corresponding data direction register is TRISB. A '1’ in
the TRISB register puts the corresponding output driver
in a high impedance mode. A 0’ in the TRISB register
puts the contents of the output latch on the selected
pin(s).

Reading PORTB 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. So a write
to a port implies that the port pins are first read, then
this value is modified and written to the port data latch.

Each of the PORTB pins has a weak internal pull-up
(=200 pA typical). A single control bit can turn on all the
pull-ups. This is done by clearing the RBPU
(OPTION<7>) hit. The weak pull-up is automatically
turned off when the port pin is configured as an output.
The pull-ups are disabled on Power-on Reset.

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 (e.g., any RB<7:4> pin
configured as an output is excluded from the interrupt
on change comparison). The input pins (of 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 RBIF interrupt (flag
latched in INTCON<0>).

FIGURE 5-5: BLOCK DIAGRAM OF

RB<7:4> PINS
VDD
RBPUW weak
41130_{ P pull-up
vee
Data Bus Data Latch
D Q
/10
WR PORTB cK O pin
Vss
TRIS Latch
D Q
WR TRISB 5 TTL
RIS — ok Q VARV
Buffer | sT
P > Buffer
RD TRISB Latch
/I Q D
RD PORTB EN
Set RBIF
From other
RB<7:4> pins Q D
EN
RD PORTB
RB<7:6> in serial programming mode
Note 1: TRISB = 1 enables weak pull-up if RBPU =0’
(OPTION<T7>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) 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.

This interrupt on mismatch feature, together with
software configurable pull-ups on these four pins allow
easy interface to a key pad and make it possible for
wake-up on key-depression. (See AN552, “Implement-
ing Wake-Up on Key Strokes.)

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RBIF inter-
rupt flag may not get set.

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.

FIGURE 5-6: BLOCK DIAGRAM OF

RB<3:0> PINS
VDD
(1)
RBPU gweak
pull-up
Vcc
Data Bus Data Latch
D Q
10
WR PORTB cK O pin
Vss
D
Q TTL 7
— Input
WRTRISB | CK Q Buffer
[
RD TRISB
ﬁ Q Dl
RD PORTB EN
RBO/INT 4]
\‘ |
ST
Buffer RD PORTB
Note 1: TRISB = 1 enables weak pull-up if RBPU =0’
(OPTION<7>).

0 2000 Microchip Technology Inc.
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TABLE 5-3: PORTB FUNCTIONS

Name Bit # Buffer Type Function

RBO/INT bit0 TTL/STD Input/output or external interrupt input. Internal software programmable
weak pull-up.

RB1 bitl TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.

RB6 bité TTL/ST® Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming clock pin.

RB7 bit7 TTL/ST® Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming data pin.

Legend: ST = Schmitt Trigger, TTL = TTL input
Note 1. This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

value on Value on
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR All Other
Resets
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
81h OPTION | RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 11121 1111 1111

Note:  Shaded bits are not used by PORTB.
u = unchanged
X = unknown
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5.3 I/O Programming Considerations

53.1 BI-DIRECTIONAL I/O PORTS

Any instruction which writes, operates internally as a
read followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result
back to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bit5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bidirectional I/O pin
(e.g., bit0) and it is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and re-written to the data latch of this
particular pin, overwriting the previous content. As long
as the pin stays in the input mode, no problem occurs.
However, if bit0 is switched into output mode later on,
the content of the data latch may now be unknown.

Reading the port register, reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read modify write instructions
(ex. BCF, BSF, etc.) on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-1 shows the effect of two sequential
read-modify-write instructions (ex., BCF, BSF, etc.) on
an 1/O port

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-or”, “wired-and”).
The resulting high output currents may damage
the chip.

FIGURE 5-7: SUCCESSIVE I/O OPERATION

EXAMPLE 5-1: READ-MODIFY-WRITE
INSTRUCTIONS ON AN

/O PORT
; Initial PORT settings: PORTB<7: 4> | nputs

; PORTB<3: 0> Qut put s
; PORTB<7: 6> have external pull-up and are not
; connected to other circuitry

; PORT | atch PORT pins

BCF PORTB, 7 ; Olpp pppp  1lpp pppp
BCF PORTB, 6 ; 10pp pppp  11lpp pppp
BSF STATUS, RPO ;

BCF TRISB, 7 ; 10pp pppp  11lpp pppp
BCF TRISB, 6 ; 10pp pppp  10pp pppp

; Note that the user may have expected the pin
; values to be 00pp pppp. The 2nd BCF caused
; RB7 to be latched as the pin value (High).

53.2 SUCCESSIVE OPERATIONS ON I/O PORTS

The actual write to an 1/0 port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 5-7). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same 1/O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load
dependent) before the next instruction which causes
that file to be read into the CPU is executed. Otherwise,
the previous state of that pin may be read into the CPU
rather than the new state. When in doubt, it is better to
separate these instructions with a NOP or another
instruction not accessing this I/O port.

calezl eslaa il o2l qsl sl il o2l ealoal qul 2l qalqa ) | N
PC v This example shows write to PORTB
{ PC X PC+1 X PC+2 X PC+3 followed by a read from PORTB.
Instruction ' ' . ' '
. MOVWF, PORTB ) MOVF, PORTB, W ) ) NOP ) NOP . Note that:
fetched | Write to , Read PORTB | , , ,
. PORTB . . . . . data setup time = (0.25 Tcy - TPD)
. h T n . where TcY = instruction cycle and
RB<7:0> . ; m - , TPD = propagation delay of Q1
\ \ o , , cycle to output valid.
. \ . . |Portpin , ,
. . .o , . | Therefore, at higher clock frequen-
, , TPD —», l<s_ampled here , . | cies, a write followed by a read may
be problematic.
' ' Execute ' Execute ' Execute '
MOVWF MOVF NOP
PORTB PORTB, W

0 2000 Microchip Technology Inc.
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6.0 TIMERO MODULE

The TimerO0 module timer/counter has the following
features:

 8-bit timer/counter

* Readable and writable

« 8-hit software programmable prescaler

« Internal or external clock select

« Interrupt on overflow from FFh to 00h

« Edge select for external clock

Figure 6-1 is a simplified block diagram of the Timer0O
module.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In timer mode, the TMRO will increment
every instruction cycle (without prescaler). If TimerO0 is
written, the increment is inhibited for the following two
cycles (Figure 6-2 and Figure 6-3). The user can work
around this by writing an adjusted value to TMRO.

Counter mode is selected by setting the TOCS bit. In
this mode, Timer0O will increment either on every rising
or falling edge of pin RA4/TOCKI. The incrementing
edge is determined by the source edge (TOSE) control

bit (OPTION<4>). Clearing the TOSE bit selects the
rising edge. Restrictions on the external clock input are
discussed in detail in Section 6.2.

The prescaler is shared between the Timer0O module
and the Watchdog Timer. The prescaler assignment is
controlled in software by the control bit PSA
(OPTION<3>). Clearing the PSA bit will assign the
prescaler to TimerQ. The prescaler is not readable or
writable. When the prescaler is assigned to the Timer0
module, prescale value of 1:2, 1:4, ..., 1:256 are
selectable. Section 6.3 details the operation of the
prescaler.

6.1 TIMERO Interrupt

TimerO interrupt is generated when the TMRO register
timer/counter overflows from FFh to 00h. This overflow
sets the TOIF bit. The interrupt can be masked by
clearing the TOIE bit (INTCON<5>). The TOIF bit
(INTCON<2>) must be cleared in software by the
Timer0 module interrupt service routine before
re-enabling this interrupt. The TimerO interrupt cannot
wake the processor from SLEEP, since the timer is shut
off during SLEEP. See Figure 6-4 for TimerO interrupt
timing.

FIGURE 6-1: TIMERO BLOCK DIAGRAM
Data Bus
RA4/TOCKI Fosc/a
pin PSout 8
Sync with
. Internal TMRO
Programmable | | clocks PSout

Prescaler

TOSE $

(2 Tcy delay)

Set Flag bit TOIF

PS<2:0> PSA on Overflow
TOCS
Note 1:  Bits TOSE, TOCS, PS2, PS1, PS0 and PSA are located in the OPTION register.
Note 2: The prescaler is shared with Watchdog Timer (Figure 6-6).
FIGURE 6-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALER
Ppgogram 1Q1]Q2]Q3]Q4,Q1|Q2]Q3| Q4.1 Q2|Q3| Q4 ,Q1| Q2| Q3| Q4. Q1] Q2| Q3] @4 Q1] Q2| @3] @4, Q1| Q2] Q3] Q41 Q1] Q2| Q3| Q4
Eounter) I( PC-1 I% PC )l( PC+1 IX } PC+3 )I( PC+4 Ie} PC+5 )l( PC+6 )I
Inesttéuction ! ! MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMROW ! MOVF TMROW ! MOVF TMROW ! !
TMRO 10 N Torl (L Toer X _NTO : (L NTorL D, Nmorz (.
Instruction | : : f : * : * : * : * : * :
Executed ' ' Write TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO |
executed reads NTO reads NTO reads NTO reads NTO + 1 reads NTO + 2

0 2000 Microchip Technology Inc.
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FIGURE 6-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2

PC 1Q1] Q2| Q3] @4, Q1]Q2] Q3| Q4.01] Q2] Q3| Q4 .Q1] Q2| Q3] @41 Q1] Q2| Q3] Q4,Q1] Q2] Q3| @4, Q1] Q2] Q3| Q4 Q1] Q2| Q3| Q4
rogram | : : : : : ! : :
ounter) ¢ PC-1 ¥ PC X PC+1 X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )
Instruction ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
etc 1 1 1 1 1 1 1 1 1
TMRO 0 - TorL - . NTO . Y NTorT Y]
Instruction | X Lo X X X X X X
Execute \ \ ., Write TMRO , Read TMRO , Read TMRO , Read TMRO , Read TMRO |, Read TMRO
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 6-4: TIMERO INTERRUPT TIMING

' Q1| Q2| @3] Q4 Q1] Q2] Q3| Q4 Q1| Q2] @3] Q4. Q1| Q2| @3] Q4. Q1] Q2] Q3| Q4!
OSC1 ! ) ' l | |

- S/ -/ / /-
02h X

cLkouT®

FFh X

VO

00h X 01h X

/

TMRO timer FEh X
(INTCON<2>) !

TOIF bit E + ®

GIE bit
(INTCON<7>)

Interrupt Latency Time(?

¥
-

Y

O A R I

INSTRUCTION FLOW

PC ( PC 4 PC +1 X PC +1 X 0004h

0005h

Inst (PC) Inst (PC+1) Inst (0004h) Inst (0005h)

Instruction
fetched

Inst (PC-1) Dummy cycle Dummy cycle Inst (0004h)

Inst (PC)

Instruction
executed

Note 1: TOIF interrupt flag is sampled here (every Q1).
Note 2: Interrupt latency = 3Tcy, where Tcy = instruction cycle time.
Note 3: CLKOUT is available only in RC oscillator mode.
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6.2 Using Timer0O with External Clock

When an external clock input is used for TimerO0, it must
meet certain requirements. The external clock
requirement is due to internal phase clock (Tosc)
synchronization. Also, there is a delay in the actual
incrementing of TimerO after synchronization.

6.2.1 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks
(Figure 6-5). Therefore, it is necessary for TOCKI to be
high for at least 2Tosc (and a small RC delay of 20 ns)
and low for at least 2Tosc (and a small RC delay of
20 ns). Refer to the electrical specification of the
desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type
prescaler, so that the prescaler output is symmetrical.
For the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for TOCKI to have a
period of at least 4Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement on
TOCKI high and low time is that they do not violate the
minimum pulse width requirement of 10 ns. Refer to
parameters 40, 41 and 42 in the electrical specification
of the desired device.

6.2.2 TIMERO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the TMRO is
actually incremented. Figure 6-5 shows the delay from
the external clock edge to the timer incrementing.

FIGURE 6-5: TIMERO TIMING WITH EXTERNAL CLOCK

Q11 Q21 Q31 Q4 i Q1! Q21 Q31 Q4 | Q1l Q2I Q31 Q4 | Q1ll Q21 Q3l Q4

External Clock Input or %T;gggg?ﬁ lin
Prescaler output N / N\ /\ piing
(€]
External Clock/Prescaler ©
Output after sampling \
Increment Timer0 (Q4)
Timer0 T0 X TO+1 X TO+2

Note 1: Delay from clock input change to TimerO increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = £4Tosc max.

Note 2: External clock if no prescaler selected, Prescaler output otherwise.

Note 3: The arrows indicate the points in time where sampling occurs.
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6.3 Prescaler The PSA and PS<2:0> bits (OPTION<3:0>) determine

the prescaler assignment and prescale ratio.
An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 6-6). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusive between the
Timer0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g., CLRF 1,
MOWAF 1, BSF 1, x....etc.) will clear the prescaler.
When assigned to WDT, a CLRWDT instruction will clear
the prescaler along with the Watchdog Timer. The
prescaler is not readable or writable.

FIGURE 6-6: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (= Fosc/4) Data Bus
L v % :

o| M 1
TOCKI 9 M SYNC
pin DT X ol U > 5 TMRO reg
X Cycles
TOSE T f
T0CS PSA Set flag bit TOIF
on Overflow
0 > 8-hit P I
M > -bit Prescaler
U
Watchdog 1 X 8
Timer
T 8-to-1MUX —— PS<2:0>
T PS

WDT Enable bit
MUX |«—— PSA

WDT
Time-out

Note: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION register.

DS00000A-page 34 0 2000 Microchip Technology Inc.



CF76XX

6.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on-the-fly” during
program execution). To avoid an unintended device

To change prescaler from the WDT to the TMRO
module, use the sequence shown in Example 6-2. This
precaution must be taken even if the WDT is disabled.

. . X EXAMPLE 6-2: CHANGING PRESCALER
RESET, the following instruction sequence
. (WDT - TIMERO)
(Example 6-1) must be executed when changing the )
ler assignment from Timer0 to WDT. CLRVDT ; dear VDT and
presca ) ; prescal er
BSF STATUS, RPO
EXAMPLE 6-1: CHANGING PRESCALER MOVLW b’ xxxx0xxx' ; Sel ect TMRO, new
(TIMERO - WDT) .prescal e val ue and
1. BCF STATUS, RPO ;Skip if already in ;clock source
Bank O MOVWF  OPTI ON_REG
2. CLRWDT ; Clear VDT BCF STATUS, RPO
3. CLRF  TMRO ;Qear TMO & Prescal er
4. BSF STATUS, RPO ;Bank 1
5. MOVLW ' 00101111' b; ; These 3 lines (5, 6, 7)
6. MOVWWF  OPTI ON ; are required only if
desired PS<2:0> are
7. CLRWDT ; 000 or 001
8. MOVLW ' 00101xxx’b ;Set Postscaler to
9. MOVWWF  OPTI ON desired WDOT rate
10. BCF STATUS, RPO ;Return to Bank O
TABLE 6-1: REGISTERS ASSOCIATED WITH TIMERO
value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
01lh TMRO Timer0 module register XXXX XXXX | uuuu uuuu
0Bh/8Bh INTCON GIE — TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
81h OPTION | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
85h TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | ---1 1111 |---1 1111
Legend: — = Unimplemented locations, read as ‘0.
Note:  Shaded bits are not used by TMRO module.

u = unchanged
X = unknown

0 2000 Microchip Technology Inc.
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NOTES:
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7.0 SPECIAL FEATURES OF THE
CPU

Special circuits to deal with the needs of real time appli-
cations are what sets a microcontroller apart from other
processors. The CF76XX family has a host of such fea-
tures intended to maximize system reliability, minimize
cost through elimination of external components, pro-
vide power saving operating modes and offer code pro-
tection.

These are:
1. OSC selection
2. Reset

Power-on Reset (POR)
Power-up Timer (PWRT)
Oscillator Start-Up Timer (OST)

Interrupts

Watchdog Timer (WDT)
SLEEP

Code protection

ID Locations

In-circuit serial programming

© N oA

The CF76XX devices have a Watchdog Timer, which is
controlled by 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 provides a
fixed delay of 72 ms (nominal) on power-up only,
designed to keep the part in reset while the power
supply stabilizes. There is also circuitry to reset the
device if a brown-out occurs, which provides at least a
72 ms reset. With these three functions on-chip, most
applications need no external reset circuitry.

The 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.

0 2000 Microchip Technology Inc.
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7.1 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.

FIGURE 7-1: CONFIGURATION WORD

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

| cP1 |CPO(2)| CcP1 |CPO(2)| CcP1 |CP0(2)| = | = | cP1 |CPO(2) |m<1)|WDTE| FOSC1| FOSCO| CONFIG  Address

bit13

bit 13-8, CP<1:0>: Code protection bit pairs(z)
5-4: Code protection for 2K program memory

11 = Program memory code protection off
10 = 0400h-07FFh code protected
01 = 0200h-07FFh code protected
00 = 0000h-07FFh code protected
Code protection for 1K program memory
11 = Program memory code protection off
10 = Program memory code protection off
01 = 0200h-03FFh code protected
00 = 0000h-03FFh code protected
Code protection for 0.5K program memory
11 = Program memory code protection off
10 = Program memory code protection off
01 = Program memory code protection off
00 = 0000h-01FFh code protected

bit 7: Unimplemented: Read as "1’
bit 6:  RESERVED: Do Not Use:

bit 3: PWRTE: Power-up Timer Enable bit @3
1 = PWRT disabled
0 = PWRT enabled

bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled

bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: All of the CP<1:0> pairs have to be given the same value to enable the code protection scheme listed.

bito | REGISTER: 2007h
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7.2 Oscillator Configurations
7.2.1 OSCILLATOR TYPES

The CF76XX devices can be operated in four different
oscillator options. The user can program two
configuration bits (FOSC1 and FOSCO) to select one of
these four modes:

e LP Low Power Crystal
e XT Crystal/Resonator
e HS High Speed Crystal/Resonator
* RC Resistor/Capacitor

7.2.2 CRYSTAL OSCILLATOR / CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1 and OSC2 pins to establish
oscillation (Figure 7-2). The CF76XX oscillator design
requires the use of a parallel cut crystal. Use of a series
cut crystal may give a frequency out of the crystal man-
ufacturers specifications. When in XT, LP or HS modes,
the device can have an external clock source to drive
the OSCL1 pin (Figure 7-3).

FIGURE 7-2: CRYSTAL OPERATION
(OR CERAMIC RESONATOR)
(HS, XT OR LP OSC
CONFIGURATION)

| OSC1 {>C
— °
C1 l To internal logic

I XTAL : SLEEP
= osc| *
| -~
Cc2 SeeNote CF76XX

See Table 7-1 and Table 7-2 for recommended
values of C1 and C2.

Note: A series resistor may be required for
AT strip cut crystals.

FIGURE 7-3: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR LP
OSC CONFIGURATION)

Clock from

ext. system >: P> 0SC1
CF76XX
Open <@€—  OSC2

TABLE 7-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Ranges Characterized: <\ﬂ
Mode Freq 0SC1(C1) @i&cw
XT 455 kHz 22-100 \22\100 pF
2.0 MHz 15 - - 68 pF
4.0 MHz 25Xk 15 - 68 pF
HS 8.0 MHz A {\I\08 pF 10 - 68 pF
16.0NHZQ - 22 pF 10 - 22 pF
Higher ca nde\jncreases the stability of the oscillator
but alse— e start-up time. These values are for
desi a only. Since each resonator has its own
o@r istics, the user should consult the resonator man-
u{ cturer for appropriate values of external components.

TABLE 7-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Mode Freq 0SC1(C1) 0SC2(C2)
32 kHz 68 - 100 pF 68 - 100 pE
LP 200 kHz 15 - 30 pF 15 - SQ\Qﬂ

100 kHz 68-150pF | 1 0 PRy
XT 2 MHz 15- 30 pF 2 F
4 MHz 15 - 30 pR, M 0 pF

8 MHz 1543 15 - 30 pF
HS 10 MHz %& 15 - 30 pF

20 MH2<\ \ A3Q’pF 15 - 30 pF
Higher capacita inc §<§s\)the stability of the oscillator
but also in %t rt-up time. These values are for
design_ gut ~ Rs may be required in HS mode as

odeto avoid overdriving crystals with low drive
cification. Since each crystal has its own

facturer for appropriate values of external components.

0 2000 Microchip Technology Inc.
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7.2.3 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built.
Prepackaged oscillators provide a wide operating
range and better stability. A well-designed crystal
oscillator will provide good performance with TTL
gates. Two types of crystal oscillator circuits can be
used; one with series resonance or one with parallel
resonance.

Figure 7-4 shows implementation of a parallel resonant
oscillator circuit. The circuit is designed to use the
fundamental frequency of the crystal. The 74AS04
inverter performs the 180° phase shift that a parallel
oscillator requires. The 4.7 kQ resistor provides the
negative feedback for stability. The 10kQ
potentiometers bias the 74AS04 in the linear region.
This could be used for external oscillator designs.

FIGURE 7-4: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

+5V
To Other
Devices
10k
4.7k 74AS04 CF76XX
WA
74AS04 CLKIN

Fiok
XTAL
00—
_|

20 pF L 20 pF

10k

Figure 7-5 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental
frequency of the crystal. The inverter performs a 180°
phase shift in a series resonant oscillator circuit. The
330 kQ resistors provide the negative feedback to bias
the inverters in their linear region.

FIGURE 7-5: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

To Other
330 kQ 330 kQ Devices

7T4AS04 74AS04 7T4AS04 CF76XX

CLKIN

7.2.4 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 7-6 shows how the
R/C combination is connected to the CF76XX. For Rext
values below 2.2 kQ, the oscillator operation may
become unstable or stop completely. For very high
Rext values (e.g., 1 MQ), the oscillator becomes
sensitive to noise, humidity and leakage. Thus, we
recommend to keep Rext between 3 kQ and 100 kQ.

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or
package lead frame capacitance.

See Section 10.0 for RC frequency variation from part
to part due to normal process variation. The variation is
larger for larger R (since leakage current variation will
affect RC frequency more for large R) and for smaller C
(since variation of input capacitance will affect RC fre-
quency more).

See Section 10.0 for variation of oscillator frequency
due to VbD for given Rext/Cext values, as well as
frequency variation due to operating temperature for
given R, C and VDD values.

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test pur-
poses or to synchronize other logic (Figure 3-2 for
waveform).

FIGURE 7-6: RC OSCILLATOR MODE

<
g
o)

CF76XX

osc1 |
JT? |'[7- Internal Clock

Fosc/a | OSC2/CLKOUT

Rext

Cext

I F——n—
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7.3 Reset

The CF76XX differentiates between various kinds of
reset:

a) Power-onreset (POR)

b) MCLR reset during hormal operation

c) MCLR reset during SLEEP

d) WDT reset (normal operation)

e) WDT wake-up (SLEEP)

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, MCLR reset, WDT reset and

MCLR reset during SLEEP. They are not affected by a
WDT wake-up, since this is viewed as the resumption
of normal operation. TO and PD bits are set or cleared
differently in different reset situations as indicated in
Table 7-4. These bits are used in software to determine
the nature of the reset. See Table 7-7 for a full descrip-
tion of reset states of all registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figure .

The MCLR reset path has a noise filter to detect and ignore small pulses. Simplified Block Diagram of On-chip Reset

Circuit
External
Reset
7
MCLR/
VPP Pin SLEEP
WDT | WDT —
Module [Time-out
Reset
VDD rise
detect Power-on Reset
VDD
S Q
OST/PWRT
osT | v __| Chip_Reset
10-bit Ripple-counter
i p—— A
OSC1/

CLKIN
Pin PWRT

_chip®
%nccggc 4‘> 10-bit Ripple-counter }7

Enable PWRT

Enable OST

See Table 7-3 for time-out situations.

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

0 2000 Microchip Technology Inc.
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7.4 Power-on Reset (POR). Power-up
Timer (PWRT). and Oscillator Start-up

Timer (OST)
7.4.1 POWER-ON RESET (POR)

The on-chip POR circuit holds the chip in reset until
VDD has reached a high enough level for proper opera-
tion. To take advantage of the POR, just tie the MCLR
pin through a resistor to VDD. This will eliminate exter-
nal RC components usually needed to create Power-on
Reset. A maximum rise time for VDD is required. See
Electrical Specifications for details.

The POR circuit does not produce an internal reset
when VDD declines.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, etc.) 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.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting”.

7.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms (hominal)
time-out on power-up only, from POR or Brown-out
Reset. The Power-up Timer operates on an internal RC
oscillator. The chip is kept in reset as long as PWRT is
active. The PWRT delay allows the VDD to rise to an
acceptable level. A configuration bit, PWRTE can
disable (if set) or enable (if cleared or programmed) the
Power-up Timer. The Power-Up Time delay will vary
from chip to chip and due to VDD, temperature and pro-
cess variation. See DC parameters for details.

7.4.3 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.

The OST time-out is invoked only for XT, LP and HS
modes and only on power-on reset or wake-up from
sleep.

744  TIME-OUT SEQUENCE

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after POR has expired. Then
OST is activated. The total time-out will vary based on
oscillator configuration and PWRTE bit status. For
example, in RC mode with PWRTE bit erased (PWRT
disabled), there will be no time-out at all. Figure 7-7,
Figure 7-8 and Figure 7-9 depict time-out sequences.

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
(see Figure 7-8). This is useful for testing purposes or
to synchronize more than one CF76XX device operat-
ing in parallel.

Table 7-6 shows the reset conditions for some special
registers, while Table 7-7 shows the reset conditions
for all the registers.

7.4.5 POWER CONTROL (PCON)/
STATUS REGISTER

The power control/status register, PCON (address
8Eh), has one bit.

Bit0 is Reserved.

Bitl is POR (Power-on-reset). It is a ‘O' on
power-on-reset and unaffected otherwise. The user
must write a ‘1’ to this bit following a power-on-reset.
On a subsequent reset, if POR is ‘0, it will indicate that
a power-on-reset must have occurred (VDD may have
gone too low).

TABLE 7-3: TIME-OUT IN VARIOUS SITUATIONS
Power-up )
Oscillator Configuration WalgeLlépl)E;rom
PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024 Tosc 1024 Tosc 1024 Tosc
RC 72 ms — —
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TABLE 7-4: STATUS/PCON BITS AND
THEIR SIGNIFICANCE
POR TO PD
0 1 1 Power-on-reset
0 0 X lllegal, TO is set on POR
0 X 0 llegal, PD is set on POR
1 0 u WDT Reset
1 0 0 WDT Wake-up
1 u u MCLR reset during normal operation
1 1 0 MCLR reset during SLEEP

Legend: u = unchanged, x = unknown

TABLE 7-5: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT
) ) ) ) ) ) . ) Value on POR | Value on all
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Reset other resets®
83h STATUS TO PD 0001 1xxx 000q quuu
8Eh PCON = = = = = = POR = --0- --u-

Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: Other (non-power-up) resets include MCLR reset and Watchdog Timer Reset during
normal operation.

0 2000 Microchip Technology Inc.
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Note 1: One or more bits in INTCON will be affected to cause wake up.
Note 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).
Note 3: See Table 7-6 for reset value for specific condition.

TABLE 7-6: INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Program STATUS PCON
Condition Counter Register Register
Power-on Reset 000h 0001 1xxx ---- --0-
MCLR reset during normal operation 000h 000u uuuu ... --U-
MCLR reset during SLEEP 000h 0001 Ouuu TR
WDT reset 000h 0000 uuuu .- --U-
WDT Wake-up PC+1 uuu0 Ouuu ---- --U-
Interrupt Wake-up from SLEEP pPC +1® uuul Ouuu TS
Legend: U =unchanged, X =unknown, - =unimplemented bit, reads as ‘0".
Note 1: When the wake-up is due to an interrupt and global enable bit, GIE is set, the PC is loaded with the interrupt vector
(0004h) after execution of PC+1.
TABLE 7-7: INITIALIZATION CONDITION FOR REGISTERS
¢ MCLR Reset during
normal operation Wake up from SLEEP
* MCLR Reset during through interrupt
SLEEP Wake up from SLEEP
Register Address Power-on Reset « WDT Reset through WDT time-out
w - XXXX XXXX uuuu uuuu uuuu uuuu
INDF 00h - - -
TMRO 01lh XXXX XXXX uuuu uuuu uuuu uuuu
PCL 02h 0000 0000 0000 0000 PC + 1(2
STATUS 03h 0001 1xXxXx 000q quuu(® uuug quuu(®
FSR 04h XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 05h - - - X XXXX ---Uu uuuu ---U uuuu
PORTB 06h XXXX XXXX uuuu uuuu uuuu uuuu
PCLATH O0Ah ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0Bh 0-00 000x 0000 000u uuuu uqqq¢?
OPTION 81h 1111 1111 1111 1111 uuuu uuuu
TRISA 85h ---1 1111 ---1 1111 ---Uu uuuu
TRISB 86h 1111 1111 1111 1111 uuuu uuuu
PCON 8Eh cee- --0- ceen ooy(9) T
Legend: U = unchanged, X = unknown, - = unimplemented bit, reads as ‘0’,( = value depends on condition.
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FIGURE 7-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

FIGURE 7-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

1= TosF—

FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD —/

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRF !
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FIGURE 7-10: EXTERNAL POWER-ON

RESET CIRCUIT (FOR SLOW
VDb POWER-UP)

Note 1:

Note 2:

Note 3:

VWW\—1 MCLR
CF76XX

External power-on reset circuit is required
only if VDD power-up slope is too slow.
The diode D helps discharge the capaci-
tor quickly when VDD powers down.

<40 kQ is recommended to make sure
that voltage drop across R does not vio-
late the device’s electrical specification.
R1 =100Q to 1 kQ will limit any current
flowing into MCLR from external capaci-
tor C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge
(ESD) or Electrical Overstress (EOS).

7.5 Interrupts

The CF76XX has 4 sources of interrupt:

¢ External interrupt RBO/INT
¢ TMRO overflow interrupt
* PORTB change interrupts (pins RB<7:4>)

The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in
INTCON register. GIE is cleared on reset.

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

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

When an interrupt is responded to, the GIE is cleared
to disable any further interrupt, the return address is
pushed into 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
RBO/INT 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 (Figure 7-12).
The latency is the same for one or two cycle
instructions. 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 multiple interrupt requests.

Note 1. Individual interrupt flag bits are set
regardless of the status of their cor-
responding mask bit or the GIE bit.

Note 2: When an instruction that clears the GIE

bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The CPU will execute a NOP
in the cycle immediately following the
instruction which clears the GIE bit. The
interrupts which were ignored are still
pending to be serviced when the GIE bit
is set again.
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FIGURE 7-11: INTERRUPT LOGIC

Wake-up
TOIF — (If in SLEEP mode)
TOIE —
INTF =]\ —\ "\
INTE — J
—L/ : Interrupt
RBIF _} to CPU
RBIE —|
GIE
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751 RBO/INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered,
either rising if INTEDG bit (OPTION<6>) is set, or fall-
ing, if INTEDG bit is clear. When a valid edge appears
on the RBO/INT pin, the INTF bit (INTCON<1>) is set.
This interrupt can be disabled by clearing the INTE
control bit INTCON<4>). The INTF bit must be cleared
in software in the interrupt service routine before
re-enabling this interrupt. The RBO/INT interrupt can
wake-up the processor from SLEEP, if the INTE bit was
set prior to going into SLEEP. The status of the GIE bit
decides whether or not the processor branches to the
interrupt vector following wake-up. See Section 7.8 for
details on SLEEP and Figure 7-14 for timing of
wake-up from SLEEP through RBO/INT interrupt.

7.5.2 TMRO INTERRUPT

An overflow (FFh - 00h) in the TMRO register will
set the TOIF (INTCON<2>) bit. The interrupt can
be enabled/disabled by setting/clearing TOIE
(INTCON<5>) bit. For operation of the TimerO module,
see Section 6.0.

FIGURE 7-12: INT PIN INTERRUPT TIMING

753 PORTB INTERRUPT

An input change on PORTB <7:4> sets the RBIF
(INTCON<0>) bit. The interrupt can be enabled/dis-
abled by setting/clearing the RBIE (INTCON<4>) bit.
For operation of PORTB (Section 5.2).

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RBIF inter-
rupt flag may not get set.

CLKOUT (3)

Q11 Q2] Q3| Q4. Q1] Q2| Q3] Q4. Q1] Q2| Q3| Q4. Q1] Q2| Q3| Q4. Q1] Q2| Q3] Q4.
SN AVAVAVAVAWAVAWAY AW AVAVAVAWAVAWAV AW AWAWAS

INT pin

Interrupt Latency (2)

GIE bit i
(INTCON<7>)

INSTRUCTION FLOW

PC+1

Inst (PC) Inst (PC+1)

Instruction
fetched

Inst (PC-1)

PC ¢ BC % BC+L
: : Inst (PC)

Instruction
executed
Note 1: INTF flag is sampled here (every Q1).

3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.

Dummy Cycle

B IR S SIS DI S R

Inst (0004h)

0004h X 0005h
: Inst (0005h)

Dummy Cycle Inst (0004h)

ceee e

2: Asynchronous interrupt latency = 3-4 Tcy. Synchronous latency = 3 Tcy, where Tcy = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

5: INTF is enabled to be set anytime during the Q4-Q1 cycles.

TABLE 7-8: SUMMARY OF INTERRUPT REGISTERS

Address | Name Bit7 | Bit6 | Bits | Bit4 | Bits | Bitz | Bit1 | sito |VaueonPOR | Valueonal
Reset other resets

0Bh __|INTCON | GIE - TOE | INTE | RBIE | TOF | INTE | RBIF - 000x__| 0000 000u

Note 1: Other (non power-up) resets include MCLR reset, Brown-out Reset and Watchdog Timer Reset during normal operation.
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7.6 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt (e.g. W register and STATUS
registe)r. This will have to be implemented in software.

Example 7-1 stores and restores the STATUS and W
registers. The user register, W_TEMP, must be defined
in both banks and must be defined at the same offset
from the bank base address (i.e., W_TEMP is defined
at 0x20 in Bank 0 and it must also be defined at 0xAO
in Bank 1). The user register, STATUS_TEMP, must be
defined in Bank 0. The Example 7-1:

« Stores the W register

» Stores the STATUS register in Bank 0

« Executes the ISR code

« Restores the STATUS (and bank select bit
register)

« Restores the W register

EXAMPLE 7-1: SAVING THE STATUS AND
W REGISTERS IN RAM

;copy Wto tenp register,
;could be in either bank

MOVWF W TEMP

SWAPF  STATUS, W
BCF STATUS, RPO

;swap status to be saved into W

; change to bank O regardl ess
;of current bank

MOVW\F STATUS_TEMP ;save status to bank 0

;register
('SR

SWAPF  STATUS TEMP, W ; swap STATUS TEMP regi ster
;into W sets bank to original

;state
MOVWF STATUS ;move Winto STATUS register
SWAPF  WTEM, F ; swap W TEMP

SWAPF W TEMP, W ;swap WTEMP into W

7.7 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the CLKIN pin. That means that the WDT will run, even
if the clock on the OSC1 and OSC2 pins of the device
has been stopped, for example, by execution of a
SLEEP instruction. During normal operation, a WDT
time-out generates a device RESET. If the device is in
SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation. The WDT
can be permanently disabled by programming the con-
figuration bit WDTE as clear (Section 7.1).

7.7.1  WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be
assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

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.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

7.7.2  WDT PROGRAMMING CONSIDERATIONS

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max.
WDT prescaler) it may take several seconds before a
WDT time-out occurs.

0 2000 Microchip Technology Inc.
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FIGURE 7-13: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source
(Figure 6-6)

Watchdog

Timer

B

1

i

WDT

Enable Bit

M — Postscaler
U

X 4'/ 8

* 8 - to -1 MUX

-a— PS<2:0>

e—p= To TMRO (Figure 6-6)

0 1
vy
MUX -1— PSA
WDT
Time-out
Note: TOSE, TOCS, PSA, PS<2:0> are bhits in the OPTION register.
TABLE 7-9: SUMMARY OF WATCHDOG TIMER REGISTERS
value on Value on all
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 other
POR Reset
Resets
2007h Config. bits — — CP1 CPO | PWRTE | WDTE | FOSC1 | FOSCO — —
81h OPTION RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111

Legend: Shaded cells are not used by the Watchdog Timer.

Note:

- = Unimplemented location, read as “0”
+ = Reserved for future use
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7.8 Power-Down Mode (SLEEP)

The Power-down mode is entered by executing a
SLEEP instruction.

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

For lowest current consumption in this mode, all 1/0
pins should be either at VDD or Vss with no external cir-
cuitry drawing current from the 1/0 pin and the compar-
ators and VREF should be disabled. I/O pins that are
hi-impedance inputs should be pulled high or low exter-
nally to avoid switching currents caused by floating
inputs. The TOCKI input should also be at VDD 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 (VIHMC).

Note: It should be noted that a RESET generated
by a WDT time-out does not drive MCLR
pin low.

7.8.1  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 RBO/INT pin or RB Port change.

The first event will cause a device reset. The two latter
events are considered a continuation of program exe-
cution. The TO and PD bits in the STATUS register can
be used to determine the cause of device reset. PD
bit, which is set on power-up, is cleared when SLEEP
is invoked. TO bit is cleared if WDT wake-up occurred.

When the SLEEP instruction is being executed, the
next instruction (PC + 1) is pre-fetched. For the device
to wake-up through an interrupt event, the correspond-
ing 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 inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have an NOP after the SLEEP instruction.

Note: If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the correspond-
ing interrupt flag bits set, the device will
immediately wake-up from sleep. The

sleep instruction is completely executed.

The WDT is cleared when the device wakes-up from
sleep, regardless of the source of wake-up.

FIGURE 7-14: WAKE-UP FROM SLEEP THROUGH INTERRUPT

» Q1 Q2 Q3lQ4; Q1 Q2| Q3 Q4 Q1 : . Q1 o4 Q3 Q4; Q11 Q2 Q31Q4; Q1 Q2 Q31 Q4! Q1l Q2| Q3| Q4
S AYAYAWAWAWAWAW RN S .. A AWV AWAVAYAWAWAVAWAWAWAWAWAWRN
CLKOUT(4) \ A\ /A  Tost(2) , / \ / A\ / \ /am—
INT pin ] ] : ] ] ] ] ]
(IINN-‘FI'F(::Q)aI\?<1>) I ' ' / B . Interrupt Latengy . . !
: l l ' . (Note2) | : : l
GIE bit , | " Processor i ] ] \ ) . :
INTCON<7>), : ! ! ; ; !
( ): . "~ SLEEP ™ . . . : '
INSTRUCTION FLOW : : j : : : : :
PC X: PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h |
}gfctﬂéc(}ion " Inst(PC) = SLEEP  Inst(PC +1) ' ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
Lr:(sé&(tzggn , Inst(PC - 1) : SLEEP ! : Inst(PC + 1) ! Dummy cycle : Dummy cycle: Inst(0004h) :
Note 1: XT, HS or LP oscillator mode assumed.
Note 2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
Note 3: GIE ='1"assumed. In this case, after wake- up, the processor jumps to the interrupt routine. If GIE ='0’, execution will continue in-line.
Note 4: CLKOUT is not available in these osc modes, but shown here for timing reference.
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7.9 Code Protection

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

7.10 ID Locations

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. Only the
least significant 4 bits of the ID locations are used.

7.11 In-Circuit Serial Programming

The CF76XX 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 unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

The device is placed into a program/verify mode by
holding the RB6 and RB7 pins low, while raising the
MCLR (VppP) pin from VIL to VIHH (See programming
specification). RB6 becomes the programming clock
and RB7 becomes the programming data. Both RB6
and RB7 are Schmitt Trigger inputs in this mode.

After reset, to place the device into programming/verify
mode, the program counter (PC) is at location 00h. A
6-bit command is then supplied to the device.
Depending on the command, 14-bits of program data
are then supplied to or from the device, depending if
the command was a load or a read. For complete
details of serial programming, please refer to the
CF76XX Programming Specification (#DS30228).

A typical in-circuit serial programming connection is
shown in Figure 7-15.

FIGURE 7-15: TYPICAL IN-CIRCUIT SERIAL
PROGRAMMING

CONNECTION
' To Normal
External : Connections
Connector ' CE76XX
Signals !
sV | VDD
ov : l Vss
VPP ; MCLR/VPP
CLK - T RB6
Data I/O : RB7
: VDD
' To Normal
. Connections
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8.0 INSTRUCTION SET SUMMARY

Each CF76XX instruction is a 14-bit word divided into
an OPCODE which specifies the instruction type and
one or more operands which further specify the opera-
tion of the instruction. The CF76XX instruction set sum-
mary in Table 8-2 lists byte-oriented, bit-oriented,
and literal and control operations. Table 8-1 shows
the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file
register designator and 'd’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd’ is zero, the result is
placed in the W register. If 'd’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f’ represents the number of the
file in which the bit is located.

For literal and control operations, 'k’ represents an
eight or eleven bit constant or literal value.

TABLE 8-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

XWUE""

Don't care location (= 0 or 1)

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd =1

| abel |Label name

TOS |Top of Stack

PC |Program Counter

PCLATH| Program Counter High Latch

G E |Global Interrupt Enable bit

WDT |Watchdog Timer/Counter

TO |Time-out bit

PD |Power-down bit

dest |Destination either the W register or the specified
register file location

Options

[l
() |Contents

- |Assigned to

<> |Register bit field

O |Inthe set of

italics |User defined term (font is courier)

The instruction set is highly orthogonal and is grouped
into three basic categories:

« Byte-oriented operations
« Bit-oriented operations
« Literal and control operations

All instructions are executed within one single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of an
instruction. In this case, the execution takes two
instruction cycles with the second cycle executed as a
NOP. One instruction cycle consists of four oscillator
periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time is 1pus. If a
conditional test is true or the program counter is
changed as a result of an instruction, the instruction
execution time is 2 ps.

Table 8-1 lists the instructions recognized by the
MPASM assembler.

Figure 8-1 shows the three general formats that the
instructions can have.

Note: To maintain upward compatibility with
future PICmicro® products, do not use the
OPTI ONand TRI S instructions.

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 8-1: GENERAL FORMAT FOR
INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0

OPCODE |d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0
OPCODE | b (BIT #)| f (FILE #)

3-bit bit address

b=
f = 7-bit file register address

Literal and control operations

General
13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTOinstructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

0 2000 Microchip Technology Inc.

DSO00000A-page 53



CF76XX

TABLE 8-2: CF76XX INSTRUCTION SET

Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb LSb Affected

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d | Add W and f 1 00 0111 dfff ffff | C,DC,Z 1,2
ANDWF f,d | AND W with f 1 00 0101 dfff ffff |Z 1,2
CLRF f Clear f 1 00 0001 Ifff ffff |Z 2
CLRW - Clear W 1 00 0001 0000 0011z

COMF f,d | Complement f 1 00 1001 dfff ffff |[Z 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff |Z 1,2
DECFSz f,d | Decrement f, Skip if 0 1(2) |00 1011 dfff ffff 1,2,3
INCF f,d | Increment f 1 00 1010 dfff ffff |z 1,2
INCFSZ f,d | Increment f, Skip if 0 1(2) |00 1111 dfff ffff 1,2,3
IORWF f,d | Inclusive OR W with f 1 00 0100 dfff ffff |z 1,2
MOVF f,d | Move f 1 00 1000 dfff ffff |[Z 1,2
MOVWF f Move W to f 1 00 0000 Ifff ffff

NOP - No Operation 1 00 0000 0xx0 0000

RLF f, d | Rotate Left f through Carry 1 00 1101 dfff ffff |C 1,2
RRF f, d | Rotate Right f through Carry 1 00 1100 dfff ffff |C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff |C,DC,Z 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff ffff |Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f,b | BitClear f 1 01 00bb bfff ffff 1,2
BSF f,b | BitSetf 1 01 Olbb bfff ffff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2 |01 10bb bfff ffff 3
BTFSS f, b | Bit Test f, Skip if Set 1(22) |01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk | zZ

CALL k Call subroutine 2 10 Okkk kkkk Kkkkk |
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TO,PD

GOTO k Go to address 2 10 1kkk kkkk kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk| Z

MOVLW k Move literal to W 1 11 00xx kkkk kkkk

RETFIE - Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11 01xx kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk | C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk | ZzZ

Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themselves. For example, if the data latch is "1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a0’

Note 2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned
to the TimerO Module.

Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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8.1 Instruction Descriptions

ADDLW Add Literal and W ANDLW AND Literal with W
Syntax: [label] ADDLW  k Syntax: [label ] ANDLW  k
Operands: 0<k<255 Operands: 0<k<255
Operation: W) +k - (W) Operation: (W) .AND. (k) - (W)
Status Affected: C,DC, Z Status Affected: Z
Encoding: |11 | 110x | kkkk | Kkkk | Encoding: | 11 | 12001 | kkkk | kkkk |
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k’ and AND’ed with the eight bit literal 'k'.
the result is placed in the W regis- The result is placed in the W reg-
ter. ister.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDLW  0x15 Example ANDLW  Ox5F
Before Instruction Before Instruction
W = 0x10 W = OxA3
After Instruction After Instruction
W = 0x25 W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [label ] ADDWF fd Syntax: [label ] ANDWF fd
Operands: 0<f<127 Operands: 0<f<127
d do,1] d 00,1]
Operation: (W) + (f) - (dest) Operation: (W) .AND. (f) - (dest)
Status Affected: C, DC, Z Status Affected: Z
Encoding: | oo [o1w1 | daref | ffef | Encoding: | oo [oio1 [diff [ffif |
Description: Add the contents of the W register Description: AND the W register with register
with register f. If 'd’ is O, the result 'f'. If 'd" is O, the result is stored in
is stored in the W register. If 'd’ is the W register. If 'd" is 1, the result
1, the result is stored back in reg- is stored back in register 'f'.
ister 'f'. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example ANDWE  FSR, 1
Example ADDW FSR, 0 Before Instruction
Before Instruction W = 0x17
W = 0x17 FSR=  0OxC2
FSR= 0xC2 After Instruction
After Instruction W = 0xl7
W = 0xD9 FSR = 0x02
FSR=  0OxC2
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BCF Bit Clear f
Syntax: [label ]BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 - (f<b>)
Status Affected:  None
Encoding: ‘ 01 ‘ 00bb ‘ bf f f ‘ frff ‘
Description: Bit 'b’ in register 'f’ is cleared.
Words: 1
Cycles: 1
Example BCF FLAG REG 7
Before Instruction
FLAG_REG = 0xC7
After Instruction
FLAG_REG = 0x47
BSF Bit Set f
Syntax: [label ] BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 - (f<b>)
Status Affected:  None
Encoding: ‘ 01 ‘ 01bb ‘ bf f f ‘ frff ‘
Description: Bit b’ in register 'f' is set.
Words: 1
Cycles: 1
Example BSF FLAG_REG, 7

Before Instruction
FLAG_REG = O0x0A
After Instruction
FLAG_REG = 0x8A

BTFSC Bit Test, Skip if Clear
Syntax: [label ] BTFSC f,b
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) =0
Status Affected:  None
Encoding: | o1 [1obb | bftf | fref
Description: If bit 'b’ in register 'f' is '0’, then the
next instruction is skipped.
If bit ‘b’ is '0’, then the next instruc-
tion fetched during the current
instruction execution is discarded,
and a NOP is executed instead,
making this a two-cycle instruction.
Words: 1
Cycles: 1(2)
Example HERE BTFSC FLAG,1
FALSE GOTO PROCESS CO
TRUE . DE

Before Instruction
PC =
After Instruction
if FLAG<1> =0,
PC = address TRUE
if FLAG<1>=1,
PC = address FALSE

address HERE
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [label ] BTFSS f,b Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
Os<b<7 Operation: (PC)+ 1- TOS,
Operation: skip if (f<b>) =1 k - PC<10:0>,
Status Affected:  None (PCLATH<4:3>) - PC<12:11>
Encoding: ‘ 01 ‘ 11bb ‘ of f f ‘ FEff ‘ Status Affected: None
Description: If bit 'b’ in register 'f'is '1’, then the Encoding: ‘ 10 ‘ Okkk ‘ kkkk ‘ kkkk
next instruction is skipped. Description: Call Subroutine. First, return
If bit ‘b’ is '1’, then the next instruc- address (PC+1) is pushed onto
tion fetched during the current the stack. The eleven bit immedi-
instruction execution, is discarded ate address is loaded into PC bits
and a NOP is executed instead, <10:0>. The upper bits of the PC
making this a two-cycle instruction. are loaded from PCLATH. CALL is
Words: 1 a two-cycle instruction.
Cycles: 1(2) Words: 1
Example HERE BTFSS FLAG,1 Cycles: 2
FALSE GOTO PROCESS_CO Example HERE CALL
TRUE . DE THER
: E
Before Instruction Before Instruction
PC = address HERE After Instrpuitign hdess HERE
After Instruction - PC = Address THERE
if FLAG<1> =0, TOS= Address HERE+1
PC = address FALSE -
if FLAG<1>=1,
PC = address TRUE
CLRF Clear f
Syntax: [label] CLRF f
Operands: 0=<f<127
Operation: 00h - (f)
1.2
Status Affected: Z
Encoding: | oo [ooor [afff [ffif |
Description: The contents of register 'f' are
cleared and the Z bit is set.
Words: 1
Cycles: 1
Example CLRF FLAG_REG
Before Instruction
FLAG_REG = O0x5A
After Instruction
FLAG_REG = 0x00
z = 1
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CLRW Clear W
Syntax: [label] CLRW
Operands: None
Operation: 00h - (W)
157
Status Affected: Z
Encoding: ‘ 00 ‘ 0001 ‘ 0000 ‘ 0011 ‘
Description: W register is cleared. Zero bit (2)
is set.
Words: 1
Cycles: 1
Example CLRW
Before Instruction
W = Ox5A
After Instruction
W = 0x00
z = 1
CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
Operands: None
Operation: 00h - WDT
0 - WDT prescaler,
1-T0
1-PD
Status Affected:  TO, PD
Encoding: ‘ 00 ‘ 0000 ‘ 0110 ‘ 0100 ‘
Description: CLRWDT instruction resets the
Watchdog Timer. It also resets the
prescaler of the WDT. Status bits
TO and PD are set.
Words: 1
Cycles: 1
Example CLRWDT

Before Instruction
WDT counter
After Instruction
WDT counter
WDT prescaler
E
PD

COMF Complement f
Syntax: [label] COMF f,d
Operands: 0<f<127
dd[o,1]
Operation: (H - (dest)
Status Affected: Z
Encoding: | oo [1001 [diff [ffif |
Description: The contents of register 'f’ are
complemented. If 'd’ is 0, the
result is stored in W. If 'd’ is 1, the
result is stored back in register 'f'.
Words: 1
Cycles: 1
Example COVF REGL, 0
Before Instruction
REG1 = 0x13
After Instruction
REG1 = 0x13
W = OXEC
DECF Decrement f
Syntax: [label] DECF fd
Operands: 0<f<127
d0[0,1]
Operation: -1 > (dest)
Status Affected: Z
Encoding: ‘ 00 ‘ 0011 ‘ df f f ‘ fiff ‘
Description: Decrement register 'f’. If 'd’ is O,
the result is stored in the W regis-
ter. If 'd’ is 1, the result is stored
back in register 'f'.
Words: 1
Cycles: 1
Example DECF CNT, 1

Before Instruction

CNT = 0x01

A = 0
After Instruction

CNT = 0x00

z = 1
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DECFSz Decrement f, Skip if O INCF Increment f
Syntax: [label] DECFSsz fd Syntax: [label] INCF fd
Operands: 0<f<127 Operands: 0<f<127
d d[o,1] dO0J[0,1]
Operation: (f)-1 - (dest); skipifresult=0 Operation: () +1 - (dest)
Status Affected:  None Status Affected: Z
Encoding: ‘ 00 ‘ 1011 ‘ df ff ‘ fiff ‘ Encoding: ‘ 00 ‘ 1010 ‘ df f f ‘ frff ‘
Description: The contents of register 'f are Description: The contents of register 'f are
decremented. If 'd’ is O, the result incremented. If 'd’ is O, the result
is placed in the W register. If 'd’ is is placed in the W register. If 'd’" is
1, the result is placed back in reg- 1, the result is placed back in reg-
ister 'f'. ister 'f'.
I_f the re_sult_ls 0, the next |nstrqc- Words: 1
tion, which is already fetched, is
discarded. A NOP is executed Cycles: 1
instead making it a two-cycle Example I NCF CNT, 1
instruction. .
Before Instruction
Words: 1 CNT = OxFF
. z = 0
Cycles: 1) After Instruction
Example HERE DECFSZ  CNT, 1 CNT = 0x00
GOTO LOooP Z = 1
CONTI NUE »
Before Instruction
PC = address HERE
After Instruction
CNT = CNT-1
if CNT = 0,
PC = address CONTI NUE
if CNT # 0,
PC = address HERE+1
GOTO Unconditional Branch
Syntax: [label] GOTO k
Operands: 0<k<2047
Operation: k - PC<10:0>
PCLATH<4:3> - PC<12:11>
Status Affected:  None
Encoding: ‘ 10 ‘ 1kkk ‘ kkkk ‘ kkkk ‘
Description: GOr0is an unconditional branch.
The eleven bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTOis a
two-cycle instruction.
Words: 1
Cycles: 2
Example GOTO THERE

After Instruction
PC = Address THERE

0 2000 Microchip Technology Inc.
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INCFSZ Increment f, Skip if O IORLW Inclusive OR Literal with W
Syntax: [label] INCFSz fd Syntax: [label] IORLW k
Operands: 0<f<127 Operands: 0<k=<255
dio1] Operation: (W) .OR. k - (W)
Operation: (f) + 1 - (dest), skip if result =0 Status Affected: Z
Status Affected: ~ None Encoding: [ 11 J1o000 [kkkk [ kkkk |
Encoding: ‘ 00 ‘ 1111 ‘ df ff ‘ fiff ‘ Description: The contents of the W register is
Description: The contents of register 'f' are OR’ed with the eight bit literal 'k'.
incremented. If 'd’ is 0 the resultis The result is placed in the W reg-
placed in the W register. If 'd" is 1, ister.
the result is placed back in regis- Words: 1
ter '’
If the result is 0, the next instruc- Cycles: 1
tion, which is already fetched, is Example | ORLW  0x35
@scarded. A NCP is executed Before Instruction
instead making it a two-cycle W =  Ox9A
instruction. After Instruction
Words: 1 W = OxBF
z = 1
Cycles: 1(2)
Example HERE I NCFSZ CNT, 1
contt e TP LoP IORWF Inclusive OR W with f
. Syntax: [label] IORWF fd
Before Instruction Operands: 0=f<127
PC = address HERE d0[o,1]
After Instruction Operation: (W) .OR. (f) - (dest)
CNT = CNT+1 .
fCNT= 0, Status Affected: Z
PC = address CONTI NUE Encoding: | oo [o00 |ditf [ffif |
if CNTZ 0, L - - -
PC =  address HERE +1 Description: Inclusive OR the W register with

register 'f'. If 'd" is O the result is
placed in the W register. If 'd" is 1
the result is placed back in regis-

ter 'f'.
Words: 1
Cycles: 1
Example | ORWE RESULT, 0
Before Instruction
RESULT = 0x13
w = 0x91
After Instruction
RESULT = 0x13
W = 0x93
Z = 1
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MOVLW Move Literal to W MOVWF Move W to f
Syntax: [label] MOVLW k Syntax: [label] MOVWF f
Operands: 0<k<255 Operands: 0<f<127
Operation: k - (W) Operation: w) - ()
Status Affected:  None Status Affected:  None
Encoding: | 11 | ooxx | kkkk | kkkk | Encoding: | oo o000 |aftf [ffif |
Description: The eight bit literal 'k’ is loaded Description: Move data from W register to reg-
into W register. The don't cares ister 'f'.
will assemble as O's. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example MOVWAF OPTI ON
Example MOVLW - Ox5A Before Instruction
After Instruction OPTION =  OxFF
W = Ox5A w = Ox4F
After Instruction
OPTION =  Ox4F
MOVF Move f w = Ok
Syntax: [label] MOVF fd
Operands: 0<f<127 NOP No Operation
d0[0.1] Syntax: [label] NOP
Operation: (f) - (dest) Operands: None
Status Affected:  Z Operation: No operation
Encoding: ‘ 00 ‘ 1000 ‘ drff ‘ free ‘ Status Affected:  None
Description: The contents of register f is Encoding: ‘ 00 ‘ 0000 ‘ 0xx0 ‘ 0000 ‘
moved to a destination dependent Y -
upon the status of d. If d = 0, des- Description: No operation.
tination is W register. If d = 1, the Words: 1
destination is file register f itself. d .
- . . Cycles: 1
=1 is useful to test a file register
since status flag Z is affected. Example NCP
Words: 1
Cycles: 1
Example MOVF FSR, 0

After Instruction
W = value in FSR register
zZ =1

0 2000 Microchip Technology Inc.
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OPTION Load Option Register

Syntax: [label] OPTION

Operands: None

Operation: (W) -~ OPTION

Status Affected:  None

Encoding: | oo Joooo [o110 [oo010

Description: The contents of the W register are
loaded in the OPTION register.
This instruction is supported for
code compatibility with PIC16C5X
products. Since OPTION is a read-
able/writable register, the user can
directly address it.

Words: 1

Cycles: 1

Example
To maintain upward compatibility
with future PICmicro® products, do
not use this instruction.

RETFIE Return from Interrupt

Syntax: [label] RETFIE

Operands: None

Operation: TOS - PC,
1- GIE

Status Affected:  None

Encoding: | oo [oo00 [oooo | 1001 |

Description: Return from Interrupt. Stack is
POPed and Top of Stack (TOS) is
loaded in the PC. Interrupts are
enabled by setting Global Inter-
rupt Enable bit, GIE
(INTCON<7>). This is a two-cycle
instruction.

Words: 1

Cycles: 2

Example RETFI E
After Interrupt

PC = TOS
GIE = 1

RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: O0<ks<255
Operation: k > (W);
TOS - PC
Status Affected:  None
Encoding: ‘ 11 ‘ 01xx ‘ kkkk ‘ kkkk ‘
Description: The W register is loaded with the
eight bit literal '’k’. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.
Words: 1
Cycles: 2
Example CALL TABLE;W contains table
;offset value
. ‘W now has table value
TABLE .
ADDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
RETLW kn ; End of table
Before Instruction
W = 0x07
After Instruction
W = value of k8
RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None
Operation: TOS - PC
Status Affected:  None
Encoding: ‘ 00 ‘ 0000 ‘ 0000 ‘ 1000 ‘
Description: Return from subroutine. The stack
is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two cycle
instruction.
Words: 1
Cycles: 2
Example RETURN

After Interrupt
PC = TOS
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RLF Rotate Left f through Carry RRF Rotate Right f through Carry
Syntax: [label] RLF fd Syntax: [label] RRF fd
Operands: 0<f<127 Operands: 0<f<127
dd[o,1] dd[o,1]
Operation: See description below Operation: See description below
Status Affected: C Status Affected: C
Encoding: | oo 1101 |dftf [ffif | Encoding: | oo 1100 |dftf [ffif |
Description: The contents of register 'f are Description: The contents of register 'f are
rotated one bit to the left through rotated one bit to the right through
the Carry Flag. If 'd’ is 0, the result the Carry Flag. If 'd’ is 0, the result
is placed in the W register. If 'd’ is is placed in the W register. If 'd’ is
1, the result is stored back in reg- 1, the result is placed back in reg-
ister 'f’. ister 'f’.
—[C]
Words: 1 Words: 1
Cycles: 1 Cycles:
Example RLF REGL, 0 Example RRF REGL,
Before Instruction 0
REG1I = 1110 0110 Before Instruction
c =0 REG1 = 1110 0110
After Instruction C = 0
REG1 = 1110 0110 After Instruction
W = 1100 1100 REG1 = 1110 0110
c = 1 W = 0111 0011
C = 0
SLEEP
Syntax: [ label SLEEP
]
Operands: None
Operation: 00h - WDT,
0 — WDT prescaler,
1-T0,
0 - PD
Status Affected:  TO, PD
Encoding: | oo [oooo | o110 |o011 |
Description: The power-down status bit, PD

is cleared. Time-out status bit,
TO is set. Watchdog Timer and
its prescaler are cleared.

The processor is putinto SLEEP
mode with the oscillator
stopped. See Section 7.8 for

more details.
Words: 1
Cycles: 1
Example: SLEE

P
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SUBLW Subtract W from Literal
Syntax: [ label ] SUBLW k
Operands: 0<k<255
Operation: k- (W) - (W)
Status C,DC,Z
Affected:
Encoding: | 11 | 120x | Kkkk | kkkk |
Description: The W register is subtracted (2's
complement method) from the eight
bit literal 'k'. The result is placed in
the W register.
Words: 1
Cycles: 1
Example 1: SUBLW  0x02
Before Instruction
W = 1
c = 2
After Instruction
W = 1
C = 1;resultis positive
Example 2: Before Instruction
W = 2
c = ?
After Instruction
W = 0
C = 1; resultis zero
Example 3: Before Instruction
W = 3
c = ?
After Instruction
W = OxFF
C = 0;resultis negative

SUBWF Subtract W from f
Syntax: [label]  suBwE fd
Operands: 0<f<127
d 0J[0,1]
Operation: () - (W) - (dest)
Status C,DC, 7z
Affected:
Encoding: | 00 | 0010 | dfff | ffff |
Description: Subtract (2's complement method)
W register from register 'f'. If 'd' is O,
the result is stored in the W register.
If 'd" is 1, the result is stored back in
register 'f'.
Words: 1
Cycles: 1
Example 1: SUBW REGL, 1
F
Before Instruction
REG1 = 3
w = 2
C = 2
After Instruction
REG1 = 1
w = 2
C = 1, resultis positive
Example 2: Before Instruction
REG1 = 2
w = 2
c = 2
After Instruction
REG1 = 0
w = 2
C = 1;resultis zero
Example 3: Before Instruction
REG1 = 1
w = 2
C = ?
After Instruction
REG1 = OxFF
w = 2
C = 0; result is negative
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SWAPF Swap Nibbles in f XORLW Exclusive OR Literal with W
Syntax: [label] SWAPF fd Syntax: [label  xorLW k
Operands: 0<f<127 ]
d 0][0,1] Operands: 0<k<255
Operation: (f<3:0>) - (dest<7:4>), Operation: (W) .XOR. k - (W)
(f<7:4>) - (dest<3:0>) Status Affected: 7
Status Affected: ~ None Encoding: [ 11 [ 1010 [ kkkk | kkkk |
Encoding: ‘ 00 ‘ 1110 ‘ dfff ‘ frff ‘ Description: The contents of the W register
Description: The upper and lower nibbles of are XOR’ed with the eight bit lit-
register 'f' are exchanged. If 'd’is eral 'k'. The result is placed in
0, the result is placed in W regis- the W register.
ter. If 'd’is 1, the result is placed in Words: 1
register 'f’. '
Cycles: 1
Words: 1
Example: XORL  OxAF
Cycles: 1 W
Example SWAPF REG, O Before Instruction
Before Instruction W = OxB5
REGL = OxAS After Instruction
After Instruction W = OxIA
REG1 = OxA5
W = Ox5A
TRIS Load TRIS Register XORWE Exclusive OR W with f
Syntax: [label] TRIS f xclusive wit
Operands: 5<f<7 Syntax: [label] XORWF fd
Operation: (W) - TRIS register f; Operands: 35Df[§ 2%127
Status Affected:  None Overat W X,OR - (dest
Encoding: [ 00 Joooo [o110 offf peration: (W) -XOR. () - (dest)
Description: The instruction is supported for Status Affected: 2
code compatibility with the Encoding: ‘ 00 ‘ 0110 ‘ df ff ‘ fEff ‘
PIC16CSX products. Since TRIS Description: Exclusive OR the contents of the
registers are readable and writ- W register with register 'f. If 'd" is
able, the user can directly address 0, the result is stored in the W
them. register. If 'd' is 1, the result is
Words: 1 stored back in register 'f'.
Cycles: 1 Words: 1
Example Cycles: 1
To maintain upward compatibility Example XORW REG 1
with future PICmicro® products, do E
not use this instruction. .
Before Instruction
REG =  OxAF
W = 0xB5
After Instruction
REG = Ox1A
W = 0xB5
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NOTES:
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9.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings T

Ambient TeMpPerature UNAET DIAS ..........coiiiiiiiiiie et e e e e e e e s sbe e e e e e sstbe e e e e snssbareaeaanes 0° to +70°C
SEOTrAGE TEMPEIALUIE ...ttt ettt ettt e e e e e e e e e e e e s e s e e b b e bbb e e et ee e e et eeeeeeeeaeeasae s e nen b nbebbbbeeeeeeeaeaaeeaaeasasaeann -65° to +150°C
Voltage on any pin with respect to Vss (except VDD and M) ....................................................... -0.6V to VDD +0.6V
Voltage 0N VDD WIth FESPECT L0 VSS ...ttt ettt e e e e ettt e e e e e s ate e e e e e e ntbeeeeeaannaeeeaaeannns 0to +7.5V
Voltage on MCLR With r@SPECE 10 VSS (NOTE 2) ....eeveeeeeeeeeeeeeeeeeeeeeeeseseseseeseses s ses s e ee e ee e eneeeeseseer e 0 to +14V
Voltage 0N RAZ With FESPECTE L0 WSS iiiiiiiie ettt ettt ettt e e ettt e e e e ettt e e e e e s aeeeeaeeannsbeeeeeaansaneeaeeannnneaaaaanns 8.5V
Total power DISSIPAtION (NOE L) ......uviiiiiiiiiiiiee ettt e e e e e e e e e e ettt ea e e e stbebeeeeesstbaeeeesaasbaseeessasnsseeeeeasnnseeeeessnnses 1.0w

Maximum Current out of Vss pin

Maximum Current into VDD PiN ......ccoocvviveeeiiiiiiiee e,
Input Clamp CUurrent, HK (V1 <O OF VIS VDD) ....uueiieieeiiiiiie e ettt ettt e ettt et e e e e attaee e e e e aaaaeseaeaaansseeaeaaannseeesaanseeeeeenn
Output Clamp Current, 10K (VO <O OF VOSVDD).....uuuiiiiiiiiiieee e eeitiie e e e e sttt ee e e e st ea e e e ssaete e e asstbaaaeessssbeaeaessassseeaasessssees
Maximum Output Current SUNK DY @ny 1/O PIN ...t e et e e et eee e e ennaeeee e an
Maximum Output Current sourced BY any 1/O PiN......eeiii oo a e e e st e e e eatrarae e an
Maximum Current sunk by PORTA @nd PORTB ...ttt e et e e e e e e seaeee e e e aneee
Maximum Current sourced by PORTA and PORTB
Note 1: Power dissipation is calculated as follows: Pois = VDD x {IDD - 3 loH} + Y {(VDD-VOH) x loH} + 3 (VoI x IoL)

2. Voltage spikes below Vss at the MCLR 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 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 9-1: CF76XX VOLTAGE-FREQUENCY GRAPH, 0°C < TA <+70°C
6.0

55

5.0

VDD 4.5

\olts
( ) 4.0

3.5

3.0

25

2.0

0 4 10 20 25

Frequency (MHz)
Note 1. The shaded region indicates the permissible combinations of voltage and frequency.

2: The maximum rated speed of the part limits the permissible combinations of voltage and frequency.
Please reference the Product Identification System section for the maximum rated speed of the parts.
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9.1 DC CHARACTERISTICS: CF76XX (Commercial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature

0°C < Ta < +70°C for commercial

Param
No.

Sym

Characteristic

Min

Typt

Ma
X

Unit
s

Conditions

D001

VDD

Supply Voltage

3.0

5.5

\

See Figures 12-1 through 12-5

D002

VDR

RAM Data Retention Voltage
(Note 1)

1.5*

\Y

Device in SLEEP mode

D003

VPOR

VDD start voltage to
ensure Power-on Reset

Vss

\Y

See section on power-on reset for details

D004

SvDD

VDD rise rate to ensure
Power-on Reset

V/ms

See section on power-on reset for details

D010

IDD

Supply Current (Note 2)

1.8

35

9.0

3.3

70

20

mA
HA

mA

Fosc =4 MHz, VbD = 5.5V, WDT disabled, XT
mode, (Note 4)*

Fosc = 32 kHz, VbD = 4.0V, WDT disabled, LP
mode

Fosc =20 MHz, Vbp = 5.5V, WDT disabled, HS
mode

D020

IPD

Power Down Current (Note 3)

1.0

2.5

HA

VDD=4.0V, WDT disabled

Note 1:

These parameters are characterized but not tested.

Data in "Typ" column is at 5.0V, 25°C, unless otherwise stated. These parameters are for design guidance only and are
not tested.
This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin loading and
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con-
sumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD,
MCLR = VpD; WDT enabled/disabled as specified.
The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with
the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss.

For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the
formula: Ir = VDD/2Rext (mA) with Rext in kQ.
The A current is the additional current consumed when this peripheral is enabled. This current should be added to the
base IDD or IPD measurement.
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9.2 DC CHARACTERISTICS: CF76XX (Commercial)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in table below.

Param.| Sym Characteristic Min Typt Max Unit Conditions
No.
VIL |Input Low Voltage
1/0 ports
D030 with TTL buffer Vss - 0.8V V |VDD =4.5V to 5.5V
0.15VDD otherwise
D031 with Schmitt Trigger input Vss 0.2VDD \%
D032 MCLR, RA4/TOCKI,OSC1 (in RC Vss - 0.2VpD V [Note2
mode)
D033 OSC1 (in XT and HS) Vss - 0.3VDD Y
OSC1 (in LP) Vss - |0.6VbD-1.00 V
VIH |Input High Voltage
1/0 ports -
D040 with TTL buffer 2.0V - VDD V |VDD = 4.5V to 5.5V
.25VDD + 0.8V VDD otherwise
D041 with Schmitt Trigger input 0.8VDD VDD
D042 MCLR RA4/TOCKI 0.8VDD - VDD Y
D043 OSC1 (XT, HS and LP) 0.7VDD - VDD \%
DO043A OSC1 (in RC mode) 0.9VDbD Note2
D070 IPURB | PORTB weak pull-up current 50 200 400 HA |VDD = 5.0V, VPIN = VSS
Input Leakage Current @3
L 11/O ports (Except PORTA)
+1.0 HA |Vss < VPIN € VDD, pin at hi-impedance
D060 PORTA - - +0.5 HA [Vss < VPIN < VDD, pin at hi-impedance
D061 RA4/TOCKI - - +1.0 HA |Vss < VPIN £ VDD
D063 OSC1, MCLR - - +5.0 HA [Vss < VPIN £ VDD, XT, HS and LP osc
configuration
VoL |Output Low Voltage
D080 1/0 ports - - 0.6 V [loL=8.5 mA, VbD=4.5V, -0°to +70°C
D083 OSC2/CLKOUT (RC only) - - 0.6 V |loL=1.6 mA, VDD=4.5V, -0°to +70°C
VOH |Output High Voltage @
D090 1/0 ports (Except RA4) VDD-0.7 - - V |loH=-3.0 mA, VDD=4.5V, -0°to +70°C
VDD-0.7 - - \%
D092 OSC2/CLKOUT (RC only) VbD-0.7 - - V |loH=-1.3 mA, VDD=4.5V, -0° to +70°C
VDD-0.7 - - Y
*D150 Vob |Open-Drain High Voltage 8.5*% RA4 pin CF76XX
Capacitive Loading Specs on
Output Pins
D100 COSC2|0SC2 pin 15 pF [In XT, HS and LP modes when external
clock used to drive OSC1.
D101 Cio |All /O pins/OSC2 (in RC mode) 50 pF
* These parameters are characterized but not tested.
Note 1: Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

2: In RC oscillator configuration, the OSCL1 pin is a Schmitt Trigger input. It is not recommended that the CF76XX be driven
with external clock in RC mode.

3: The leakage current on the MCLR pin is strongly dependent on applied voltage level. The specified levels represent normal operat-
ing conditions. Higher leakage current may be measured at different input voltages.

4: Negative current is defined as coming out of the pin.
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9.3 Timing Parameter Symbology

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

1. TppS2ppS

2. TppS

T
F Frequency T Time
Lowercase subscripts (pp) and their meanings:

pp
ck CLKOUT osc 0OSC1
io I/O port t0 TOCKI
mc MCLR
Uppercase letters and their meanings:

S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) \% Valid
L Low Z Hi-Impedance

FIGURE 9-2: LOAD CONDITIONS

RL
CL

Load condition 1

Pin

\DD/2
RL
_T_ CL
Vss
464Q
50 pF for all pins except OSC2
15 pF for OSC2 output

Load condition 2

Pin T

CL

Vss
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9.4 Timing Diagrams and Specifications

FIGURE 9-3: EXTERNAL CLOCK TIMING

i Q4 i 01 i Q2 i Q3 i Q4 i Q1 i
: C—— 1—»': w3 w3 - - :
1 4 4|

CLKOUT \

TABLE 9-1: EXTERNAL CLOCK TIMING REQUIREMENTS

Parameter | Sym | Characteristic Min Typt Max Units | Conditions
No.
1A Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode, VbD=5.0V
(Note 1) DC — 20 MHz | HS osc mode
DC — 200 kHz | LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode, VDD=5.0V
(Note 1) 0.1 — 4 MHz | XT osc mode
1 — 20 MHz | HS osc mode
DC - 200 kHz | LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 50 — — ns |HS osc mode
5 — — ps | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 | ns |XT osc mode
50 — 1,000 ns |HS osc mode
5 — — ps | LP osc mode
2 Tcy | Instruction Cycle Time (Note 1) 1.0 Fosc/4 DC ps | Tcys=Fosc/4
3* TosL, | External Clock in (OSC1) High or 100* — — ns | XT oscillator, Tosc L/H duty cycle
TosH | Low Time 2% — — Us | LP oscillator, Tosc L/H duty cycle
20* — — ns | HS oscillator, Tosc L/H duty cycle
4* TosR, | External Clock in (OSC1) Rise or 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 5.0V, 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 con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 9-4: CLKOUT AND I/O TIMING

Q4 J Q1 I Q2 l Q3 I

o 10 . D ! P11 X

R o o e X

LN -~ 22 . |

cLrouT - \k .23 . /— |

L Tig R e DY :

RN A9 710" L e 16 !
I/O Pin o ;
(input) Lo j
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Note: All tests must be done with specified capacitance loads (Figure 9-2) 50 pF on I/O pins and CLKOUT.
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TABLE 9-2: CLKOUT AND I/0 TIMING REQUIREMENTS

Parameter | Sym Characteristic Min Typt| Max Units
#
10* TosH2ckL | 0sC1t to CLKOUTE — 75 200 ns
— — 400 ns
11~ TosH2ckH | osc1+ to cLkouTr — 75 200 ns
- - 400 ns
12* TckR CLKOUT rise time @ — 35 100 ns
— — 200 ns
13* TckF CLKOUT fall time — 35 100 ns
— — 200 ns
14* TekL2ioV | cLKOUT ¢ to Port out valid () — — 20 ns
15+ TioV2ckH | port in valid before CLKOUT 1 (1) Tosc +200ns | — — ns
Tosc +400 ns — — ns
16~ TekH2iol | port in hold after CLKOUT 1 @) 0 — — ns
17* TosH2ioV | OSC1t (Q1 cycle) to Port out valid — 50 150 ns
— 300 ns
18* TosH?2iol OSC11 (Q2 cycle) to Port input invalid 100 — — ns
(I/O in hold time) 200 — — ns
19* TioV2osH | Port input valid to OSC11t (/O in setup 0 — — ns
time)
20* TioR Port output rise time — 10 40 ns
— — 80 ns
21* TioF Port output fall time — 10 40 ns
— — 80 ns
22% Tinp RBO/INT pin high or low time 25 — — ns
40 — — ns
23 Trbp RB<7:4> change interrupt high or low Tcy — — ns
time
* These parameters are characterized but not tested.
T Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x TOsC.

DS00000A-page 74 0 2000 Microchip Technology Inc.



CF76XX

FIGURE 9-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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TABLE 9-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS
Parameter Sym | Characteristic Min Typt Max | Units Conditions
No.
30 TmcL | MCLR Pulse Width (low) 2000 — — ns |[-0°to +70°C
31 Twdt | Watchdog Timer Time-out Period 7* 18 33* ms | VDD = 5.0V, -0° to +70°C
(No Prescaler)
32 Tost | Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period
33 Tpwrt | Power-up Timer Period 28* 72 132* ms | VDD = 5.0V, -0° to +70°C
34 Tioz | |/O hi-impedance from MCLR low — 2.0 Hs
* These parameters are characterized but not tested.
T Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 9-6: TIMERO CLOCK TIMING
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TABLE 9-4: TIMERO CLOCK REQUIREMENTS

Parameter | Sym | Characteristic Min Typt | Max | Units | Conditions
No.
40 TtOH | TOCKI High Pulse Width No Prescaler 0.5Tcy +20%| — — ns
With Prescaler 10* — — ns
41 TtOL | TOCKI Low Pulse Width No Prescaler 0.5Tey +20%| — — ns
With Prescaler 10* — — ns
42 TtOP | TOCKI Period Tcy + 40* — — ns | N = prescale value
N 1,2, 4, .., 256)
* These parameters are characterized but not tested.
T Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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10.0 DEVICE CHARACTERIZATION
INFORMATION

The graphs and tables provided in this section are for
design guidance and are not tested. In some graphs
or tables, the data presented is outside specified
operating range (e.g., outside specified VDD range).
This is for information only and devices will operate
properly only within the specified range.

The data presented in this section is a statistical
summary of data collected on units from different lots
over a period of time. “Typical” represents the mean of
the distribution, while “max” or “min” represents (mean
+ 30) and (mean — 30) respectively, where o is
standard deviation.

FIGURE 10-1: Ibb VS. FREQUENCY (XT
MODE, VDD = 5.5V)
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FIGURE 10-2: CF7685 IpD vs. VDD (WDT

Disable)
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FIGURE 10-3: IpD vs. VDD (XT OSC 4MHz)
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FIGURE 10-4: Iol vs. VoL, VDD = 3.0V
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FIGURE 10-5: IoH vs. VOH, VDD = 3.0V)
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FIGURE 10-7: IoH vs. VOH, VDD = 5.5V)
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11.0 PACKAGING INFORMATION
Package Type: KO04-007 18-Lead Plastic Dual In-line (P) — 300 mil

<—E—>

N

e R e Wi e

R T T T T T IT
O

=}

[

et— E 1 —

R
c
B
eB
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.300 7.62
Number of Pins n 18 18
Pitch p 0.100 2.54
Lower Lead Width B 0.013 0.018 0.023 0.33 0.46 0.58
Upper Lead Width B1T 0.055 0.060 0.065 1.40 1.52 1.65
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.005 0.010 0.015 0.13 0.25 0.38
Top to Seating Plane A 0.110 0.155 0.155 2.79 3.94 3.94
Top of Lead to Seating Plane Al 0.075 0.095 0.115 1.91 2.41 2.92
Base to Seating Plane A2 0.000 0.020 0.020 0.00 0.51 0.51
Tip to Seating Plane L 0.125 0.130 0.135 3.18 3.30 3.43
Package Length D¥ 0.890 0.895 0.900 22.61 22.73 22.86
Molded Package Width EF 0.245 0.255 0.265 6.22 6.48 6.73
Radius to Radius Width El 0.230 0.250 0.270 5.84 6.35 6.86
Overall Row Spacing eB 0.310 0.349 0.387 7.87 8.85 9.83
Mold Draft Angle Top a 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter.

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.”

* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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Package Type: KO04-051 18-Lead Plastic Small Outline (SO) — Wide, 300 mil

E1l

|
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| — —
| — — D
— 1
[ — —
T — — 2
B n ] Q —1 1 \
X — ) |——
o [
45 1 L
/ R
C i \
W ‘ A /
J A \ V TAAAAA
? w1 }o %
¢
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.050 1.27
Number of Pins n 18 18
Overall Pack. Height A 0.093 0.099 0.104 2.36 2.50 2.64
Shoulder Height Al 0.048 0.058 0.068 1.22 1.47 1.73
Standoff A2 0.004 0.008 0.011 0.10 0.19 0.28
Molded Package Length D¥ 0.450 0.456 0.462 11.43 11.58 11.73
Molded Package Width E* 0.292 0.296 0.299 7.42 7.51 7.59
Outside Dimension E1l 0.394 0.407 0.419 10.01 10.33 10.64
Chamfer Distance X 0.010 0.020 0.029 0.25 0.50 0.74
Shoulder Radius R1 0.005 0.005 0.010 0.13 0.13 0.25
Gull Wing Radius R2 0.005 0.005 0.010 0.13 0.13 0.25
Foot Length L 0.011 0.016 0.021 0.28 0.41 0.53
Foot Angle [0) 0 4 8 0 4 8
Radius Centerline L1 0.010 0.015 0.020 0.25 0.38 0.51
Lead Thickness c 0.009 0.011 0.012 0.23 0.27 0.30
Lower Lead Width BT 0.014 0.017 0.019 0.36 0.42 0.48
Mold Draft Angle Top a 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter.

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”

* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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11.1 Package Marking Information

18-Lead PDIP Example
KIRARIXIIIIAKIA K CrreEect
XHXX O D O
o AR YYWWNNN o R 9823CBA
18-Lead SOIC (.300") Example
XXXXXXXXXXXX CF76XX/SOXXX
XXXXXXXXXXXX
XXXXXXXXXXXX
o c\ YYWWNNN 0O c\ 9818CDK

Legend: XX...X Customer specific information*
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code

In the 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.

Note:

*

Standard OTP marking consists of Microchip part number, year code, week code, facility code, mask
rev#, and assembly code. For OTP 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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INDEX

A
ADDLW INSTrUCLION .cocoiiiiiiie et
ADDWF Instruction ....
ANDLW Instruction ....

ANDWEF Instruction ..........
Architectural OVEIVIEW ..........ccovuiiieiiiiieeiiie et 9
B
BCF INSTIUCHION ..eoiiiiiiiiiiie ettt 56
Block Diagram

TIMERD ...ttt 31

TMRO/WDT PRESCALER .....cciiiiiiiiiiecie e 34
BSF INSITUCHON ..oouiiiiiiiiiieeiese e 56
BTFSC INSIUCHON......eiiiiiiiieciie et 56
BTFSS INStrUCHION ....ceiiiiii i 57
C
CALL INSErUCHION ..ot 57
Clocking Scheme/Instruction CyCle .........ccocoeeiiiieeiiieennnns 12
CLRF INStruction .......c..ccoveeeevvenieennnne ...57
CLRW Instruction.......... ....58
CLRWDT Instruction..... ....58
C0ode ProteCtioN .......cccuvieiieiiiiiie e 52
COMF INSEIUCHION ...ttt 58
Configuration BitS.........cooceieiiiieieiiie e 38
Crystal OPEration .........ccocveeeiiieeiiieeesie e 39
D
Data Memory Organization ..........cccoccveeerreeeenineesnenessineneens 14
DECF INSITUCTHION .....cotiiiiiiiieiiie et 58
DECFSZ INStrUCHON ...ttt e 59
E
External Crystal Oscillator CirCuit ............ccceeicieeiieeriiinenns 40
G
General purpose Register File ..........cccocevvvvevvier e, 14
GOTO INSLIUCLION ...ttt 59
I
/O POIS ..ottt 25
1/0 Programming Considerations...........ccccceevvveesiniieensineen. 29
ID LOCALIONS ...ttt ettt 52
1o o PO PRRTRUR 79
INCF INSLrUCHION ... 59
INCFSZ INSIIUCHION ..o 60
In-Circuit Serial Programming...........ccccc..... .52
Indirect Addressing, INDF and FSR Registers ... 22
Instruction Flow/Pipelining .........ccccevviiveiciiie e 12

Instruction Set

COMF ... ...58
DECF .... ...58
DECFSz ...59
GOTO i 59
INCF ..o 59
INCFSZ ... 60

Instruction Set Summary ....
INT Interrupt ....

INTCON Register .20
a1 =T 4 U] o) SRR 46
JOR e 80, 81
JO0 e 79, 80
IORLW INSTIUCHION ...eeeiiiieeieiiie e 60
IORWEF INSEIUCHION ...cciiiei it 60
M

MOVF INSEIUCHON . ....ceiiiiieeiiiite et 61
MOVLW INSEIUCTION. ....eteeeeiiieieiie et 61
MOVWEF INSITUCTION ...t 61
N

NOP INSTUCHION ...ttt 61
0]

OPTION INSErUCHION ....eeiiiiiiic it 62
OPTION REQISIEN...ccciiiiieiiiiee st e ciiee e ee e seee e e 19
Oscillator Configurations............cceeieeieiiieenieie e 39
Oscillator Start-up Timer (OST) ....coocuveriiiee e 42
P

Package Marking Information............cccocoeviiiiiiiiiieeiiieene 85
Packaging INformation ..........ccccccvveeiveeiiiiee e eeee e 83
PCL and PCLATH......oiiiiiiieeit e 22
PCON Register....... .21

Pinout Description...

Port RB Interrupt. .48
PORTA Lottt bbbt 25
PORTB ..ottt e e e e e 27
Power Control/Status Register (PCON)..........cccevvvveeiinnnenns 42
Power-Down Mode (SLEEP) ........ccooviieiiiiiiieeieee e 51
Power-On Reset (POR).........

Power-up Timer (PWRT)....
Prescaler ......ccocccceevveiiiieieeeennn,

R

RC OSCillatOr.....uvuueieiiiiiiiiic e 40
RESET ..ottt 41
RETFIE INSTIUCHION ..eeciviieeciiee et eee e 62
RETLW INStIUCHION.......uviiiieeeiciiieee e 62
RETURN INSITUCHON ...ccvvvie e ciie et e e 62
RLF INSTIUCTHION ©.vviiiieiecie s 63
RRF INStIUCHION .....eiiieiiciieie et 63
S

SLEEP INStrUCLION ..ot 63
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Special Features of the CPU........ccccccvvvvviieiiiinee e 37
Special Function RegiSters .........cccceevviveriiiieeiiieeesiee e 16
STACK ettt 22
StAtUS REGISIEN...eiiiiiie e 16
SUBLW INSETUCHION ..ottt 64
SUBWEF INSTIUCHON......ceiiiiiiieeiiie et 64
SWAPF INSEIUCHION ..ottt 65
T
TimerO
TIMERD ...ttt
TIMERO (TMRO) Interrupt .
TIMERO (TMRO) MOAUIE ...
TMRO with External ClocK..........cccooviriiiieiiniinieiiies 33
Timerl
Switching Prescaler Assignment...........cccoccoveeeiiineennes 35
Timing Diagrams and Specifications..... .72
TMRO INterrupt .....ceeeeveiiieieeeieeiens .48
TRIS INSrUCLION ... 65
TRISA . e e 25
LIRS = TR 27
W
Watchdog Timer (WDT) ...ceeeiieeeeiieeiiiee e seee e 49
X
XORLW INSTTUCTION ..viieie it 65
XORWEF INSLIUCLION ..ot 65
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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.

PART NO. /_XIL XXX
Device Package Pattern
Device CF76XX
Package P = PDIP

SO = SOIC (Gull Wing, 300 mil body)

Pattern QTP, SQTP, (factory specified) or
Special Requirements . Blank for OTP and
Windowed devices.

Examples:

a)

CF7665/P = Commercial Temp.,
PDIiP package,

normal VDD limits

CF7645/SO = Commercial Temp.,
SOIC package,

Normal VDD limits

Sales and Support

Data Sheets

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact your local Microchip sales office.

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.
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DSO00000A-page 89



CF76XX

NOTES:

DS00000A-page 90 0 2000 Microchip Technology Inc.



	Devices included in this data sheet:
	High Performance RISC CPU:
	Peripheral Features:
	Special Microcontroller Features:
	Pin Diagrams
	CMOS Technology:
	Table of Contents

	Notes:
	EPROM-Based 8-Bit CMOS Microcontrollers
	CF76XX


	CF76_gen.pdf
	1.0 General Description
	1.1 Applications
	Table 1-1: CF76XX Family of Devices


	CF76_var.pdf
	2.0 CF76XX Device Varieties
	Notes:

	CF76_var.pdf
	2.0 CF76XX Device Varieties
	Notes:

	CF76_arc.pdf
	3.0 Architectural Overview
	Figure 3-1: Block Diagram
	Table 3-1: CF76XX Pinout Description �
	Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.

	3.1 Clocking Scheme/Instruction Cycle
	3.2 Instruction Flow/Pipelining

	Figure 3-2: Clock/Instruction Cycle
	Example 3-1: Instruction Pipeline Flow


	CF76_mem.pdf
	4.0 Memory Organization
	4.1 Program Memory Organization
	Figure 4-1: Program Memory Map and Stack for the CF7645
	Figure 4-2: Program Memory Map and Stack for the CF7665
	Figure 4-3: Program Memory Map and Stack for the CF7685

	4.2 Data Memory Organization
	4.2.1 General Purpose Register File
	Figure 4-4: DATA Memory Map for the CF7645/CF7665
	Figure 4-5: DATA Memory Map for the CF7685

	4.2.2 Special FUNCTION Registers
	Table 4-1: Special Registers for the CF76XX Status Register


	—
	—
	xxxx xxxx
	xxxx xxxx
	1111 1111
	1111 1111
	0000 0000
	0000 0000
	0001 1xxx
	000q quuu
	xxxx xxxx
	uuuu uuuu
	—
	—
	—
	TRISA4
	TRISA3
	TRISA2
	TRISA1
	TRISA0
	---1 1111
	---1 1111
	TRISB7
	TRISB6
	TRISB5
	TRISB4
	TRISB3
	TRISB2
	TRISB1
	TRISB0
	1111 1111
	1111 1111
	—
	—
	—
	—
	—
	---0 0000
	---0 0000
	000 000x
	0000 000u
	—
	—
	---- --0-
	---- --u-
	—
	—
	Note 1: Other (non power-up) resets include MCLR reset, and Watchdog Timer �Reset during normal o...
	2: IRP & RP1 bits are reserved, always maintain these bits clear.
	3: Bit 6 of INTCON register is reserved for future use. Always maintain this bit as clear.
	Note 1: The IRP and RP1 bits (STATUS<7:6>) are not used by the CF76XX and should be programmed as...
	2: The C and DC bits operate as a Borrow and Digit Borrow out bit, respectively, in subtraction. ...

	Register 4-1: STATUS Register (Address 03h or 83h)
	4.2.2.1 OPTION Register

	Register 4-2: OPTION Register (Address 81h)
	4.2.2.2 INTCON Register

	Register 4-3: INTCON Register (Address 0Bh or 8Bh)
	4.2.2.3 PCON Register

	Register 4-4: PCON Register (Address 8Eh)
	4.3 PCL and PCLATH
	Figure 4-5: Loading Of PC In Different Situations
	4.3.1 computed goto
	4.3.2 Stack
	Note 1: There are no STATUS bits to indicate stack overflow or stack underflow �conditions.
	2: There are no instructions/mnemonics called PUSH or POP. These are actions that occur from the ...


	4.4 Indirect Addressing, INDF and FSR Registers
	Example 4-1: INdirect Addressing
	Figure 4-6: Direct/indirect Addressing CF76XX




	CF76_io.pdf
	5.0 I/O Ports
	5.1 PORTA and TRISA Registers
	Figure 5-1: Block Diagram of RA1:RA0 Pins
	Figure 5-2: Block Diagram of RA2 Pin


	Table 5-1: PORTA Functions
	bit0
	ST
	bit1
	ST
	bit2
	ST
	bit3
	ST
	bit4
	ST

	Table 5-2: Summary of Registers Associated with PORTA
	—
	—
	—
	RA4
	RA3
	RA2
	RA1
	RA0
	—
	—
	—
	TRISA4
	TRISA3
	TRISA2
	TRISA1
	TRISA0
	Figure 5-3: Block Diagram of RA3 Pin
	Figure 5-4: Block Diagram of RA4 Pin
	5.2 PORTB and TRISB Registers
	Figure 5-5: Block Diagram of RB<7:4> Pins
	a) Any read or write of PORTB. This will end the mismatch condition.
	b) Clear flag bit RBIF.

	Figure 5-6: Block Diagram of RB<3:0> Pins



	Table 5-3: PORTB Functions
	TTL/ST(1)
	Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.


	Table 5-4: Summary of Registers Associated With PORTB
	RB7
	RB6
	RB5
	RB4
	RB3
	RB2
	RB1
	RB0
	TRISB7
	TRISB6
	TRISB5
	TRISB4
	TRISB3
	TRISB2
	TRISB1
	TRISB0
	RBPU
	INTEDG
	T0CS
	T0SE
	PSA
	PS2
	PS1
	PS0
	5.3 I/O Programming Considerations
	5.3.1 Bi-directional I/O Ports
	Example 5-1: Read-Modify-Write Instructions on an I/O Port

	5.3.2 Successive Operations on I/O Ports
	Figure 5-7: Successive I/O Operation


	Notes:



	CF76_tmr.pdf
	6.0 Timer0 Module
	6.1 TIMER0 Interrupt
	Figure 6-1: TIMER0 Block Diagram
	Note 2: The prescaler is shared with Watchdog Timer (Figure�6-6).

	Figure 6-2: TIMER0 (TMR0) Timing: Internal Clock/No Prescaler
	Figure 6-3: TIMER0 Timing: Internal Clock/Prescale 1:2
	Figure 6-4: TIMER0 Interrupt Timing

	6.2 Using Timer0 with External Clock
	6.2.1 External Clock Synchronization
	6.2.2 Timer0 Increment Delay
	Figure 6-5: TIMER0 Timing With External Clock


	6.3 Prescaler
	Figure 6-6: Block Diagram of thE Timer0/WDT Prescaler
	6.3.1 Switching Prescaler Assignment
	Example 6-1: Changing prescaler (Timer0ÆWDT)
	Example 6-2: Changing prescaler (WDTÆTimer0)
	TABLE 6-1: Registers Associated with Timer0


	GIE
	—
	T0IE
	INTE
	RBIE
	T0IF
	INTF
	RBIF
	RBPU
	INTEDG
	T0CS
	T0SE
	PSA
	PS2
	PS1
	PS0
	—
	—
	—
	TRISA4
	TRISA3
	TRISA2
	TRISA1
	TRISA0
	Notes:



	CF76_spf.pdf
	7.0 Special Features of the CPU
	1. OSC selection
	2. Reset
	3. Interrupts
	4. Watchdog Timer (WDT)
	5. SLEEP
	6. Code protection
	7. ID Locations
	8. In-circuit serial programming
	7.1 Configuration Bits
	Figure 7-1: Configuration Word

	7.2 Oscillator Configurations
	7.2.1 Oscillator Types
	7.2.2 Crystal Oscillator / CERAmic Resonators
	Figure 7-2: Crystal Operation (or Ceramic Resonator) (HS, XT or LP Osc Configuration)
	Figure 7-3: External Clock Input Operation (HS, XT or LP Osc Configuration)



	TABLE 7-1: Capacitor Selection for Ceramic Resonators
	TABLE 7-2: Capacitor Selection for Crystal Oscillator
	LP
	32 kHz
	200 kHz
	68 - 100 pF
	15 - 30 pF
	68 - 100 pF
	15 - 30 pF
	XT
	100 kHz
	2 MHz
	4 MHz
	68 - 150 pF
	15 - 30 pF
	15 - 30 pF
	150 - 200 pF
	15 - 30 pF
	15 - 30 pF
	HS
	8 MHz
	10 MHz
	20 MHz
	15 - 30 pF
	15 - 30 pF
	15 - 30 pF
	15 - 30 pF
	15 - 30 pF
	15 - 30 pF
	7.2.3 EXTERNAL Crystal Oscillator circuit
	Figure 7-4: External Parallel Resonant Crystal Oscillator Circuit
	Figure 7-5: External Series Resonant Crystal Oscillator Circuit

	7.2.4 RC Oscillator
	Figure 7-6: RC Oscillator Mode

	7.3 Reset
	a) Power-on reset (POR)
	b) MCLR reset during normal operation
	c) MCLR reset during SLEEP
	d) WDT reset (normal operation)
	e) WDT wake-up (SLEEP)

	7.4 Power-on Reset (POR), Power-up Timer (PWRT), and Oscillator Start-up Timer (OST)
	7.4.1 Power-On Reset (POR)
	7.4.2 Power-up Timer (PWRT)
	7.4.3 Oscillator Start-up Timer (OST)
	7.4.4 Time-out Sequence
	7.4.5 Power Control (PCON)/ Status Register



	TABLE 7-3: Time-out in Various Situations
	XT, HS, LP
	72 ms + 1024 Tosc
	1024 Tosc
	1024 Tosc
	RC
	72 ms
	—
	—

	TABLE 7-4: Status/PCON Bits and Their Significance
	TABLE 7-5: Summary of Registers Associated with Brown-out
	0001 1xxx
	000q quuu
	---- --0-
	---- --u-

	TABLE 7-6: Initialization Condition for Special Registers
	TABLE 7-7: Initialization Condition for Registers
	Note 2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the...
	Note 3: See Table�7-6 for reset value for specific condition.
	Figure 7-7: Time-out Sequence on Power-up (MCLR not tied to Vdd): Case 1
	Figure 7-8: Time-out Sequence on Power-up (MCLR not tied to Vdd): Case 2
	Figure 7-9: Time-out Sequence on Power-up (MCLR tied to Vdd)
	Figure 7-10: External Power-on Reset Circuit (For Slow Vdd Power-up)
	Note 2: < 40 kW is recommended to make sure that voltage drop across R does not violate the devic...
	Note 3: R1 = 100W to 1 kW will limit any current flowing into MCLR from external capacitor C in t...

	7.5 Interrupts
	Note 1: Individual interrupt flag bits are set regardless of the status of their cor�responding m...
	Note 2: When an instruction that clears the GIE bit is executed, any interrupts that were �pendin...
	Figure 7-11: Interrupt Logic
	7.5.1 RB0/INT Interrupt
	7.5.2 TMR0 Interrupt
	7.5.3 PortB Interrupt
	Figure 7-12: INT Pin Interrupt Timing



	TABLE 7-8: Summary of interrupt registers
	- 000x
	0000 000u
	7.6 Context Saving During Interrupts
	Example 7-1: Saving the Status and W Registers in RAM

	7.7 Watchdog Timer (WDT)
	7.7.1 WDT Period
	7.7.2 WDT Programming Considerations
	Figure 7-13: Watchdog Timer Block Diagram




	TABLE 7-9: Summary of Watchdog Timer Registers
	7.8 Power-Down Mode (SLEEP)
	7.8.1 Wake-up from SLEEP
	1. External reset input on MCLR pin
	2. Watchdog Timer Wake-up (if WDT was enabled)
	3. Interrupt from RB0/INT pin or RB Port change.
	Figure 7-14: Wake-up from Sleep Through Interrupt
	Note 2: Tost = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
	Note 3: GIE = '1' assumed. In this case, after wake- up, the processor jumps to the interrupt rou...
	Note 4: CLKOUT is not available in these osc modes, but shown here for timing reference.



	7.9 Code Protection
	7.10 ID Locations
	7.11 In-Circuit Serial Programming
	Figure 7-15: Typical In-Circuit Serial Programming Connection



	CF76_inst.pdf
	8.0 Instruction Set Summary
	Table 8-1: OPCODE Field Descriptions
	Figure 8-1: General Format for Instructions
	Table 8-2: CF76XX Instruction SeT
	Note 2: If this instruction is executed on the TMR0 register (and, where applicable, d = 1), the ...
	Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requir...

	8.1 Instruction Descriptions
	11
	110x
	kkkk
	kkkk
	00
	0010
	dfff
	ffff
	11
	1010
	kkkk
	kkkk

	NOTES:

	CF76_es.pdf
	9.0 Electrical Specifications
	Note 1: Power dissipation is calculated as follows: Pdis = Vdd x {Idd - Â Ioh} + Â {(Vdd-Voh) x I...
	2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latc...
	Figure 9-1: CF76XX Voltage-Frequency Graph, 0°C £ ta £ +70°C
	Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
	2: The maximum rated speed of the part limits the permissible combinations of voltage and frequen...

	9.1 DC CHARACTERISTICS: CF76XX (Commercial)�
	Param
	No.
	Sym
	Characteristic
	Min
	Typ†
	Ma x
	Unit s
	Conditions
	* These parameters are characterized but not tested.
	2: This is the limit to which Vdd can be lowered in SLEEP mode without losing RAM data.
	3: The supply current is mainly a function of the operating voltage and frequency. Other factors ...
	4: The power down current in SLEEP mode does not depend on the oscillator type. Power down curren...
	5: For RC osc configuration, current through Rext is not included. The current through the resist...
	6: The D current is the additional current consumed when this peripheral is enabled. This current...


	9.2 DC CHARACTERISTICS: CF76XX (Commercial)
	Param.
	No.
	Sym
	Characteristic
	Min
	Typ†
	Max
	Unit
	Conditions
	0.3Vdd
	0.6Vdd-1.0
	Vdd
	Vdd
	Vdd
	Vdd
	Vdd
	400
	±1.0
	±0.5
	±1.0
	±5.0
	0.6
	0.6
	-
	-
	-
	-
	8.5*
	15
	50
	* These parameters are characterized but not tested.
	2: In RC oscillator configuration, the OSC1 pin is a Schmitt Trigger input. It is not recommended...
	3: The leakage current on the MCLR pin is strongly dependent on applied voltage level. The specif...
	4: Negative current is defined as coming out of the pin.


	9.3 Timing Parameter Symbology
	Figure 9-2: Load Conditions

	9.4 Timing Diagrams and Specifications
	Figure 9-3: External Clock Timing
	TABLE 9-1: External Clock Timing Requirements
	1
	2
	3*
	4*
	* These parameters are characterized but not tested.
	† Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design ...
	Figure 9-4: CLKOUT and I/O Timing
	TABLE 9-2: CLKOUT and I/O Timing Requirements

	10*
	11*
	12*
	13*
	14*
	15*
	16*
	17*
	18*
	19*
	20*
	21*
	22*
	23
	Figure 9-5: Reset, Watchdog Timer, Oscillator Start-Up Timer and Power-Up Timer Timing
	TABLE 9-3: Reset, Watchdog Timer, Oscillator Start-up Timer and Power-up Timer Requirements

	30
	31
	32
	33
	34
	* These parameters are characterized but not tested.
	† Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design ...
	Figure 9-6: TIMER0 Clock Timing
	TABLE 9-4: TIMER0 Clock Requirements
	* These parameters are characterized but not tested.
	† Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design ...





	CF76_char.pdf
	10.0 Device Characterization Information
	The graphs and tables provided in this section are for design guidance and are not tested. In som...
	The data presented in this section is a statistical summary of data collected on units from diffe...
	FIGURE 10-1: Idd vs. Frequency (XT Mode, Vdd = 5.5V)
	FIGURE 10-2: CF7685 Ipd vs. Vdd (WDT Disable)
	FIGURE 10-3: Idd vs. Vdd (XT OSC 4MHz)
	FIGURE 10-4: IoI vs. Vol, Vdd = 3.0V
	FIGURE 10-5: Ioh vs. Voh, Vdd = 3.0V)
	FIGURE 10-6: IoI vs. Vol, Vdd = 5.5V)
	FIGURE 10-7: Ioh vs. Voh, Vdd = 5.5V)

	Notes:

	CF76_pkg.pdf
	11.0 Packaging Information
	11.1 Package Marking Information


	CF76_ix.pdf
	Index
	A
	B
	C
	D
	E
	G
	I
	M
	N
	O
	P
	R
	S
	T
	W
	X

	CF76_pis.pdf
	To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed ...
	a) CF7665/P = Commercial Temp., PDiP package, normal Vdd limits
	b) CF7645/SO = Commercial Temp., SOIC package, Normal Vdd limits

	Sales and Support
	Notes:

	CF76_pis.pdf
	To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed ...
	a) CF7665/P = Commercial Temp., PDiP package, normal Vdd limits
	b) CF7645/SO = Commercial Temp., SOIC package, Normal Vdd limits

	Sales and Support
	Notes:


