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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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PIC16C72 Series

TABLE 1-1 PIC16C72/CR72 PINOUT DESCRIPTION
Pin Name Pin# vorp Buffer Description
Type Type

OSC1/CLKIN 9 | ST/cMOS® |Oscillator crystal input/external clock source input.

OSC2/CLKOUT 10 (0] — Oscillator crystal output. Connects to crystal or resonator in crystal
oscillator mode. In RC mode, the OSC2 pin outputs CLKOUT which
has 1/4 the frequency of OSC1, and denotes the instruction cycle rate.

MCLR/VPP 1 P ST Master clear (reset) input or programming voltage input. This pin is an
active low reset to the device.

PORTA is a bi-directional I/O port.

RAO/ANO 2 I/0 TTL RAO can also be analog inputO.

RA1/AN1 3 I/0 TTL RA1 can also be analog input1.

RA2/AN2 4 I/0 TTL RA2 can also be analog input2.

RA3/ANS3/VREF 5 1/0 TTL RAS3 can also be analog input3 or analog reference voltage

RA4/TOCKI 6 1/0 ST RA4 can also be the clock input to the Timer0 module. Output is

open drain type.

RA5/SS/AN4 7 1/0 TTL RAS5 can also be analog input4 or the slave select for the

synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 21 1/0 TTL/STM) RBO can also be the external interrupt pin.

RB1 22 110 TTL

RB2 23 110 TTL

RB3 24 110 TTL

RB4 25 1/0 TTL Interrupt on change pin.

RB5 26 1/0 TTL Interrupt on change pin.

RB6 27 1/0 TTL/STR Interrupt on change pin. Serial programming clock.

RB7 28 1/0 TTL/STR Interrupt on change pin. Serial programming data.

PORTC is a bi-directional 1/0 port.

RCO0/T10SO/T1CKI 11 110 ST RCO can also be the Timer1 oscillator output or Timer1 clock

input.

RC1/T10SI 12 1/0 ST RC1 can also be the Timer1 oscillator input.

RC2/CCP1 13 1/0 ST RC2 can also be the Capture1 input/Compare1 output/PWM1

output.

RC3/SCK/SCL 14 I/0 ST RC3 can also be the synchronous serial clock input/output for both

SPI and 1°C modes.

RC4/SDI/SDA 15 1/0 ST RC4 can also be the SPI Data In (SPI mode) or

data I/0 (I°C mode).

RC5/SDO 16 1/0 ST RC5 can also be the SPI Data Out (SPI mode).

RC6 17 110 ST

RC7 18 110 ST

Vss 8,19 P — Ground reference for logic and 1/O pins.

VDD 20 P — Positive supply for logic and I/O pins.

Legend: | =input O = output 1/0 = input/output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger 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.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16C72 Series

2.2.2  SPECIAL FUNCTION REGISTERS sets (core and peripheral). Those registers associated

) ) ) ) with the “core” functions are described in this section,
The Special Function Registers are registers used by and those related to the operation of the peripheral fea-

the CPU and Peripheral Modules for controlling the tures are described in the section of that peripheral fea-
desired operation of the device. These registers are ture.

implemented as static RAM.

The special function registers can be classified into two
TABLE 2-1 SPECIAL FUNCTION REGISTER SUMMARY

Value on: | Value on all
Address |Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, other resets
BOR 3)
Bank 0
00h(" INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000|0000 0000
01h TMRO Timer0 module’s register XXXX XXXX [ Uuuu uuuu
02hM  |pCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
o3n™M  [STATUS IRP®) ‘ RP1(4) ‘ RPO ‘ TO | PD | z | DC | c 0001 1xxx |000g quuu
04h() FSR Indirect data memory address pointer XXXX XXXX [ Uuuu uuuu
05h PORTA — ‘ — ‘ PORTA Data Latch when written: PORTA pins when read --0x 0000 | --0u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX | uuuu uuuu
08h — Unimplemented — —
09h — Unimplemented — —
0AN(12) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
0Bh("  |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x [ 0000 000u
0Ch PIR1 — ADIF — — SSPIF CCP1IF TMR2IF TMR1IF | -0-- 0000 |-0-- 0000
0Dh — Unimplemented — —
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [Uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [ UUuu uuuu
10h  |T1CON — | = [rtckpst | Tickpso [ T10SCEN | TISYNG | TMR1CS | TMR1ON | --00 0000 | --uu wuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — ‘ TOUTPS3 ‘ TOUTPS2 ‘ TOUTPSH1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 | -000 0000 | -000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14n  |SSPCON wooL | sspov | ssPeN | ckp | ssms | sspmz | sspmi | ssPMo | o000 00000000 0000
15h CCPRI1L Capture/Compare/PWM Register (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H Capture/Compare/PWM Register (MSB) XXXX XXXX | uuuu uuuu
17n  [CCP1CON — | = | corix | ccpiy | copims | copimz | copimt | copimo | --00 0000 | --00 o000
18h-1Dh — Unimplemented — —
1Eh ADRES A/D Result Register XXXX XXXX | uuuu uuuu
1Fh ADCONO ADCSH ‘ ADCSO0 ‘ CHS2 ‘ CHS1 | CHSO0 | GO/W| — | ADON | 0000 00-0 [ 0000 00-0

Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0".
Shaded locations are unimplemented, read as ‘0.
Note 1: These registers can be addressed from either bank.
2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con-
tents are transferred to the upper byte of the program counter.
3: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
The IRP and RP1 bits are reserved on the PIC16C72/CR72. Always maintain these bits clear.
5: SSPSTAT<7:6> are not implemented on the PIC16C72, read as '0'.

»
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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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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (=1) will make the corresponding PORTB pin
an input, i.e., put the corresponding output driver in a
hi-impedance mode. Clearing a TRISB bit (=0) will
make the corresponding PORTB pin an output, i.e., put
the contents of the output latch on the selected pin.

EXAMPLE 3-1: INITIALIZING PORTB

BCF STATUS, RPO ;
CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW O0xCF ; Value used to
; initialize data
; direction
MOVWF TRISB ; Set RB<3:0> as inputs

; RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION<7>). The weak
pull-up is automatically turned off when the port pin is
configured as an output. The pull-ups are disabled on a
Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF

RB3:RBO PINS
Voo
RBPU®) weak
—9 HE
Data bus Data Latch
D Q —<
WR Port /0
CK ' pint
TRIS Latch
D
Q TTL
Input
WRTRIS CK™Y} Buffer 7
[
RD TRIS
\/II\‘ Q D
RD Port EN
RBO/INT g
X
Schmitt Trigger | RD Port
Buffer
Note 1: 1/0 pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION<7>).

Four of PORTB’s pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change Inter-
rupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition, and
allow flag bit RBIF to be cleared.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

FIGURE 3-4: BLOCK DIAGRAM OF

RB7:RB4 PINS
VbD
RBRU® weak
—9 R
Data bus Data Latch
o o I3 =
I/0
WR Port CK_\_ pin“)
TRIS Latch
D Q
WR TRIS TTL
CK N Input 7 :\7
Buffer ST
< y Buffer
RD TRIS Latch
pd Q D
RD Port EN Q1
Set RBIF
From other é Q D
RB7:RB4 pins RD Port
EN
Q3
RB7:RB6 in serial programming mode
Note 1: 1/0 pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION<7>).

© 1998-2013 Microchip Technology Inc.
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FIGURE 5-2: TIMER1 BLOCK DIAGRAM

Set flag bit
TMR1IF on
Overflow 0 Synchronized
TMR1 clock input
TMR1H ‘ TMRIL .
1|—
TMR10ON
-------- on/off T1SYNC
' T10SC |
RCO/T10SO/T1CKI E —— @ 1 S
: | Prescaler ynehronize| |
T10SCEN Fosc/4 2, 4, _/_det
CA/T10S gna_lﬁle,; () Internal— 0 } I
RC1/T10SI scillator
Clock 2 SLEEP input

________ T1CKPS1:T1CKPSO
TMR1CS

Note 1: When the TIOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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7.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair

721 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

value. When a match occurs, the RC2/CCP1 pin is: Note: Clearing the CCP1CON register will force
e driven High the RC2/CCP1 compare output latch to the
e driven Low default low level. This is not the data latch.
* remains Unchanged 722  TIMER1 MODE SELECTION

The action on the pin is based on the value of control
bits CCP1M3:CCP1M0O (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 7-3: COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

reset Timer1, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCON0<2>)

which starts an A/D conversion

Special Event Trigger

Set flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPR1L
TMR1H | TMR1L

[ | Output
| | Logic

match

Q
RC2/CCP1
Pin

TRISC<2>
Output Enable

CCP1CON<3:0>
Mode Select

Timer1 must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

7.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

724  SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timer1.

The special trigger output of CCP1 resets the TMR1
register pair, and starts an A/D conversion (if the A/D
module is enabled).

Note:

The special event trigger from the CCP1
module will not set interrupt flag bit
TMR1IF (PIR1<0>).

TABLE 7-2 REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

Value on: | Value on
Address |[Name Bit7 Bit6| Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR resets

0Bh,8Bh  [INTCON GIE PEIE| TOIE INTE RBIE TOIF INTF RBIF [0000 000x|0000 000u
0Ch PIR1 M JaDIF| O ™ SSPIF | CCP1IF | TMR2IF | TMR1IF [0000 0000|0000 0000
8Ch PIET M |aDE| O ™ SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000|0000 0000
87h TRISC PORTC Data Direction Register 1111 1111{1111 1111
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX[uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1register XXXX XXXX[uuuu uuuu
10h T1CON — | — |11cKPs1[T1CKPS0|T1OSCEN|TTSYNG | TMR1CS [ TMR1ON| --00 0000/ --uu uuuu
15h CCPR1L |Capture/Compare/PWM register1 (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM register1 (MSB) XXXX XXXX|uuuu uuuu
17h ccPicoN| — | — |ccpix [ccP1y  [cCP1M3 |CCP1M2|CCPIMT [CCPIMO [ --00 0000 --00 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by Capture and Timer1.
Note 1:  These bits/registers are unimplemented, read as '0'.

© 1998-2013 Microchip Technology Inc.
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8.2 SPI Mode for PIC16C72

This section contains register definitions and opera-
tional characteristics of the SPI module on the
PIC16C72 device only.

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

FIGURE 8-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h) (PIC16C72)
U-0 U-0 R-0 R-0 R-0 R-0 R-0 R-0
| — | — | oA P | s | RW | UA | BF | |R=Readablebit
bit7 bito | W = Writable bit
U = Unimplemented bit, read
as ‘0o’
- n =Value at POR reset

bit 7-6: Unimplemented: Read as '0'

Receive (SPI and 1°C modes)
1 = Receive complete, SSPBUF is full

Transmit (1°C mode only)
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty

0 = Receive not complete, SSPBUF is empty

bit 5:  D/A: Data/Address bit (I°C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4:  P: Stop bit (I2C mode only. This bit is cleared when the SSP module is disabled, SSPEN is cleared)
1 = Indicates that a stop bit has been detected last (this bit is '0' on RESET)
0 = Stop bit was not detected last
bit 3: S: Start bit (1°C mode only. This bit is cleared when the SSP module is disabled, SSPEN is cleared)
1 = Indicates that a start bit has been detected last (this bit is '0' on RESET)
0 = Start bit was not detected last
bit 2:  R/W: Read/Write bit information (12C mode only)
This bit holds the R/W bit information following the last address match. This bit is valid from the address
match to the next start bit, stop bit, or ACK bit.
1 =Read
0 = Write
bit 1:  UA: Update Address (10-bit °C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0:  BF: Buffer Full Status bit

DS39016B-page 40
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FIGURE 8-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h) (PIC16C72)

RW-0 RW-0 RW-0 RW-0 RW-O0 RW-0 RW-O0 R/W-O0
| wcoL | ssPovV [ SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | |R = Readable bit
bit7 bito | W =Writable bit
U = Unimplemented bit, read
as ‘0’
- n =Value at POR reset
bit 7: WCOL: Write Collision Detect bit
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision
bit 6: SSPOV: Receive Overflow Detect bit
In SPI mode
1 = A new byte is received while the SSPBUF register is still holding the previous data. In case of overflow,
the data in SSPSR register is lost. Overflow can only occur in slave mode. The user must read the SSP-
BUF, even if only transmitting data, to avoid setting overflow. In master operation, the overflow bit is not
set since each new reception (and transmission) is initiated by writing to the SSPBUF register.
0 = No overflow
In 12C mode
1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPQOV is a "don’t care"
in transmit mode. SSPOV must be cleared in software in either mode.
0 = No overflow
bit 5: SSPEN: Synchronous Serial Port Enable bit
In SPI mode
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/O port pins
In 12C mode
1 = Enables the serial port and configures the SDA and SCL pins as serial port pins
0 = Disables serial port and configures these pins as 1/0O port pins
In both modes, when enabled, these pins must be properly configured as input or output.
bit 4:  CKP: Clock Polarity Select bit
In SPI mode
1 = Idle state for clock is a high level. Transmit happens on falling edge, receive on rising edge.
0 = Idle state for clock is a low level. Transmit happens on rising edge, receive on falling edge.
In 12C mode
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch) (Used to ensure data setup time)
bit 3-0: SSPM3:SSPMO: Synchronous Serial Port Mode Select bits
0000 = SPI master operation, clock = Fosc/4
0001 = SPI master operation, clock = Fosc/16
0010 = SPI master operation, clock = Fosc/64
0011 = SPI master operation, clock = TMR2 output/2
0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin.
0110 = I2C slave mode, 7-bit address
0111 = I2C slave mode, 10-bit address
1011 = I2C firmware controlled master operation (slave idle)
1110 = I2C slave mode, 7-bit address with start and stop bit interrupts enabled
1111 = I%C slave mode, 10-bit address with start and stop bit interrupts enabled
8.2.1 OPERATION OF SSP MODULE IN SPI A block diagram of the SSP Module in SPI Mode is

MODE - PIC16C72 shown in Figure 8-3.
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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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10.2 Oscillator Configurations

10.2.1  OSCILLATOR TYPES

The PIC16CXXX family can be operated in four differ-
ent oscillator modes. The user can program two config-
uration bits (FOSC1 and FOSCO) to select one of these
four modes:

e LP Low Power Crystal
o XT Crystal/Resonator
e HS High Speed Crystal/Resonator
e RC Resistor/Capacitor

10.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 10-2). The
PIC16CXXX family oscillator design requires the use of
a parallel cut crystal. Use of a series cut crystal may
give a frequency out of the crystal manufacturers spec-
ifications. When in XT, LP or HS modes, the device can
have an external clock source to drive the OSC1/
CLKIN pin (Figure 10-3).

FIGURE 10-2: CRYSTAL/CERAMIC
RESONATOR OPERATION

(HS, XT ORLP
OSC CONFIGURATION)
C|1(1) 0SCH DO_;
' l To
R internal
1 XTAL :g:RF(s) logic
= 0sC2 - SLEEP
Rs@
caoM PIC16CXXX
Note1: See Table 10-1 and Table 10-2 for recom-
mended values of C1 and C2.
2: A series resistor (RS) may be required for
AT strip cut crystals.
3: RF varies with the crystal chosen.

FIGURE 10-3: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR LP
OSC CONFIGURATION)

Clock from ~>@—> 0SC1
ext. system PIC16CXXX

Open .«—— OSC2

TABLE 10-1 CERAMIC RESONATORS
Ranges Tested:
Mode Freq 0SC1 0SC2

XT 455 kHz 68 - 100 pF |68 - 100 pF
2.0 MHz 15 - 68 pF 15 - 68 pF
4.0 MHz 15 - 68 pF 15 - 68 pF

HS 8.0 MHz 10 - 68 pF 10 - 68 pF
16.0 MHz |10 - 22 pF 10 - 22 pF

These values are for design guidance only. See
notes at bottom of page.

Resonators Used:

455 kHz | Panasonic EFO-A455K04B |+ 0.3%
2.0 MHz |Murata Erie CSA2.00MG +0.5%
4.0 MHz |Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murata Erie CSA8.00MT +0.5%
16.0 MHz | Murata Erie CSA16.00MX |+ 0.5%
All resonators used did not have built-in capacitors.
TABLE 10-2 CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type Cp::;al Cap.cR1ange Cap.cl:'-tzange
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF

These values are for design guidance only. See
notes at bottom of page.

Crystals Used

32 kHz Epson C-001R32.768K-A +20 PPM
200 kHz STD XTL 200.000KHz +20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 + 50 PPM
8 MHz EPSON CA-301 8.000M-C + 30 PPM
20 MHz EPSON CA-301 20.000M-C | +30 PPM

Note 1: Recommended values of C1 and C2 are

identical to the ranges tested (Table 10-1).

2: Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

3: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appropri-
ate values of external components.

4: Rs may be required in HS mode as well as
XT mode to avoid overdriving crystals with

low drive level specification.
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10.13 Power-down Mode (SLEEP)

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

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The I/O ports maintain the status they had,
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/0O pins at either VDD, or VSS, ensure no external cir-
cuitry is drawing current from the 1/O pin, power-down
the A/D, disable external clocks. Pull all I/O pins, that
are hi-impedance inputs, high or low externally to avoid
switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should be considered.

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

10.13.1 WAKE-UP FROM SLEEP

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

1. External reset input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change, or some
Peripheral Interrupts.

External MCLR Reset will cause a device reset. All
other events are considered a continuation of program
execution and cause a "wake-up". The TO and PD bits
in the STATUS register can be used to determine the
cause of device reset. The PD bit, which is set on
power-up, is cleared when SLEEP is invoked. The TO
bit is cleared if a WDT time-out occurred (and caused
wake-up).

The following peripheral interrupts can wake the device
from SLEEP:

1. TMR1 interrupt. Timer1 must be operating as
an asynchronous counter.

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SPI/I2C).
CCP capture mode interrupt.

A/D conversion (when A/D clock source is RC).

Special event trigger (Timer1 in asynchronous
mode using an external clock).

o gk~ wbh
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13.0 ELECTRICAL CHARACTERISTICS - PIC16C72 SERIES

Absolute Maximum Ratings t

Parameter PIC16C72 PIC16CR72
Ambient temperature under bias -55to +125°C -55to +125°C
Storage temperature -65°C to +150°C -65°C to +150°C
Voltage on any pin with respect to Vss (except VDb, MCLR, and RA4) | -0.3V to (VDD + 0.3V) | -0.3V to (VDD + 0.3V)
Voltage on VDD with respect to Vss -0.3to +7.5V TBD
Voltage on MCLR with respect to Vss (Note 1) -0.3 to +14V TBD
Voltage on RA4 with respect to Vss -0.3 to +14V TBD
Total power dissipation (Note 2) 1.0W 1.0W
Maximum current out of VSS pin 300 mA 300 mA
Maximum current into VDD pin 250 mA 250 mA
Input clamp current, lik (VI < 0 or VI > VDD) +20 mA +20 mA
Output clamp current, IOK (Vo < 0 or VO > VDD) +20 mA +20 mA
Maximum output current sunk by any I/O pin 25 mA 25 mA
Maximum output current sourced by any I/O pin 25 mA 25 mA
Maximum current sunk by PORTA and PORTB (combined) 200 mA 200 mA
Maximum current sourced by PORTA and PORTB (combined) 200 mA 200 mA
Maximum current sunk by PORTC 200 mA 200 mA
Maximum current sourced by PORTC 200 mA 200 mA

pin directly to Vss.

1. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling this

2. Power dissipation is calculated as follows: Pdis = VDD x {IDD - X loH} + > {(VDD - VOH) x IoH} + > (VoI x loL).

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at those or any other conditions above those indicated in the operation list-
ings of this specification is not implied. Exposure to maximum rating conditions for extended periods may affect device reliability.
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TABLE 13-1 CROSS REFERENCE OF DEVICE SPECS (PIC16C72) FOR OSCILLATOR
CONFIGURATIONS AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
0osC PIC16C72-04 PIC16C72-10 PIC16C72-20 PIC16LC72-04 JW Devices
VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VbD: 2.5V to 6.0V VDD: 4.0V to 6.0V
RC IbD: 5 mA max. at 5.5V IbD: 2.7 mAtyp.at5.5V |IDD: 2.7 mAtyp.at5.5V |IbD: 3.8 mA max. at 3.0V |IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 1.5 A typ. at 4V IPD: 1.5 pA typ. at 4V IPD: 5.0 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V VbD: 2.5V to 6.0V VDD: 4.0V to 6.0V
XT IbD: 5 mA max. at 5.5V IbD: 2.7 mAtyp.at5.5V |IDD: 2.7 mAtyp.at5.5V |[IDD: 3.8 mA max. at3.0V | IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 1.5 pAtyp. at 4V IPD: 5.0 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V
HS Ibb: 13.5 mAtyp. at5.5V | IbD: 10 mA max. at 5.5V | IDD: 20 mA max. at 5.5V | Not recommended for use | IDD: 20 mA max. at 5.5V
IPD: 1.5 uAtyp.at4.5V |IpD: 1.5pAtyp.at4.5V |IPD: 1.5 pA typ. at 4.5V in HS mode IPD: 1.5 pA typ. at 4.5V
Freq: 4 MHz max. Freq: 10 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
VDD: 4.0V to 6.0V VbD: 2.5V to 6.0V VbD: 2.5V to 6.0V
IbD: 52.5 pA typ. at IDD: 48 pA max. at IDD: 48 pA max. at
LP 32 kHz, 4.0V Not 'ecoiT’E‘lfrr‘gngm use | Not recom:ﬁgggor use 32 kHz, 3.0V 32 kHz, 3.0V
IPD: 0.9 pA typ. at 4.0V IPD: 5.0 pA max. at 3.0V | IPD: 5.0 pA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications.
It is recommended that the user select the device type that ensures the specifications required.

TABLE 13-2 CROSS REFERENCE OF DEVICE SPECS (PIC16CR72) FOR OSCILLATOR
CONFIGURATIONS AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
0sC PIC16CR72-04 PIC16CR72-10 PIC16CR72-20 PIC16LCR72-04 JW Devices
VDD: 4.0V to 5.5V VbD: 4.5V to 5.5V VbD: 4.5V to 5.5V VbD: 2.5V to 5.5V VDD: 4.0V to 5.5V
RC IbD: 5 mA max. at 5.5V IbD: 2.7 mAtyp.at5.5V |IDD: 2.7 mAtyp.at5.5V |[IbD: 3.8 mA max. at 3.0V |IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 1.5 pA typ. at 4V IPD: 5.0 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.0V to 5.5V VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V Vbp: 2.5V to 5.5V VDD: 4.0V to 5.5V
XT IbD: 5 mA max. at 5.5V IbD: 2.7 mAtyp.at5.5V |IDD: 2.7 mAtyp.at5.5V |[IbD: 3.8 mA max. at 3.0V |IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 1.5 pA typ. at 4V IPD: 5.0 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V VbD: 4.5V to 5.5V
HS IbD: 13.5 mA typ. at 5.5V | IbD: 10 mA max. at 5.5V | IDD: 20 mA max. at 5.5V | Not recommended for use | IDD: 20 mA max. at 5.5V
IPD: 1.5pAtyp.at4.5V |Ipp: 1.5 pAtyp.at4.5V  [IPD: 1.5 pA typ. at 4.5V in HS mode IPD: 1.5 pA typ. at 4.5V
Freq: 4 MHz max. Freq: 10 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
VDD: 4.0V to 5.5V VbD: 2.5V to 5.5V VbD: 2.5V to 5.5V
IDD:  52.5 pA typ. at IDD: 48 pA max. at IbD: 48 pA max. at
LP 32 kHz, 4.0V Not ’ecoirr:"[‘;’;r‘fggor use | Not rec"ig"i‘smgg;” use 32 kHz, 3.0V 32 kHz, 3.0V
IPD: 0.9 pA typ. at 4.0V IPD: 5.0 pA max. at 3.0V | IpD: 5.0 pA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications.
It is recommended that the user select the device type that ensures the specifications required.
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13.4 Timing Parameter Symbology

The timing parameter symbols have been created fol-
lowing one of the following formats:

1. TppS2ppS 3. Tce:sT (12C specifications only)
2. TppS 4. Ts (I°C specifications only)
T

F Frequency T Time
Lowercase letters (pp) and their meanings:

pp

cc CCPA1 osc OSCH1

ck CLKOUT rd RD

cs CS rw RD or WR

di SDI sC SCK

do SDO ss Ss

dt Data in t0 TOCKI

io I/0 port t1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:

S

F Fall P Period

H High R Rise

| Invalid (Hi-impedance) \Y Valid

L Low Zz Hi-impedance
I2C only

AA output access High High

BUF Bus free Low Low

Tce:sT (I°C specifications only)

CcC

HD Hold SuU Setup

ST

DAT DATA input hold STO STOP condition
STA START condition

FIGURE 13-1: LOAD CONDITIONS

Load condition 1

VDD/2

RL

: —_—CL
Pin T
Vss
RL = 464Q
CL = 50pF for all pins except OSC2

15 pF  for OSC2 output

Load condition 2

CL

Vss
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FIGURE 13-14: A/D CONVERSION TIMING

BSF ADCONoO, GO 1Tecy -

134 —» (1) :
<— (Tosc/2) 131 .
Q4 | ) . X

I — 130 '«——

-

A/D CLK <1320, -

A/D DATA T X7 X e Xs X e Xs X2 X1 X o )X
ADRES OLD_DATA X NEW_DATA.
ADIF |
co N | oo |

SAMPLE SAMPLING STOPPED

Note 1: If the A/D clock source is selected as RC, a time of TCY is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 13-13 A/D CONVERSION REQUIREMENTS

Pilr:m Sym Characteristic Min Typt Max | Units Conditions
130 | TaD A/D clock period| PIC16C72/LCR72 1.6 — — pus | Tosc based, VREF > 2.5V
PIC16LC72/LCR72 2.0 — — us | Tosc based, VREF full range
PIC16C72/LCR72 2.0 4.0 6.0 pus | A/D RC Mode
PIC16LC72/LCR72 2.5 6.0 9.0 pus | A/D RC Mode
131 | Tcnv | Conversion time — 9.5 — TAD
(not including S/H time) (Note 1)
132 | TAca | Acquisition time Note 2 20 — us
5% — — pus | The minimum time is the amplifier
settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 | Tgo | Q4 to A/D clock start — Tosc/2 § — — | Ifthe A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert —» sample time| 15§ — — TAD

*  These parameters are characterized but not tested.
1  Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
§  This specification ensured by design.
Note 1: ADRES register may be read on the following TcY cycle.
Note 2: See Section 9.1 for min conditions.
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PIC16C72

FIGURE 14-3: TYPICAL IPD vs. VDD @ 25°C
(WDT ENABLED, RC MODE)
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FIGURE 14-5: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD

FIGURE 14-4: MAXIMUM IpD vs. VDD (WDT
ENABLED, RC MODE)
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Shaded area is beyond recommended range.
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FIGURE 14-6: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD

Fosc (MHz)

Cext = 100 pF, T = 25°C
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FIGURE 14-7: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD

Fosc (kHz)

Cext = 300 pF, T = 25°C
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FIGURE 14-16: TYPICAL Ipp vs. FREQUENCY (RC MODE @ 300 pF, 25°C)
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FIGURE 14-17: MAXIMUM Ipbp vs. FREQUENCY (RC MODE @ 300 pF, -40°C TO 85°C)
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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

[t — £ —
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[~at—
p ettt e P S g

(
* A B A R R I BT R R R LT

1 Jay

~
‘:esﬁllc AH ‘AH\:? 4 0 pLLF

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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NOTES:
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