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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

2221 STATUS REGISTER

The STATUS register, shown in Figure 2-3, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any status bits, see the
"Instruction Set Summary."

Note 1: These devices do not use bits IRP and
RP1 (STATUS<7:6>). Maintain these bits
clear to ensure upward compatibility with
future products.

Note 2: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-

traction. See the SUBLW and SUBWF

instructions for examples.

FIGURE 2-3: STATUS REGISTER (ADDRESS 03h, 83h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
L mr | R | RO | TO | PO | z | pbc | ¢ R = Readable bit

bit7 bito | W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)

1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (00h - FFh)
bit 6-5:
11 = Bank 3 (180h - 1FFh)
10 =Bank 2 (100h - 17Fh)
01 =Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)

the source register.

RP1:RPO: Register Bank Select bits (used for direct addressing)

Each bank is 128 bytes. For devices with only Bank0 and Bank1, the IRP bit is reserved. Always maintain

DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow the polarity is reversed)

this bit clear.
bit 4:  TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 =A WDT time-out occurred
bit 3:  PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2. Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1:
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0:  C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the most significant bit of the result occurred

0 = No carry-out from the most significant bit of the result occurred

Note: For borrow the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order bit of

© 1998-2013 Microchip Technology Inc.
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PIC16C72 Series

2222

The OPTION_REG register is a readable and writable
register which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single assign-

OPTION_REG REGISTER

Note:

To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

able register known also as the prescaler), the External
INT Interrupt, TMRO, and the weak pull-ups on PORTB.

FIGURE 2-4: OPTION_REG REGISTER (ADDRESS 81h)

bit 6:

bit 5:

bit 4:

bit 3:

bit 2-0:

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

RW-1  RW-1  RW-1  RW-1 RW-1  RW-1 RMW-1  RM-
| RBPU | INTEDG | Tocs | TosE | PsA | pPs2 | pPst | Pso | [R =Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit 7: RBPU: PORTB Pull-up Enable bit

DS39016B-page 10 Preliminary
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PIC16C72 Series

2223 INTCON REGISTER

Note:
The INTCON Register is a readable and writable regis-

ter which contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

Interrupt flag bits get set when an interrupt
condition occurs regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

FIGURE 2-5: INTCON REGISTER (ADDRESS 0Bh, 8Bh)

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

R/W-x

| g | Peie | ToE | INTE | RBIE | TOoIF | INTF | RBIF | [R =Readable bit

bit7

bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6:  PEIE: Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5:  TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4: INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3:  RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2:  TOIF: TMRO Overflow Interrupt Flag bit

0 = TMRO register did not overflow
bit 1:  INTF: RBO/INT External Interrupt Flag bit

0 = The RBO/INT external interrupt did not occur
bit 0:  RBIF: RB Port Change Interrupt Flag bit

0 = None of the RB7:RB4 pins have changed state

1 = TMRO register has overflowed (must be cleared in software)

1 =The RBO/INT external interrupt occurred (must be cleared in software)

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)

pito |W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

© 1998-2013 Microchip Technology Inc. Preliminary

DS39016B-page 11



PIC16C72 Series

2.3.1 STACK

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Midrange devices have an 8 level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on). An example of the overwriting of the stack is
shown in Figure 2-10.

FIGURE 2-10: STACK MODIFICATION

STACK

—+Pusht Push9
Push2 Push10 €—— Top of STACK
Push3
Push4
Push5
Push6
Push7
Push8

2.4 Program Memory Paging

The cALL and GOTO instructions provide 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).

Note: PIC16C72 Series devices ignore paging
bit PCLATH<4>. The use of PCLATH<4>
as a general purpose read/write bit is not
recommended since this may affect

upward compatibility with future products.
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PIC16C72 Series

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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PIC16C72 Series

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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PIC16C72 Series

The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

¢ Serial Data Out (SDO) RC5/SDO
¢ Serial Data In (SDI) RC4/SDI/SDA
* Serial Clock (SCK) RC3/SCK/SCL

Additionally a fourth pin may be used when in a slave
mode of operation:

* Slave Select (SS) RA5/SS/AN4

When initializing the SPI, several options need to be

specified. This is done by programming the appropriate

control bits in the SSPCON register (SSPCON<5:0>).

These control bits allow the following to be specified:

¢ Master Operation (SCK is the clock output)

» Slave Mode (SCK is the clock input)

¢ Clock Polarity (Output/Input data on the Rising/
Falling edge of SCK)

* Clock Rate (master operation only)

» Slave Select Mode (Slave mode only)

To enable the serial port, SSP enable bit SSPEN

(SSPCON<5>) must be set. To reset or reconfigure SPI

mode, clear enable bit SSPEN, re-initialize SSPCON

register, and then set enable bit SSPEN. This config-

ures the SDI, SDO, SCK, and SS pins as serial port

pins. For the pins to behave as the serial port function,

they must have their data direction bits (in the TRIS reg-

FIGURE 8-3: SSP BLOCK DIAGRAM
(SPI MODE)
< Internal
data bus
Read Write
SSPBUF reg

SSPM3:SSPMO

.—»—* b | SSPSR reg '—»
RC4/SDI/SDA bit0 shift
E /I clock
RC5/SDO \TJ
SS Control
Enable
RA5/SS/AN4 Edge
Select

Clock Select

TMR2 output
2

. . . Edge
ister) appropriately programmed. That is: % ' Soloct
Prescaler| Tcy
¢ SDI must have TRISC<4> set RC3/SCK/ 4,16,64 [
¢ SDO must have TRISC<5> cleared SCL
¢ SCK (master operation) must have TRISC<3> TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set
e SS must have TRISA<5> set (if implemented)
TABLE 8-1 REGISTERS ASSOCIATED WITH SPI OPERATION

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR resets

0Bh,8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
0Ch PIR1 U ADIF V) (| SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
8Ch PIET M ADIE ) (| SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
87h TRISC PORTC Data Direction Register 1111 1111 (1111 1111
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON | WCOL |SSPOV |SSPEN| CKP |SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
94h SSPSTAT| — — | oA | p | s [ mw | ua | BF |--00 0000|--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the SSP in SPI mode.
Note 1:  These bits are unimplemented, read as '0'.
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PIC16C72 Series

8.3 SPI Mode for PIC16CR72 Additional information on SPI operation may be found
in the PIC® Mid-Range MCU Reference Manual,
This section contains register definitions and opera- DS33023.

tional characteristics of the SPlI module on the
PIC16CR72 device only.

FIGURE 8-4: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h) (PIC16CR72)

RW-0 RW-0 R-0 R-0 R-0 R-0 R-0 R-0
\ SMP \ CKE \ D/A | P \ S R/W UA \ BF \ R = Readable bit
U = Unimplemented bit, read
as ‘0’

- n =Value at POR reset

bit 7: SMP: SPI data input sample phase
SPI Master Operation
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave Mode
SMP must be cleared when SPI is used in slave mode

bit 6: CKE: SPI Clock Edge Select
CKP=0
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP =1
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

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 (IZC mode only. This bit is cleared when the SSP module is disabled, or when the Start bit is
detected last, 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 (IZC mode only. This bit is cleared when the SSP module is disabled, or when the Stop bit is
detected last, 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 (IZC mode only)
This bit holds the R/W bit information following the last address match. This bit is only 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 I°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

Receive (SPI and I2C modes)
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

Transmit (I°C mode only)
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty
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9.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 9-4. The source
impedance (RS) and the internal sampling switch (RSS)
impedance directly affect the time required to charge
the capacitor CHOLD. The sampling switch (RsSS)
impedance varies over the device voltage (VDD). The
source impedance affects the offset voltage at the ana-
log input (due to pin leakage current). The maximum
recommended impedance for analog sources is 10
kQ. After the analog input channel is selected
(changed) this acquisition must be done before the
conversion can be started.

FIGURE 9-4: ANALOG INPUT MODEL

To calculate the minimum acquisition time, TACQ, see
the PIC® Mid-Range MCU Reference Manual,
DS33023. This equation calculates the acquisition time
to within 1/2 LSb error (512 steps for the A/D). The 1/2
LSb error is the maximum error allowed for the A/D to
meet its specified accuracy.

VbD
Sampling
A VT =06V , Switch
. Rs ' ANx Rc<1ik +SS Rss:
| I cem | | Lo CHOLD
! I PIN _L. - = DAC capacitance
@ | leakage - p
N - o VT=06V (§ )1500 nA =512 pF
= Vss
Legend CPIN = input capacitance
\'A) = threshold voltage g¥
| leakage = leakage current at the pin due to VDD 4V.
various junctions 3V.
Ric = interconnect resistance 2V
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC) 5678910 11
Sampling Switch
(kQ)
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9.2 Selecting the A/D Conversion Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.5TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are:

e 2T0SC
e 8TosC
e 32Tosc
¢ |nternal RC oscillator
For correct A/D conversions, the A/D conversion clock

(TAD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 9-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

9.3 Configuring Analog Port Pins

The ADCONT1, TRISA, and TRISE registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their corresponding
TRIS bits set (input). If the TRIS bit is cleared (output),
the digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs, will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

Note 2: Analog levels on any pin that is defined as
a digital input (including the AN4:ANO
pins), may cause the input buffer to con-
sume current that is out of the devices
specification.

TABLE 9-1 TAD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Device Frequency
Operation ADCS1:ADCS0 20 MHz 5 MHz 1.25 MHz 333.33 kHz
2Tosc 00 100 ns® 400 ns® 1.6 us 6 us
8Tosc 01 400 ns® 1.6 us 6.4 us 24 us®
32Tosc 10 1.6 us 6.4 us 25.6 us® 96 ps®
RC®) 11 2 -6 us(?) 2-6 us(4 2-6 us(4 2-6 pst

Legend: Shaded cells are outside of recommended range.
Note 1: The RC source has a typical TAD time of 4 ps.
2: These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.
4: When device frequency is greater than 1 MHz, the RC A/D conversion clock source is recommended for
sleep operation only.
5: For extended voltage devices (LC), please refer to Electrical Specifications section.

© 1998-2013 Microchip Technology Inc.

Preliminary

DS39016B-page 57




PIC16C72 Series

9.4 A/D Conversions
Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.
9.5 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP1 module. This requires that the
CCP1M3:CCP1MO bits (CCP1CON<3:0>) be pro-
grammed as 1011 and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the

TABLE 9-2

GO/DONE bit will be set, starting the A/D conversion,
and the Timer1 counter will be reset to zero. Timer1 is
reset to automatically repeat the A/D acquisition period
with minimal software overhead (moving the ADRES to
the desired location). The appropriate analog input
channel must be selected and the minimum acquisition
done before the “special event trigger” sets the
GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timer1 counter.

REGISTERS/BITS ASSOCIATED WITH A/D

. . . . . . . . Value on: Value on all
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR,

BOR other Resets
0Bh,8Bh INTCON GIE PEIE | TOIE | INTE | RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
oCh PIR1 — ADIF — — | SSPIF | CCP1IF | TMR2IF | TMR1IF | -0-- 0000 | -0-- 0000
8Ch PIE1 — ADIE — — | SSPIE| CCP1IE | TMR2IE | TMRI1IE | -0-- 0000 | -0-- 0000
1Eh ADRES A/D Result Register XXXX XXXX | UUuu uuuu
1Eh ADCONO | ADCS1 | ADCSO | CHS2 | CHS1 | CHSO | GO/DONE | — ADON | 0000 00-0| 0000 00-0
9Fh ADCONT1 — — — — — PCFG2 | PCFG1 | PCFGO | ---- -000 | ---- -000
05h PORTA — — RA5 | RA4 | RA3 RA2 RA1 RAO | --0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111} --11 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used for A/D conversion.
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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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10.2.3 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RExT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 10-4 shows how the R/C combina-
tion is connected to the PIC16CXXX family.

FIGURE 10-4: RC OSCILLATOR MODE

0SCH1 | Internal
PS AN clock
Ij PIC16CXXX

<
o)
lw)

Rex

AN

Cext J_lz
Vss = -
-+— OSC2/CLKOUT
Fosc/4
Recommended values: 3 kQ < Rext < 100 kQ

Cext > 20pF

10.3 Reset

The PIC16CXXX family differentiates between various
kinds of reset:

¢ Power-on Reset (POR)

* MCLR reset during normal operation
» MCLR reset during SLEEP

¢ WDT Reset (normal operation)

¢ Brown-out Reset (BOR)

Some registers are not affected in any reset condition;
their status is unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR reset during SLEEP, and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different reset situations as indicated in
Table 10-4. These bits are used in software to deter-
mine the nature of the reset. See Table 10-6 for a full
description of reset states of all registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 10-5.

The PIC16C72/CR72 have a MCLR noise filter in the
MCLR reset path. The filter will detect and ignore small
pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.
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11.0 INSTRUCTION SET SUMMARY

Each PIC16CXXX family instruction is a 14-bit word
divided into an OPCODE which specifies the instruc-
tion type and one or more operands which further spec-
ify the operation of the instruction. The PIC16CXXX
family instruction set summary in Table 11-2 lists byte-
oriented, bit-oriented, and literal and control opera-
tions. Table 11-1 shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd' is zero, the result is
placed in the W register. If 'd' is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, 'k' represents an
eight or eleven bit constant or literal value.

TABLE 11-1 OPCODE FIELD
DESCRIPTIONS
Field Description
£ Register file address (0x00 to Ox7F)
W Working register (accumulator)
b Bit address within an 8-bit file register
k Literal field, constant data or label
x Don't care location (= 0 or 1)

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultis d =1
pPC Program Counter
TO Time-out bit
PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

¢ Byte-oriented operations
¢ Bit-oriented operations
¢ Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 ps. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 ps.

Table 11-2 lists the instructions recognized by the
MPASM assembler.

Figure 11-1 shows the general formats that the instruc-
tions can have.

Note: To maintain upward compatibility with
future PIC16CXXX products, do not use
the OPTION and TRIS instructions.

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 11-1: GENERAL FORMAT FOR

INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 109 76 0
OPCODE |b (BIT #)| f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE | k (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

A description of each instruction is available in the PIC®
Mid-Range MCU Family Reference Manual, DS33023.
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16.4 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) (SO)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

— . |
| — —
— —
— |
| — —
| — —
— =
— | D
LI: —
| — —
— =
B — =
— — 2
n— O |= 1 |
KX — t—
oL
45° I L
n . N
C - f k|
[
lJ VA A A
R1 4)/‘ * T
T B — - L1 A2 —
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.050 1.27
Number of Pins n 28 28
Overall Pack. Height A 0.093 0.099 0.104 2.36 2.50 2.64
Shoulder Height A1 0.048 0.058 0.068 1.22 1.47 1.73
Standoff A2 0.004 0.008 0.011 0.10 0.19 0.28
Molded Package Length D¥ 0.700 0.706 0.712 17.78 17.93 18.08
Molded Package Width et 0.292 0.296 0.299 7.42 7.51 7.59
Outside Dimension E1 0.394 0.407 0.419 10.01 10.33 10.64
Chamfer Distance X 0.010 0.020 0.029 0.25 0.50 0.74
Shoulder Radius R1 0.005 0.005 0.010 0.13 0.13 0.25
Gull Wing Radius R2 0.005 0.005 0.010 0.13 0.13 0.25
Foot Length L 0.011 0.016 0.021 0.28 0.41 0.53
Foot Angle ) 0 4 8 0 4 8
Radius Centerline L1 0.010 0.015 0.020 0.25 0.38 0.51
Lead Thickness [ 0.009 0.011 0.012 0.23 0.27 0.30
Lower Lead Width Bf 0.014 0.017 0.019 0.36 0.42 0.48
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

! Controlling Parameter.

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”

* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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