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PIC16CE62X

FIGURE 4-4: DATA MEMORY MAP FOR FIGURE 4-5: DATA MEMORY MAP FOR
THE PIC16CE623/624 THE PIC16CE625
File File File File
Address Address Address Address
ooh | INDF() INDF(" 80h ooh | INDF() INDF(" 80h
01h TMRO OPTION 81h 01h TMRO OPTION 81h
02h PCL PCL 82h 02h PCL PCL 82h
03h STATUS STATUS 83h 03h STATUS STATUS 83h
04h FSR FSR 84h 04h FSR FSR 84h
05h PORTA TRISA 85h 05h PORTA TRISA 85h
06h PORTB TRISB 86h 06h PORTB TRISB 86h
07h 87h 07h 87h
08h 88h 08h 88h
09h 89h 09h 89h
0Ah PCLATH PCLATH 8Ah 0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh 0Bh INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch 0Ch PIR1 PIE1 8Ch
0Dh 8Dh 0Dh 8Dh
OEh PCON 8Eh OEh PCON 8Eh
OFh 8Fh OFh 8Fh
10h EEINTF 90h 10h EEINTF 90h
11h 91h 11h 91h
12h 92h 12h 92h
13h 93h 13h 93h
14h 94h 14h 94h
15h 95h 15h 95h
16h 96h 16h 96h
17h 97h 17h 97h
18h 98h 18h 98h
19h 99h 19h 99h
1Ah 9Ah 1Ah 9Ah
1Bh 9Bh 1Bh 9Bh
1Ch 9Ch 1Ch 9Ch
1Dh 9Dh 1Dh 9Dh
1Eh 9Eh 1Eh 9Eh
1Fh CMCON VRCON 9Fh 1Fh CMCON VRCON 9Fh
20h AOh 20h AOh
General General
General E:rpotse Eurpotse
Purpose gister egister BFh
Register
Coh
EFh
Accesses | FOh Accesses on
70h-7Fh 70h-7Fh
7Fh FFh 7Fh FFh
Bank 0 Bank 1 Bank 0 Bank 1
D Unimplemented data memory locations, read as '0'. D Unimplemented data memory locations, read as '0'.
Note 1: Not a physical register. Note 1: Not a physical register.
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PIC16CE62X

422  SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (Table 4-1). These

The special registers can be classified into two sets
(core and peripheral). The Special Function Registers
associated with the “core” functions are described in
this section. Those related to the operation of the
peripheral features are described in the section of that

registers are static RAM.

peripheral feature.

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16CE62X

) ) ) ) ) ) ) ) Value on Value on all

Address | Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR Reset Othel;”
resets
Bank 0
00h INDF gc:;ciisrcte:,rs)ing this location uses contents of FSR to address data memory (not a physical N
01h TMRO Timer0 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 | 000g quuu
04h FSR Indirect data memory address pointer XXXX XXXX | Uuuuu uuuu
05h PORTA — — — RA4 RA3 RA2 RA1 RAO ---x 0000 ---u 0000
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
07h Unimplemented - -
08h Unimplemented — _
09h Unimplemented — _
0Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 — CMIF — — — — — — -0-- ---- -0-- ----
0Dh-1Eh | Unimplemented — —
1Fh CMCON coout|[ciourT| — | — | cs | cm2 | cmt [ CMo [ oo-- 0000 | 00-- 0000
Bank 1
80h INDF Aeressing this location uses contents of FSR to address data memory (not a physical XXXX XXXX | XXXX XXXX
register)
81h OPTION RBPU | INTEDG| Tocs | Tosé | PsA | Ps2 | Pst | PSo | 1111 1111 | 1111 1111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1lxxx | 000g quuu
84h FSR Indirect data memory address pointer XXXX XXXX | Uuuuu uuuu
85h TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | ---1 1111 ---1 1111
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 1111 1111
87h Unimplemented - -
88h Unimplemented — _
89h Unimplemented — _
8Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
8Ch PIE1 — CMIE — — — — — — -0-- ---- -0-- ----
8Dh Unimplemented - -
8Eh PCON — | =] — 1 -1 — ] — ] PoR] BOD | ------ 0x | ---- -- ug
8Fh-9Eh | Unimplemented — —
90h EEINTF — — — — — EESCL | EESDA | EEVDD | ---- -111 | ---- -111
9Fh VRCON VREN | VROE VRR — VR3 VR2 VR1 VRO | 000- 0000 | 000- 0000
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition,
shaded = unimplemented
Note 1: Other (non power-up) resets include MCLR reset, Brown-out Reset and Watchdog Timer Reset during normal
operation.
Note 2: IRP & RPI bits are reserved; always maintain these bits clear.
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PIC16CE62X

4224 PIE1 REGISTER

This register contains the individual enable bit for the
comparator interrupt.

REGISTER 4-4: PIE1 REGISTER (ADDRESS 8CH)

U-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
| — Jeme | — [ = [ = 1 = 1 = — R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
-x = Unknown at POR reset
bit 7: Unimplemented: Read as '0'
bit 6: CMIE: Comparator Interrupt Enable bit
1 = Enables the Comparator interrupt
0 = Disables the Comparator interrupt
bit 5-0: Unimplemented: Read as '0'
4225 PIR1 REGISTER
This register contains the individual flag bit for the com-
parator 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
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.
REGISTER 4-5: PIR1 REGISTER (ADDRESS 0CH)
U-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
| — Jemr [ — | = | — | — | — — R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
-x = Unknown at POR reset

bit 7: Unimplemented: Read as '0'

bit 6: CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed
0 = Comparator input has not changed

bit 5-0: Unimplemented: Read as '0'
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NOTES:
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TABLE 5-3: PORTB FUNCTIONS

Name Bit # Buffer Type Function

RBO/INT bit0 TTL/ST) Input/output or external interrupt input. Internal software programmable
weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.

RB6 bit6 TTL/ST? Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming clock pin.

RB7 bit7 TTL/ST? Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming data pin.

Legend: ST = Schmitt Trigger, TTL = TTL input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: Value on
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR ) All Other
Resets
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
81h OPTION | RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PS0O 1111 1111|1111 1111

Legend: u = unchanged, x = unknown
Note: Shaded bits are not used by PORTB.
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6.0 EEPROM PERIPHERAL
OPERATION

The PIC16CE623/624/625 each have 128 bytes of
EEPROM data memory. The EEPROM data memory
supports a bi-directional, 2-wire bus and data transmis-
sion protocol. These two-wires are serial data (SDA)
and serial clock (SCL), and are mapped to bit1 and bit2,
respectively, of the EEINTF register (SFR 90h). In addi-
tion, the power to the EEPROM can be controlled using
bit0 (EEVDD) of the EEINTF register. For most appli-
cations, all that is required is calls to the following func-
tions:

; Byte Write: Byte write routine

Inputs: EEPROM Address EEADDR
EEPROM Data EEDATA
Outputs: Return 01 in W if OK, else

return 00 in W

; Read_Current: Read EEPROM at address
currently held by EE device.
Inputs: NONE
Outputs: EEPROM Data EEDATA
Return 01 in W if OK, else
return 00 in W

; Read Random: Read EEPROM byte at supplied
; address
Inputs: EEPROM Address EEADDR
Outputs: EEPROM Data EEDATA
Return 01 in W if OK,
else return 00 in W

REGISTER 6-1: EEINTF REGISTER (ADDRESS 90h)

The code for these functions is available on our web
site (www.microchip.com). The code will be accessed
by either including the source code FL62XINC.ASM or
by linking FLASH62X.ASM. FLASH62.IMC provides
external definition to the calling program.

6.0.1 SERIAL DATA

SDA is a bi-directional pin used to transfer addresses
and data into and data out of the memory.

For normal data transfer, SDA is allowed to change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

6.0.2  SERIAL CLOCK

This SCL input is used to synchronize the data transfer
to and from the memory.

6.0.3 EEINTF REGISTER

The EEINTF register (SFR 90h) controls the access to
the EEPROM. Register 6-1 details the function of each
bit. User code must generate the clock and data sig-
nals.

u-0 u-0 u-0 U-0 U-0 R/W-1

R/W-1 R/W-1

| — | — | — | — | — | eescL | EEsDA | EEVDD | [R = Readable bit

bit7

bit 7-3: Unimplemented: Read as '0'

bit 2. EESCL: Clock line to the EEPROM
1 = Clock high
0 = Clock low

bit 1:  EESDA: Data line to EEPROM

0 = Data line is low

bit 0: EEVDD: VDD control bit for EEPROM
1 = VDD is turned on to EEPROM

1 = Data line is high (pin is tri-stated, line is pulled high by a pull-up resistor)

0 = VDD is turned off to EEPROM (all pins are tri-stated and the EEPROM is powered down)

Note: EESDA, EESCL and EEVDD will read ‘0’ if EEVDD is turned off.

bito |[W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

© 1998-2013 Microchip Technology Inc.
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FIGURE 6-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS

A) | (B) (€) (D) ©) | (A)
L
SC /
7 X
SDA [ [
J 7
1f
—_— —_—
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ALLOWED CONDITION
VALID TO CHANGE

FIGURE 6-2: ACKNOWLEDGE TIMING

SCL

Acknowledge
Bit

SDA Data from transmitter

Data from transmitter |

Transmitter must release the SDA line at this point Receiver must release the SDA line at this
allowing the Receiver to pull the SDA line low to
acknowledge the previous eight bits of data.

point so the Transmitter can continue
sending data.

6.2 Device Addressing

After generating a START condition, the processor
transmits a control byte consisting of a EEPROM
address and a Read/Write bit that indicates what type
of operation is to be performed. The EEPROM address
consists of a 4-bit device code (1010) followed by three
don't care bits.

The last bit of the control byte determines the operation
to be performed. When set to a one, a read operation
is selected, and when set to a zero, a write operation is
selected. (Figure 6-3). The bus is monitored for its cor-
responding EEPROM address all the time. It generates
an acknowledge bit if the EEPROM address was true
and it is not in a programming mode.

FIGURE 6-3: CONTROL BYTE FORMAT

Read/Write Bit

Device Select Don’t Care
Bits Bits

0 1 0] X X | X R/WIACK

[
s| -
|

|

Start Bit

EEPROM Address

Acknowledge Bit
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FIGURE 6-7: CURRENT ADDRESS READ
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FIGURE 6-8: RANDOM READ
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FIGURE 6-9: SEQUENTIAL READ
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The code example in Example 8-1 depicts the steps
required to configure the comparator module. RA3 and
RA4 are configured as digital output. RAO and RA1 are
configured as the V- inputs and RA2 as the V+ input to
both comparators.

EXAMPLE 8-1: INITIALIZING
COMPARATOR MODULE

FLAG_REG EQU 0X20

CLRF FLAG_REG ;Init flag register

CLRF PORTA ;Init PORTA

MOVF CMCON, W ;jMove comparator contents to W
ANDLW 0xCO0 ;Mask comparator bits

IORWF FLAG REG,F ;Store bits in flag register

MOVLW 0x03 ;Init comparator mode

MOVWF CMCON ;CM<2:0> = 011

BSF STATUS, RPO ;Select Bankl

MOVLW 0x07 ;Initialize data direction

MOVWF TRISA ;Set RA<2:0> as inputs
;RA<4:3> as outputs
;TRISA<7:5> always read ‘0’

BCF STATUS, RPO ;Select Bank 0

CALL DELAY 10 ;10ps delay

MOVF CMCON, F ;Read CMCONtoend changecondition
BCF PIR1l,CMIF ;Clear pending interrupts

BSF STATUS, RPO ;Select Bank 1

BSF PIE1l,CMIE ;Enable comparator interrupts
BCF STATUS, RPO ;Select Bank 0

BSF INTCON, PEIE ;Enable peripheral interrupts
BSF INTCON,GIE ;Global interrupt enable

8.2 Comparator Operation

A single comparator is shown in Figure 8-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN—, the output of the
comparator is a digital low level. When the analog input
at VIN+ is greater than the analog input VIN—, the output
of the comparator is a digital high level. The shaded
areas of the output of the comparator in Figure 8-2
represent the uncertainty due to input offsets and
response time.

8.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator operating mode. The
analog signal that is present at VIN— is compared to the
signal at VIN+, and the digital output of the comparator
is adjusted accordingly (Figure 8-2).

FIGURE 8-2: SINGLE COMPARATOR

VIN+
Output

VIN- —

8.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

8.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 13, Instruction Sets, contains a
detailed description of the Voltage Reference Module
that provides this signal. The internal reference signal
is used when the comparators are in mode
CM<2:0>=010 (Figure 8-1). In this mode, the internal
voltage reference is applied to the VIN+ pin of both
comparators.

© 1998-2013 Microchip Technology Inc.

DS40182D-page 43



PIC16CE62X

9.0 VOLTAGE REFERENCE

MODULE

The Voltage Reference is a 16-tap resistor ladder
network that provides a selectable voltage reference.
The resistor ladder is segmented to provide two ranges
of VREF values and has a power-down function to
conserve power when the reference is not being used.
The VRCON register controls the operation of the
reference as shown in Register 9-1. The block diagram
is given in Figure 9-1.

9.1 Configuring the Voltage Reference

The Voltage Reference can output 16 distinct voltage
levels for each range.

The equations used to calculate the output of the
Voltage Reference are as follows:

if VRR = 1: VREF = (VR<3:0>/24) x VDD
if VRR = 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x VDD

The setting time of the Voltage Reference must be
considered when changing the VREF output
(Table 13-1). Example 9-1 shows an example of how to
configure the Voltage Reference for an output voltage
of 1.25V with VDD = 5.0V.

REGISTER 9-1: VRCON REGISTER (ADDRESS 9Fh)
R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
| VREN | VROE | VRR | = | VR3 | VR2 VR1 | VRo R = Readable bit
blt? bItO W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit 7:  VREN: VREF Enable
1 = VREF circuit powered on
0 = VREF circuit powered down, no IDD drain
bit 6: VROE: VREF Output Enable
1 = VREF is output on RA2 pin
0 = VREF is disconnected from RA2 pin
bit 5:  VRR: VREF Range selection
1 = Low Range
0 = High Range
bit 4: Unimplemented: Read as '0'
bit 3-0: VR<3:0>: VREF value selection 0 < VR [3:0] < 15
when VRR = 1: VREF = (VR<3:0>/ 24) * VDD
when VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD
FIGURE 9-1: VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
A
VRE : 8R R R R R
\\\ o o 00 s \N\—o AN\
8R — VRR
VR3
VREF = 16-1 Analog Mux (From VRCON<3:0>)
VRO
Note: R is defined in Table 13-2.

© 1998-2013 Microchip Technology Inc.
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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
program memory location 2007h.

REGISTER 10-1: CONFIGURATION WORD

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
programming.

| CP1 |CPO(2)| CP1 |CPO(2)| CP1 |CP0(2)| — |BODEN(1)| CP1 |CPo(2)|W(‘)|WDTE| FoSC1 | FOSCO| CONFIG  Address

bit13

bit 13-8, CP1:CP0 Pairs: Code protection bit pairs(z)

5-4: Code protection for 2K program memory
11 = Program memory code protection off
10 = 0400h-07FFh code protected
01 = 0200h-07FFh code protected
00 = 0000h-07FFh code protected
Code protection for 1K program memory
11 = Program memory code protection off
10 =Program memory code protection on
01 = 0200h-03FFh code protected
00 = 0000h-03FFh code protected
Code protection for 0.5K program memory
11 = Program memory code protection off
10 = Program memory code protection off
01 = Program memory code protection off
00 = 0000h-01FFh code protected

bit 7: Unimplemented: Read as '1'

bit 6:  BODEN: Brown-out Reset Enable bit (V)
1 = BOD enabled
0 = BOD 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:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

bito | REGISTER: 2007h

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 CP<1:0> pairs have to be given the same value to enable the code protection scheme listed.

DS40182D-page 50
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10.5 Interrupts

The PIC16CE62X has 4 sources of interrupt:

¢ External interrupt RBO/INT

¢ TMRO overflow interrupt

¢ PortB change interrupts (pins RB<7:4>)
* Comparator interrupt

The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in
INTCON register. GIE is cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
interrupt routine, as well as sets the GIE bit, which
re-enable RBO/INT interrupts.

The INT pin interrupt, the RB port change interrupt and
the TMRO overflow interrupt flags are contained in the
INTCON register.

The peripheral interrupt flag is contained in the special
register PIR1. The corresponding interrupt enable bit is
contained in special registers PIE1.

When an interrupt is responded to, the GIE is cleared
to disable any further interrupt, the return address is
pushed into the stack and the PC is loaded with 0004h.
Once in the interrupt service routine, the source(s) of

FIGURE 10-15: INTERRUPT LOGIC

the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in soft-
ware before re-enabling interrupts to avoid RBO/INT
recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends on when the interrupt event occurs
(Figure 10-16). The latency is the same for one or two
cycle instructions. Once in the interrupt service routine
the source(s) of the interrupt can be determined by poll-
ing the interrupt flag bits. The interrupt flag bit(s) must
be cleared in software before re-enabling interrupts to
avoid multiple interrupt requests.

Note 1: Individual interrupt flag bits are set,
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The CPU will execute a NOP
in the cycle immediately following the
instruction which clears the GIE bit. The
interrupts which were ignored are still
pending to be serviced when the GIE bit
is set again.

TOIF —
TOIE —
INTF —
INTE —

RBIE —
CMIF — >
CMIE — PEIE —

GIE

Wake-up
(If in SLEEP mode)

Dmupt

to CPU
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10.6 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 10-1 stores and restores the STATUS and W
registers. The user register, W_TEMP, must be defined
in both banks and must be defined at the same offset
from the bank base address (i.e., W_TEMP is defined
at 0x70 in Bank 0 and it must also be defined at OxFO
in Bank 1). The user register, STATUS_TEMP, must be
defined in Bank 0. The Example 10-1:

¢ Stores the W register

¢ Stores the STATUS register in Bank 0

¢ Executes the ISR code

¢ Restores the STATUS (and bank select bit
register)

* Restores the W register

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

;jcopy W to temp register,
jcould be in either bank

MOVWF W_TEMP

SWAPF STATUS, W ;swap status to be saved into W

BCF STATUS, RPO jchange to bank 0 regardless

;jof current bank

MOVWFE STATUS_TEMP ;jsave status to bank 0

;jregister

(ISR)

SWAPF STATUS_TEMP,W ;swap STATUS_TEMP register
;into W, sets bank to original

jstate
MOVWF STATUS ;move W into STATUS register
SWAPF W_TEMP, F ;jswap W_TEMP

SWAPF W_TEMP, W jswap W_TEMP into W

10.7 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the CLKIN pin. That means that the WDT will run, even
if the clock on the OSC1 and OSC2 pins of the device
have been stopped, for example, by execution of a
SLEEP instruction. During normal operation, a WDT
time-out generates a device RESET. If the device is in
SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation. The WDT
can be permanently disabled by programming the con-
figuration bit WDTE as clear (Section 10.1).

10.7.1  WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be
assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler, if assigned to the WDT, and prevent
it from timing out and generating a device RESET.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

10.7.2 WDT PROGRAMMING CONSIDERATIONS

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max.
WDT prescaler), it may take several seconds before a
WDT time-out occurs.
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BTFSS Bit Test f, Skip if Set CLRF Clear f
Syntax: [ label ] BTFSS fb Syntax: [ label] CLRF f
Operands: 0<f<127 Operands: 0<f<127
0<b<7 Operation: 00h —> (f)
Operation: skip if (f<b>) =1 1-Z
Status Affected:  None Status Affected: Z
Encoding: ‘ 01 | 11bb ‘ bfff | ffff ‘ Encoding: ‘ 00 | 0001 ‘ 1f£ff | fEff ‘
Description: If bit 'b" in register 'f' is '1' then the next Description: The contents of register 'f' are cleared
instruction is skipped. and the Z bit is set.
If bit 'b' is '1', then the next instruction Words: 1
fetched during the current instruction ’
execution, is discarded and a NOP is Cycles: 1
executed inStead, making this a Example CLRF FLAG REG
two-cycle instruction. o
Before Instruction
Words: 1 FLAG_REG = Ox5A
Cycles: 1(2) After Instruction
FLAG_REG =  0x00
Example HERE BTFSS FLAG,1 7 -1
FALSE GOTO PROCESS CODE
TRUE .
L]
L]
Before Instruction
PC = address HERE
After Instruction
if FLAG<1> =0,
PC = address FALSE
if FLAG<1> =1,
PC = address TRUE
CLRW Clear W
CALL Call Subroutine Syntax: [ label] CLRW
Syntax: [ label] CALL k Operands: None
Operands: 0<k<2047 Operation: 00h — (W)
Operation: (PC)+ 1— TOS, 1-2
k — PC<10:0>, Status Affected: Z
(PCLATH<4:3>) > PC<12:11> Encoding: ‘ 00 | 0001 ‘ 0000 | 0011 ‘
Status Affected: ~ None Description: W register is cleared. Zero bit (2Z) is
Encoding: ‘ 10 | Okkk ‘ kkkk | kkkk set.
Description: Call Subroutine. First, return address Words: 1
(PC+1) is pushed onto the stack. The Cycles: 1
eleven bit immediate address is
loaded into PC bits <10:0>. The upper Example CLRW
bits of the PC are loaded from Before Instruction
PCLATH. cALL is a two-cycle instruc- W = Ox5A
tion. After Instruction
. W = 0x00
Words: 1 7 - 1
Cycles: 2
Example HERE CALL THERE

Before Instruction
PC = Address HERE
After Instruction
PC = Address THERE
TOS = Address HERE+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 | 0000 ‘ 0xx0 | 0000 ‘ Status Affected:  None
Description: No operation. Encoding: ‘ 00 | 0000 ‘ 0000 | 1001 ‘
Words: 1 Description: Return from Interrupt. Stack is POPed
' and Top of Stack (TOS) is loaded in
Cycles: 1 the PC. Interrupts are enabled by
Example NOP setting Global Interrupt Enable bit,
GIE (INTCON<7>). This is a two-cycle
instruction.
Words: 1
Cycles: 2
Example RETFIE
After Interrupt
PC = TOS
GIE = 1
OPTION Load Option Register RETLW Return with Literal in W
S [ti] QT Syntax: [label] RETLW Kk
Operan.ds: None Operands: 0<k<255
Operation: (W) —» OPTION Operation: K o> (W);
Status Affected: None ' TOS - PC
Encoding: ‘ 00 | 0000 ‘ 0110 | 0010 Status Affected:  None
Description: The contents of the W register are Encoding: a 0 S R
loaded in the OPTION register. This ncoding: ‘ | > ‘ | ‘
instruction is supported for code Description: The W register is loaded with the eight
compatibility with PIC16C5X products. bit literal 'k'. The program counter is
Since OPTION is a readable/writable loaded from the top of the stack (the
register, the user can directly return address). This is a two-cycle
address it. instruction.
Words: 1 Words: 1
Cycles: 1 Cycles: 2
Example Examp|e CALL TABLE ;W contains table
g q —— ;joffset value
To maintain upward compatibility . ‘W now has table
with future PIC® MCU products, do ‘.’alue
not use this instruction. TABLE e
ADDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
RETLW kn ; End of table

Before Instruction

W = 0x07
After Instruction
W = value of k8
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RETURN Return from Subroutine
Syntax: [ label] RETURN
Operands: None
Operation: TOS —» PC
Status Affected:  None
Encoding: ‘ 00 | 0000 ‘ 0000 | 1000 ‘
Description: Return from subroutine. The stack is
POPed and the top of the stack (TOS)
is loaded into the program counter.
This is a two cycle instruction.
Words: 1
Cycles: 2
Example RETURN
After Interrupt
PC = TOS
RLF Rotate Left f through Carry
Syntax: [ label] RLF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below

Status Affected:

Encoding:
Description:

Words:
Cycles:
Example

C

‘ 00 | 1101 ‘ dfff | ffff ‘

The contents of register 'f' are rotated
one bit to the left through the Carry
Flag. If 'd"is O, the result is placed in
the W register. If 'd' is 1, the result is

stored back in register 'f'.

RLF REG1,0

Before Instruction

REG1

C
After Instruction

REG1

w

C

1110 0110
0

1110 0110
1100 1100
1

RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Encoding: ‘ 00 | 1100 ‘ dfff | ffEf ‘
Description: The contents of register 'f' are rotated
one bit to the right through the Carry
Flag. If 'd"is O, the result is placed in
the W register. If 'd" is 1, the result is
placed back in register 'f'.
—{C}~{ Regstert_|
Words: 1
Cycles: 1
Example RRF REG1, 0
Before Instruction
REG1 = 1110 0110
C = 0
After Instruction
REG1 = 1110 0110
W = 0111 0011
C = 0
SLEEP
Syntax: [ label] SLEEP
Operands: None
Operation: 00h — WDT,
00— MDT prescaler,
1> T0,
0—-PD
Status Affected:  TO, PD
Encoding: ‘ 00 | 0000 | 0110 ‘ 0011 |
Description: The power-down status bit, PD is
cleared. Time-out status bit, TO is
set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
See Section 10.8 for more details.
Words: 1
Cycles: 1
Example: SLEEP
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stand-alone mode the PRO MATE Il can read, verify or
program PIC devices. It can also set code-protect bits
in this mode.

12.11 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient.

PICSTART Plus supports all PIC devices with up to 40
pins. Larger pin count devices such as the PIC16C92X,
and PIC17C76X may be supported with an adapter
socket. PICSTART Plus is CE compliant.

12.12 SIMICE Entry-Level
Hardware Simulator

SIMICE is an entry-level hardware development sys-
tem designed to operate in a PC-based environment
with Microchip’s simulator MPLAB-SIM. Both SIMICE
and MPLAB-SIM run under Microchip Technology’s
MPLAB Integrated Development Environment (IDE)
software. Specifically, SIMICE provides hardware sim-
ulation for Microchip’s PIC12C5XX, PIC12CE5XX, and
PIC16C5X families of PIC 8-bit microcontrollers. SIM-
ICE works in conjunction with MPLAB-SIM to provide
non-real-time 1/O port emulation. SIMICE enables a
developer to run simulator code for driving the target
system. In addition, the target system can provide input
to the simulator code. This capability allows for simple
and interactive debugging without having to manually
generate MPLAB-SIM stimulus files. SIMICE is a valu-
able debugging tool for entry-level system develop-
ment.

12.13 PICDEM-1 Low-Cost PIC MCU
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-Plus programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the MPLAB-ICE emulator and download the
firmware to the emulator for testing. Additional proto-
type area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

12.14 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-Plus, and easily test firmware.
The MPLAB-ICE emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the 1°C bus and separate headers for connec-
tion to an LCD module and a keypad.

12.15 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The MPLAB-ICE emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features include
an RS-232 interface, push-button switches, a potenti-
ometer for simulated analog input, a thermistor and
separate headers for connection to an external LCD
module and a keypad. Also provided on the PICDEM-3
board is an LCD panel, with 4 commons and 12 seg-
ments, that is capable of displaying time, temperature
and day of the week. The PICDEM-3 provides an addi-
tional RS-232 interface and Windows 3.1 software for
showing the demultiplexed LCD signals on a PC. A sim-
ple serial interface allows the user to construct a hard-
ware demultiplexer for the LCD signals.

12.16 PICDEM-17

The PICDEM-17 is an evaluation board that demon-
strates the capabilities of several Microchip microcon-
trollers, including PIC17C752, PIC17C756,
PIC17C762, and PIC17C766. All necessary hardware
is included to run basic demo programs, which are sup-
plied on a 3.5-inch disk. A programmed sample is
included, and the user may erase it and program it with
the other sample programs using the PRO MATE Il or
PICSTART Plus device programmers and easily debug
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13.5 Timing Diagrams and Specifications

FIGURE 13-5: EXTERNAL CLOCK TIMING

CLKOUT

TABLE 13-3:

EXTERNAL CLOCK TIMING REQUIREMENTS

Parameter| Sym | Characteristic Min Typt Max | Units | Conditions
No.
1A Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode, VDD=5.0V
(Note 1) DC — 20 MHz | HS osc mode
DC — 200 kHz | LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode, VDD=5.0V
(Note 1) 0.1 — 4 MHz | XT osc mode
1 — 20 MHz | HS osc mode
DC - 200 kHz | LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 50 — — ns |HS osc mode
5 — — ps | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 | ns |XT osc mode
50 — 1,000 ns |HS osc mode
5 — — ps | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 200 — DC ns | Tcy=Fosc/4
3* TosL, | External Clock in (OSC1) High or 100* — — ns | XT oscillator, Tosc L/H duty cycle
TosH |Low Time o* — — us | LP oscillator, Tosc L/H duty cycle
20* — — ns | HS oscillator, Tosc L/H duty cycle
4* TosR, | External Clock in (OSC1) Rise or 25* — — ns | XT oscillator
TosF | Fall Time 50* — — ns |LP oscillator
15* — — ns | HS oscillator

Note 1:

These parameters are characterized but not tested.

Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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14.0 PACKAGING INFORMATION
18-Lead Ceramic Dual In-line with Window (JW) — 300 mil (CERDIP)

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

r— E{—m=1
o] [ !
I o7 |
w2 o | b D
I S
o] P2
n | 51 |
— o W1 |——
- E ——y
c
I
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 18 18
Pitch P 100 2.54
Top to Seating Plane A 170 .183 195 4.32 4.64 4.95
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 419
Standoff A1l .015 .023 .030 0.38 0.57 0.76
Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Ceramic Pkg. Width E1 .285 290 .295 7.24 7.37 7.49
Overall Length D .880 .900 .920 22.35 22.86 23.37
Tip to Seating Plane L 125 .138 .150 3.18 3.49 3.81
Lead Thickness c .008 .010 .012 0.20 0.25 0.30
Upper Lead Width B1 .050 .055 .060 1.27 1.40 1.52
Lower Lead Width B .016 .019 .021 0.41 0.47 0.53
Overall Row Spacing eB .345 .385 425 8.76 9.78 10.80
Window Width WA+ 130 140 150 3.30 3.56 3.81
Window Length w2 .190 .200 .210 4.83 5.08 5.33

*Controlling Parameter
JEDEC Equivalent: MO-036
Drawing No. C04-010
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