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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC16C64X & PIC16C66X

1.0 GENERAL DESCRIPTION

PIC16C64X & PIC16C66X devices are 28-pin and
40-pin  EPROM-based members of the versatile
PIC16CXXX family of low-cost, high-performance,
CMOS, fully-static, 8-bit microcontrollers.

All PIC16/17 microcontrollers employ an advanced
RISC architecture. The PIC16CXXX family has
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.

PIC16CXXX microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in its class.

The PIC16C641 has 128 bytes of RAM and the
PIC16C642 has 176 bytes of RAM. Both devices have
22 1/0 pins, and an 8-bit timer/counter with an 8-bit pro-
grammable prescaler. In addition, they have two analog
comparators with a programmable on-chip voltage ref-
erence module. Program Memory has internal parity
error detection circuitry with a Parity Error Reset. The
comparator module is ideally suited for applications
requiring a low-cost analog interface (e.g., battery
chargers, threshold detectors, white goods
controllers, etc.).

The PIC16C661 has 128 bytes of RAM and the
PIC16C662 has 176 bytes of RAM. Both devices have
33 1/0 pins, and an 8-bit timer/counter with an 8-bit pro-
grammable prescaler. They also have an 8-bit Parallel
Slave Port. In addition, the devices have two analog
comparators with a programmable on-chip voltage ref-
erence module. Program Memory has internal parity
error detection circuitry with a Parity Error Reset. The
comparator module is ideally suited for applications
requiring a low-cost analog interface (e.g., battery
chargers, threshold detectors, white goods
controllers, etc.).

PIC16CXXX devices have special features to reduce
external components, thus reducing 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 saving.
The user can wake-up the chip from SLEEP through
several external and internal interrupts and resets.

A highly reliable Watchdog Timer (WDT) with its own
on-chip RC oscillator provides protection against soft-
ware lock-up.

A UV-erasable CERDIP-packaged version is ideal for
code development while the cost-effective One-Time
Programmable (OTP) version is suitable for production
in any volume.

The PIC16CXXX series fit perfectly in applications
ranging from battery chargers to low-power remote
sensors.  The EPROM  technology = makes
customization of application 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 PIC16C64X & PIC16C66X very versatile.

1.1 Family and Upward Compatibility

Those users familiar with the PIC16C5X family of
microcontrollers will realize that this is an enhanced
version of the PIC16C5X architecture. Please refer to
Appendix A for a detailed list of enhancements. Code
written for PIC16C5X can be easily ported to the
PIC16C64X & PIC16C66X (Appendix B).

1.2 Development Support

PIC16C64X & PIC16C66X devices are supported by

the complete line of Microchip Development tools,

including:

* MPLAB Integrated Development Environment
including MPLAB-Simulator.

* MPASM Universal Assembler and MPLAB-C Uni-
versal C compiler.

* PRO MATE Il and PICSTART Plus device pro-
grammers.

¢ PICMASTER In-circuit Emulator System
* fuzzyTECH-MP Fuzzy Logic Development Tools
» DriveWay Visual Programming Tool

Please refer to Section 11.0 for more details about
these and other Microchip development tools.
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PIC16C64X & PIC16C66X

FIGURE 3-2: PIC16C661/662 BLOCK DIAGRAM

PIC16C661 has 2K x 14 Program Memory and 128 x 8 RAM
PIC16C662 has 4K x 14 Program Memory and 176 x 8 RAM
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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

4.3 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

EXAMPLE 5-2: INITIALIZING PORTB
CLRF PORTB ; Initialize PORTB by
; clearing output
; data |atches
BSF STATUS, RPO ; Select Bank 1
MOVLW  OxCF ; Value used to
; initialize data
; direction
MOWWF  TRI SB ; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs
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 bit6 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 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.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

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

BOR 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 1111 1111 1111
Legend: x =unknown, u = unchanged, shaded cells are not used by PORTB.

0 1996 Microchip Technology Inc.
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PIC16C64X & PIC16C66X

53 PORTC and TRISC Reg

isters

PORTC is an 8-bit bi-directional port. Each pin is indi-
vidually configurable as an input or output through the
TRISC register. PORTC pins have Schmitt Trigger

input buffers.

EXAMPLE 5-3: INITIALIZING PORTC

CLRF PORTC Initialize PORTC by
cl earing out put
data | atches

BSF STATUS, RPO Sel ect Bank 1

MOVLW  OxCF ; Value used to
initialize data
direction

MOWWF  TRI SC Set

RC<3: 0> as inputs

RC<5: 4> as out puts
RC<7: 6> as inputs

FIGURE 5-7: PORTC BLOCK DIAGRAM (IN
I/0 PORT MODE)
Data
ey (o e IX
\FI)VORRT 110 pin(l)
CK
Data Latch
e— D Q
WR
TRIS Schmitt
cK Trigger %7
stas | B
AN
RD TRIS
/I Q D
r EN
RD PORT {>o _I

Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 5-5: PORTC FUNCTIONS

Name Bit# |Buffer Type |Function

RCO bit0 ST Input/output

RC1 bitl ST Input/output

RC2 bit2 ST Input/output

RC3 bit3 ST Input/output

RC4 bit4 ST Input/output

RC5 bit5 ST Input/output

RC6 bité ST Input/output

RC7 bit7 ST Input/output

Legend: ST = Schmitt Trigger input

TABLE 5-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO VaéuoeRon: Value on all
BORY other resets

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | XXXX XXXX | uuuu uuuu

87h TRISC TRISC7 | TRISC6 | TRISCS | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111

Legend: x =unknown, u = unchanged.
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PIC16C64X & PIC16C66X

6.0 TIMERO MODULE

The TimerO module has the following features:

 8-hit timer/counter register, TMRO

- Read and write capability

- Interrupt on overflow from FFh to 00h
» 8-bit software programmable prescaler
* Internal or external clock select

- Edge select for external clock

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

Timer mode is selected by clearing bit TOCS
(OPTION<5>). In timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
TMRO register is written, the increment is inhibited for
the following two instruction cycles (Figure 6-2 and
Figure 6-3). The user can work around this by writing
an adjusted value to the TMRO register.

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

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

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

6.1 Timer0 Interrupt

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

FIGURE 6-1: TIMERO BLOCK DIAGRAM
Data bus
RA4/TOCKI
pin Fosc/4 0 PSout 8
® 1
Sync with
1 Internal TMRO reg
clocks
Programmable 0 PSout
Prescaler
TOSE (2 cycle delay)
3
Set bit TOIF
PSZ, PSl, PSO PSA on overflow
TOCS
Note 1: Bits, TOCS, TOSE, PSA, and PS2, PS1, PS0 are (OPTION<5:0).

2: The prescaler is shared with Watchdog Timer (refer to Figure 6-6 for detailed diagram).

FIGURE 6-2: TIMEROTIMING: INTERNAL CLOCK/NO PRESCALER

P 101 Q2] Q3| @4, Q1] Q2| @3] 4,01/ Q2| Q3| Q4 ;01| Q2] Q3| @4, Q1| Q2| @3] @4 ,01| Q2| Q3| @4, Q1] Q2| Q3] Q4 | Q1] Q2| Q3| Q4

rogram . . . . . . . . .
Counter) { PC-1 X PC X PC+1 X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )
'gst‘%mon ! ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' !
TMRO 0 X .10+ )Y, To¥2 X _, N0 X_._NT0 X_._NT0 S S D N (D O
Instruction : : : ? : f : f : ? : f : 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
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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.

DS30559A-page 56 Prelimi nary 0 1996 Microchip Technology Inc.




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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BCF Bit Clear f BTFSC Bit Test, Skip if Clear
Syntax: [ label]BCF fb Syntax: [ label] BTFSC f,b
Operands: 0<f<127 Operands: 0<f<127
0<b<7 0<bs7
Operation: 0 - (f<b>) Operation: skip if (f<b>) =0
Status Affected:  None Status Affected:  None
Encoding: [ o1 Joowb [biff [rifr | Encoding: | o1 [1obb | bffr | feft |
Description: Bit 'b" in register 'f' is cleared. Description: If bit 'b' in register 'f' is ‘0’ then the next
. instruction is skipped.
Words: 1 If bit 'b" is '0' then the next instruction
Cycles: 1 fetched during the current instruction
execution is discarded, and a NOP is
Example BOF FLAGREG 7 executed instead, making this a 2 cycle
Before Instruction instruction.
FLAG_REG = 0xC7
= Words: 1
After Instruction ords
FLAG_REG = 0x47 Cycles: 1(2)
Example HERE BTFSC FLAG 1
FALSE GOTO PROCESS_CODE
TRUE .
Before Instruction
PC = address HERE
After Instruction
if FLAG<1>=0,
PC = address TRUE
if FLAG<1>=1,
PC = address FALSE
BSF Bit Set f
Syntax: [ label1BSF fb
Operands: 0<f<127
0<bs7
Operation: 1 - (f<b>)
Status Affected:  None
Encoding: | 01 | 01bb | bf f f | fEff |
Description: Bit 'b" in register 'f' is set.
Words: 1
Cycles: 1
Example BSF FLAG REG 7

Before Instruction
FLAG_REG = 0x0A
After Instruction
FLAG_REG = 0x8A

0 1996 Microchip Technology Inc.
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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.

0 1996 Microchip Technology Inc.
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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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12.1 DC Characteristics: PIC16C641/642/661/662-04 (Commercial, Industrial, Automotive)
PIC16C641/642/661/662-10 (Commercial, Industrial, Automotive)
PIC16C641/642/661/662-20 (Commercial, Industrial, Automotive)
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
Param Sym Characteristic Min | Typt | Max | Units Conditions
No.
D001 |VDD Supply Voltage 4.0 - 6.0 V [ XT, RC and LP osc confi%fr\ition
DO01A 4.5 - 5.5 | V |HS osc configuration
D002* | VDR RAM Data Retention Voltage® | 1.5 | — | — | Vv |Devicein SLEEP mbde™~\ \
D003 |VPOR VDD start voltage to - Vss | — V | See section on Power-onResetNor
ensure internal Power-on details
Reset signal
D004* | SvbD VDD rise rate to ensure internal | 0.05 | - — | VIms | See secth)\o\q/P/Weset for
Power-on Reset signal details
D005 |VBOR  |Brown-out Reset Voltage 37 | 40 |43 ]| Vv Eﬁw tion bit is clear
3.7 | 40 | 44| V |Aytonstive
D010 |Ipbp Supply Current® - 2.7 5 XTan¥R configuration
Fosd, = 4 MHz, Vpbp = 5.5V,
%:\x T djsébled ¥
DO10A - 35 % LP gsc configuration,
PIC16C64X & PIC16C66X-04 only
Fosc =32 kHz, VbD = 4.0V,
WDT disabled
D013 IR 30 WmMA | HS osc configuration
/ix Fosc = 20 M?—Iz, VDD = 5.5V,
WDT disabled
Module Differential Current\% >
D015 |AlBOR Brown-out Reset Current 50 | 425 | pA |BODEN bitis clear, VDD = 5.0V
D016 |Alcomp Comparator Cdrraqt for - 100 | pA |VDD =4.0V
D017 |AlVvREF - 300 | pA | VDD =4.0V
D021 |AlwDT 6.0 | 20 MA | VDD = 4.0V
— 25 | pA | Automotive
15 | 21 | pA |VDD =4.0V, WDT disabled
25 | 24 | pA |Automotive

3:

4.

5:

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-statedd, pulled to VDb,
MCLR = VDD; 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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125

Timing Diagrams and Specifications

FIGURE 12-2: EXTERNAL CLOCK TIMING

. Q4 . Q1 : Q2 : Q3 . Q4 . Q1 .
osci ' ' ' ' )
CLKOUT

N
TABLE 12-4: EXTERNAL CLOCK TIMING REQUIREMENTS /> \L\
Pilr:m Sym Characteristic Min Typt Max | Units nditiohs
Fosc |External CLKIN Frequency® | DC — 4
DC — HZ osc mode
DC — 200 }H\z LP osc mode
Oscillator Frequency @ DC — Wr:} RC osc mode, VDD = 5.0V
0.1 £ & XT osc mode
4 2 MHz |HS osc mode
5 - \mo kHz |LP osc mode
1 Tosc |External CLKIN Period® 50 — ns |XTand RC osc mode
/Kx — |ns HS osc mode
& — |us LP osc mode
Oscillator Period® 25\(‘}\ — — ns RC osc mode
0 — 10,000 |ns XT osc mode
— 250 |ns HS osc mode
5 — — us LP osc mode
2 Tcy Instructio/n/Cy@e Tim\e@ 200 — DC |ns Tcy = Fosc/4
3* TosL, |Extern Cié?/ln SC1) 100 — — ns XT osc mode
TosH |High O?gw\i e 25 — — |ps  |LP osc mode
N\ 15 — — |ns_ |HS osc mode
4* TosR %g}aal ckMOSCl) — — 25 ns XT osc mode
TosF \Risg orFall Tyme — — 50 |ns |LP osc mode
— — 15 ns HS osc mode

Note 1: Instr
based

ral eter§@r>e characterized but not tested.

tiop cycle period (TcY) equals four times the input oscillator time-base period. All specified values are

characterization data for that particular oscillator type under standard operating conditions with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at “min.” values with an
external clock applied to the OSC1 pin.
When an external clock input is used, the “Max.” cycle time limit is “DC” (no clock) for all devices.
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NOTES:
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PIC16C9XX Family Of Devices
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PORTE REQISLEN .....cueieiiiciiiieeee e 36
Ports
Parallel Slave Port
PORTA ..o
PORTB ..ottt
PORTC oo
PORTD ..ottt
PORTE ..ottt
Power Control/Status Register (PCON) ..................... 61
Power-down Mode (SLEEP) ........cccccooevvveiiviicicicee, 70
Power-on Reset (POR) ..o 60
Power-up Timer (PWRT) ..o 60
PrescCaler ... 44
PRO MATE" Universal Programmer .........cccccccoeeveee. 87
Program Memory Organization ...............ccccecevvrvenennen. 17
PSPMODE DIt ..cooviiicecies e 35, 36
Q
Quick-Turnaround-Production (QTP) Devices ............ 7
R
RAZ PIN s
RC Oscillator
Reset ..o
RETFIE INSrUCLON .....ococviieiicccece e 82
RETLW INStrUCtion ........ccoooiiiiiiicicieceee e 82
RETURN INSLrUCtioN ......cocoooiiiiiieireeeeee e 83
RLF INSEIUCHION ..ot 83
RRF INSIUCON ..o 83
S
Serialized Quick-Turnaround-Production (SQTP)
DEVICES ..o 7
SFR e 74
SFR As Source/Destination .............ccccceeeeernnnnennnens 74
SLEEP INStrUCtioN .......ccooiiiiiiiii e 83
Software Simulator (MPLAB-SIM) .........ccccoeiinininne. 89
Special Features of the CPU ...........cccooiiiiiiinice. 55
Special Function Registers ..........cccovvvrecrnene. 19,74
STACK oo 27
STATUS REGISLEN ..o 21
SUBLW INStruCtion .........ccccovieiiiiicenceeeceeeeeee 84
SUBWEF INSErUCtioN .......cccoiiiiiiieiceseeeceee e 84
SWAPF INSrUCHON ..o 85
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T
Timer Modules
Timer0
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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