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PIC16C72 Series

2.0 MEMORY ORGANIZATION FIGURE 2-1: PROGRAM MEMORY MAP

There are two memory blocks in PIC16C72 Series AND STACK
devices. These are the program memory and the data PC<12:0>
memory. Each block has its own bus, so that access to

CALL, RETURN

both blocks can occur during the same oscillator cycle. RETFIE, RETLW 13
The data memory can further be broken down into the

general purpose RAM and the Special Function Stack Level 1
Registers (SFRs). The operation of the SFRs that "

control the “core” are described here. The SFRs used .

Stack Level 8

to control the peripheral modules are described in the
section discussing each individual peripheral module.

Additional information on device memory may be found
in the PIC® Mid-Range Reference Manual, DS33023. Reset Vector 0000h

21 Program Memory Organization ° =

PIC16C72 Series devices have a 13-bit program coun-
ter capable of addressing a 2K x 14 program memory
space. The address range for this program memory is
0000h - 07FFh. Accessing a location above the physi-
cally implemented address will cause a wraparound.

Interrupt Vector 0004h
0005h

User Memory
Space

On-chip Program

The reset vector is at 0000h and the interrupt vector is Memory

at 0004h.
07FFh
0800h
1FFFh
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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

2225

This register contains the individual flag bits for the
Peripheral interrupts.

PIR1 REGISTER

interrupt.

Note: 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

FIGURE 2-7: PIR1 REGISTER (ADDRESS 0Ch)

u-0

R/W-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

| aoF | — | — [ sspiF | ccpiiF | TMR2IF | TMR1IF | [R

bit7

bit 7:
bit 6:

bit 5-4:
bit 3:

bit 2:

bit 1:

bit 0:

bito  |W
U

-Nn

= Readable bit

= Writable bit

= Unimplemented bit,
read as ‘0’

= Value at POR reset

Unimplemented: Read as '0'

ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete

Unimplemented: Read as '0'

SSPIF: Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

CCP1IF: CCP1 Interrupt Flag bit

Capture Mode

1 = A TMRH1 register capture occurred (must be cleared in software)

0 = No TMRH1 register capture occurred

Compare Mode

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM Mode

Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMRH1 register did not overflow

© 1998-2013 Microchip Technology Inc. Preliminary
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PIC16C72 Series

2.3 PCL and PCLATH

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writable. All updates
to the PCH register go through the PCLATH register.

Figure 2-9 shows the four situations for the loading of
the PC. Example 1 shows how the PC is loaded on a
write to PCL (PCLATH<4:0> — PCH). Example 2
shows how the PC is loaded during a GOTO instruction
(PCLATH<4:3> — PCH). Example 3 shows how the PC
is loaded during a CALL instruction (PCLATH<4:3> —
PCH), with the PC loaded (PUSHed) onto the Top of
Stack. Finally, example 4 shows how the PC is loaded
during one of the return instructions where the PC is
loaded (POPed) from the Top of Stack.

FIGURE 2-9: LOADING OF PC IN DIFFERENT SITUATIONS

Situation 1 - Instruction with PCL as destination

Situation 3 - CALL Instruction

PCH PCL
12 8 7 0
PC | |
5E PCLATH<4:0> T 8
| | | | | | | | | ALLJ result
PCLATH
Situation 2 - coTo Instruction
PCH PCL
12 11 10 8 7 0
o1 |
PCLATH<4:3> 11
Opcode <10:0>
LITTTTTT]
PCLATH

STACK (13-bits x 8)
Top of STACK

STACK (13-bits x 8)
Top of STACK

STACK (13-bits x 8)

[>{ Top of STACK

PCLATH

Situation 4 - RETURN, RETFIE, or RETLW Instruction

13
PCH H PCL
12 11 10 8 7 0
e[| |
2 % PCLATH<4:3> 11
Opcode <10:0>

STACK (13-bits x 8)

13
PCH @ PCL

12 11 10 8 7 0
e[| |

PCLATH

11
ﬁ; Opcode <10:0>

Note: PCLATH is not updated with the contents of PCH.

Top of STACK

© 1998-2013 Microchip Technology Inc.
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PIC16C72 Series

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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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.

Preliminary

DS39016B-page 21



PIC16C72 Series

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.

DS39016B-page 28 Preliminary © 1998-2013 Microchip Technology Inc.



PIC16C72 Series

71 Capture Mode

In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as:

¢ every falling edge

* every rising edge

* every 4th rising edge

e every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before

the value in register CCPR1 is read, the old captured
value will be lost.

7.1.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 is configured as an out-
put, a write to the port can cause a capture
condition.

FIGURE 7-2: CAPTURE MODE OPERATION
BLOCK DIAGRAM

Set flag bit CCP1IF

% Prescaler (PIR1<2>)
+1,4,16
RC2/CCPt | ccPriH [ ccPRIL |
in
and Capture
edge detect Enable
} | T™MR1H [ TMRIL |
CCP1CON<3:0>
Qs

7.1.2  TIMER1 MODE SELECTION

Timer1 must be running in timer mode or synchronized
counter mode for the CCP module to use the capture
feature. In asynchronous counter mode, the capture
operation may not work.

7.1.3  SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in operating mode.

7.1.4  CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in capture mode,
the prescaler counter is cleared. This means that any
reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore the first capture may be from
a non-zero prescaler. Example 7-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 7-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT PS ;Load the W reg with

; the new prescaler

; mode value and CCP ON
;Load CCP1CON with this
; value

MOVWF CCP1CON

DS39016B-page 34
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PIC16C72 Series

TABLE 8-2 REGISTERS ASSOCIATED WITH SPI OPERATION (PIC16CR72)
Value on: Value on
Address Name Bit7 Bit 6 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 U] ADIF ™ (| SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 U] 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 SMP CKE D/A | E S RW | UA | BF | 0000 0000|0000 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the SSP in SPI mode.

Note 1:

Always maintain these bits clear.

DS39016B-page 46

Preliminary

© 1998-2013 Microchip Technology Inc.




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.

DS39016B-page 58
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PIC16C72 Series

10.0 SPECIAL FEATURES OF THE
CPU

The PIC16C72 series has a host of such features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
power saving operating modes and offer code protec-
tion. These are:
¢ Oscillator selection
* Reset

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
¢ |nterrupts
¢ Watchdog Timer (WDT)
e SLEEP
¢ Code protection
* ID locations
¢ In-Circuit Serial Programming™
The PIC16CXXX family has a Watchdog Timer which
can be shut off only through configuration bits. It runs
off its own RC oscillator for added reliability. There are
two timers that offer necessary delays on power-up.
One is the Oscillator Start-up Timer (OST), intended to
keep the chip in reset until the crystal oscillator is sta-

ble. The other is the Power-up Timer (PWRT), which
provides a fixed delay of 72 ms (nominal) on power-up
only, designed to keep the part in reset while the power
supply stabilizes. With these two timers on-chip, most
applications need no external reset circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external reset, Watchdog Timer Wake-up, or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

Additional information on special features is available in
the PIC® Mid-Range MCU Family Reference Manual,
DS33023.

10.1 Configuration Bits

The configuration bits can be programmed (read as '0')
or left unprogrammed (read as '1') to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-
ming.

FIGURE 10-1: CONFIGURATION WORD FOR PIC16C72/R72

‘ cP1 ‘ CcPO ‘ cP1 ‘m ‘ 5] ‘ CPO ‘ — ‘ BODEN ‘ CcP1 ‘ CPO ‘W‘ WDTE ‘ FOSC1 ‘ FOSCO ‘ Register:CONFIG

bit13

bit 13-8 CP1:CPO0: Code Protection bits @
5-4: 11 = Code protection off

00 = All memory is code protected
bit 7: Unimplemented: Read as '1'

bit 6:  BODEN: Brown-out Reset Enable bit (V)
1 =BOR enabled
0 = BOR disabled

bit 3:  PWRTE: Power-up Timer Enable bit ()
1 = PWRT disabled
0 = PWRT enabled

bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled

bit 1-0: FOSC1:FOSCO0: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

10 = Upper half of program memory code protected
01 = Upper 3/4th of program memory code protected

Note 1: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.

Address2007h

bit0

© 1998-2013 Microchip Technology Inc.
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PIC16C72 Series

10.4 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to VDD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD is
specified. See Electrical Specifications for details. For
a slow rise time, see Figure 10-6.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature,...) must be met to ensure oper-
ation. If these conditions are not met, the device must
be held in reset until the operating conditions are met.
Brown-out Reset may be used to meet the startup con-
ditions.

FIGURE 10-6: EXTERNAL POWER-ON
RESET CIRCUIT (FOR SLOW
Vbpb POWER-UP)

VDD

D R
R1 -
MCLR

C PIC16CXXX

I

Note 1: External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40 kQ is recommended to make sure
that voltage drop across R does not violate
the device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge
(ESD) or Electrical Overstress (EOS).

10.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only, from the POR. The Power-
up Timer operates on an internal RC oscillator. The
chip is kept in reset as long as the PWRT is active. The
PWRT’s time delay allows VDD to rise to an acceptable
level. A configuration bit is provided to enable/disable
the PWRT.

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

10.6 Oscillator Start-up Timer (OST)

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

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

10.7 Brown-Out Reset (BOR)

A configuration bit, BODEN, can disable (if clear/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below 4.0V (3.8V - 4.2V range) for
greater than parameter #35, the brown-out situation will
reset the chip. A reset may not occur if VDD falls below
4.0V for less than parameter #35. The chip will remain
in Brown-out Reset until VDD rises above BVDD. The
Power-up Timer will now be invoked and will keep the
chip in RESET an additional 72 ms. If VDD drops below
BVDD while the Power-up Timer is running, the chip will
go back into a Brown-out Reset and the Power-up
Timer will be initialized. Once VDD rises above BVDD,
the Power-up Timer will execute a 72 ms time delay.
The Power-up Timer should always be enabled when
Brown-out Reset is enabled.
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FIGURE 10-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
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FIGURE 10-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbb): CASE 1
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FIGURE 10-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbb): CASE 2
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DS39016B-page 66 Preliminary © 1998-2013 Microchip Technology Inc.



PIC16C72 Series

10.11 Context Saving During Interrupts The example:

During an interrupt, only the return PC value is saved a) Stores the W register. ] .

on the stack. Typically, users may wish to save key reg- b) Stores the STATUS register in bank 0.

isters during an interrupt, i.e., W register and STATUS c) Executes the ISR code.

register. This will have to be implemented in software. d) Restores the STATUS register (and bank select
Example 10-1 stores and restores the W and STATUS bit).

registers. The register, W_TEMP, must be defined in e) Restores the W register.

each bank and must be defined at the same offset from
the bank base address (i.e., if W_TEMP is defined at
0x20 in bank 0, it must also be defined at 0xAOQ in bank

1).

EXAMPLE 10-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

MOVWF
SWAPF
CLRF

MOVWF

W_TEMP jCopy W to W _TEMP register, could be bank one or zero
STATUS,W ;Swap status to be saved into W

STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
STATUS_TEMP ;Save status to bank zero STATUS_TEMP register

: Interrupt Service Routine (ISR) - user defined

SWAPF

MOVWF
SWAPF
SWAPF

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

STATUS ;Move W into STATUS register

W_TEMP,F ;Swap W_TEMP

W_TEMP,W jSwap W _TEMP into W
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FIGURE 13-3: CLKOUT AND I/O TIMING
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Note: Refer to Figure 13-1 for load conditions.
TABLE 13-4 CLKOUT AND I/O TIMING REQUIREMENTS
Par:n;eter Sym Characteristic Min Typt Max Units | Conditions
10* TosH2ckL | OSC17T to CLKOUTY — 75 200 ns Note 1
11* TosH2ckH | OSC17 to CLKOUT?® — 75 200 ns Note 1
12* TckR CLKOUT rise time — 35 100 ns Note 1
13* TckF CLKOUT fall time — 35 100 ns Note 1
14* TckL2ioV | CLKOUT { to Port out valid — — | 0.5Tcy+20| ns Note 1
15 TioV2ckH | Port in valid before CLKOUT T Tosc + 200 — — ns Note 1
16* TckH2iol | Port in hold after CLKOUT 0 — — ns Note 1
17 TosH2ioV | OSC1T (Q1 cycle) to Port out valid — 50 150 ns
18* TosH2iol | OSC17T (Q2 cycle) to PIC16C72/CR72 100 — — ns
Portinputinvalid (/O in  "p|C16LC72/LCR72 200 — — ns
hold time)
19* TioV2osH | Port input valid to OSC17 (I/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C72/CR72 — 10 40 ns
PIC16LC72/LCR72 — — 80 ns
21* TioF Port output fall time PIC16C72/CR72 — 10 40 ns
PIC16LC72/LCR72 — — 80 ns
2211 Tinp INT pin high or low time Tey — — ns
231t Trbp RB7:RB4 change INT high or low time Tey — — ns

Tt
Note 1:

These parameters are characterized but not tested.

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

Measurements are taken in RC Mode where CLKOUT output is 4 x ToscC.

These parameters are asynchronous events not related to any internal clock edges.
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FIGURE 13-8: SPI MASTER OPERATION TIMING (CKE = 0)
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Refer to Figure 13-1 for load conditions.

FIGURE 13-9: SPI MASTER OPERATION TIMING (CKE = 1)
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Refer to Figure 13-1 for load conditions.
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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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FIGURE 14-25: TYPICAL Ipp vs. FREQUENCY FIGURE 14-27: TYPICAL Ipp vs. FREQUENCY
(LP MODE, 25°C) (XT MODE, 25°C)
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FIGURE 14-26: MAXIMUM IDpD vs. FIGURE 14-28: MAXIMUM IDpD vs.
FREQUENCY FREQUENCY
(LP MODE, 85°C TO -40°C) (XT MODE, -40°C TO 85°C)
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PIC16C72

FIGURE 14-29: TYPICAL Ipp vs. FREQUENCY
(HS MODE, 25°C)

FIGURE 14-30: MAXIMUM IDD vs.
FREQUENCY

70 (HS MODE, -40°C TO 85°C)
7.0
6.0
6.0
5.0 >
g 5.0
?4.0 > | ]
E -] =40 1
g LT |1 ol < T LA |
o 3.0 £
- | LA LT L Z ==
3.0
20l | eov| L AT e L1 L1 1]
5.5V [T /// -1 L ///
[ | 5.0V A 2.0f—+ 6.0V. =
1.0} 45w | | 55V 2
4.0V 5.0V =
T 1.0+ 4.5v
0.0 ‘ | 4ov
12 4 6 8 10 12 14 16 18 20 00 |
Frequency (MHz) M2 4 6 8 10 12 14 16 18 20
Frequency (MHz)

TABLE 14-3 TYPICAL EPROM ERASE TIME RECOMMENDATIONS
Process Wavelength Intensity (uW/ | Distance from UV lamp | Typical Time (")
Technology (Angstroms) cm2) (inches) (minutes)

57K 2537 12,000 1 15 - 20
77K 2537 12,000 1 20

90K 2537 12,000 1 40

120K 2537 12,000 1 60

Note 1: If these criteria are not met, the erase times will be different.

Note:

Fluorescent lights and sunlight both emit ultraviolet light at the erasure wavelength. Leaving a UV erasable
device’s window uncovered could cause, over time, the devices memory cells to become erased. The era-
sure time for a fluorescent light is about three years. While sunlight requires only about one week. To pre-
vent the memory cells from losing data an opaque label should be placed over the erasure window.
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