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PIC16C64X & PIC16C66X

TABLE 3-1: P1C16C641/642 PINOUT DESCRIPTION
Name Pin # Vore Buffer Description
Type Type
OSC1/CLKIN 9 I ST/CMOS | Oscillator crystal input or external clock source input.
OSC2/CLKOUT 10 o — 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/VpPpP 1 /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 I/0 ST Analog comparator input.
RA1/AN1 3 I/0 ST Analog comparator input.
RA2/AN2/VREF 4 1/0 ST Analog comparator input or VREF output.
RA3/AN3 5 I/O ST Analog comparator input or comparator output.
RA4/TOCKI 6 1/0 ST Can be selected to be the clock input to the Timer0 timer/counter
or a comparator output. Output is open drain type.
RA5 7 110 ST
PORTB is a bi-directional 1/0 port. PORTB can be software pro-
grammed for internal weak pull-ups on all inputs.
RBO/INT 21 110 TTL/STD RBO can also be selected as an external interrupt pin.
RB1 22 I/0 TTL
RB2 23 I/0 TTL
RB3 24 I/0 TTL
RB4 25 1/0 TTL Interrupt on change pin.
RB5 26 I/0 TTL Interrupt on change pin.
RB6 27 110 TTL/ST® Interrupt on change pin. Serial programming clock.
RB7 28 1/0 TTL/ST® Interrupt on change pin. Serial programming data.
PORTC is a bi-directional 1/O port.
RCO 11 I/0 ST
RC1 12 I/0 ST
RC2 13 I/0 ST
RC3 14 I/0 ST
RC4 15 I/0 ST
RC5 16 I/0 ST
RC6 17 I/0 ST
RC7 18 I/0 ST
Vss 8,19 P — Ground reference for logic and 1/O pins.
VDD 20 P — Positive supply for logic and I/O pins.
Legend: O = output I/O = 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.
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PIC16C64X & PIC16C66X

3.1 Clocking Scheme/Instruction Cycle

The clock input (from OSC1) 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 3-3.

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., GOTOQ
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).

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE
QL | Q2 | Q3 | Q4 1 QL | Q | Q| Q I QL | Q| Q3| Q4 |
osCil /. / / /L /7 / / /7 VL /7 /S N
Ql 1 1 !
Q2 | / | / \ | [\ | | Internal
Q3 | I\ i \ i \ [ Gockc
4\ A, A A
PC PC X PC+1 X PC+2
OSC2/CLKOUT k—/—k—/—k—/—l
(RC mode) | | |
! Fetch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Fetch INST (PC+2)
| | Execute INST (PC+1)
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
TcyO Teyl Tecy2 Tcy3 Tey4 Tey5
1. MOVLW 55h Fetch 1 Execute 1
2. MOWFF PORTB Fetch 2 Execute 2
3. CALL SUB 1 Fetch 3 Execute 3
4. BSF PORTA, BI T3 (Forced NOP) Fetch 4 Flush
5. Instruction @address SUB_1 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.
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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)
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PIC16C64X & PIC16C66X

NOTES:
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PIC16C64X & PIC16C66X

6.3 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module or as a postscaler for the Watchdog
Timer (WDT), respectively (Figure 6-6). For simplicity,
this counter is being referred to as “prescaler” through-
out this data sheet. Note that the prescaler may be
used by either the Timer0 module or the Watchdog
Timer, but not both. Thus, a prescaler assignment for
the Timer0 module means that there is no prescaler for
the Watchdog Timer, and vice-versa.

FIGURE 6-6:

The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOAWF 1,
BSF 1,x) will clear the prescaler count. When
assigned to Watchdog Timer, a CLRADT instruction will
clear the prescaler count along with the Watchdog
Timer. The prescaler is not readable or writable.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (=Fosc/4) Data Bus
\i 8
o| M /I/
RA4/TOCKI g M SYNG
pin DT U > 2 TMRO reg
X Cycles
TOSE T ?
TOCS
SA Set flag bit TOIF
on Overflow
0 o .
M > 8-bit Prescaler
U
Watchdog 1] X 8
Timer

- IMUX

~+—— PS2:PS0O

N —p
©
o
S

T P

WDT Enable bit
MUX -—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION<5:0>).
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PIC16C64X & PIC16C66X

TABLE 7-1: REGISTERS ASSOCIATED WITH THE COMPARATOR MODULE

Value on Value on
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR resets
1Fh CMCON | C20UT | Cc10uT — — CIS CM2 CM1 CMO | 00-- 0000 | 00-- 0000
9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VRO | 000- 0000 | 000- 0000

0Bh/8Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 00O0u

och PIR1 psplE® | CMIF — — — — — — |00-- ----|00-- ----
8Ch PIE1 pspIE® | CMIE == == == == == — |00-- ----|00-- ----
85h TRISA — — | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | --11 1111 | --11 1111

Note 1: These bits are reserved on the PIC16C641/642, always maintain these bits clear.
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PIC16C64X & PIC16C66X

8.0 VOLTAGE REFERENCE The VRCON register, shown in Figure 8-1, controls the
MODULE operation of the Voltage Reference Module. The block

diagram is given in Figure 8-2.
The Voltage Reference is a 16-tap resistor ladder
network that provides a selectable voltage reference.
The resistor ladder is segmented to provide two ranges
of VREF values and has a power-down function to
conserve power when the reference module is not
being used.

FIGURE 8-1: VRCON REGISTER (ADDRESS 9Fh)

RW-0 RW-0 RW-0 U0 RW-O0 RW-O0 RW-0 R/W-0

| VREN | VROE | VRR | — | VR3 | VR2 | VR1 | VRO | |R=Readable bit
bit7 bit0 W =Writable bit
U =Unimplemented bit, read
as ‘0o’
- n =Value at POR reset

bit 7. VREN: VREF Enable
1 = VREF circuit powered up
0 = VREF circuit powered down, no IDD drain

bit 6: VROE: VREF Output Enable
1 = VREF is output on RA2 pin
0 = VREF is disconnected from RA2 pin

bit 5: VRR: VREF Range selection
1 =Low Range
0 = High Range
bit 4: Unimplemented: Read as '0'
bit 3-0: VR3:VRO: VREF value selection 0 < VR3:VR0 < 15

When: VRR =1
Then: VREF = (VR3:VRO/ 24) « VDD

When: VRR =0
Then: VREF = 1/4 « VDD + (VR3:VRO0/ 32) « VDD

FIGURE 8-2: VOLTAGE REFERENCE BLOCK DIAGRAM

16 Stages

A
VREN : 8R R R R R

8R _VRR
VR3
VREF 16-1 Analog Mux Vg% (From VRCON<3:0>)
VRO

Note: R s defined in Table 12-3.
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PIC16C64X & PIC16C66X

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

9.1 Configuration Bits The user will note that address 2007h is beyond

the user program memory space. In fact, it belongs
The configuration bits can be programmed (read as '0’) to the special test/configuration memory space
or left unprogrammed (read as ‘1) to select various (2000h—3FFFh), which can be accessed only during
device configurations. These bits are mapped in programming.

program memory location 2007h.

FIGURE 9-1: CONFIGURATION WORD

[cp1 [cpo [cp1 [cpo [cp1 [cro | MPEEN | BODEN [cP1 [cPo |PWRTE |wbTE |Fosci|Fosco| [conFic  Address

bit13

bit 13-8
5-4:

bit 7:

bit 6:

bit 3:

bit 2:

bit 1-0:

Note 1:

bito REGISTER: 2007h

CP1:CPO0: Code protection bits®

11 = Code protection off

10 = Upper half of program memory code protected
01 = Upper 3/4th of program memory code protected
00 = All memory is code protected

MPEEN: Memory Parity Error Enable
1 = Memory Parity Checking is enabled
0 = Memory Parity Checking is disabled

BODEN: Brown-out Reset Enable bit 1)
1 = BOR enabled
0 = BOR disabled

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

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

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

Enabling Brown-out Reset automatically enables the Power-up Timer (PWRT) regardless of the value of bit PWRTE. Ensure the
Power-up Timer is enabled anytime Brown-out Reset is enabled.
All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.
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PIC16C64X & PIC16C66X

9.3 Reset

The PIC16CXXX differentiates between various kinds
of reset:

a) Power-on reset (POR)

b) MCLR reset during normal operation

c) MCLR reset during SLEEP

d) WDT reset (normal operation)

e) Brown-out Reset (BOR)

f)  Parity Error Reset (PER)

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, WDT reset,
Brown-out Reset, Parity Error Reset, and on MCLR
reset during SLEEP. They are not affected by a WDT
wake-up, since this is viewed as the resumption of nor-
mal operation. TO and PD bits are set or cleared differ-
ently in different reset situations as indicated in
Table 9-4. These bits are used in software to determine
the nature of the reset. See Table 9-6 for a full descrip-
tion of reset states of all registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 9-7.

The MCLR reset path has a noise filter to detect and
ignore small pulses. See Table 12-6 for pulse width
specification.

FIGURE 9-7:  SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

Chip_Reset

. _| o
P A

—

External
Reset
7
MCLR/
Program| MPEEN
VPP Pin Mem'ory
Parity
WDT |S[EEP— |
Module
WDT Time-out
- VDD rise
detect Power-on Reset
VDD
Brown-out
Reset
OST/PWRT
OST
10-bit Ripple-counter | AN
T
osci/
CLKIN
Pin a PWRT
OI-‘?(-:ngC —|> 10-bit Ripple-counter I_

Enable PWRT

Enable OST

See Table 9-3 for time-out situations.

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
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PIC16C64X & PIC16C66X

TABLE 9-6: INITIALIZATION CONDITION FOR REGISTERS

Poweronrose VLR Resebuing: ke up o SLECP
Register Address S;ﬁgné?r%trieesgt - SLEEP or ) interruiot

WDT Reset -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 1xxx 000g quuu(® uuug quuu(®
FSR 04h XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 05h --xx 0000 --xu 0000 --uu uuuu
PORTB 06h XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 07h XXXX XXXX uuuu uuuu uuuu uuuu
PORTD® 08h XXXX XXXX uuuu uuuu uuuu uuuu
PORTE® 09h ---- - XXX ---- -uuu ---- -uuu
CMCON 1Fh 00-- 0000 00-- 0000 uu-- uuuu
PCLATH 0Ah ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0Bh 0000 000x 0000 000u uuuu uuuu(D
PIR1 0Ch 00-- ---- 00-- ---- UU-- ---- (1)
OPTION 81h 1111 1111 1111 1111 uuuu uuuu
TRISA 85h --11 1111 --11 1111 --uu uuuu
TRISB 86h 1111 1111 1111 1111 uuuu uuuu
TRISC 87h 1111 1111 1111 1111 uuuu uuuu
TRISD®W 88h 1111 1111 1111 1111 uuuu uuuu
TRISE® 89h 0000 -111 0000 -111 uuuu - uuu
PIE1 8Ch 00-- ---- 00-- ---- uu-- ----
PCON 8Eh u--- -qqq u--- -uuu u--- -uuu
VRCON 9Fh 000- 0000 000- 0000 uuu- uuuu
Legend: U = unchanged, X = unknown, - = unimplemented bit, reads as ‘0’,q = value depends on condition.

Note 1: One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

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

vector (0004h).
3: See Table 9-5 for reset value for specific condition.
4: These registers are associated with the Parallel Slave Port and are not implemented on the PIC16C641/642.
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PIC16C64X & PIC16C66X

95.1 RBO/INT INTERRUPT

The external interrupt on the RBO/INT pin is edge trig-
gered: either rising if bit INTEDG (OPTION<6>) is set,
or falling, if bit INTEDG is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be enabled/dis-
abled by setting/clearing enable bit INTE
(INTCON<4>). The INTF bit must be cleared in soft-
ware in the interrupt service routine before re-enabling
this interrupt. The RBO/INT interrupt can wake-up the
processor from SLEEP, if bit INTE 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 9.8 for details
on SLEEP and Figure 9-19 for timing of wake-up from
SLEEP through RBO/INT interrupt.

9.5.2 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>) hit. For operation of the Timer0 module,
see Section 6.0.

FIGURE 9-16: RBO/INT PIN INTERRUPT TIMING

9.5.3 PORTB INTERRUPT

An input change on any bit of PORTB<7:4> sets flag bit
RBIF (INTCON<O0>). The interrupt can be enabled/dis-
abled by setting/clearing enable bit RBIE

(INTCON<4>). For operation of PORTB (Section 5.2).
954 COMPARATOR INTERRUPT

See Section 7.6 for complete description of the com-
parator interrupt.

0OSC1

CLKOUT (3)

+ Q1] Q2] @3] Q4: Q1] Q2| Q3] Q4: Q1] Q2| Q3| @4: Q1] Q2| Q3] Q4. Q1] Q2| Q3] Q4.

INT pin

INTF flag

Interrupt Latency(2)

(INTCON<1>) :
GIE bit ;

(INTCON<7>) .
INSTRUCTION FLOW

PC+1

PC+1 0004h 0005h

Instruction {

fetched Inst (PC)

PC ¢ PC X
' ' Inst (PC+1)

Inst (PC-1) Inst (PC)

Instruction
executed

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

3: CLKOUT is available only in RC oscillator mode.

X

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

4: For minimum width of INT pulse, refer to AC specs.
5: INTF is enabled to be set anytime during the Q4-Q1 cycles.

Dummy Cycle

Inst (0004h) Inst (0005h)

Inst (0004h)

B I I
L S

Dummy Cycle
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PIC16C64X & PIC16C66X

9.8 Power-Down Mode (SLEEP)

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

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit 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 the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, all 1/O
pins should be either at VDD, or Vss, with no external
circuitry drawing current from the 1/0 pin and the com-
parators and VREF module should be disabled. I/O pins
that are hi-impedance inputs should be pulled high or
low externally to avoid switching currents caused by
floating inputs. The TOCKI input should also be at VbbD
or Vss for lowest current consumption. The contribu-
tion from on chip pull-ups on PORTB should be consid-
ered.

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

9.8.1 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of
the following events:

1. Any device reset
2. Watchdog Timer Wake-up (if WDT was enabled)

3. Interrupt from RBO/INT pin, RB Port change, or
the Comparator.

The first event will reset the device upon wake-up.
However the latter two events will wake the device and
then resume program execution. The TO and PD bits in
the STATUS register can be used to determine the
cause of device reset. The PD bit, which is set on
power-up is cleared when SLEEP is invoked. The TO
bit is cleared if 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.

9.8.2  WAKE-UP USING INTERRUPTS

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

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

« If the interrupt occurs during or after the execution
of a SLEEP instruction, the device will immediately
wake-up from sleep. The SLEEP instruction will be
completely executed before the wake-up. There-
fore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

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

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

FIGURE 9-19: WAKE-UP FROM SLEEP THROUGH INTERRUPT

v il Q2| @3l 4! il Q2] @3l Q4 il

» o1l @2l @3l Q4; o1l @2l @3l4! @1l @2l @314 Q1 Q2] 3l Q4.

Note 1: XT, HS or LP oscillator mode assumed.

osCL/ S\ S\ S\ =t N\ N\ N\ N\

/ -~
cLkoutT@\ /T 3/ \ L TOST() | / N / \ /o Y —
1 1 1 ' 1 1 1 1 1
INT pin « ) ) t ] ) ) ) ) )
' 1 1 \ T [ 1 1 1 I
l(PNTTFCfgﬂ<l>) . . . /v ) | Interrupt Latency , j )
' ' ' ! ' ' (Note 2) ' ' '
GIE bit . ) ) ! . ) ) ) )
(INTCON<7>): : 1 Processor in | : : \ : : :
, , , SLEEP , , , , ,
1 1 1 ! 1 1 1 1 1
INSTRUCTION FLOW . . ' | . . . .
pc X PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h \
jnstruction {, insi(pc) = SLEEP ' InstPC +1) ' ons(PC+2) ' Inst(0004h) ' Inst(000Sh) !
g;ségt‘;ggn i+ Inst(PC - 1) ' SLEEP ' + Inst(PC+1) . Dummycycle Dummy cycle Inst(0004h)

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
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.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.
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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.

0 1996 Microchip Technology Inc.

DS30559A-page 75




PIC16C64X & PIC16C66X

13.0 DEVICE CHARACTERIZATION
INFORMATION

NOT AVAILABLE AT THIS TIME.
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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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14.2 Package Marking Information

40-Lead PDIP Example
MMMMMMMMMMMMMM PIC16C662-04/P
XXX XXXXXXXXXXXXXXX
AABBCDE O D 9512CAA O
O c\ MicRocHIP O @ MicRocHIP
40-Lead CERDIP Windowed Example
MMMMMMMMM PI1C16C662/JW
@ XXXXXXXXXXX @
> . @ XXXXXXXXXXX ) .
AABBCDE AABBCDE
44-Lead PLCC Example
MICROCHIP MICROCHIP
MMMMMMMM PIC16C662
O XXXXXXXXXX O -20/L
XXXXXXXXXX
AABBCDE AABBCDE
44-Lead TQFP Example
N e\
MMMMMMMM PIC16C662
XXXXXXXXXX -20/TQ
XXXXXXXXXX
o AABBCDE o AABBCDE

Legend: MM...MMicrochip part number information
XX...X  Customer specific information*

AA Year code (last 2 digits of calendar year)

BB Week code (week of January 1 is week ‘01’)

C Facility code of the plant at which wafer is manufactured
C = Chandler, Arizona, U.S.A.

D Mask revision number

E Assembly code of the plant or country of origin in which

part was assembled

Note: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.

*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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PIC16C9XX Family Of Devices
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ON-LINE SUPPORT

Microchip provides two methods of on-line support.
These are the Microchip BBS and the Microchip World
Wide Web (WWW) site.

Use Microchip's Bulletin Board Service (BBS) to get
current information and help about Microchip products.
Microchip provides the BBS communication channel for
you to use in extending your technical staff with micro-
controller and memory experts.

To provide you with the most responsive service possible,
the Microchip systems team monitors the BBS, posts
the latest component data and software tool updates,
provides technical help and embedded systems
insights, and discusses how Microchip products pro-
vide project solutions.

The web site, like the BBS, is used by Microchip as a
means to make files and information easily available to
customers. To view the site, the user must have access
to the Internet and a web browser, such as Netscape or
Microsoft Explorer. Files are also available for FTP
download from our FTP site.

Connectingtothe Microchip InternetWeb Site

The Microchip web site is available by using your
favorite Internet browser to attach to:
www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:
ftp.mchip.com/biz/mchip

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

« Latest Microchip Press Releases

« Technical Support Section with Frequently Asked
Questions

» Design Tips

 Device Errata

« Job Postings

« Microchip Consultant Program Member Listing

« Links to other useful web sites related to
Microchip Products

Connecting to the Microchip BBS

Connect worldwide to the Microchip BBS using either
the Internet or the CompuServe™ communications net-
work.

Internet:

You can telnet or ftp to the Microchip BBS at the
address:
mchipbbs.microchip.com

CompuServe Communications Network:

When using the BBS via the Compuserve Network,
in most cases, a local call is your only expense.
The Microchip BBS connection does not use CompuServe
membership services, therefore you do not need
CompuServe membership to join Microchip's BBS.
There is no charge for connecting to the Microchip BBS.

The procedure to connect will vary slightly from country
to country. Please check with your local CompuServe
agent for details if you have a problem. CompuServe
service allow multiple users various baud rates
depending on the local point of access.

The following connect procedure applies in most loca-
tions.

1. Set your modem to 8-bit, No parity, and One stop
(8N1). This is not the normal CompuServe setting
which is 7E1.

2. Dial your local CompuServe access number.

3. Depress the <Enter> key and a garbage string will
appear because CompuServe is expecting a 7E1
setting.

4. Type +, depress the <Enter> key and “Host Name:”
will appear.

5. Type MCHIPBBS, depress the <Enter> key and you
will be connected to the Microchip BBS.

In the United States, to find the CompuServe phone
number closest to you, set your modem to 7E1 and dial
(800) 848-4480 for 300-2400 baud or (800) 331-7166
for 9600-14400 baud connection. After the system
responds with “Host Name:”, type NETWORK, depress
the <Enter> key and follow CompuServe's directions.

For voice information (or calling from overseas), you
may call (614) 723-1550 for your local CompuServe
number.

Microchip regularly uses the Microchip BBS to distribute
technical information, application notes, source code,
errata sheets, bug reports, and interim patches for
Microchip systems software products. For each SIG, a
moderator monitors, scans, and approves or disap-
proves files submitted to the SIG. No executable files
are accepted from the user community in general to
limit the spread of computer viruses.

Systems Information and Upgrade Hot Line

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-602-786-7302 for the rest of the world.

Trademarks: The Microchip name, logo, PIC, PICSTART,
PICMASTER, and are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.
FlexROM, MPLAB, PRO MATE, and fuzzyLAB, are trade-
marks and SQTP is a service mark of Microchip in the
U.S.A.

fuzzyTECH is a registered trademark of Inform Software
Corporation. IBM, IBM PC-AT are registered trademarks of
International Business Machines Corp. Pentium is a trade-
mark of Intel Corporation. Windows is a trademark and
MS-DOS, Microsoft Windows are registered trademarks
of Microsoft Corporation. CompuServe is a registered
trademark of CompuServe Incorporated.

All other trademarks mentioned herein are the property of

their respective companies.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip product.
If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation can
better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

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

To: Technical Publications Manager Total Pages Sent

RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

. . PIC16C64X & . .
Device: PIC16CE6X Literature Number: DS30559A

Questions:

1. What are the best features of this document?

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

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

4. What additions to the data sheet do you think would enhance the structure and subject?

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

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

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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