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PIC16C/71X

FIGURE 3-1. PIC16C71X BLOCK DIAGRAM
Device Program Memory | Data Memory (RAM)
PIC16C710 512 x 14 36x8
PIC16C71 1K x 14 36x8
PIC16C711 1K x 14 68 x8
PIC16C715 2K x 14 128 x 8
13 Data Bus 8 PORTA
/| Program Couner|<
EPROM {L RAO/ANO
RA1/AN1
l;\’/:'ogram 8 Level Stack RAM RA2/AN2
emory (13-bit) File RA3/AN3/VREF
Registers RA4/TOCKI
Program
Bus 14 RAM Addr () ? 9 PORTB
H.;\ Addr MUX
Instruction reg
H Direct Addr 7 Indirect D] reo/NT
Addr
FSR reg ﬁ& RB7:RB1
STATUS reg —
8
3
Power-up
Timer
'ngg’ggog K= Oscillator
Control Start-up Timer ALU
r |
Power-on
Timing | Reset
|ZK‘::'\> Generation
Watchdog
OSC1/CLKIN Timer
OSC2/CLKOUT
Brown-out
Reset®
Timer0

Lo

MCLR VpD, Vss

AID

Note 1: Higher order bits are from the STATUS register.
2: Brown-out Reset is not available on the PIC16C71.
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PIC16C71X

TABLE 4-2: PIC16C715 SPECIAL FUNCTION REGISTER SUMMARY

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, PER 3)
Bank 0
ooh® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 [ 0000 0000
01h TMRO TimerO module’s register XXXX XXXX |[uuuu uuuu
02h® PCL Program Counter's (PC) Least Significant Byte 0000 0000 [ 0000 0000
03h@®  [STATUS IRP®) | RP1¢) | RPO | TO | PD | z | DC | C 0001 1xxx | 000q quuu
04h®) FSR Indirect data memory address pointer XXXX XXXX |Uuuuu uuuu
05h PORTA — | — | — | PORTA Data Latch when written: PORTA pins when read ---x 0000 |---u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
07h — Unimplemented — —
08h — Unimplemented — —
09h — Unimplemented — —
0AhL2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
oBh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000u
0Ch PIR1 — ADIF = = = = = = ~0-- - [-0-- -
0Dh — Unimplemented — —
OEh — Unimplemented — —
OFh — Unimplemented — —
10h — Unimplemented — —
11h — Unimplemented — —
12h — Unimplemented = =
13h — Unimplemented — —
14h — Unimplemented — —
15h — Unimplemented = =
16h — Unimplemented — —
17h — Unimplemented — —
18h — Unimplemented = =
19h — Unimplemented — —
1Ah — Unimplemented — —
1Bh — Unimplemented = =
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh ADRES A/D Result Register XXXX XXXX | uuuu uuuu
1Fh ADCONO ADCS1 | ADCS0 | CHS2 | CHS1 | CHSO0 | GO/DONE | — | 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
contents 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.
4: The IRP and RP1 bits are reserved on the PIC16C715, always maintain these bits clear.
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PIC16C/71X

4222 OPTION REGISTER Note: To achieve a 1:1 prescaler assignment for
: : the TMRO register, assign the prescaler to

Applicable Devices |710(71(711(715 . ) .

| PP | | | | | the Watchdog Timer by setting bit PSA

The OPTION register is a readable and writable regis- (OPTION<3>).

ter which contains various control bits to configure the
TMRO/WDT prescaler, the External INT Interrupt,
TMRO, and the weak pull-ups on PORTB.

FIGURE 4-8: OPTION REGISTER (ADDRESS 81h, 181h)

bit 4:

bit 3:

bit 2-0:

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
| RBPU |INTEDG | Tocs | TosE | pPsa | pPs2 | psi | pPso | [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
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5: 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
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PIC16C/71X

FIGURE 6-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2

pC Q1] Q2| Q3| @4, Q1] Q2| Q3| Q4 ,Q1| Q2| Q3| 4 ;1| 2| Q3| 04, Q1] Q2| Q3| Q4 |Q1] Q2] Q3] @4, Q1| Q2| Q3| Q4 ; Q1] Q2| Q3| Q4 |

(Program : ' ' ' ' ' ' ' '
Counter) { PC-1 X PC X PC+1 X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )

' | f | i ' | f i
Instruction ' ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
Fe[Ch 1 1 1 1 1 1 1 1 1
TMRO 10 X To+L . ¥ ; NTO . ; N NTORL )

' ' ' ? ' ? ' ? ' ? ' ? ' ? '
Instruction : : : i : : : : : :
Execute . . . WriteTMRO , ReadTMRO , Read TMRO , Read TMRO , Read TMRO |, Read TMRO

executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 6-4: TIMERO INTERRUPT TIMING

' Q1| Q2| Q3| Q4 Q] Q2] @3] @4 Q1| Q2] @3] @4 Q1| Q2| @3| @4 Q1| Q2] Q3| Q4

S AVAVA AN AW AWAWAR AU ANAWAR AVAWAWAR AWAWAWAE

CLKOUT(3)

Timer0 : :
TOIF bit ! * @

(INTCON<2>) !

FFh 02h

><

01h X

-
©

BRI SCIEE  C

GIE bit ' ,

(INTCON<7>) \
INSTRUCTION:
FLOW

Inst (PC) Inst (PC+1) Inst (0004h) Inst (0005h)

Instruction
fetched

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

PC { PC
executed :

PC +1 X PC +1 N 0004h X 0005h
Instruction * :

B I O

Note 1: Interrupt flag bit TOIF is sampled here (every Q1).
2: Interrupt latency = 4Tcy where Tcy = instruction cycle time.
3: CLKOUT is available only in RC oscillator mode.
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PIC16C71X

The ADRES register contains the result of the A/D con- 2. Configure A/D interrupt (if desired):
version. When the A/D conversion is complete, the « Clear ADIF bit
result is loaded into the ADRES register, the GO/DONE « Set ADIE bit
bit (ADCONO0<2>) is cleared, and A/D interrupt flag bit . Set GIE bit
ADIF is set. The block diagram of the A/D module is .e ) o
shown in Figure 7-4. 3. Wait the required acquisition time.
After the A/D module has been configured as desired, 4. Start conversion: )
the selected channel must be acquired before the con- * Set GO/DONE bit (ADCONO)
version is started. The analog input channels must 5. Wait for A/D conversion to complete, by either:
have their corresponding TRIS bits selected as an « Polling for the GO/DONE bit to be cleared
input. To determine acquisition time, see Section 7.1. OR
After this acquisition time has elapsed the A/D conver- N _
sion can be started. The following steps should be fol- * Waiting for the A/D interrupt
lowed for doing an A/D conversion: 6. Read A/D Result register (ADRES), clear hit
1. Configure the A/D module: ADIF if required. _
« Configure analog pins / voltage reference / 7. For next conversion, go to step 1 or step 2 as
and digital I/O (ADCON1) required. The A/D conversion time per bit is
. defined as TAD. A minimum wait of 2TAD is
* Select A/D input ch.annel (ADCONO) required before next acquisition starts.
» Select A/D conversion clock (ADCONO)
* Turn on A/D module (ADCONO)
FIGURE 7-4: A/D BLOCK DIAGRAM
CHS1:CHSO
; 1
Vin . \D—Q—XI RA3/AN3/VREF
. 10 !
(Input voltage) : \: : _XI RA2/AN2
AD : \017_%
. , RAL/AN1
Converter \ ,
: . 00
' . —‘ZI RAO/ANO
VDD e
T . 00 or
' T 10 or
VREF : : 11
(Reference ! O~
voltage) ! 01

T

PCFG1:PCFGO
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8.3 Reset

|Applicable Devices [710[71[711[715|

The PIC16CXX 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) (PIC16C710/711/715)
 Parity Error Reset (PIC16C715)

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 8-
7, Table 8-8 and Table 8-9. These bits are used in soft-
ware to determine the nature of the reset. See Table 8-
10 and Table 8-11 for a full description of reset states
of all registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 8-9.

The PIC16C710/711/715 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.

FIGURE 8-9: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7
Program | MPEEN
Memor :)_
Parity(

WDT |SLEEP— ]
Module

MCLR/VPP Pin

WDT Time-out

_ VDD rise —_Di
detect Power-on Reset

VDD
Brown-gut
ResetgFI S
OST/PWRT
osT Chip_Reset
10-bit Ripple-counter I R R Qr——>
osc1/ [_‘*)

CLKIN
Pin - PWRT
On-chip P
10-bit Ripple-counter I
RC OSC —|> Pp I— -3
Enable PWRT See Table 8-6 for time-out situations.
Enable OST

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
2: Brown-out Reset is implemented on the PIC16C710/711/715.
3: Parity Error Reset is implemented on the PIC16C715.
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8.45 TIME-OUT SEQUENCE

|Applicable Devices [710[71[711[715|

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after the POR time delay has
expired. Then OST is activated. The total time-out will
vary based on oscillator configuration and the status of
the PWRT. For example, in RC mode with the PWRT
disabled, there will be no time-out at all. Figure 8-11,
Figure 8-12, and Figure 8-13 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 8-12). This is useful for testing purposes or to
synchronize more than one PIC16CXX device operat-
ing in parallel.

Table 8-10 and Table 8-11 show the reset conditions for
some special function registers, while Table 8-12 and
Table 8-13 show the reset conditions for all the
registers.

8.4.6 POWER CONTROL/STATUS REGISTER
(PCON)

|Applicable Devices [710[71[711[715|

The Power Control/Status Register, PCON has up to
two bits, depending upon the device.

Bit0 is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by
the user and checked on subsequent resets to see if bit
BOR cleared, indicating a BOR occurred. The BOR bit
is a "Don’t Care" bit and is not necessarily predictable
if the Brown-out Reset circuitry is disabled (by clearing
bit BODEN in the Configuration Word).

Bitl is POR (Power-on Reset Status bit). It is cleared
on a Power-on Reset and unaffected otherwise. The
user must set this bit following a Power-on Reset.

For the PIC16C715, bit2 is PER (Parity Error Reset). It

is cleared on a Parity Error Reset and must be set by
user software. It will also be set on a Power-on Reset.

For the PIC16C715, bit7 is MPEEN (Memory Parity
Error Enable). This bit reflects the status of the MPEEN
bit in configuration word. It is unaffected by any reset of
interrupt.

8.4.7 PARITY ERROR RESET (PER)

|Applicable Devices [710[71[711[715|

The PIC16C715 has on-chip parity bits that can be
used to verify the contents of program memory. Parity
bits may be useful in applications in order to increase
overall reliability of a system.

There are two parity bits for each word of Program
Memory. The parity bits are computed on alternating
bits of the program word. One computation is per-
formed using even parity, the other using odd parity. As
a program executes, the parity is verified. The even par-
ity bit is XOR'd with the even bits in the program mem-
ory word. The odd parity bit is negated and XOR'd with
the odd bits in the program memory word. When an
error is detected, a reset is generated and the PER flag
bit 2 in the PCON register is cleared (logic ‘0’). This indi-
cation can allow software to act on a failure. However,
there is no indication of the program memory location
of the failure in Program Memory. This flag can only be
set (logic ‘1’) by software.

The parity array is user selectable during programming.
Bit 7 of the configuration word located at address
2007h can be programmed (read as ‘0’) to disable par-
ity. If left unprogrammed (read as ‘1’), parity is enabled.

TABLE 8-5: TIME-OUT IN VARIOUS SITUATIONS, PIC16C71
Oscillator Configuration Power-up Wake-up from SLEEP
PWRTE =1 PWRTE =0
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 1024 Tosc
RC 72 ms — —
TABLE 8-6: TIME-OUT IN VARIOUS SITUATIONS, PIC16C710/711/715
Oscillator Configuration Power-up Wake-up from SLEEP
— Brown-out
PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 72 ms + 1024Tosc 1024Tosc
RC 72 ms 72 ms —
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TABLE 8-13: INITIALIZATION CONDITIONS FOR ALL REGISTERS, PIC16C715
Register Power-on Reset, MCLR Resets Wake-up via
Brown-out Reset WDT Reset WDT or
Parity Error Reset Interrupt
w XXXX XXXX uuuu uuuu uuuu uuuu
INDF N A N A N A
TMRO XXXX XXXX uuuu uuuu uuuu uuuu
PCL 0000 0000 0000 0000 PC + 1@
STATUS 0001 1xxx 000q quuu(3) uuugq quuu(3)
FSR XXXX XXXX uuuu uuuu uuuu uuuu
PORTA ---x 0000 ---u 0000 ---Uu uuuu
PORTB XXXX XXXX uuuu uuuu uuuu uuuu
PCLATH ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0000 000x 0000 000u uuuu uuuu®
PIR1 -0-- ---- <0-- ---- U eeo-(@)
ADCONO 0000 00-0 0000 00-0 uuuu uu-u
OPTION 1111 1111 1111 1111 uuuu uuuu
TRISA ---1 1111 ---1 1111 ---U uuuu
TRISB 1111 1111 1111 1111 uuuu uuuu
PIE1 -0-- ---- -0-- ---- “U-- -
PCON ---- -qqq ---- -1uu ---- -luu
ADCON1 |  ---- == (00 oo | e-ee - uu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', q = value depends on condition

Note 1: One or more bits in INTCON and PIR1 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

3: See Table 8-11 for reset value for specific condition.
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FIGURE 8-17: INTERRUPT LOGIC, PIC16C710, 71, 711

Wakeup
TOIF ™ (Ifin SLEEP mode)
TOIE
INTF
INTE Interrupt to CPU
RBIF
RBIE
ADIF
ADIE
GIE

FIGURE 8-18: INTERRUPT LOGIC, PIC16C715

Wakeup
TOIF ™ (Ifin SLEEP mode)
TOIE
INTF :D TN

INTE

Interrupt to CPU
RBIF
RBIE
ADIE ADIF
ADIE

GIE
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8.6 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt i.e., W register and STATUS
register. This will have to be implemented in software.

Example 8-1 stores and restores the STATUS and W
registers. The user register, STATUS_TEMP, must be
defined in bank 0.

The example:

a) Stores the W register.

b) Stores the STATUS register in bank 0.
c) Executes the ISR code.

d) Restores the STATUS register (and bank select
bit).
e) Restores the W register.

EXAMPLE 8-1: SAVING STATUS AND W REGISTERS IN RAM

MOWNF W TEMP ; Copy Wto TEMP register, could be bank one or zero
SWAPF STATUS, W ; Swap status to be saved into W

MOWNF STATUS TEMP ; Save status to bank zero STATUS TEMP regi ster
(ISR

SWAPF STATUS TEMP, W ; Swap STATUS TEMP register into W
;(sets bank to original state)

MOVWNF STATUS ; Move Winto STATUS regi ster
SWAPF WTEM, F ; Swap WTEWP
SWAPF W TEMP, W ; Snap WTEMP into W
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FIGURE 8-22: WAKE-UP FROM SLEEP THROUGH INTERRUPT

Qi qzl @3l Q4 Qul Q2] @3l Q4; q1l 3

. Qul @2l @3l Q4; @1l @2l @314, Q1l @2l @3l q4; Q1l Q21 @3l Q4

osc1/ \ /YN T =Y\ NN

' Inst(PC - 1)

Note 1: XT, HS or LP oscillator mode assumed.

=

. . X
CLKOUT(@) \ \ \ L TosT(2) | / \ / \ A a——
1 1 1 ' 1 1 1 1 1
INT pin « ' . ' , . . . \
1 1 1 ’ 1 1 1 1 1
I(E\INTTFCfg,%<1>) , . . /i ) " Interrupt Latency , ; )
' ' ' ! ' ' (Note 2) ' ' '
GIE bit . . . - . . . . .
(INTCON<7>) : : 1 Processorin | : : \ : : :
. . " steer . . . . .
. . . . . . . .
INSTRUCTION FLOW . . ' . . . . .
pc X PC X PC+1 X PC+2 X PC+2 X PC +2 X 0004h X 0005h \
nstruction [, jns(pc) = SLEEP *  InstPC+1) " nstPC+2) ' Ins(0004h) ' Inst(00Sh)
g;se}gﬂfggn ' SLEEP ' v Inst(PC+1) . Dummycycle . Dummy cycle Inst(0004h)

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case after wake- up, the processor jumps to the interrupt routine. If GIE = '0", execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

8.9 Program Verification/Code Protection

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

Note:  Microchip does not recommend code pro-
tecting windowed devices.
8.10 ID Locations

Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

8.11

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

In-Circuit Serial Programming

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

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

FIGURE 8-23: TYPICAL IN-CIRCUIT SERIAL
PROGRAMMING

CONNECTION
: To Normal
External : Connections
Connector PIC16CXX
Signals X
+5V VDD
ov : l Vss
VPP ' @ MCLR/VPP
CLK . T RB6
Data I/O : RB7
: VDD
! To Normal
Connections
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GOTO Unconditional Branch

Syntax: [ label] GOTO k

Operands: 0 <k<2047

Operation: k - PC<10:0>
PCLATH<4:3> - PC<12:11>

Status Affected:  None

Encoding: | 10 | 1kkk | kkkk | kkkk |

Description: GOTOis an unconditional branch. The
eleven bit immediate value is loaded
into PC bits <10:0>. The upper bits of
PC are loaded from PCLATH<4:3>.
GOTOis a two cycle instruction.

Words: 1

Cycles: 2

Q Cycle Activity: Q1 Q2 Q3 Q4

1st Cycle | Decode Read Process | Write to
literal 'k’ data PC
2nd Cycle NOP NOP NOP NOP
Example GOTO THERE

After Instruction

PC = Address THERE

INCF Increment f
Syntax: [ label]l INCF fd
Operands: 0<f<127
d 0J[0,1]
Operation: (f)+1 - (dest)
Status Affected: Z
Encoding: | 00 | 1010 | dfff | fFEFf |
Description: The contents of register 'f' are incre-
mented. If 'd" is O the result is placed
in the W register. If 'd" is 1 the result is
placed back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
register data dest
Example I NCF CNT, 1
Before Instruction
CNT = OxFF
4 = 0
After Instruction
CNT = 0x00
Zz = 1
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NOP No Operation RETFIE Return from Interrupt
Syntax: [ label] NOP Syntax: [ label] RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS - PC,
Status Affected:  None 1-GIE
Encoding: [ 00 Joooo [oxxo [oooo | Status Affected: ~ None
Description: No operation. Encoding: | 00 | 0000 | 0000 | 1001 |
Words: 1 Description: Return from Interrupt. St_ack is POPed
and Top of Stack (TOS) is loaded in
Cycles: 1 the PC. Interrupts are enabled by set-
A ting Global Interrupt Enable bit, GIE
Q Cycle Activity: Q1 Q2 Q3 Q4 (INTCON<7>). This is a two cycle
| Decode | NOP | NOP | NOP | instruction.
Words: 1
Example NOP Cycles: 2
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle Decode NOP Set the | Pop from
GIE bit | the Stack
2nd Cycle NOP NOP NOP NOP
Example RETFI E
After Interrupt
PC = TOS
GIE = 1
OPTION Load Option Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) - OPTION
Status Affected: None
Encoding: | oo [oooo [o110 [o010
Description: The contents of the W register are
loaded in the OPTION register. This
instruction is supported for code com-
patibility with PIC16C5X products.
Since OPTION is a readable/writable
register, the user can directly address
it.
Words: 1
Cycles:
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.
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|Applicable Devices |710[71[711|715]

13.4 Timing Parameter Symbology

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

1. TppS2ppS
2.TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1
ck CLKOUT
cs CS
di SDI
do SDO
dt Data in
io 1/0 port
mc MCLR
Uppercase letters and their meanings:
S
F Fall
H High
I Invalid (Hi-impedance)
L Low

FIGURE 13-1: LOAD CONDITIONS

Load condition 1 Load condition 2
VDD/%

RL

n Pin T CL

SS Vss

for all pins except OSC2
for OSC2 output
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|Applicable Devices |710[71[711|715]

FIGURE 14-8: TYPICAL IrD vs. VDD BROWN- FIGURE 14-10: TYPICAL IrpD vs. TIMER1
OUT DETECT ENABLED (RC ENABLED (32 kHz, RCO/RC1 =
MODE) 33 pF/33 pF, RC MODE)
1400
1200 30
1000 25
< 800 + Device NOTin — W
E’l Brown-out Reset 20 /><\\
= 600 ~ «
<
400 |- Devicein | %15
Brown-out — T | o
200 Reset 10
o :

25 3.0 35 4.0 4.5 5.0 55 6.0

VDD(Volts) a

) . . ) 95 3.0 > 2% 50 5.5 6.0
- This shaded region represents the built-in hysteresis of %VDD( )
the brown-out reset circuitry.
Shaded area is beyond recommended range. Shadecér}al\s beyohd reggmmended range.
FIGURE 14-9: MAXIMUM IPD vs. VDD F LI MNAIIBI\IA_LéI\DA IPD vs. TIMER1
BROWN-OUT DETECT
ENABLED (32 kHz, RCO/RC1 = 33 pF/33
1600 b
1400 N 5
\/ 40
1200 35
1000 — ) . - 30
< evice NOT in
% 800 %\1 n-out Reset - ;<;25
"~ 600 [— Device in E’ZO
Brown-out 15
400 — Reset
10
5

8.5 3.0 3.5 5.0 55 6.0

4.0 4.5
VbD(Volts)

Shaded area is beyond recommended range.
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PIC16C/71X

|Applicable Devices [710]71|711[715]

FIGURE 16-10: VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. VDD

4.50 VIH, Max (-40°C to 85°C)
VIH, Typ (25°C)
4.00
VIH, Min (-40°C to 85°C)
3.50
3.00
)
g 2.50
-
S 200
I 150
s L VIL, Max (-40°C to 85°C)
///
1.00 — ViL, Typ (25°C)
| —_— VIL, Min (-40°C to 85°C)
—
000 T
25 3.0 35 4.0 4.5 5.0 55 6.0
VDD (Volts)

Note: These input pins have a Schmitt Trigger input buffer.

FIGURE 16-11: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES)
VS. VDD

Min (-40°C to 85°C)

3.60 | |
. TYp (25°C
3.40 Max (-40°C to 85°C) YP (25°C)
3.20

3.00
2.80

2.60 Min (-40°C to 85°C) —
2.40
2.20
2.00
1.80
1.60
1.40
1.20
1.00

VTH (Volts)

3.0 3.5 4.0 4.5 5.0 55 6.0 6.5
VDD (Volts)

DS30272A-page 150 0 1997 Microchip Technology Inc.



PIC16C71X

17.0 PACKAGING INFORMATION

17.1  18-Lead Ceramic CERDIP Dual In-line with Window (300 mil) (JW)
N
I s e Y Y s s I | [ T
PROEERN T G\» — %Y C
! | El E
o ‘ t ea j ‘
Pin No. 1 l - es -
Indicator JOJJrJrJJcJ—J._—— VYV
Area
- D >
—» S|l S1—> |- l
Base L — — 3 : :
Plane\\
. ' y Y
Seating — ' ,
Plane L T
B1 - el ' A1A3 A A2
B —»/| l«——
< Dl »
Package Group: Ceramic CERDIP Dual In-Line (CDP)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A — 5.080 — 0.200
Al 0.381 1.7780 0.015 0.070
A2 3.810 4.699 0.150 0.185
A3 3.810 4.445 0.150 0.175
B 0.355 0.585 0.014 0.023
Bl 1.270 1.651 Typical 0.050 0.065 Typical
C 0.203 0.381 Typical 0.008 0.015 Typical
D 22.352 23.622 0.880 0.930
D1 20.320 20.320 Reference 0.800 0.800 Reference
E 7.620 8.382 0.300 0.330
El 5.588 7.874 0.220 0.310
el 2.540 2.540 Reference 0.100 0.100 Reference
eA 7.366 8.128 Typical 0.290 0.320 Typical
eB 7.620 10.160 0.300 0.400
L 3.175 3.810 0.125 0.150
N 18 18 18 18
S 0.508 1.397 0.020 0.055
S1 0.381 1.270 0.015 0.050
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17.4 20-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) (SS

Qg? HHHHHEEERE | /—_}S_\
I e
T

B 1 s -

123

C

J
;

e
—_— |- —><—¢

1_'5 = l A /— Base plane
CP—— L ::‘¥
T T Seating plane

- D > Al

Package Group: Plastic SSOP

Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 8° 0° 8°
A 1.730 1.990 0.068 0.078
Al 0.050 0.210 0.002 0.008
B 0.250 0.380 0.010 0.015
C 0.130 0.220 0.005 0.009
D 7.070 7.330 0.278 0.289
E 5.200 5.380 0.205 0.212
e 0.650 0.650 Reference 0.026 0.026 Reference
H 7.650 7.900 0.301 0.311
L 0.550 0.950 0.022 0.037
N 20 20 20 20
CP - 0.102 - 0.004

Note 1: Dimensions D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.25m/m (0.010") per
side. D1 and E1 dimensions including mold mismatch.
2: Dimension “b” does not include Dambar protrusion, allowable Dambar protrusion shall be 0.08m/m
(0.003")max.
3: This outline conforms to JEDEC MS-026.
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17.5 Package Marking Information

18-Lead PDIP

MMMMMMMMMMMMM
)Q XXXXXXXXXXXXXKXXX

R\ AABBCDE

18-Lead SOIC

MMMMMMMMMM
XXXXXKXXXXXXX
XXXXXXXXXXXX

o AABBCDE

18-Lead CERDIP Windowed

MMMMMM

D D XXXXXXXX

AABBCDE

20-Lead SSOP

XXX XX XXX
XXXXXXXX

o Q AABBCAE

Example

PIC16C711-04/P

DO

R\ 9452CBA

Example

PIC16C715
-20/50

o 9447CBA

Example

PIC16C71
)mﬁ\ 1IW
e 945/CBT

Example

PIC16C710
201/SS025

S 9517SBP

Legend: MM...M  Microchip part number information

XX...X Customer specific information*

AA Year code (last 2 digits of calender year)

BB Week code (week of January 1 is week '01")

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

D1 Mask revision humber for microcontroller

E Assembly code of the plant or country of origin in which
part was assembled.

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

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.
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RA2/ANZ ...ttt 9
RAS/ANSB/VREF ...occiiiiiiiiiiiee e eeciteee e e e e s siveeees 9
RAGITOCKI oo eciie et 9
RBO/INT ...... .9

RB1 ... .9
RB2 ... .9
RB3 et 9
RBZ oo 9
RB5 e 9
RBB ..ttt 9
RB7 et 9
VDD oottt 9
WSS it 9
Pinout Descriptions
PICLIBCTL ..o 9
PICLBCTL0 ovviiiiiiieieie it 9
PICLIBCTLL oottt 9
PICLIBCTLS ..o 9
PIRL REQISTEN ....tiiiiiiiiiiiiiiicrt et 21
POP s 23
POR oo ....b3,54
Oscillator Start-up Timer (OST) .... ....47,53
Power Control Register (PCON) ......cccccovueeeriiieeennnen. 54
Power-on Reset (POR) .......ccccevvvenieeninen. 47, 53, 57, 58
Power-up Timer (PWRT) ..ccocovviiiiieniiencee 47,53
TIME-0Ut SEQUENCE ....eeoiiiiieiiiieeiiiee e 54
Time-out Sequence 0N POWEr-UP .......ccccevveeneeineenns 59
TO e 52, 55
POR bit ....ccuevee ...22,54
POrt RB INEITUPL ... 63

PORTA e 57, 58
PORTA REQISLEr ...eveviiiiiieeiiie e 14, 15, 25
PORTB ..o 57,58
PORTB REQISLEr ....evvveiiiiieiiiie et 14, 15, 27
Power-down Mode (SLEEP) .........cccocoiiiiiiieiiiieeiece e, 66

Prescaler, Switching Between TimerO and WDT

PRO MATE" Il Universal Programmer .... ....85
Program Branches ..........cccccvoiiiiiiiieiieeeeec e 7
Program Memory

PagiNgG .ooovviiiiiiiiei 23
Program Memory Maps

PICLECTL .ooiiiiiiiiicc

PIC16C710 ....
PIC16C711 ...

PIC16C715 .......... "
Program Verification ..........ccccociiiiiiiiiiiiiiicniceecee 67
PSO0 DIt e 18
PSL DIt oo 18
PS2 DIt oo 18
PSA DI oo 18
PUSH e 23
PWRT

Power-up Timer (PWRT)
PWRTE DIt oo

R

RBIE DIt ... 19
RBIF bit ..... .19, 27, 63
RBPU DIt .o 18
RC e 54
RC OSCIllator .......cccooiiiiiiieiiiiiee e 51, 54
Read-Modify-WIte .........cccooiiiiiiiiiee e 30
REGIStEr File ..o 12
Registers

Maps
PICLOBCTL ..ot

PIC16C710 ..

PICLIBCTLL ..o 13
PICLIBCT15 ..o 13

Reset Conditions .........ccccovivieninienieeee e 56

summary ............. . 14-727?
ReSet ..o, . 47,52
Reset Conditions for Special Registers ..........cc.cccocveveenne. 56
RPO DIt oo 12,17
RPL DIt oo 17
S
SEEVAL" Evaluation and Programming System ............... 87
Services

One-Time-Programmable (OTP) Devices ...........cc.e.... 5

Quick-Turnaround-Production (QTP) Devices .............. 5

Serialized Quick-Turnaround Production (SQTP)

DEVICES ..ottt
SLEEP ..
Software Simulator (MPLABO SIM)
Special Features of the CPU .........ccoooiiiiiiiiiiciee e,
Special Function Registers

PICLBCTL ..ottt 14

PICLIBCT10 .oviieiiiiieieiieeieeeeete e 14

PICLIBCTLL .ooiieeiieceeeeeeeee e 14
Special Function Registers, Section .........cccccoecceeeviieeennnen. 14
SEACK oo

Overflows ...
Underflow ..

STATUS REQGISIEr ..eeiiiiiiii et 17

T

TOCS DIt et 18

TOIE bit

TOIF bit

TAD ettt

TimerO

RTCC ot 57,58
Timers
TimerO

Block Diagram .........ccceecvieniiiiiciiciiee e 31
External CloCK .........ccoceiiiiiiiiiiiiiciie e 33
External Clock Timing .....cccccoceveeviireeiiiee e 33
Increment Delay ........ccccoovvviieniiiiiciicec e 33
INEEITUPL oo 31
INterrupt TiMING ...occeeeveiieeiieeeee e 32
Prescaler ... 34
Prescaler Block Diagram ...........cccccceeevieeenineeenne 34
SECHON .o 31
Switching Prescaler Assignment .............ccccceeeee 35

SyNChronization ...........ccccovceieiiiiieniiee e 33
TOCKI e 33
TOIF e 63
THMING e 31
TMRO INTEITUPL ..o 63

Timing Diagrams
A/D Conversion
Brown-out Reset
CLKOUT and I/O
External Clock Timing ........ccccoccveevinienninen.
Power-up TiMer .......cccocveiiiiiienie e
RESEL ..o,
Start-up TIMET ....oooveiiiiiieeeeee e
TiME-0Ut SEQUENCE .....eeiuviiiiieiiesiieeriee e
TIMEI0 .oeiiiiiiieiceee e
TimerO Interrupt Timing ...
Timer0 with External ClOCK ..........cccooovvviiiiiiiiiee 33
Wake-up from SLEEP through Interrupt ..................... 67
Watchdog Timer ........ccoceiiiiiiiiiieeeree e 97, 143
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