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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.

Applications of "Embedded -
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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

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

54 PORTD and TRISD Registers FIGURE 5-8: PORTD BLOCK DIAGRAM (IN
(PIC16C661 and PIC16C662 only) 1/0 PORT MODE)
PORTD is an 8-bit port with Schmitt Trigger input buff- Data
ers. Each pin is individually configurable as an input or bus D }
output. WR ¢ ’_&
in®

PORTD can be configured as an 8-bit wide micropro- PORT cK VG pin
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers Data Latch
are TTL. — D Q

WR

TRIS Schmitt

oK Trigger %7
SR
RD TRIS
/I Q D
r EN
RD PORT {>o _|
Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 5-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO bit0 sT/TTL® Input/output port pin or parallel slave port bitO
RD1/PSP1 bit1 sT/TTL® Input/output port pin or parallel slave port bit1
RD2/PSP2 bit2 sT/TTL® Input/output port pin or parallel slave port bit2
RD3/PSP3 bit3 sT/rTLD Input/output port pin or parallel slave port bit3
RD4/PSP4 bit4 sT/TTL® Input/output port pin or parallel slave port bit4
RD5/PSP5 bit5 sT/rTLD Input/output port pin or parallel slave port bit5
RD6/PSP6 bit6 sT/TTL® Input/output port pin or parallel slave port bité
RD7/PSP7 bit7 sT/rTLD Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in I/0O mode and TTL buffers when in Parallel Slave Port Mode.

TABLE 5-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
08h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
88h TRISD | TRISD7 | TRISD6 | TRISD5| TRISD4 |TRISD3 |TRISD2 | TRISD1 | TRISDO [1111 1111 | 1111 1111
89h TRISE IBF OBF IBOV |PSPMODE — TRISE2 | TRISEL | TRISEO | 0000 -111| 0000 -111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by PORTD.
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PIC16C64X & PIC16C66X

5.6 /0 Programming Considerations

5.6.1 BI-DIRECTIONAL I/O PORTS

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

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

Example 5-4 shows the effect of two sequential
read-modify-write instructions on an I/O port

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

FIGURE 5-11: SUCCESSIVE I/0 OPERATION

EXAMPLE 5-4: READ-MODIFY-WRITE
INSTRUCTIONS ON AN I/O
PORT

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

; PORTB<3: 0> Cut puts
; PORTB<7: 6> have external pull-ups and are
;not connected to other circuitry

; PORT latch PORT pins
BCF PORTB, 7 » 0lpp pppp 11lpp pppp
BCF PORTB, 6 ; 10pp pppp 11pp pppp
BCF STATUS, RP1 ;

BSF STATUS, RPO ;
BCF TRISB, 7 ; 10pp pppp 11pp pppp
BCF TRISB, 6 ; 10pp pppp 10pp pppp

;Note that the user nmay have expected the
;pin values to be 00pp ppp. The 2nd BCF
;caused RB7 to be latched as the pin val ue
; (high).

5.6.2  SUCCESSIVE OPERATIONS ON 1/O

PORTS

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 5-11). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same /O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load
dependent) before the next instruction which causes
that file to be read into the CPU is executed. Otherwise,
the previous state of that pin may be read into the CPU
rather than the new state. When in doubt, it is better to
separate these instructions with an NOP or another
instruction not accessing this 1/O port.

. Q1] Q2] Q3] Q4] Q1] Q2| Q3] Q4] Q1; Q2| Q3| Q4] Q1| Q2| Q3| Q4

Note:

PC >( PC X PC+1 X .+ PC+2 X PC+3 ) This example shows a write to PORTB
Insfmijcﬁog : MOVWF PORTB :MOVF PORTB,W : : : : followed by aread from PORTB.
etehed ™ \write to - © . NOP - NOP CN _
: PORTB : : ) : : ote that:
RB7:RBO | : 7 : ' data setup time = (0.25Tcy - TPD)
: : : T . : . where Tcv = instruction cycle
| | | Port pin \ ' .
) ) + 'sampled here: . TpPD = propagation delay
Instruction + : —’:TPD:‘— : NoP . Therefore, at higher clock frequencies,
executed | X Lo X » a write followed by a read may be
X " MOVWF PORTB , . ! !
! ! write to + MOVF PORTB.W, ! problematic.
' ' PORTB '
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PIC16C64X & PIC16C66X

7.0 COMPARATOR MODULE The CMCON register, shown in Figure 7-1, controls the

comparator input and output multiplexers. A block

The comparator module contains two analog diagram of the comparator is shown in Figure 7-2.

comparators. The inputs to the comparators are
multiplexed with pins RAO through RA4. The on-chip
Voltage Reference (Section 8.0) can also be an input to
the comparators.

FIGURE 7-1: CMCON REGISTER (ADDRESS 1Fh)

R-0 RO U0 U0 RWO RWO RWO RWO
|coout [ciout| — | — | cs | ecm2 | cwma CMO | |R =Readable bit
bit7 bit0 W =Writable bit
U =Unimplemented bit, read
as ‘0’

- n =Value at POR reset

bit 7. C20UT: Comparator 2 output
1=C2ViN+>C2ViNn—
0=C2VIN+ <C2 VIN—

bit 6: C1OUT: Comparator 1 output
1=C1lVnN+>ClVin—
0=ClVIN+<ClVIN-

bit 5-4: Unimplemented: Read as '0'
bit 3: CIS: Comparator Input Switch

When CM2:CMO0: = 001:
Then:

1 = C1 ViNn— connects to RA3
0 = C1 ViIN— connects to RAO

When CM2:CMO0 = 010:

Then:

1 = C1 ViN— connects to RA3
C2 Vin— connects to RA2

0 = C1 ViIN— connects to RAO
C2 VIN— connects to RAL

bit 2-0: CM2:CMO0: Comparator mode
Figure 7-2 shows the comparator modes and CM2:CMO bit settings.
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PIC16C64X & PIC16C66X

7.1 Comparator Configuration

There are eight modes of operation for the
comparators. The CMCON register is used to select
the mode. Figure 7-2 shows the eight possible modes.
The TRISA register controls the data direction of the
comparator pins for each mode. If the comparator

FIGURE 7-2:

COMPARATOR I/O OPERATING MODES

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown
in Table 12-2.

Note: Comparator interrupts should be disabled
during a comparator mode change other-
wise a false interrupt may occur.

Comparators Reset (POR Default Value)
CM2:CMO0 =000

RAO/ANQ —A—Vin- 1 =

C1 Off (Read as '0'
RA3/AN3 AVt | ( )
RALANT A Vi |

C2 Off (Read as '0'
RA2/AN2 A Vint | ( )

Comparators Off
CM2:CM0 =111

RAO/ANO —2— - 1

Cc1 Off (Read as '0’
RA3/AN3 D ¢¥n* |, ( )
RALANT 2 V- | °

Cc2 Off (Read as 'O’
RA2/AN2 B Q¥+ | ( )

Two Independent Comparators
CM2:CMO0 =100

RAO/ANQ —A—— Vi |

c1 clouT
RA3/AN3 A Vin+ |
RALANT A V= |

c2 c20uUT
RA2/AN2 AVt |

Four Inputs Multiplexed to Two Comparators
CM2:CMO0 =010

A
RADANO —° ci5-0 v

A =
RA3/AN3 2o CIS=1 Vint N c1 C10UT
RAL/ANL 20

_CIs=0 ViN- |

A hd =

RA2/AN2 -2 CIS=1 Vint N c2 C20UT
From VrRer Module

Two Common Reference Comparators
CM2:CMO0 =011

RAO/ANQ —A— V- 1 =

c1 clouT
RA3/AN3 DVt |
RALANT A Vi |

c2 C20UT
RA2/AN2 A Vint |

Two Common Reference Comparators with Outputs
CM2:CMO0 =110

RAO/ANO —A—— V- 1 -

c1 C10UT
RA3/AN3 -2 Vint
RAL/ANT A [ V- | =

c2 C20UT
RA2/AN2 A vint |

RA4 Open Drain

One Independent Comparator

Three Inputs Multiplexed to Two Comparators

CM2:CMO0 =101 CM2:CM0 =001
D VIN- A
RAO/ANO —— 3 Off (Read a5 0) RAODIANO —  5_ ¢y
ead as '0' A = -
RA3/AN3 -2 ¢ Vvt | RA3/AN3 £o CIS=1 | 1 o C10UT
RALANL A V- [ RAL/ANL —2 Ve ]
c2 C20UT
RAZ/ANZ A it | Cc2 C20uT RA2/AN2 _A vt |
A = Analog Input, port reads zeros always.
D = Digital Input.
CIS (CMCON<3>) is the Comparator Input Switch.
DS30559A-page 48 Prelimi nary 0 1996 Microchip Technology Inc.



PIC16C64X & PIC16C66X

9.4 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST), Brown-out Reset (BOR),
and Parity Error Reset (PER)

9.4.1 POWER-ON RESET (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.6V to 1.8V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to VDD. This will
eliminate external RC components usually needed to
create a Power-on Reset. A maximum rise time for VDD
is required. See Electrical Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, etc.) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met.

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

9.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms (nominal)
delay on power-up only, from POR or BOR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in reset as long as PWRT is active. The
PWRT delay allows VDD to rise to an acceptable level.
A configuration bit, PWRTE can disable (if set) or
enable (if cleared or programmed) the Power-up Timer.
The Power-up Timer should always be enabled when
Brown-out Reset is enabled.

FIGURE 9-8: BROWN-OUT SITUATIONS

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variations. See DC
parameters for details.

9.4.3  OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-Up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal
oscillator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP, and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

9.4.4 BROWN-OUT RESET (BOR)

PIC16C64X & PIC16C66X devices have on-chip
Brown-out Reset circuitry. A configuration bit, BODEN,
can disable (if clear/programmed) or enable (if set) the
Brown-out Reset circuitry. If VbD falls below 4.0V
(Parameter D005 in ES section) for greater than
parameter 35 in Table 12-6, the brown-out situation will
reset the chip. Areset is not guaranteed to occur if VDD
falls below 4.0V for less than parameter 35. The chip
will remain in Brown-out Reset until VDD rises above
BVDD. The Power-up Timer will now be invoked and will
keep the chip in reset an additional 72 ms. If VDD drops
below BVDD while the Power-up Timer is running, the
chip will go back into a Brown-out Reset and the
Power-up Timer will be initialized. Once VDD rises
above BVDD, the Power-up Timer will execute a 72 ms
time delay. The Power-up Timer should always be
enabled when Brown-out Reset is enabled. Figure 9-8
shows typical Brown-out situations.

VDD
______________\_J{ _________________ BVDD Max.
“““““““ : [ = A V/o o R Y o B
Internal l—?
Reset ms

VDD
_____________W _____________ BVDD Max.
“““““““ TR T T T T T T T T T T T T T BVDD Min.

Reset

Internal | <2ms >l

VDD
_____ \_____________;/_____________. BVDD Max.
""""""""" T T T T T T T T T T T 77 BVDDMin.

72 ms

Internal

Reset
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PIC16C64X & PIC16C66X

TABLE 9-4: STATUS BITS AND THEIR SIGNIFICANCE
PER POR BOR TO PD

1 0 X 1 1 Power-on Reset

X 0 X 0 X llegal, TO is set on POR

X 0 X X 0 llegal, PD is set on POR

1 1 0 1 1 Brown-out Reset

1 1 1 0 1 WDT Reset

1 1 1 0 0 WDT Wake-up

1 1 1 u u MCLR reset during normal operation

1 1 1 1 0 MCLR reset during SLEEP

0 1 1 1 1 Parity Error Reset

0 0 X X X llegal, PER is set on POR

0 X 0 X X llegal, PER is set on BOR

TABLE 9-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Condition Program STATUS PCQN
Counter Register Register

Power-on Reset 000h 0001 1xxx u--- -10x
MCLR reset during normal operation 000h 000u uuuu u--- -uuu
MCLR reset during SLEEP 000h 0001 Ouuu u--- -uuu
WDT reset 000h 0000 luuu u--- -uuu
WDT Wake-up PC+1 uuu0 Ouuu u--- -uuu
Brown-out Reset 000h 0001 1uuu u--- -uu0
Parity Error Reset 000h 0001 1uuu 1--- -Ouu
Interrupt Wake-up from SLEEP pc +1® uuul Ouuu u--- -uuu
Legend: U = unchanged, X =unknown, - = unimplemented bit, reads as ‘0'.

Note 1: When the wake-up is due to an interrupt and global enable bit, GIE is set, the PC is loaded with the inter-

rupt vector (0004h) after execution of PC+1.
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PIC16C64X & PIC16C66X

9.6 Context Saving During Interrupts Example 9-1:

During an interrupt, only the return PC value is saved * Stores the W register regardiess of current bank

on the stack. Typically, users may wish to save key reg- * Stores the STATUS register in Bank 0
isters during an interrupt e.g. W register and STATUS  Executes the ISR code

register. This will have to be implemented in software. » Restores the STATUS (and bank select bit
Example 9-1 stores and restores the STATUS and W register)

registers. The user register, W_TEMP, must be defined * Restores the W register

in both banks and must be defined at the same offset
from the bank base address (i.e., W_TEMP is defined
at 0x70 - Ox7F in Bank 0). The user register,
STATUS_TEMP, must be defined in Bank 0.

EXAMPLE 9-1: SAVING THE STATUS AND W REGISTERS IN RAM

MOV W TEMWP ; Copy Wto a Tenporary Register regardl ess of current bank
SWAPF  STATUS, W ; Swap STATUS ni bbl es and place into Wregister

BCF STATUS, RPO ; Change to Bank 0 regardl ess of current bank

MOVWAF  STATUS_TEMWP ; Save STATUS to a Tenporary register in Bank O

(I'nterrupt Service Routine)

SWAPF  STATUS TEMP, W ; Swap origi nal STATUS register value into W(restores original bank)

MOWWF  STATUS ; Restore STATUS register fromWregister
SWAPF W TEMP, F ; Swap WTenp nibbles and return value to W Tenp
SWAPF W TEMP, W ; Swap WTenp to Wto restore original Wvalue without affecting STATUS
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PIC16C64X & PIC16C66X

9.9 Code Protection

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

Note:  Microchip does not recommend code
protecting windowed devices.

9.10 ID Locations

Four memory locations (2000h-2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are
readable and writable during program/verify. Only the
least significant 4 bits of the ID locations are used.

9.11 In-Circuit Serial Programming

The PIC16CXX microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

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

After reset, to place the device into programming/verify
mode, the program counter (PC) is at location 00h. A
6-bit command is then supplied to the device.
Depending on the command, 14-bits of program data
are then supplied to or from the device, depending if
the command was a load or a read. For complete
details of serial programming, please refer to the
PIC16C6X/7X Programming Specifications (Literature
#DS30228).

A typical in-circuit serial programming connection is
shown in Figure 9-20.

FIGURE 9-20: TYPICAL IN-CIRCUIT SERIAL
PROGRAMMING

CONNECTION
: To Normal
External : Connections
Connector PIC16CXX
Signals X
+5V —— VoD
ov : l Vss
VPP : ® MCLR/VPP
CLK . T RB6
Data I/O : RB7
X VDD
' To Normal
, Connections
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IORWF Inclusive OR W with f MOVF Move f
Syntax: [ label] 1O0RWF fd Syntax: [ label] MOVF fd
Operands: 0<f<127 Operands: 0<f<127
d0opo,1] do[o,1]
Operation: (W) .OR. (f) - (dest) Operation: (f) - (dest)
Status Affected: Z Status Affected: Z
Encoding: | o0 |ot00 [ditf |ffff | Encoding: | oo 1000 |affi [rfif |
Description: Inclusive OR the W register with regis- Description: The contents of register f is moved to
ter 'f'. If 'd" is O the result is placed in a destination dependant upon the sta-
the W register. If 'd"is 1 the result is tus of d. If d = 0, destination is W reg-
placed back in register 'f'. ister. If d = 1, the destination is file
Words: 1 register f itself. d = 1 is useful to test a
] file register since status flag Z is
Cycles: 1 affected.
Example | ORWE RESULT, O Words: 1
Before Instruction Cycles: 1
RESULT = 0x13
w = 0x91 Example MOVF FSR, 0
After Instruction After Instruction
RESULT = 0x13 W = value in FSR register
W = 0x93 Z =1
z = 1
MOVLW Move Literal to W MOVWF Move W to f
Syntax: [ labell] MOVLW k Syntax: [ label] MOVWEF f
Operands: 0<ks<255 Operands: 0=<f=<127
Operation: k - (W) Operation: wW) - (f)
Status Affected:  None Status Affected:  None
Encoding: |11 | ooxx | kkkk | kkkk | Encoding: | oo [oooo |xfff [rrff |
Description: The eight bit literal 'k’ is loaded into W Description: Move data from W register to register
register. The don't cares will assemble .
as0's. Words: 1
Words: 1
Cycles: 1
les: 1
Cycles Example MOVVE OPTI ON
Example MOVLW  Ox5A ]
Before Instruction
After Instruction OPTION =  OxFF
W = Ox5A W = Ox4F
After Instruction
OPTION = Ox4F
W = Ox4F
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TABLE 12-2:

Operating Conditions: 3.0V < VDD < 6.0V, -40°C < TA < +125°C, unless otherwise stated. Current consumption is spec-

ified in Table 12-1.

COMPARATOR SPECIFICATIONS

Characteristics Sym Min Typ Max Units Comments
Input offset voltage - +5.0 +10 mV
Input common mode voltage* 0 - VDD - 1.5 \Y
CMRR* 35 - - db
Response Time(l)* - 150 400 ns P|C16C64X/66X

600 ns P|C16LC64X/667(\

Comparator Mode Change to - - 10 ps
Output Valid*

* These parameters are characterized but not tested.

al sitiom

Note 1: Response time measured with one comparator input at (Voo - 1.5)/2 while the other ipurtr
Vss to VDD. 0
TABLE 12-3: VOLTAGE REFERENCE SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 6.0V, -40°C < TA < +125°C, unless otherwise stqt ur corfsumption is spec-
ified in Table 12-1.

Characteristics Sym Min Typ /\% Uni\l\S/ Comments
Resolution VDD/24 - VDWQ\\ESb
Absolute Accuracy - - 4 LSb |Low Range (VRR =1)
- < 1/2 LSb |High Range (VRR =0)

Unit Resistor Value (R)* B

Y{ > Q

Settling Time®" 10 Hs

* These parameters are characterized but not tested. \?
Note 1: Settling time measured while VRR =1 R<3:0>\ranisitions from 0000 to 1111.

Figure 8-2
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13.0 DEVICE CHARACTERIZATION
INFORMATION

NOT AVAILABLE AT THIS TIME.
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14.2 Package Marking Information

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

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

AA Year code (last 2 digits of calendar year)

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

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

D Mask revision number

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

part was assembled

Note:In the event the full Microchip part number cannot be marked on one line, it will be carried over to the next
line thus limiting the number of available characters for customer specific information.

*Standard OTP marking consists of Microchip part number, year code, week code, facility code, mask rev#, and
assembly code. For OTP marking beyond this, certain price adders apply. Please check with your Microchip
Sales Office. For QTP devices, any special marking adders are included in QTP price.
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PIC16C5X Family of Devices

E.2

‘Aigedes Juanind Oy ybiy pue 109104d P02 B|qeINSISS UaWil BopydIeAA 8|qeIdalas 18S9y UO-19M0d aARY Sa2IAap Ajiwed ZT/9TDId IV

doss uid-0z '010S ‘dig uid-8T| €€ G2'9-G¢C [4) 0dNL €L X | — (074 v85409T0lId
dOSS uid-0z :210S ‘diq uid-8T| €€ G2'9-0'¢ ¢t OdNL €L - p 4 (014 Vv85091JId
dOSS '010S ‘diq uid-gz| €€ G2'9-G'¢ (014 OdNL cL P4 - 0c g4/G409T12Id
dOSS '2I10S ‘diquid-gz| €€ G2'9-G¢C (114 0dNL ZL — | M (014 1S09121d
dOSS uid-0z :210S ‘diq uid-8T| €€ G2'9-G'¢ ¢t OdNL 14 - AT (014 950912Id
dOSS '010S ‘diq uid-gz| €€ G2'9-G'¢ (014 OdNL 144 — | 1S 0c GG0910Id
doss uid-0z '010S ‘dig uid-8T| €€ G2'9-0¢C [4) 0dNL o1 218 | — (074 V¥S40910Id
dOSS uid-0z :210S ‘diq uid-8T| €€ G2'9-0'¢ et OdNL 14 — | 1S (014 V¥S0912Id
dOSS uid-0z :210S ‘diq uid-8T| €€ G2'9-G'¢ et OdNL 14 — | 1S 0c 7S091JId
2l0S ‘diq uid-8T| €€ G2'9-9¢ [4) 0dNL o1 — | ¥8¢ 14 2509101d
\J
e /) & /3 & & /S S
§ S 2 Q Q NV
SN 90, ) N (o @)
< S > @ & & /8
& $ & K N »
> 9 N 2 2
¥ N @ ¥ %
Q \ Q 2)
@ N \ &
@Oo. @ ;W@ A,u o/v 0,4
QL \
72} L N (o)
@ N & »
S /&
N N
N S
A
é&
salnyeaq s|esayduad Aows 320|D

[0 1996 Microchip Technology Inc.

DS30559A-page 118



PIC16C64X & PIC16C66X

NOTES:
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