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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., 

 

GOTO

 

)
then two cycles are required to complete the instruction
(Example 3-1).

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

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

 

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

Q1

Q2

Q3

Q4

PC

OSC2/CLKOUT
(RC mode)

PC PC+1 PC+2

Fetch INST (PC)
Execute INST (PC-1) Fetch INST (PC+1)

Execute INST (PC) Fetch INST (PC+2)
Execute INST (PC+1)

Internal
phase
clock

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. 

Tcy0 Tcy1 Tcy2 Tcy3 Tcy4 Tcy5

1. MOVLW 55h Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. CALL SUB_1 Fetch 3 Execute 3

4. BSF   PORTA, BIT3 (Forced NOP) Fetch 4 Flush

5. Instruction @ address SUB_1 Fetch SUB_1 Execute SUB_1
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4.2 Data Memory Organization

 

The data memory (Figure 4-4) is partitioned into two
banks which contain the general purpose registers and
the special function registers. Bank 0 is selected when
bit RP0 (STATUS<5>) is cleared. Bank 1 is selected
when the RP0 bit is set. The Special Function Regis-
ters are located in the first 32 locations of each Bank.
Register locations A0h-EFh (Bank 1) are general pur-
pose registers implemented as static RAM. Some spe-
cial function registers are mapped in Bank 1.

4.2.1 GENERAL PURPOSE REGISTER FILE

The register file is organized as 176 x 8 for the
PIC16C642/662, and 128 x8 for the PIC16C641/661.
Each is accessed either directly, or indirectly through
the File Select Register FSR (Section 4.5).

 

FIGURE 4-3: PIC16C641/661 DATA 
MEMORY MAP 

INDF(1)

TMR0
PCL

STATUS
FSR

PORTA
PORTB
PORTC

PIR1

CMCON

INDF(1)

OPTION
PCL

STATUS
FSR

TRISA
TRISB
TRISC

PIE1

PCON

VRCON

00h
01h
02h
03h
04h
05h
06h
07h
08h
09h
0Ah
0Bh
0Ch
0Dh
0Eh
0Fh
10h
11h
12h
13h
14h
15h
16h
17h
18h
19h
1Ah
1Bh
1Ch
1Dh
1Eh
1Fh

80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
8Ah
8Bh
8Ch
8Dh
8Eh
8Fh
90h
91h
92h
93h
94h
95h
96h
97h
98h
99h
9Ah
9Bh
9Ch
9Dh
9Eh
9Fh

20h A0h
General
Purpose
Register

General
Purpose
Register

7Fh FFh
Bank 0 Bank 1

File
Address

BFh

C0h

 Unimplemented data memory locations, read as '0'.

Note 1: Not a physical register.
2: Not implemented on the PIC16C641.

File
Address

PORTD(2) TRISD(2)

TRISE(2)

PCLATH
INTCON

PORTE(2)

PCLATH
INTCON

Mapped
in Page 0

EFh
F0h
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EXAMPLE 5-2: INITIALIZING PORTB

 

CLRF   PORTB        ; Initialize PORTB by
                    ; clearing output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0xCF         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISB        ; Set RB<3:0> as inputs
                    ; RB<5:4> as outputs
                    ; RB<7:6> as inputs

 

TABLE 5-3: PORTB FUNCTIONS

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

 

Name Bit # Buffer Type Function

 

RB0/INT bit0 TTL/ST

 

(1)

 

Input/output or external interrupt input. Internal software programmable 
weak pull-up.

RB1 bit1 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

 

(2)

 

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

RB7 bit7 TTL/ST

 

(2)

 

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.

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on:

POR,
BOR

Value on
all other
resets

 

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0

 

xxxx xxxx uuuu uuuu

 

86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0

 

1111 1111 1111 1111

 

81h OPTION RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

 

1111 1111 1111 1111

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged, shaded cells are not used by PORTB.
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5.5 PORTE and TRISE Register 
(PIC16C661 and PIC16C662 only)

PORTE has three pins RE0/RD, RE1/WR, and RE2/
CS, which are individually configurable as inputs or
outputs. These pins have Schmitt Trigger input buffers.

I/O PORTE becomes control inputs for the micropro-
cessor port when bit PSPMODE (TRISE<4>) is set. In
this mode, the user must make sure that the
TRISE<2:0> bits are set (pins are configured as digital
inputs). In this mode the input buffers are TTL.

Figure 5-9 shows the TRISE register, which also con-
trols the parallel slave port operation. 

FIGURE 5-9: TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/W-0 R/W-0 U-0 R/W-1 R/W-1 R/W-1

IBF OBF IBOV PSPMODE — TRISE2 TRISE1 TRISE0 R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7: IBF: Input Buffer Full Status bit
1 = A word has been received and waiting to be read by the CPU
0 = No word has been received

bit  6: OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read

bit  5: IBOV: Input Buffer Overflow Detect bit (in microprocessor mode)
1 = A write occurred when a previously input word has not been read (must be cleared in software)
0 = No overflow occurred

bit  4: PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel slave port mode
0 = General purpose I/O mode

bit  3: Unimplemented: Read as '0'

bit  2: TRISE2: Direction control bit for pin RE2/CS
1 = Input
0 = Output

bit  1: TRISE1: Direction control bit for pin RE1/WR
1 = Input
0 = Output

bit  0: TRISE0: Direction control bit for pin RE0/RD
1 = Input
0 = Output
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FIGURE 5-10: PORTE BLOCK DIAGRAM (IN I/O PORT MODE)

TABLE 5-9: PORTE FUNCTIONS

TABLE 5-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Name Bit# Buffer Type Function

RE0/RD bit0 ST/TTL(1) Input/output port pin or read control input in parallel slave port mode:
RD
1 =  Not a read operation
0 = Read operation. Reads PORTD register (if chip selected)

RE1/WR bit1 ST/TTL(1) Input/output port pin or write control input in parallel slave port mode:
WR
1 = Not a write operation
0 = Write operation. Writes PORTD register (if chip selected)

RE2/CS bit2 ST/TTL(1) Input/output port pin or chip select control input in parallel slave port 
mode:

CS
1 = Device is not selected
0 = Device is selected

Legend:  ST = Schmitt Trigger input, TTL = TTL input 
Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port Mode.

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 

POR,
BOR

Value on all 
other resets

09h PORTE — — — — — RE2 RE1 RE0 ---- -xxx ---- -uuu

89h TRISE IBF OBF IBOV PSPMODE — TRISE2 TRISE1 TRISE0 0000 -111 0000 -111

Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PORTE.

Data Bus

WR PORT

WR TRIS

RD PORT

Data Latch

TRIS Latch

Schmitt
Trigger
input
buffer

QD

QCK

QD

QCK

EN

Q D

EN

I/O pin

RD TRIS

Note: I/O pins have protection diodes to VDD and VSS.
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6.2 Using Timer0 with External Clock

 

When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (T

 

OSC

 

). Also, there is a delay in the actual
incrementing of Timer0 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 T0CKI 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 T0CKI 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 T0CKI 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 T0CKI
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 TIMER0 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 Timer0 mod-
ule is actually incremented. Figure 6-5 shows the delay
from the external clock edge to the timer incrementing.

 

FIGURE 6-5: TIMER0 TIMING WITH EXTERNAL CLOCK     

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

External Clock Input or
Prescaler output (2)

External Clock/Prescaler
Output after sampling

Increment Timer0 (Q4)

Timer0 T0 T0 + 1 T0 + 2

Note 1: Delay from clock input change to Timer0 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.

(3)

(1)

Small pulse
misses sampling
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7.0 COMPARATOR MODULE

 

The comparator module contains two analog
comparators. The inputs to the comparators are
multiplexed with pins RA0 through RA4. The on-chip
Voltage Reference (Section 8.0) can also be an input to
the comparators. 

The CMCON register, shown in Figure 7-1, controls the
comparator input and output multiplexers. A block
diagram of the comparator is shown in Figure 7-2.

 

FIGURE 7-1:  CMCON REGISTER

 

 

 

(ADDRESS 1Fh)

 

R-0 R-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
C2OUT C1OUT — — CIS CM2 CM1 CM0 R =Readable bit

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

bit7 bit0

bit  7:

 

C2OUT

 

: Comparator 2 output
1 = C2 V

 

IN

 

+ > C2 V

 

IN

 

–
0 = C2 V

 

IN

 

+ < C2 V

 

IN

 

–

bit  6:

 

C1OUT

 

: Comparator 1 output
1 = C1 V

 

IN

 

+ > C1 V

 

IN

 

–
0 = C1 V

 

IN

 

+ < C1 V

 

IN

 

–

bit 5-4:

 

Unimplemented: 

 

Read as '0'

bit  3:

 

CIS

 

: Comparator Input Switch

When CM2:CM0: = 

 

001

 

:
Then:
1 = C1 V

 

IN

 

– connects to RA3
0 = C1 V

 

IN

 

– connects to RA0

When CM2:CM0 = 

 

010

 

:
Then:
1 = C1 V

 

IN

 

– connects to RA3
      C2 V

 

IN

 

– connects to RA2
0 = C1 V

 

IN

 

– connects to RA0
      C2 V

 

IN

 

– connects to RA1

bit 2-0:

 

CM2:CM0

 

: Comparator mode
Figure 7-2 shows the comparator modes and CM2:CM0 bit settings.

 

This document was created with FrameMaker 4 0 4
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The code example in Example 7-1 depicts the steps
required to configure the comparator module. RA3 and
RA4 are configured as digital outputs. RA0 and RA1
are configured as the V- inputs and RA2 as the V+ input
to both comparators.

 

EXAMPLE 7-1: INITIALIZING THE 
COMPARATOR MODULE

 

FLAG_REG  EQU 0x20
CLRF      FLAG_REG     ;Init Flag Register
CLRF      PORTA        ;Init PORTA
ANDLW     0xC0         ;Mask Comp bits
IORWF     FLAG_REG,F   ;Bits to Flag_Reg
MOVLW     0x03         ;Init Comp Mode
MOVWF     CMCON        ;CM2:CM0 = 011
BSF       STATUS,RP0   ;Select Bank 1
MOVLW     0x07         ;Init Data direction
MOVWF     TRISA        ;RA<2:0> to inputs
                       ;RA<4:3> to outputs
                       ;TRISA<7:5> read '0'
BCF       STATUS,RP0   ;Select Bank 0
CALL      DELAY_10

 

µ

 

s   ;10 

 

µ

 

s delay
MOVF      CMCON,F      ;Read CMCON to end
                       ;change condition
BCF       PIR1,CMIF    ;Clear Pending Ints
BSF       STATUS,RP0   ;Select Bank 1
BSF       PIE1,CMIE    ;Enable Comp Ints
BCF       STATUS,RP0   ;Select Bank 0
BSF       INTCON,PEIE  ;Enable Periph Ints
BSF       INTCON,GIE   ;Global Int enable

 

7.2 Comparator Operation

 

A single comparator is shown in Figure 7-3 along with
the relationship between the analog input levels and
the digital output. When the analog input at V

 

IN

 

+ is less
than the analog input V

 

IN

 

–, the output of the comparator
is a digital low level. When the analog input at V

 

IN

 

+ is
greater than the analog input V

 

IN

 

–, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 7-3 represents
the uncertainty due to input offsets and response time.

 

7.3 Comparator Reference

 

An external or internal reference signal may be used
depending on the comparator operating mode. The
analog signal that is present at V

 

IN

 

– is compared to the
signal at V

 

IN

 

+, and the digital output of the comparator
is adjusted accordingly (Figure 7-3).

 

FIGURE 7-3: SINGLE COMPARATOR

 

7.3.1  EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between V

 

SS

 

 and V

 

DD

 

, and can be applied to either
pin of the comparator(s).

7.3.2  INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 8.0, contains a detailed descrip-
tion of the Voltage Reference Module that provides this
signal. The internal reference signal is used when the
comparators are in mode CM2:CM0 = 

 

010

 

(Figure 7-2). In this mode, the internal voltage refer-
ence is applied to the V

 

IN

 

+ pin of both comparators.

VIN-

VIN+
Output

VIN-

VIN+

Output
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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

S

R Q

External
Reset

MCLR/

VDD

OSC1/

WDT
Module

VDD rise
detect

OST/PWRT

On-chip(1) 
RC OSC 

WDT Time-out

Power-on Reset

OST

PWRT

Chip_Reset

10-bit Ripple-counter

Enable OST

Enable PWRT

SLEEP

See Table 9-3 for time-out situations.

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

Brown-out
Reset BODEN

CLKIN
Pin

VPP Pin

10-bit Ripple-counter

Program
Memory
Parity

MPEEN
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9.5.1 RB0/INT INTERRUPT

The external interrupt on the RB0/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 RB0/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 RB0/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 RB0/INT interrupt.

9.5.2 TMR0 INTERRUPT

An overflow (FFh → 00h) in the TMR0 register will
set the T0IF (INTCON<2>) bit. The interrupt can
be enabled/disabled by setting/clearing T0IE
(INTCON<5>) bit. For operation of the Timer0 module,
see Section 6.0. 

9.5.3 PORTB INTERRUPT

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

9.5.4 COMPARATOR INTERRUPT

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

FIGURE 9-16: RB0/INT PIN INTERRUPT TIMING

Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4

OSC1

CLKOUT

INT pin

INTF flag
(INTCON<1>)

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
fetched

Instruction
executed

Interrupt Latency

PC PC+1 PC+1 0004h 0005h

Inst (0004h) Inst (0005h)

Dummy Cycle

Inst (PC) Inst (PC+1)

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

—

1

4

5

1

Note 1: INTF flag is sampled here (every Q1).
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.
3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.
5: INTF is enabled to be set anytime during the Q4-Q1 cycles. 

2

3
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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 
(

 

fuzzy

 

TECH-MP)

 

fuzzy

 

TECH-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, 

 

fuzzy

 

TECH-MP, edition for imple-
menting more complex systems.

Both versions include Microchip’s 

 

fuzzy

 

LAB

 



 

 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 EEPROMs. The kit
includes everything necessary to read, write, erase or
program special features of any Microchip SEEPROM
product including Smart Serials

 



 

 and secure serials.
The Total Endurance

 



 

 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 K

 

EE

 

L

 

OQ

 



 

 Evaluation and 
Programming Tools

 

K

 

EE

 

L

 

OQ

 

 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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VOH Output High Voltage (3)

D090 I/O ports (Except RA4) VDD-0.7 - - V IOH = -3.0 mA, VDD = 4.5V,  
-40° to +85°C

VDD-0.7 - - V IOH = -2.5 mA, 
VDD = 4.5V,  +125°C

D092 OSC2/CLKOUT VDD-0.7 - - V IOH = -1.3 mA, VDD=4.5V,  
-40° to +85°C

(RC only)
VDD-0.7 - - V IOH = -1.0 mA, 

VDD = 4.5V,  +125°C
Capacitive Loading Specs 
on Output Pins

D100 COSC2 OSC2 pin - - 15 pF In XT, HS and LP modes when 
external clock used to drive OSC1.

D101 CIO All I/O pins/OSC2 (in RC mode) - - 50 pF

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
No.

Sym Characteristic Min Typ
†

Max Unit Conditions

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and 

are not tested.
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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Package Type: 44-Lead Plastic Leaded Chip Carrier (L) - Square

 

Package Group:  Plastic Leaded Chip Carrier (PLCC)

Symbol

Millimeters Inches

Min Max Notes Min Max Notes

 

A 4.191 4.572 0.165 0.180

A1 2.413 2.921 0.095 0.115
D 17.399 17.653 0.685 0.695
D1 16.510 16.663 0.650 0.656
D2 15.494 16.002 0.610 0.630
D3 12.700 12.700

 

BSC

 

0.500 0.500

 

BSC

 

E 17.399 17.653 0.685 0.695
E1 16.510 16.663 0.650 0.656
E2 15.494 16.002 0.610 0.630
E3 12.700 12.700

 

BSC

 

0.500 0.500

 

BSC

 

CP — 0.102 — 0.004
LT 0.203 0.381 0.008 0.015

S
0.177
.007 B D-E

-A-

0.254

D1

D

3

3

3

-C-

-F-

-D-

4

9

8

-B-

-E-
S

0.177
.007 A F-G

S

S

EE1

-H-

-G-

6

2

3

.010 Max
1.524
.060

10

2

11

0.508
.020

1.651
.065

R 1.14/0.64
.045/.025

R 1.14/0.64
.045/.025

1.651
.065

0.508
.020 -H-

11
0.254
.010 Max

6

Min

0.812/0.661
.032/.026 3

-C-

0.64
.025

Min
5

0.533/0.331
.021/.013

0.177
.007 M A F-G S , D-E S

1.27
.050

2 Sides
A

S
0.177
.007 B AS

D3/E3

D2
0.101
.004

0.812/0.661
.032/.026

S
0.38
.015 F-G

4S
0.38
.015 F-G

E2

D

-H-

A1

Seating
Plane

2 Sides

N Pics

D/2

E/2
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14.1 Package Marking Information

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.

XXXXXXXXXXXXXXX
AABBCDE

28-Lead PDIP (Skinny DIP)

MMMMMMMMMMMM

AABBCDE

Example

PIC16C642-10/SP

28-Lead SOIC

XXXXXXXXXXXXXXXXXXXX

AABBCDE

MMMMMMMMMMMMMMMM

Example

945/CAA

PIC16C642-10/SO

Example28-Lead Side Brazed Skinny Windowed

XXXXXXXXXXX
XXXXXXXXXXX
AABBCDE

PIC16C642/JW

9517CAT
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ADDLW Instruction
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ADDWF Instruction
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ANDLW Instruction
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ANDWF Instruction
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Architectural Overview
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Assembler
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BCF Instruction

 

 ............................................................... 77

 

Bit Manipulation

 

 .............................................................. 74

 

Block Diagrams
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Comparator Analog Input Mode

 

 .......................... 51

 

Comparator I/O Operating Modes

 

 ....................... 48

 

Comparator Output

 

 ................................................ 50

 

Crystal Operation

 

 ................................................... 57

 

External Brown-out Protection 1

 

 .......................... 65

 

External Brown-out Protection 2

 

 .......................... 65

 

External Clock Input Operation

 

 ............................ 57

 

External Parallel Cystal Oscillator

 

 ....................... 58

 

External Power-on Reset Circuit

 

 ......................... 65

 

External Series Crystal Oscillator

 

 ........................ 58

 

In-circuit Serial Programming

 

 ............................... 71

 

Interrupt Logic

 

 ......................................................... 66

 

On-chip Reset Circuit

 

 ............................................ 59

 

Parallel Slave Port, PORTD-PORTE

 

 .................. 39

 

PIC16C641

 

 .............................................................. 10

 

PIC16C642

 

 .............................................................. 10

 

PIC16C661

 

 .............................................................. 11

 

PIC16C662

 

 .............................................................. 11

 

PORTC (In I/O Port Mode)

 

 ................................... 34

 

PORTD (In I/O Port Mode)

 

 ................................... 35

 

PORTE (In I/O Port Mode)

 

 ................................... 37

 

RA1:RA0 pins

 

 .......................................................... 29

 

RA3 pin

 

 ..................................................................... 30

 

RA4 pin

 

 ..................................................................... 31

 

RB3:RB0 pins

 

 .......................................................... 32

 

RB7:RB4 pins

 

 .......................................................... 32

 

RC Oscillator

 

 ........................................................... 58

 

Single Comparator

 

 ................................................. 49

 

Timer0

 

 ...................................................................... 41

 

Timer0/WDT Prescaler

 

 .......................................... 44

 

Voltage Reference

 

 ................................................. 53

 

Voltage Reference Output Buffer

 

 ........................ 54

 

Watchdog Timer
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Brown-out Reset (BOR)

 

 ................................................ 60

 

BSF Instruction
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BTFSC Instruction
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BTFSS Instruction
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C

 

C Compiler (MPLAB-C)

 

 ................................................. 89

 

CALL Instruction

 

 ............................................................. 78

 

Clocking Scheme/Instruction Cycle

 

 ............................. 15

 

CLRF Instruction

 

 ............................................................. 78

 

CLRW Instruction
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CLRWDT Instruction
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CMCON Register

 

 ............................................................ 47

 

Code Examples
Changing Prescaler (T0 to WDT)

 

 ........................ 45

 

Changing Prescaler (WDT to T0)

 

 ........................ 45

 

Indirect Addressing

 

 ................................................ 28

 

Initializing Comparator Module

 

 ............................ 49

 

Initializing PORTA

 

 .................................................. 29

 

Initializing PORTC

 

 .................................................. 34

 

Read-Modify-Write Instructions on an I/O Port

 

 . 38

 

Saving the STATUS and W Registers in RAM

 

 . 68

 

Voltage Reference Configuration

 

 ........................ 54

 

Code Protection
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COMF Instruction

 

 ........................................................... 79

 

Comparator Configuration
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Comparator Interrupt
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Comparator Module
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Comparator Operation
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Comparator Reference
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Configuration Bits

 

 ........................................................... 56

 

Configuring the Voltage Reference
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D

 

Data Memory Organization

 

 .......................................... 18

 

DECF Instruction
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DECFSZ Instruction
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Development Support

 

 .................................................... 87

 

Development Tools
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Device Drawings
28-Lead Ceramic CERDIP Dual In-line with Win-

dow (300 mil))

 

 ....................................... 107

 

28-Lead Ceramic Dual In-Line with Window (JW) - 
(300 mil)

 

 ................................................. 107

 

28-Lead Plastic Small Outline (SO) - Wide, 300 mil 
Body

 

 ....................................................... 106

 

28-Lead Skinny Plastic Dual In-Line (SP) - 
300 mil

 

 ................................................... 105

 

40-Lead Ceramic Dual In-Line with Window 
(JW) - (600 mil)

 

 ..................................... 108

 

40-Lead Plastic Dual In-Line (P) - 600 mil

 

 ....... 109

 

44-Lead Plastic Leaded Chip Carrier (L) - 
Square

 

 ................................................... 110

 

44-Lead Plastic Quad Flatpack (PQ) - 10x10x2 
mm Body 1.6/0.15 mm Lead Form
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Family of Devices
PIC14XXX
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PIC16C5X
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PIC16C64X
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PIC16C66X
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PIC16C6X
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PIC16C7X
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PIC16C8X

 

 ............................................................. 122

 

PIC16C9XX
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PIC16CXXX

 

 .......................................................... 119

 

PIC17CXX

 

 ............................................................. 124

 

Fuzzy Logic Dev. System (

 

fuzzy

 

TECH

 



 

-MP)

 

 .... 87, 89

 

G

 

General Purpose Register File

 

 .................................... 18

 

GOTO Instruction

 

 ........................................................... 80
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I

 

I/O Ports

 

 ........................................................................... 29

 

PORTA

 

 ..................................................................... 29

 

PORTB

 

 ..................................................................... 32

 

PORTC

 

 ..................................................................... 34

 

PORTD

 

 ..................................................................... 35

 

PORTE

 

 ..................................................................... 36

 

I/O Programming Considerations

 

 ................................ 38

 

ICEPIC In-Circuit Emulator

 

 ........................................... 87

 

ID Locations

 

 ..................................................................... 71

 

INCF Instruction

 

 .............................................................. 80

 

INCFSZ Instruction

 

 ......................................................... 80

 

In-Circuit Serial Programming

 

 ...................................... 71

 

Indirect Addressing, INDF and FSR Registers

 

 ......... 28

 

Instruction Flow/Pipelining

 

 ............................................ 15

 

Instruction Format

 

 ........................................................... 73

 

Instruction Set
ADDLW

 

 .................................................................... 76
ADDWF .................................................................... 76
ANDLW .................................................................... 76
ANDWF .................................................................... 76
BCF ........................................................................... 77
BSF ........................................................................... 77
BTFSC ...................................................................... 77
BTFSS ...................................................................... 78
CALL ......................................................................... 78
CLRF ........................................................................ 78
CLRW ....................................................................... 78
CLRWDT .................................................................. 79
COMF ....................................................................... 79
DECF ........................................................................ 79
DECFSZ ................................................................... 79
GOTO ....................................................................... 80
INCF .......................................................................... 80
INCFSZ .................................................................... 80
IORLW ...................................................................... 80
IORWF ...................................................................... 81
MOVF ....................................................................... 81
MOVLW .................................................................... 81
MOVWF .................................................................... 81
NOP .......................................................................... 82
OPTION .................................................................... 82
RETFIE ..................................................................... 82
RETLW ..................................................................... 82
RETURN .................................................................. 83
RLF ........................................................................... 83
RRF ........................................................................... 83
SLEEP ...................................................................... 83
SUBLW ..................................................................... 84
SUBWF .................................................................... 84
SWAPF ..................................................................... 85
TRIS .......................................................................... 85
XORLW .................................................................... 85
XORWF .................................................................... 85
Section ...................................................................... 73
Summary Table ...................................................... 75

INT Interrupt .................................................................... 67
INTCON Register ........................................................... 23
Interrupts .......................................................................... 66

Comparator .............................................................. 51

PORTB Change ..................................................... 32
PSP Read-Write ..................................................... 39
RB0/INT ................................................................... 66
Section ..................................................................... 66
Timer0 ...................................................................... 41
Timer0, Timing ........................................................ 42

IORLW Instruction .......................................................... 80
IORWF Instruction ......................................................... 81

M
MOVF Instruction ........................................................... 81
MOVLW Instruction ........................................................ 81
MOVWF Instruction ....................................................... 81
MPASM Assembler .................................................. 87, 88
MPLAB-C C Compiler ................................................... 89
MPLAB-SIM Software Simulator ........................... 87, 89

N
NOP Instruction .............................................................. 82

O
One-Time-Programmable (OTP) Devices ................... 7
Opcode ............................................................................. 73
OPTION Instruction ....................................................... 82
OPTION Register ........................................................... 22
Oscillator Configurations ............................................... 57
Oscillator Start-up Timer (OST) ................................... 60

P
Package Marking Information ............................ 112, 113
Packaging Information ................................................. 105
Parallel Slave Port ......................................................... 35

Section ..................................................................... 39
Parity Error Reset (PER) ........................................ 60, 61
PCL ................................................................................... 74
PCL and PCLATH .......................................................... 27
PCON Register ......................................................... 26, 61
PICDEM-1 Low-Cost PIC16/17 Demo Board ..... 87, 88
PICDEM-2 Low-Cost PIC16CXX Demo Board ... 87, 88
PICDEM-3 Low-Cost PIC16C9XX Demo Board ...... 88
PICDEM-3 PIC16C9XX Low-Cost Demonstration 

Board ................................................................ 87
PICMASTER  High Performance 

In-Circuit Emulator ......................................... 87
PICSTART  Plus Entry Level Development 

System ............................................................. 87
PICSTART  Plus Entrvel Prototype 

Programmer .................................................... 87
PIE1 Register .................................................................. 24
Pin Compatible Devices .............................................. 125
Pin Functions

RD7/PSP7:RD0/PSP0 .......................................... 14
RE0/RD ....................................................... 14, 39
RE1/WR ...................................................... 14, 39
RE2/CS ....................................................... 14, 39

PIR1 Register .................................................................. 25
Port RB Interrupt ............................................................ 67
PORTA ............................................................................. 29
PORTB ............................................................................. 32
PORTC Register ............................................................ 34
PORTD Register ............................................................ 35
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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.

 

Connecting to the Microchip Internet Web 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. 

 

Flex

 

ROM, MPLAB, PRO MATE, and 

 

fuzzy

 

LAB, are trade-
marks and SQTP is a service mark of Microchip in the 
U.S.A. 

 

fuzzy

 

TECH 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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NOTES:
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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.

Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microID, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

 Printed on recycled paper.

Microchip received QS-9000 quality system 
certification for its worldwide headquarters, 
design and wafer fabrication facilities in 
Chandler and Tempe, Arizona in July 1999. The 
Company’s quality system processes and 
procedures are QS-9000 compliant for its 
PICmicro® 8-bit MCUs, KEELOQ® code hopping 
devices, Serial EEPROMs and microperipheral 
products. In addition, Microchip’s quality 
system for the design and manufacture of 
development systems is ISO 9001 certified.

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.


