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Reader Response
PIC16C64X & PIC16C66X Product Identification System

To Our Valued Customers

We constantly strive to improve the quality of all our products and documentation. We have spent an exceptional
amount of time to ensure that these documents are correct. However, we realize that we may have missed a few
things. If you find any information that is missing or appears in error, please use the reader response form in the
back of this data sheet to inform us. We appreciate your assistance in making this a better document.
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PIC16C64X & PIC16C66X

2.0 PIC16C64X & PIC16C66X

DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements the proper device option can be selected
using the information in the Product Identification Sys-
tem page at the end of this data sheet. When placing
orders, please use that page of the data sheet to spec-
ify the correct part number.

2.1 UV Erasable Devices

The UV erasable version, offered in CERDIP package
is optimal for prototype development and pilot
programs. This version can be erased and
reprogrammed to any of the oscillator modes.

Microchip's PICSTARTY Plus and PRO MATE" II

programmers both support programming of the
PIC16C64X & PIC16C66X.

2.2 One-Time-Programmable (OTP)

Devices

The availability of OTP devices is especially useful for
customers who need flexibility for frequent code
updates and small volume applications. In addition to
the program memory, the configuration bits must also
be programmed.

2.3 Quick-Turnaround-Production (QTP)

Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who choose not to program a
medium to high quantity of units and whose code pat-
terns have stabilized. The devices are identical to the
OTP devices but with all EPROM locations and config-
uration options already programmed by the factory.
Certain code and prototype verification procedures
apply before production shipments are available.
Please contact your Microchip Technology sales office
for more details.

2.4 Serialized Quick-Turnaround-

Production (SQTPSM) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
sequential.

Serial programming allows each device to have a
uniqgue number which can serve as an entry-code,
password or ID number.

0 1996 Microchip Technology Inc.
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PIC16C64X & PIC16C66X

TABLE 3-2: PIC16C661/662 PINOUT DESCRIPTION
Name D.IP Q.FP PITCC I/0/P Buffer Description
Pin# |Pin# | Pin# | Type Type

OSC1/CLKIN 13 30 14 | ST/CMOS | Oscillator crystal input or external clock source
input.

OSC2/CLKOUT 14 31 15 (0] — Oscillator crystal output. Connects to crystal or reso-
nator 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 1 18 2 /P ST Master clear (reset) input or programming voltage
input. This pin is an active low reset to the device.
PORTA is a bi-directional I/O port.

RAO/ANO 2 19 3 /0 ST Analog comparator input.

RA1/AN1 3 20 4 1/0 ST Analog comparator input.

RA2/AN2/VREF 4 21 5 1/0 ST Analog comparator input or VREF output.

RA3/AN3 5 22 6 110 ST Analog comparator input or comparator output.

RA4/TOCKI 6 23 7 110 ST Can be selected to be the clock input to the

TimerQ timer/counter or a comparator output.
Output is open drain type.

RA5 7 24 8 1/0 ST
PORTB is a bi-directional 1/0 port. PORTB can be
software programmed for internal weak pull-ups on
all inputs.

RBO/INT 33 8 36 I/1O TTL/STD RBO can also be selected as an external

interrupt pin.

RB1 34 9 37 I/0 TTL

RB2 35 10 38 /0 TTL

RB3 36 11 39 /0 TTL

RB4 37 14 41 110 TTL Interrupt on change pin.

RB5 38 15 42 1/0 TTL Interrupt on change pin.

RB6 39 16 43 I/0 TTL/ST® Interrupt on change pin. Serial programming

clock.

RB7 40 17 44 110 TTL/ST® Interrupt on change pin. Serial programming

data.
PORTC is a bi-directional I/O port.

RCO 15 32 16 /0 ST

RC1 16 35 18 /0 ST

RC2 17 36 19 /0 ST

RC3 18 37 20 1/0 ST

RC4 23 42 25 /0 ST

RC5 24 43 26 /0 ST

RC6 25 44 27 1/0 ST

RC7 26 1 29 1/0 ST

Legend: O = output I/0 = input/output P = power

| = input — =not used ST = Schmitt Trigger input
TTL=TTL input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured as a general purpose 1/0 and a TTL input when used
in the Parallel Slave Port Mode (for interfacing to a microprocessor port).

0 1996 Microchip Technology Inc.
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PIC16C64X & PIC16C66X

4.2.2.6 PCON REGISTER

The PCON register contains flag bits to differentiate Note:
between a Power-on Reset (POR), an external MCLR
reset, WDT reset, Brown-out Reset (BOR), and Parity
Error Reset (PER). The PCON register also contains a
status bit, MPEEN, which reflects the value of the
MPEEN bit in Configuration Word. See Table 9-4 for
status of these bits on various resets.

BOR is unknown on Power-on Reset. It
must then be set by the user and checked
on subsequent resets to see if BOR is
cleared, indicating a brown-out has
occurred. The BOR status bit is a “don't
care” and is not necessarily predictable if
the brown-out circuit is disabled (by
programming the BODEN bit in the
Configuration word).

FIGURE 4-10: PCON REGISTER (ADDRESS 8Eh)

bit 7: MPEEN: Memory Parity Error Circuitry Status bit
Reflects the value of Configuration Word bit, MPEEN

bit 6-3: Unimplemented: Read as 'O’

bit2:  PER: Memory Parity Error Reset Status bit
1 = No error occurred
0 = Program memory fetch parity error occurred
(must be set in software after a Parity Error Reset occurs)

bit 1: POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

bit 0: BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

RU U0 U-0 U-0 U-0  RMW-1 RMW-0 RM-u
IMPEEN] — | — | — | — | PER | POR | BOR | [R=Readable bit
bit7 bit0 W= Writable bit

U= Unimplemented bit,
read as ‘0’
- n=Value at POR reset

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

DS30559A-page 26 Preliminary
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PIC16C64X & PIC16C66X

4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is readable and
writable. The high byte (PC<12:8>) is not directly read-
able or writable and comes from PCLATH. On any
reset, the PC is cleared. Figure 4-11 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 GOTOinstruction (PCLATH<4:3> . PCH).

FIGURE 4-11: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
PC| | PCL as
Destination
P roumse 8
5 ALU result
LIT T T 1]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | ' | coro caL
PCLATH<4:3> 11
2 Opcode <10:0>
LIT T T LT
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

PIC16C64X & PIC16C66X devices have an 8 level
deep x 13-bit wide hardware stack (Figure 4-2). The
stack space is not part of either program or data space
and the stack pointer is not readable or writable. The
PC is PUSHed onto the stack when a CALL instruction
is executed or an interrupt causes a branch. The stack
is POPed in the event of a RETURN, RETLWor a RETFI E
instruction execution. PCLATH is not 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
so on).

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

Note 2: There are no instructions mnemonics
called PUSH or POP. These are actions
that occur from the execution of the CALL,
RETURN, RETLW and RETFI E instruc-
tions, or the vectoring to an interrupt
address.

4.4 Program Memory Paging

PIC16C642 and PIC16C662 devices have 4K of pro-
gram memory, but the CALL and GOTOinstructions only
have an 11-bit address range. This 11-bit address
range allows a branch within a 2K program memory
page size. To allow CALL and QOTO instructions to
address the entire 4K program memory address range,
there must be another bit to specify the program mem-
ory page. This paging bit comes from the PCLATH<3>
bit (Figure 4-11). When doing a CALL or GQOTOinstruc-
tion, the user must ensure that this page select bit
(PCLATH<3>) is programmed so that the desired pro-
gram memory page is addressed. If a return from a
CALL instruction (or interrupt) is executed, the entire
13-bit PC is pushed onto the stack. Therefore, manipu-
lation of the PCLATH<3> bit is not required for the
return instructions (which POPs the address from the
stack).

Note: The PIC16C64X & PIC16C66X ignore the
PCLATH<4> bit, which is used for program
memory pages 2 and 3 (1000h - 1FFFh).
The use of PCLATH<4> as a general pur-
pose read/write bit is not recommended
since this may affect upward compatibility

with future products.
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PIC16C64X & PIC16C66X

6.2 Using Timer0 with External Clock

When an external clock input is used for TimerO, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). 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 accom-
plished 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 pres-
caler so that the prescaler output is symmetrical. For
the external clock to meet the sampling requirement,
the ripple-counter must be taken into account. There-
fore, 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 mini-
mum pulse width requirement of 10 ns. Refer to param-
eters 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 Timer0O mod-
ule 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

External Clock In%‘t or

Q1l Q21 Q31 Q4 | Q1l Q21 Q31 Q4 | Q1 Q2| Q31 Q4 | Q1l Q2| Q3| Q4

Prescaler output

Small pulse
misses sampling

{ \ / \ \ /\
@
External Clock/Prescaler ©
Output after sampling
¥
Increment Timer0 (Q4)

Timer0

X TO+1 X TO+2

Note 1: Delay from clock input change to Timer0O increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = +4Tosc max.
2: External clock if no prescaler selected, prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.
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PIC16C64X & PIC16C66X

7.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator. User
software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that has occurred. The
CMIF bit (PIR1<6>), is the comparator interrupt flag
and must be cleared in user software.

To enable the Comparator interrupt the following bits
must be set:

« CMIE (PIE1<6>)
« PEIE (INTCON<6>)
« GIE (INTCON<7>)

The user, in the interrupt service routine, can clear the
interrupt in the following manner:

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

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.
Reading CMCON will end the mismatch condition, and
allow flag bit CMIF to be cleared.

7.7 Comparator Operation During SLEEP

When a comparator is active and the device is placed
in SLEEP mode, the comparator remains active and
the interrupt is functional if enabled. This interrupt will
wake up the device from SLEEP mode when enabled.
While the comparator is powered up, higher sleep
currents than shown in the power-down current
specification will occur. Each comparator that is
operational will consume additional current as shown in
the comparator specifications. To minimize power
consumption while in SLEEP mode, turn off the

comparators, CM2:CMO0 = 111, before entering sleep.
If the device wakes up from sleep, the contents of the
CMCON register are not affected.

7.8 Effects of a RESET

A device reset forces the CMCON register to its reset
state. This forces the comparator module to be in the
comparator reset mode, CM2:CMO =000. This
ensures that all potential inputs are analog inputs.
Device current is minimized when analog inputs are
present at reset time. The comparators will be powered
down during the reset interval.

7.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 7-5. Since the analog pins are connected to a
digital output, they have reverse biased diodes to Vbp
and Vss. The analog input therefore, must be between
Vss and Vop. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up may occur. A
maximum  source impedance of 10kQ s
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 7-5: ANALOG INPUT MODEL
VbD
VT =0.6V Rc < 10k
* * NN S
I ILEAKAGE
+ +500 nA

—‘— VT =0.6V

— Vss

= Leakage Current at the pin due to various junctions

Legend CriN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE
Ric = Interconnect Resistance
Rs = Source Impedance
Va = Analog Voltage
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8.1 Configuring the Voltage Reference

The Voltage Reference Module can output 16 distinct
voltage levels for each range.

The equations used to calculate the output of the
Voltage Reference are as follows:

IfVRR=1
Then VREF = (VR3:VR0/24) « VDD

IfVRR=0
Then VREF = (VDD * 1/4) + (VR3:VR0/32) « VDD

The settling time of the Voltage Reference must be
considered when changing the VREF output
(Table 12-2). Example 8-1 shows an example of how to
configure the Voltage Reference for an output voltage
of 1.25V with VDD = 5.0V.

EXAMPLE 8-1: VOLTAGE REFERENCE
CONFIGURATION
MOVLW  0x02 ; 4 inputs nuxed
MOVW\F CMCON ; to 2 conparators
BSF STATUS, RPO Sel ect Bank 1
MOVLW  0x07 ; RA3: RAO to outputs
MOVWAFF  TRI SA ;
MOVLW  OxA6 ; enable Vref |ow
MOWWF  VRCON ; range, VR3:VRO = 6
BCF STATUS, RPO ; Select Bank O
CALL DELAY_10ps 10 ps del ay

8.2 Voltage Reference Accuracy/Error

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 8-2) keep VREF from approaching Vss or VDD.
The Voltage Reference is VbD derived and therefore,

the VREF output changes with fluctuations in Vbb. The
absolute accuracy of the Voltage Reference can be
found in Table 12-3.

8.3 Operation During Sleep

When the device wakes up from sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the VRCON register are not affected. To minimize
current consumption in SLEEP mode, the Voltage
Reference Module should be disabled.

8.4 Effects of a Reset

Adevice reset disables the Voltage Reference by clear-
ing bit VREN (VRCON<7>). This reset also
disconnects the reference from the RA2 pin by clearing
bit VROE (VRCON<6>) and selects the high voltage
range by clearing bit VRR (VRCON<5>). The VREF
value select bits, VRCON<3:0>, are also cleared.

8.5 Connection Considerations

The Voltage Reference Module operates independently
of the comparator module. The output of the reference
generator may be connected to the RA2 pin if the
TRISA<2> bit is set and bit VROE is set. Enabling the
Voltage Reference output onto the RA2 pin with an
input signal present will increase current consumption.
Connecting RA2 as a digital output with VREF enabled
will also increase current consumption.

The RA2 pin can be used as a simple D/A output with
limited drive capability. Due to the limited drive
capability, a buffer must be used in conjunction with the
Voltage Reference output for external connections to
VREF. Figure 8-3 shows an example buffering
technique.

VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE

+

FIGURE 8-3:
PIC16C662
RW |[Pin RA2

VREF

Module
Voltage
Reference
Output >~
Impedance

Note 1: R is dependent upon the Voltage Reference Configuration VRCON<3:0> and VRCON<5>.

——¢—— VREF output

TABLE 8-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE
Value On Value on
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, all other
BOR resets
9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VRO 000- 0000 | 000- 0000
1Fh CMCON | C20UT | Ci10uUT — — CIS CM2 CM1 CMO0 00-- 0000 | 00-- 0000
85h TRISA — — TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | --11 1111 |--11 1111
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PIC16C64X & PIC16C66X

9.4.5 PARITY ERROR RESET (PER)

PIC16C64X & PIC16C66X devices have on-chip parity
bits that can be used to verify the contents of program
memory. Parity bits may be useful in applications in
order to increase overall reliability of a system.

There are two parity bits for each word of Program
Memory. The parity bits are computed on alternating
bits of the program word. One computation is per-
formed using even parity, the other using odd parity. As
a program executes, the parity is verified. The even
parity bit is XOR'd with the even bits in the program
memory word. The odd parity bit is negated and XOR’d
with the odd bits in the program memory word. When
an error is detected, a reset is generated and the PER
flag bit in the PCON register is set. This indication can
allow software to act on a failure. However, there is no
indication of the program memory location of the failure
of the Program Memory. This flag can only be cleared
in software or by a POR.

The parity array is user selectable during programming.
Bit7 of the configuration word located at address 2007h
can be programmed (read as '0) to disable parity
checking. If left unprogrammed (read as 'l"), parity
checking is enabled.

9.4.6 TIME-OUT SEQUENCE

On power-up, the time-out sequence is as follows: First
PWRT time-out is invoked after POR has expired. Then
the OST is activated. The total time-out will vary based
on oscillator configuration and PWRTE bit status. For
example, in RC mode with the PWRTE bit set (PWRT
disabled), there will be no time-out at all. Figure 9-9,
Figure 9-10 and Figure 9-11  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
(Figure 9-10). This is useful for testing purposes or to
synchronize more than one device operating in parallel.

Table 9-5 shows the reset conditions for some special
registers, while Table 9-6 shows the reset conditions
for all the registers.

9.4.7 POWER CONTROL/STATUS REGISTER
(PCON)

The power control/status register, PCON (address
8ENh) has four bits. See Figure 4-10 for register.

Bit0 is BOR (Brown-out Reset). BOR is unknown on a
Power-on-reset. It must initially be set by the user and
checked on subsequent resets to see if BOR ="'0'
indicating that a Brown-out Reset has occurred. The
BOR status bit is a “don’t care” bit and is not necessar-
ily predictable if the brown-out circuit is disabled (by
clearing the BODEN bit in the Configuration word).

Bitl is POR (Power-on Reset). It is cleared on a
Power-on Reset and is unaffected otherwise. The user
set this bit following a Power-on Reset. On subsequent
resets if POR is ‘0, it will indicate that a Power-on
Reset must have occurred.

Bit2 is PER (Parity Error Reset). Itis cleared on a Parity
Error Reset and must be set by user software. It will
also be set on a Power-on Reset.

Bit7 is MPEEN (Memory Parity Error Enable). This bit
reflects the status of the MPEEN bit in configuration
word. It is unaffected by any reset or interrupt.

TABLE 9-3: TIME-OUT IN VARIOUS SITUATIONS
Power-up
Oscillator Configuration Brown-out Reset frxlgiggP
PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024 Tosc 1024 Tosc 72 ms + 1024 Tosc 1024 Tosc
RC 72 ms — 72 ms —
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PIC16C64X & PIC16C66X

FIGURE 9-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
VDD —:/
MCLR o
INTERNAL POR ﬂ

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

1<—TOSF—

FIGURE 9-10: 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

FIGURE 9-11: 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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PIC16C64X & PIC16C66X

10.1 Special Function Reqgisters as
Source/Destination

The PIC16C64X & PIC16C66X’s orthogonal instruction
set allows read and write of all file registers, including
special function registers. There are some special situ-
ations the user should be aware of:

10.1.1 STATUS AS DESTINATION

If an instruction writes to STATUS, the Z, C, and DC bits
may be set or cleared as a result of the instruction and
overwrite the original data bits written. For example,
executing CLRF STATUS will clear register STATUS,
and then set the Z bit leaving 0000 0100b in the reg-
ister.

10.1.2 PCL AS SOURCE OR DESTINATION

Read, write or read-modify-write on PCL may have the
following results:

Read PC: PCL - dest

Write PCL: PCLATH - PCH;
8-bit destination value - PCL

Read-Modify-Write:  PCL — ALU operand
PCLATH - PCH;
8-bit result -~ PCL

Where PCH = program counter high byte (not an
addressable register), PCLATH = Program counter
high holding latch, dest = destination, WREG or f.

10.1.3 BIT MANIPULATION

All bit manipulation instructions are done by first read-
ing the entire register, operating on the selected bit and
writing the result back (read-modify-write). The user
should keep this in mind when operating on special
function registers, such as ports.
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TABLE 10-2:  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 0011|Z
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 O 1(2) |00 1111 dfff ffff 12,3
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 |fff ffff
NOP - No Operation 1 00 0000 0Oxx0 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 | Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b | BitSetf 1 01 01lbb 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(2) |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 | Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk
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| z
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 a '0".

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.
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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11.0 DEVELOPMENT SUPPORT

111 Development Tools

The PIC16/17 microcontrollers are supported with a full
range of hardware and software development tools:

* PICMASTER/PICMASTER CE Real-Time
In-Circuit Emulator

¢ |CEPIC Low-Cost PIC16C5X and PIC16CXX
In-Circuit Emulator

« PRO MATE" Il Universal Programmer

« PICSTARTY Plus Entry-Level Prototype
Programmer

* PICDEM-1 Low-Cost Demonstration Board

* PICDEM-2 Low-Cost Demonstration Board

« PICDEM-3 Low-Cost Demonstration Board

¢ MPASM Assembler

« MPLAB-SIM Software Simulator

* MPLAB-C (C Compiler)

« Fuzzy logic development system (fuzzy TECH"-MP)

11.2 PICMASTER: High Performance
Universal In-Circuit Emulator with

MPLAB IDE

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in  the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXX and PIC17CXX families.
PICMASTER is supplied with the MPLABO Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows" 3.x environ-
ment were chosen to best make these features avail-
able to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

11.3 ICEPIC: Low-cost PIC16CXX In-Circuit

Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC16C5X and PIC16CXX families of 8-bit
OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-ATH through PentiumO
based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

11.4 PRO MATE II: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode.

The PRO MATE II has programmable VDD and VpP
supplies which allows it to verify programmed memory
at Vbb min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIC16C5X, PIC16CXX, PIC17CXX and
PIC14000 devices. It can also set configuration and
code-protect bits in this mode.

11.5 PICSTART Plus Entry Level

Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is not
recommended for production programming.

PICSTART Plus supports all PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXX and PIC17CXX devices with up
to 40 pins. Larger pin count devices such as the
PIC16C923 and PIC16C924 may be supported with an
adapter socket.
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MPASM allows full symbolic debugging from
the Microchip Universal Emulator System
(PICMASTER).

MPASM has the following features to assist in develop-
ing software for specific use applications.

* Provides translation of Assembler source code to
object code for all Microchip microcontrollers.

« Macro assembly capability.

« Produces all the files (Object, Listing, Symbol,
and special) required for symbolic debug with
Microchip’s emulator systems.

« Supports Hex (default), Decimal and Octal source
and listing formats.

MPASM provides a rich directive language to support
programming of the PIC16/17. Directives are helpful in
making the development of your assemble source code
shorter and more maintainable.

11.11 Software Simulator (MPLAB-SIM)

The MPLAB-SIM Software Simulator allows code
development in a PC host environment. It allows the
user to simulate the PIC16/17 series microcontrollers
on an instruction level. On any given instruction, the
user may examine or modify any of the data areas or
provide external stimulus to any of the pins. The input/
output radix can be set by the user and the execution
can be performed in; single step, execute until break, or
in a trace mode.

MPLAB-SIM fully supports symbolic debugging using
MPLAB-C and MPASM. The Software Simulator offers
the low cost flexibility to develop and debug code out-
side of the laboratory environment making it an excel-
lent multi-project software development tool.

11.12 C Compiler (MPLAB-C)

The MPLAB-C Code Development System is a com-
plete ‘C’ compiler and integrated development environ-
ment for  Microchip’'s PIC16/17 family  of
microcontrollers. The compiler provides powerful inte-
gration capabilities and ease of use not found with
other compilers.

For easier source level debugging, the compiler pro-
vides symbol information that is compatible with the
MPLAB IDE memory display (PICMASTER emulator
software versions 1.13 and later).

11.13 Fuzzy Logic Development System

(fuzzyTECH-MP)

fuzzyTECH-MP fuzzy logic development tool is avail-
able in two versions - a low cost introductory version,
MP Explorer, for designers to gain a comprehensive
working knowledge of fuzzy logic system design; and a
full-featured version, fuzzyTECH-MP, edition for imple-
menting more complex systems.

Both versions include Microchip’s fuzzyL ABO demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

11.14 MP-DriveWay[ — Application Code
Generator

MP-DriveWay is an easy-to-use Windows-based Appli-
cation Code Generator. With MP-DriveWay you can
visually configure all the peripherals in a PIC16/17
device and, with a click of the mouse, generate all the
initialization and many functional code modules in C
language. The output is fully compatible with Micro-
chip’s MPLAB-C C compiler. The code produced is
highly modular and allows easy integration of your own
code. MP-DriveWay is intelligent enough to maintain
your code through subsequent code generation.

11.15 SEEVAL" Evaluation and
Programming System

The SEEVAL SEEPROM Designer’s Kit supports all
Microchip 2-wire and 3-wire Serial EEPROMSs. The kit
includes everything necessary to read, write, erase or
program special features of any Microchip SEEPROM
product including Smart Serialsl] and secure serials.
The Total Enduranced Disk is included to aid in trade-
off analysis and reliability calculations. The total kit can
significantly reduce time-to-market and result in an
optimized system.

11.16 TrueGauge" Intelligent Battery
Management

The TrueGauge development tool supports system
development with the MTA11200B TrueGauge Intelli-
gent Battery Management IC. System design verifica-
tion can be accomplished before hardware prototypes
are built. User interface is graphically-oriented and
measured data can be saved in a file for exporting to
Microsoft Excel.

11.17 KeeLoo" Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchips HCS Secure Data Products. The HCS eval-
uation kit includes an LCD display to show changing
codes, a decoder to decode transmissions, and a pro-
gramming interface to program test transmitters.
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12.3 DC Characteristics: PIC16C641/661 (Commercial, Industrial, Automotive)
PIC16C642/662 (Commercial, Industrial, Automotive)
PIC16LC641/661 (Commercial, Industrial)
PIC16LC642/662 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature —40°C < TA<+85°C  for industrial,
0°C < TA<+70°C  commercial, and
—40°C < TA<+125°C automotive
Operating voltage VDD range as described in DC spec Section 12.1 and 12.2
Param | Sym Characteristic Min Typ Max Unit Conditign
No. T
VIL Input Low Voltage ~
I/O ports w
D030 with TTL buffer Vss - 0.15VDD V | Forep D range
Vss - 0.8V VvV |4 5.5V
D031 with Schmitt Trigger input Vss - 0.2VbD \%
D032 MCLR, RA4/TOCKI,0SC1 (in Vss - 0.2VDD 1)
RC mode) y
D033 OSC1 (XT and HS modes) Vss - 0.3VDbD v
OSC1 (LP modes) Vss - | 0.6VDD<L. \%
VIH Input High Voltage \)
I/O ports N
D040 with TTL buffer 20 | - K\V/
D041 with Schmitt Trigger input 0.25VDD |~ - VDD \%
to 0.8V
D042 MCLR RA4/TOCKI 0.8\/DD \ \Y,
D043 OSC1 (XT, HS, LP modes) < 7/\NRQD & VDD \%
D043A OSC1 (RC mode) 0. v& 3 - v |@
D070 |IpurB | PORTB weak pull-up current 50 \2\5& 400 HA | VDD = 5.0V, VPIN = VSs
I Input Leakage Current(®3)
1/0 ports (Except PO
- - +1.0 MA |VsSs < VPIN < VDD,
pin at hi-impedance
D060 PORTA - - +0.5 HA |Vss < VPIN £VDD,
pin at hi-impedance
D061 RA4/TOCKI - - +1.0 MA |Vss < VPIN < VDD
D063 (O] /yl)CL - - 5.0 MA | Vss < VPIN <VDD, XT, HS and LP
osc configuration
VoL |O tpM Itzge
D080 / pots - - 0.6 V |loL=8.5mA, VDD = 4.5V,
-40° to +85°C
C - - 0.6 V |loL=7.0 MA, VDD = 4.5V, +125°C
D083 OSC2/CLKOUT - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40° to +85°C
%C only) - - 0.6 V |loL=1.2mA, VbD = 4.5V, +125°C

* These parameters are characterized but not tested.
T Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and
are not tested.
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt Trigger input. It is not recommended that the
PIC16C64X & PIC16C66X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on applied voltage level. The specified levels repre-
sent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as coming out of the pin.
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12.4 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 OSC1
io /O port t0 TOCKI
mc MCLR
Uppercase letters and their meanings:
S
Fall P  Period O
H High R Rise
| Invalid (Hi-impedance) V  Valid
L Low z Hi-Impedanc{\\

FIGURE 12-1: LOAD CONDITIONS \ /\>

Load condition 1 ad\condition 2

VDD/2
RL
Pin — Pin T CL
& Vss

RL = 4Q
CL R

pins except OSC2
r OSC2 output
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Package Type: 28-Lead Plastic Small Outline (SO) - Wide, 300 mil Body

HHH

h x 45°
T
Pin No. 1
Indicator E H
Area
Chamfer J 1 l
hx 45° — | a c
UUUUUUU palin
\ L
l - D -
\
CP Q Q Q Q§ \ Q Q Q Base
Seating —» Plane
Plane T T
Al A
Package Group: Plastic SOIC (SO)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 8° 0° 8°
A 2.362 2.642 0.093 0.104
Al 0.101 0.300 0.004 0.012
B 0.355 0.483 0.014 0.019
C 0.241 0.318 0.009 0.013
D 17.703 18.085 0.697 0.712
E 7.416 7.595 0.292 0.299
e 1.270 1.270 BSC 0.050 0.050 BSC
H 10.007 10.643 0.394 0.419
h 0.381 0.762 0.015 0.030
L 0.406 1.143 0.016 0.045
CP — 0.102 — 0.004
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Package Type: 28-Lead Ceramic Side Brazed Dual In-Line with Window (JW) (300 mil)

- D -
st )
Base 5 [ [ | (]
Plag‘:{
Seatiﬁ;
Plane
BL :
—|i|—PB ;
- D1 -
Package Group: Ceramic Side Brazed Dual In-Line (CER)
Millimeters Inches
Symbol
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 3.937 5.030 0.155 0.198
Al 1.016 1.524 0.040 0.060
A2 2.921 3.506 0.115 0.138
A3 1.930 2.388 0.076 0.094
B 0.406 0.508 0.016 0.020
Bl 1.219 1.321 Typical 0.048 0.052
C 0.228 0.305 Typical 0.009 0.012
D 35.204 35.916 1.386 1.414
D1 32.893 33.147 BSC 1.295 1.305
E 7.620 8.128 0.300 0.320
El 7.366 7.620 0.290 0.300
el 2.413 2.667 Typical 0.095 0.105
eA 7.366 7.874 BSC 0.290 0.310
eB 7.594 8.179 0.299 0.322
L 3.302 4.064 0.130 0.160
S 1.143 1.397 0.045 0.055
S1 0.533 0.737 0.021 0.029
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NOTES:
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