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PIC16C72 Series
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To Our Valued Customers

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

Key Reference Manual Features PIC16C72 PIC16CR72
Operating Frequency DC - 20MHz DC - 20MHz
Resets POR, PWRT, OST, BOR |POR, PWRT, OST, BOR
Program Memory - (14-bit words) 2K (EPROM) 2K (ROM)
Data Memory - RAM (8-bit bytes) 128 128
Interrupts 8 8
1/0O Ports PortA, PortB, PortC PortA, PortB, PortC
Timers Timer0, Timer1, Timer2 | Timer0, Timer1, Timer2
Capture/Compare/PWM Modules 1 1
Serial Communications Basic SSP SSP
8-Bit A/D Converter 5 channels 5 channels
Instruction Set (No. of Instructions) 35 35
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2226 PCON REGISTER

Note: BOR is unknown on Power-on Reset. It
The Power Control (PCON) register contains a flag bit Ui lafehy Bz s 77 e el 2l € 19t
to allow differentiation between a Power-on Reset on subsequent resets to see if BOR is
(POR) to an external MCLR Reset or WDT Reset. clear_, '“d'cat'”gak?r‘,’w”"’“‘ leas occurreq.
Those devices with brown-out detection circuitry con- The BOR status bit is a don't care and is
tain an additional bit to differentiate a Brown-out Reset npt n_e(_:esganly predlctable'n the brown-out
condition from a Power-on Reset condition. circuit is disabled (by clearing the BODEN
bit in the Configuration word).
FIGURE 2-8: PCON REGISTER (ADDRESS 8Eh)
uU-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-q
| — | = | = ] = 1 = 1 = ] rom BOR | [R =Readable bit
bit7 bito |[W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit 7-2: Unimplemented: Read as '0'
bit 1. POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0: BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred

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

DS39016B-page 14 Preliminary
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Indirect Addressing, INDF and FSR
Registers

The INDF register is not a physical register. Address-
ing INDF actually addresses the register whose
address is contained in the FSR register (FSR is a
pointer). This is indirect addressing.

2.5

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

EXAMPLE 2-2: HOW TO CLEAR RAM
EXAMPLE 2-1: INDIRECT ADDRESSING xgg‘&‘gg:fgﬂ
¢ Register file 05 contains the value 10h
* Register file 06 contains the value 0Ah movlw 0x20 ;initialize pointer
¢ Load the value 05 into the FSR register movwf FSR to RAM
¢ A read of the INDF register will return the value of NEXT clrf  INDF ;clear INDF register
10h incf FSR ;inc pointer
* Increment the value of the FSR register by one btfss FSR,4 ;all done?
(FSR=06) goto NEXT ;NO, clear next
¢ A read of the INDR register now will return the CONTINUE ,
value of OAh. jYES, continue
FIGURE 2-11: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
@ | [ [[]]]] @ [ [ [[][[]]
N y J N g y J
bank select  location select bank select location select
- > 00 01 10 11 </
00h 80h 100h 180h
not used
Data (3) (3)
Memory(1)
7Fh FFh 17Fh 1FFh
Bank 0 Bank1 Bank2 Bank3
Note 1: For register file map detail see Figure 2-2.
2: Maintain RP1 and IRP as clear for upward compatibility with future products.
3: Not implemented.

© 1998-2013 Microchip Technology Inc.
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TABLE 3-1 PORTA FUNCTIONS
Name Bit# Buffer |Function
RAO/ANO bit0 TTL Input/output or analog input
RA1/AN1 bit1 TTL Input/output or analog input
RA2/AN2 bit2 TTL Input/output or analog input
RA3/AN3/VREF | bit3 TTL Input/output or analog input or VREF
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0
Output is open drain type
RA5/SS/AN4 bit5 TTL Input/output or slave select input for synchronous serial port or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
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
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 | --11 1111
9Fh ADCON1 | — | — — | = | = | Pcrez |PcFat |PoFGO | ---- 000 | ---- -000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.
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Preliminary

© 1998-2013 Microchip Technology Inc.




PIC16C72 Series

8.4 SSP 12C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the RC3/
SCK/SCL pin, which is the clock (SCL), and the RC4/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISC<4:3> bits.

The SSP module functions are enabled by setting SSP
Enable bit SSPEN (SSPCON<5>).

FIGURE 8-7: SSP BLOCK DIAGRAM
(>C MODE)

< Internal
data bus
Read Write

RC3/SCK/SCL ‘ SSPBUF reg \

|
|2 shift
clock

X <]~—{ SSPSR reg
MSb LSb

RC4/

SDI/ ._|>
SDA

| Matchdetect |- Addr Match

i

| ssPaDDreg |
Start and Set, Reset
Stop bit detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 1°C operation.
These are the:

¢ SSP Control Register (SSPCON)

e SSP Status Register (SSPSTAT)

¢ Serial Receive/Transmit Buffer (SSPBUF)

¢ SSP Shift Register (SSPSR) - Not directly acces-
sible

e SSP Address Register (SSPADD)

The SSPCON register allows control of the 1°C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 1°C modes to be selected:

* 12C Slave mode (7-bit address)
* 12C Slave mode (10-bit address)

* 12C Slave mode (7-bit address), with start and
stop bit interrupts enabled

* 12C Slave mode (10-bit address), with start and
stop bit interrupts enabled
* |12C Firmware controlled master operation, slave
is idle
Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

Additional information on SSP [°C operation may be
found in the PIC® Mid-Range MCU Reference Manual,
DS33023.

8.4.1 SLAVE MODE

In slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. These are if either
(or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 8-3 shows what happens when a data transfer
byte is received, given the status of bits BF and SSPOV.
The shaded cells show the condition where user soft-
ware did not properly clear the overflow condition. Flag
bit BF is cleared by reading the SSPBUF register while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
[2C specification as well as the requirement of the SSP
module is shown in timing parameter #100 and param-
eter #101.

© 1998-2013 Microchip Technology Inc.
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8.4.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the SSP-
BUF register, which also loads the SSPSR register.
Then pin RC3/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master must monitor the
SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the SDA
signal is valid during the SCL high time (Figure 8-9).

FIGURE 8-9:

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then the
data transfer is complete. When the ACK is latched by
the slave, the slave logic is reset (resets SSPSTAT reg-
ister) and the slave then monitors for another occur-
rence of the START bit. If the SDA line was low (ACK),
the transmit data must be loaded into the SSPBUF reg-
ister, which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

Receiving Address RW = 1

Transmitting Data ACK

57)(D6)(05 )(B4)( D3 X 02 ) 01 00)

SDA /A7 X A6 X A5 X A4X A3 X A2 X A1 )

SCL

. Data in
. wi
sampled responds t

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

SCL held low
OUSSPIF

cleared in software

CKP (SSPCON<4>)

=

@

(@)

T
L=

I

lrFrom SSP interrupt
SSPBUF is written in software [ service rputine

?— Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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9.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (A/D) converter module has five
inputs for the PIC16C72/R72.

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number (refer to Applica-
tion Note AN546 for use of A/D Converter). The output
of the sample and hold is the input into the converter,
which generates the result via successive approxima-
tion. The analog reference voltage is software select-
able to either the device’s positive supply voltage (VDD)
or the voltage level on the RA3/AN3/VREF pin.

The A/D converter has a unique feature of being able to
operate while the device is in SLEEP mode. To operate
in sleep, the A/D conversion clock must be derived from
the A/D’s internal RC oscillator.

FIGURE 9-1: ADCONO REGISTER (ADDRESS 1Fh)

Additional information on the A/D module is available in
the PIC® Mid-Range MCU Reference Manual,
DS33023.

The A/D module has three registers. These registers
are:

¢ A/D Result Register (ADRES)
¢ A/D Control Register 0 (ADCONO)
¢ A/D Control Register 1 (ADCON1)

A device reset forces all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted.

The ADCONO register, shown in Figure 9-1, controls
the operation of the A/D module. The ADCON1 regis-
ter, shown in Figure 9-2, configures the functions of the
port pins. The port pins can be configured as analog
inputs (RAS3 can also be a voltage reference) or as dig-
ital I/O.

RW-0 R/W-0 R/W-0 RW-0 R/W-0

U-0 R/W-0

| ADCS1 | ADCSO0 | CHS2 | CHS1 | CHSO |GO/DONE| — ADON

R =Readable bit

bit7

00 = Fosc/2
01 = Fosc/8
10 = Fosc/32

bit 5-3: CHS2:CHSO0: Analog Channel Select bits
000 = channel 0, (RA0/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)

bit 2: GO/DONE: A/D Conversion Status bit
If ADON = 1

is complete)
bit 1: Unimplemented: Read as '0'

bit0: ~ ADON: A/D On bit
1 = A/D converter module is operating

bit 7-6: ADCS1:ADCSO0: A/D Conversion Clock Select bits

bito | W = Writable bit

U =Unimplemented bit,
read as ‘0’

- n = Value at POR reset

11 = FRC (clock derived from an internal RC oscillator)

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (This bit is automatically cleared by hardware when the A/D conversion

0 = A/D converter module is shutoff and consumes no operating current

© 1998-2013 Microchip Technology Inc.
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FIGURE 10-5: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External
Reset
7
MCLR
SLEEP
WDT | WDT ——
Module [Time-out
Reset
N VDD rise
detect
VDD Power-on Reset
Brown-out
Reset BODEN S

OST/PWRT
OST

Chip_Reset
10-bit Ripple counter I v\, R —
0OSCH1

(1) PWRT
On-chi
RS Cosl% 4|> 10-bit Ripple counter lf

Ol

Enable PWRT

Enable OST

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
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TABLE 11-2  PIC16CXXX INSTRUCTION SET
Mnemonic, Description Cycles 14-Bit Opcode Status | Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d | AddW and f 1 00 0111 dfff ffff| C,DCZ 1,2
ANDWF f,d | AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 1fff ffff z 2
CLRW - Clear W 1 00 0001 OxXXX XXXX Z
COMF f,d | Complement f 1 00 1001 dfff ffff V4 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff V4 1,2
DECFSZ f,d | Decrementf, Skip if 0 1(2) | oo 1011 dfff £fff 1,2,3
INCF f,d | Increment f 1 00 1010 dfff ffff V4 1,2
INCFSZ f,d | Increment f, Skip if O 1(2) | oo 1111 Jfff ffff 1,2,3
IORWF f,d | Inclusive OR W with f 1 00 0100 dfff ffff z 1,2
MOVF f,d | Move f 1 00 1000 Afff ffff z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d | Rotate Left f through Carry 1 00 1101 Jdfff ffff C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff| C,DCZ 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff ffff z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b | Bit Clearf 1 01 00bb bfff ffff 1,2
BSF f,b | Bit Setf 1 01 O0lbb bfff ffff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f, b | Bit Test f, Skip if Set 1(2) 01 11lbb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL k Call subroutine 2 10 Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011| TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an external
device, the data will be written back with a '0".
If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned
to the TimerO Module.
If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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12.0 DEVELOPMENT SUPPORT

12.1 Development Tools

The PICmicro™ 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 PIC16CXXX
In-Circuit Emulator

« PRO MATE® Il Universal Programmer

 PICSTART® 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-C17 (C Compiler)

¢ Fuzzy Logic Development System
(fuzzyTECH®-MP)

A description of each development tool is available in
the Midrange Reference Manual, DS33023.

12.2 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-Plus, and easily test firmware.
The PICMASTER emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the 1°C bus and separate headers for connec-
tion to an LCD module and a keypad.
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NOTES:
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13.2 DC Characteristics: PIC16LC72/LCR72-04 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param L PIC16C72 PIC16CR72 . .
Characteristic Sym - - Units Conditions
No. Min | Typt | Max | Min | Typt | Max

D001 Supply Voltage VDD 25 - 6.0 25 - 5.5 \ LR, XT, RC (DC - 4 MHz)

D002* | RAM Data Retention VDR - 1.5 - - 1.5 - Vv
Voltage (Note 1)

D003 VDD start voltage to VPOR - Vss - - Vss - \Y See section on Power-
ensure internal Power- on Reset for details
on Reset signal

D004* | VDDrise rate to ensure | SvbD | 0.05 - - 0.05 - - V/ms | See section on Power-
internal Power-on on Reset for details
Reset signal

D005 Brown-out Reset Volt- Bvdd 3.7 4.0 4.3 3.7 4.0 4.3 \ BODEN bit in configura-
age tion word enabled

D010 Supply Current IDD - 2.0 3.8 - 2.0 3.8 mA XT, RC osc configuration
(Note 2,5) Fosc = 4 MHz, VbD =

3.0V (Note 4)

DO10A - 22,5 48 - 22.5 48 pA LP osc configuration
Fosc = 32 kHz, VDD =
3.0V, WDT disabled

D015* | Brown-out Reset Albor - 350 425 - 350 425 pA BOR enabled VDD =
Current (Note 6) 5.0V

D020 Power-down Current IPD - 7.5 30 - 7.5 30 HA VDD = 3.0V, WDT
(Note 3,5) enabled, -40°C to +85°C

D021 - 0.9 5 - 0.9 5 pA VDD = 3.0V, WDT dis-
abled, 0°C to +70°C

D021A - 0.9 5 - 0.9 5 pA VDD = 3.0V, WDT dis-
abled, -40°C to +85°C

D023* | Brown-out Reset Albor - 350 425 - 350 425 pA BOR enabled VDD =
Current (Note 6) 5.0V

* These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin loading and
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con-
sumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

Note 3: 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 and Vss.

Note 4: 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 kOhm.

Note 5: Timer1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from characterization and
is for design guidance only. This is not tested.

Note 6: 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.

DS39016B-page 82 Preliminary © 1998-2013 Microchip Technology Inc.



PIC16C72 Series

13.3

DC Characteristics:

PIC16C72/CR72-04 (Commercial, Industrial, Extended)

PIC16C72/CR72-10 (Commercial, Industrial, Extended)
PIC16C72/CR72-20 (Commercial, Industrial, Extended)
PIC16LC72/LCR72-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C

< TA < +125°C for extended,

-40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 13.1 and
Section 13.2.
Pe'l\lrzm Characteristic Sym Min Typt Max Units Conditions
Input Low Voltage
1/0 ports VIL
D030 with TTL buffer Vss - 0.15VDD V  |For entire VDD range
DO30A Vss - 0.8V V |45<VDD<5.5V
D031 with Schmitt Trigger buffer Vss - 0.2VDD \
D032 MCLR, OSC1 (in RC mode) Vss - 0.2VDD \%
D033 OSC1 (in XT, HS and LP) Vss - 0.3VDD V  |Notel
Input High Voltage
1/0 ports VIH -
D040 with TTL buffer 2.0 - VDD V |45<VDD<5.5V
D040A 0.25VDD + - VDD V  |For entire VDD range
0.8V
D041 with Schmitt Trigger buffer 0.8VDD - VDD V  |For entire VDD range
D042 MCLR 0.8VDD - VDD \
D042A  |OSC1 (XT, HS and LP) 0.7VDD - Vdd V  |Notetl
D043 OSC1 (in RC mode) 0.9VDD - VDD \
D070 PORTB weak pull-up current IPURB 50 250 1400 pA |VDD =5V, VPIN = VSS
Input Leakage Current (Notes 2, 3)
D060 1/0 ports I - - +1 pA |Vss <VPIN < VDD, Pin at hi-
impedance
D061 MCLR, RA4/TOCKI - - +5 pA |Vss < VPIN < VDD
D063 0OSCH1 - - +5 pA |Vss <VPIN < VDD, XT, HS and LP
osc configuration
Output Low Voltage
D080 1/0 ports VoL - - 0.6 V |loL=8.5mA, VDD =4.5V,
-40°C to +85°C
DO80A - - 0.6 V |loL=7.0mA, VDD = 4.5V,
-40°C to +125°C
D083 OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
DO083A - - 0.6 V |loL=1.2mA, VDD =4.5V,
-40°C to +125°C
* These parameters are characterized but not tested.
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt trigger input. It is not recommended that the PIC16C7X be
driven with external clock in RC mode.
Note 2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified levels repre-
sent normal operating conditions. Higher leakage current may be measured at different input voltages.
Note 3: Negative current is defined as current sourced by the pin.
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Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C for extended,
-40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 13.1 and

DC CHARACTERISTICS

Section 13.2.
Pe'l\lrsm Characteristic Sym Min Typt Max Units Conditions
Output High Voltage
D090 1/0 ports (Note 3) VoH | VDD -0.7 - - V  |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
D090A VDD - 0.7 - - V  |loH=-2.5mA, VDD = 4.5V,
-40°C to +125°C
D092 OSC2/CLKOUT (RC osc config) VbD - 0.7 - - V  [loH=-1.3mA, VDD =4.5V,
-40°C to +85°C
D092A VDD - 0.7 - - V  |loH=-1.0 mA, VDD = 4.5V,
-40°C to +125°C
D150* Open-Drain High Voltage Vod - - 14 V  |RA4 pin, PIC16C72/LC72
- - TBD V  |RA4 pin, PIC16CR72/LCR72
Capacitive Loading Specs on Output
Pins
D100 OSC2 pin coscz2 - - 15 pF |In XT, HS and LP modes when
external clock is used to drive
OSCi1.
D101 All I/O pins and OSC2 (in RC mode) Cio - - 50 pF
D102 SCL, SDA in I°C mode Cb - - 400 pF
* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt trigger input. It is not recommended that the PIC16C7X be
driven with external clock in RC mode.

Note 2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified levels repre-
sent normal operating conditions. Higher leakage current may be measured at different input voltages.

Note 3: Negative current is defined as current sourced by the pin.
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TABLE 13-12 A/D CONVERTER CHARACTERISTICS:
PIC16C72/CR72-04 (Commercial, Industrial, Extended)
PIC16C72/CR72-10 (Commercial, Industrial, Extended)
PIC16C72/CR72-20 (Commercial, Industrial, Extended)
PIC16LC72/LCR72-04 (Commercial, Industrial)

Pilr:m Sym Characteristic Min Typt Max Units Conditions

AO1 NR Resolution — — 8 bits bit | VREF = VDD =5.12V,
Vss < VAN < VREF

A02 | EABs | Total Absolute error — — <+1 LSb | VREF = VDD =5.12V,
Vss < VAN < VREF

AO03 | EIL Integral linearity error — — <=1 LSb | VREF = VDD = 5.12V,
Vss < VAN < VREF

AO04 | EDL Differential linearity error — — <=1 LSb | VREF = VDD = 5.12V,
Vss < VAN < VREF

AO5 | EFs Full scale error — — <zx1 LSb | VREF = VDD =5.12V,
Vss < VAN < VREF

A06 | EOFF | Offset error — — <=1 LSb | VREF = VDD =5.12V,
Vss < VAN < VREF

A10 | — Monotonicity — guaranteed — — | Vss < VAIN < VREF

A20 | VREF | Reference voltage 2.5V — VoD + 0.3 Vv

A25 | VAIN | Analog input voltage Vss-0.3 — VREF + 0.3 \

A30 | ZAIN | Recommended impedance of — — 10.0 kQ

analog voltage source
A40 | IAD A/D conversion | PIC16C72/CR72 — 180 — pA | Average current con-
current (VDD) PIC16LC72/LCR72 _ 90 _ uA sumption when A/D is on.

(Note 1)

A50 | IREF | VREF input current (Note 2) 10 — 1000 pA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHOLD, see Section 9.1.

— — 10 pA | During A/D Conversion
cycle
* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
Note 1: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.
Note 2: VREF current is from RAS pin or VDD pin, whichever is selected as reference input.
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16.2 28-Lead Ceramic Side Brazed Dual In-Line with Window (300 mil)(JW)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.300 7.62

Number of Pins n 28 28

Pitch p 0.098 0.100 0.102 2.49 2.54 2.59
Lower Lead Width B 0.016 0.019 0.021 0.41 0.47 0.53
Upper Lead Width B1 0.050 0.058 0.065 1.27 1.46 1.65
Shoulder Radius R 0.010 0.013 0.015 0.25 0.32 0.38
Lead Thickness c 0.008 0.010 0.012 0.20 0.25 0.30
Top to Seating Plane A 0.170 0.183 0.195 4.32 4.64 4.95
Top of Lead to Seating Plane A1 0.107 0.125 0.143 2.72 3.18 3.63
Base to Seating Plane A2 0.015 0.023 0.030 0.00 0.57 0.76
Tip to Seating Plane L 0.135 0.140 0.145 3.43 3.56 3.68
Package Length D 1.430 1.458 1.485 36.32 37.02 37.72
Package Width E 0.285 0.290 0.295 7.24 7.37 7.49
Radius to Radius Width E1 0.255 0.270 0.285 6.48 6.86 7.24
Overall Row Spacing eB 0.345 0.385 0.425 8.76 9.78 10.80
Window Width Wi1 0.130 0.140 0.150 0.13 0.14 0.15
Window Length W2 0.290 0.300 0.310 0.29 0.3 0.31

* Controlling Parameter.
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Block Diagram ........cccceeiiiiiiiiiieniineececeee e 47
[PC OPEIation ......c.coveeeeeeeeeeeeeeeeeeee e 47
Master Mode
MOAE ..
Mode Selection .........cccciiiiiiiiciiiie e
Multi-Master Mode ..
ReCepHioN ...ccoiviiiiiicii e
Reception Timing Diagram ........cccecvvvienienieecieeeenn. 49
SCL and SDA pins
Slave Mode .......coecieiiiiiiiiiee e
TranSMISSION .....ccueiiieiiieiiee e
In-Circuit Serial Programming ...
INDF RegiSter .....cccciiiiiiiiiiie e
Indirect AJAresSiNg .......ccceeveeiiieiiericeee e
Initialization Condition for all Register .
Instruction Format .........ccccoeeviiiiiinenns
Instruction Set

SECHON .o 73
Summary Table .... ... 74
INT Interrupt ................. ....68
INTCON REGISIEN .cueeiiiiiiieciie e 11
INTEDG Dit ..o 10, 68
Internal Sampling Switch (Rss) Impedance ............cccc.......
INEEITUPES e e
PortB Change .......ccccceeiiinieiieceeceeee e
RB7:RB4 Port Change ...
SECHON i
TMRO e
IRP DIt s
L
Loading of PC .....ooiiiiii e 15
M
MCLR .o 61, 64
Memory
Data MemOry .....cocviiiiiiiieciereiee e 6
Program MemoOry ........ccceiiiiiiiriieeeeee e 5
Program Memory Maps
PICTBCT2 ..ot
PIC16CR72
Register File Maps
PICTBCT2 ..o 6
PICIBCRT2 ... 6
MPASM Assembler ................ .. 75
MPSIM Software Simulator ...........cccccevviiniiiiieniciieeies 75
(0]
OPCODE ... 73
OPTION REQISIEN ..cuveiiiiiiiiieieeee e 10
OSC SEIECHION ...t 59
Oscillator
HS s 60, 64
P s 60, 64
RC e 60
XT e .60, 64

Oscillator Configurations .........ccccccceeiiiieniiie e 60

Output of TMR2 ... 31
P
P s 40, 43
Packaging
28-Lead Ceramic W/WIiNdOW ........cccevvveeveieeiienieenene. 110
28-Lead PDIP ..o 111
28-Lead SOIC .....ccooieiiieieeeeee e 112
28-Lead SSOP ..o 113
Paging, Program Memory ........ccoceeviieeeiiiiie e 16

PCFGO bit
PCFG1 bit
PCFG2 bit
PCL RegiSter ....ccoioiiiiiiiiiiie et
PCLATH ettt
PCLATH Register .. .
PCON REQISLEr ....cuviiiiiiiiiiie et
PD Dit ottt
PICDEM-1 Low-Cost PIC16/17 Demo Board ....
PICDEM-2 Low-Cost PIC16CXX Demo Board

PICMASTER™ RT In-Circuit Emulator ...........ccccovviinens
PICSTART™ Low-Cost Development System ...
PIET REQISIEr ..t 12
Pin Functions
MCLRB/VPP ettt e 4
OSCA/CLKIN .ot 4
OSC2/CLKOUT ..ottt 4

RAO/AND ....ccoiiiiiiiiiii s 4
RAT/ANT s 4
RA2/ANZ ... 4

RAS/ANSB/VIES ..o 4

RAATOCKI ettt 4
RAB/ANA/SS ..ot 4
(21210711 1 4
RBT ettt ettt ettt 4
RB2 ..ottt ettt 4

RCO/T10SO/T1CKI .
RCA/TIOSI ..o
RC2/CCPT ..o
RC3/SCK/SCL ..
RCA4/SDI/SDA .....ocoiiiiiiiiiiicc s

Pinout Descriptions

PICTBCT2 ..ot 4
PICIBCRT2 ..o 4
PIRT ReGISter .....oooiiiiiiiiieiic et 13

POR .o ... 63, 64
Oscillator Start-up Timer (OST) ... .... 59, 63
Power Control Register (PCON) .......ccccceeviiinininenne. 64

Power-on Reset (POR) ................ .... 59, 65
Power-up Timer (PWRT) ... ..59
Power-Up-Timer (PWRT) .. ...63
Time-out SEqUENCE .......cccviriieiiiiiie e 64
TO

POR bit

Port RB INtErrupt ........cccoociiiiiiiieicecieeeeecee e

PORTA e

PORTA Register . .
PORTB ..ottt et
PORTB REQIStEr ..c.eeiiieiiiiiiie e
PORTC
PORTC REQGIStEr ...c..viiiiiiiiciie ettt
Power-down Mode (SLEEP) .......ccccooiiiiiiiiiiiiinieeeeeie 71
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Timing Diagrams

A/D Conversion

Brown-out Reset
Capture/Compare/PWM .........ccccoviiiiiiiiniiiniieeieeens
CLKOUT and /O ....ooeeeiieiieeiesieeee e
External Clock Timing ....
[PC BUS DALA ..eooereereeeee et
[2C Bus Start/Stop Dits ..........cocoveverveeeeereeerereeereneenen.
I°C Reception (7-bit Address) ..
Power-up TimMer ...
RESEL ...
Start-up Timer ...
TIMEI0 i
TIMEIT e

Wake-up from Sleep via Interrupt ... 72
Watchdog Timer ........cccceecvieiiennene ....86
TMR1CS bit ....coovveeee 27
TMRTH REQIStEI ...t 7

TMRA1IE bit ..
TMR1IF bit ............ ...13
TMRTL ReQISter .. 7
TMR1ON bit .......

TMR2 RIS ..ottt 7
TMR2IE Dit .o 12
TMR2IF DIt ..o 13
TMR20N bit .... ... 32
L 1 S TP
TOUTPSO bit

TOUTPSH1 bit
TOUTPS2 bit
TOUTPSS bit
TRISA Register
TRISB Register

TRISC REGISEr et 8, 23
U

U A s 40, 43
Update Address bit, UA ... 40, 43
w

Wake-up from SLEEP .......cccoooiiiiiiiiie e 71
Watchdog Timer (WDT) .. ...59,61,64,70
WEOOL ittt 41, 44
WDT e e s 64

Block Diagram ... ... 70
TIMEOUL oo 65
Write Collision Detect bit, WCOL ........cececvvveeviveeeiinnne 41, 44
Y4
A o | USSR 9
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families 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
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is 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
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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