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PIC16C9XX

FIGURE 4-2: REGISTER FILE MAP

File File File File
Address Address Address Address
Indirect addr.®Y)| ooh Indirect addr. | gon Indirect addr.()| 100h Indirect addr. Y| 180h
TMRO 01h OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h PORTF 107h TRISF 187h
PORTD 08h TRISD 88h PORTG 108h TRISG 188h
PORTE 09h TRISE 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh LCDSE 10Dh 18Dh
TMR1L OEh PCON 8Eh LCDPS 10Eh 18Eh
TMR1H OFh 8Fh LCDCON 10Fh 18Fh
T1CON 10h 90h LCDDO00 110h 190h
TMR2 11h 91h LCDDO1 111h 191h
T2CON 12h PR2 92h LCDD02 112h 192h
SSPBUF 13h SSPADD | 93h LCDDO3 | 113h 193h
SSPCON | 14h SSPSTAT | 94h LCDD04 | 114h 194h
CCPRIL 15h 95h LCDDO5 115h 195h
CCPR1H 16h 96h LCDDO06 116h 196h
CCP1CON 17h 97h LCDDO7 117h 197h
18h 98h LCDDog | 118h 198h
19h 99h LCDDO9 | 119h 199h
1Ah 9Ah LcDD10 | 11Ah 19Ah
1Bh 9Bh LCDD11 11Bh 19Bh
1Ch 9Ch LCDD12 11Ch 19Ch
1Dh 9Dh LCDD13 11Dh 19Dh
ADRES®@ | 1Eh 9Eh LcDD14 | 11Eh 19Eh
ADCONO®@ | 1Fh ADCON1@ | 9Fh LcbD15s | 11Fh 19Fh
20h ACh 120h 1A0h
General
Purpose
Register
General
Purpose
Register EFh 16F 1EFh
Mapped in FOh Mapped in 170 Mapped in 1FOh
Bank 0 Bank 0 Bank 0
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17F 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as '0".
Note 1: Not a physical register.
2: These registers are not implemented on the PIC16C923.
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TABLE 4-1: SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)

Address |Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 | Poweron | Valueonal
Reset other resets
Bank 3
180h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
18th  |opTion | RBPU | INTEDG | Tocs | TosE | psa | ps2 | ps1 pso [1111 1111[1111 1111
182h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
1830 [sTATUS rRp | rRr1 | rro | T | P | z | bc | ¢ [ooo1 1xxx |000g quuu
184h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
185h — Unimplemented = —
186h TRISB PORTB Data Direction Register 1111 1111|1111 1111
187h TRISF PORTF Data Direction Register 1111 1111|1111 1111
188h TRISG PORTG Data Direction Register 1111 1111|1111 1111
189h — Unimplemented = —
18Ah PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 |---0 0000
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
18Ch — Unimplemented = —
18Dh — Unimplemented = —
18Eh — Unimplemented = —
18Fh — Unimplemented — —
190h — Unimplemented = —
191h — Unimplemented = —
192h — Unimplemented = —
193h — Unimplemented = —
194h — Unimplemented — —
195h — Unimplemented = —
196h — Unimplemented = —
197h — Unimplemented = —
198h — Unimplemented = —
199h — Unimplemented = —
19Ah — Unimplemented = —
19Bh — Unimplemented = —
19Ch — Unimplemented = —
19Dh — Unimplemented = —
19Eh — Unimplemented = —
19Fh — Unimplemented — —
Legend:  x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0',
shaded locations are unimplemented, read as ‘0.

Note 1: Registers ADRES, ADCONO, and ADCONL1 are not implemented in the PIC16C923, read as '0'.

2: These bits are reserved on the PIC16C923, always maintain these bits clear.

3: These pixels do not display, but can be used as general purpose RAM.

4: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,

PIC16C924 reset values for PORTA: - - 0x 0000 when read.
5: Bitl of ADCONO is reserved on the PIC16C924, always maintain this bit clear.
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4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any reset, the upper bits of the PC
will be cleared. Figure 4-9 shows the two situations for
the loading of the PC. The upper example in the figure
shows how the PC is loaded on a write to PCL
(PCLATH<4:0> - PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> . PCH).

FIGURE 4-9: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
PC| ‘ | PCL as
Destination
5 ALU result
CEET T 1]
PCLATH
PCH PCL
12 11 10 8 7 0
pC | [ : | coro_caL
PCLATH<4:3> 11
2 Opcode <10:0>
LT [ T
PCLATH

43.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note “/mplementing a Table Read” (AN556).

4.3.2 STACK

The PIC16CXXX family has an 8 level deep x 13-bit
wide hardware stack. The stack space is not part of
either program or data space and the stack pointer is
not readable or writable. The PC is PUSHed onto the
stack when a CALL instruction is executed or an inter-
rupt causes a branch. The stack is POPed in the event
of a RETURN, RETLWor a RETFI E instruction execu-
tion. PCLATH is not affected by a PUSH or POP oper-
ation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

Note 2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFI E
instructions, or the vectoring to an inter-
rupt address.

4.4 Program Memory Paging

PIC16C9XX devices are capable of addressing a con-
tinuous 8K word block of program memory. The CALL
and QOTOinstructions provide only 11 bits of address
to allow branching within any 2K program memory
page. When doing a CALL or GOTO instruction the
upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or QOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).

Note: The PIC16C9XX ignores paging bit
PCLATH<4>, which is used to access pro-
gram memory pages 2 and 3. The use of
PCLATH<4> as a general purpose
read/write bit is not recommended since
this may affect upward compatibility with

future products.

0 1997 Microchip Technology Inc.
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TABLE 5-1: PORTA FUNCTIONS

Name Bit# Buffer |Function
RAO/ANOW bit0 TTL Input/output or analog input
RA1/AN1O) bit1 TTL Input/output or analog input
RA2/AN2() bit2 TTL Input/output or analog input
RA3/AN3/VRer(® | bit3 TTL Input/output or analog input or VREF
RA4/TOCKI bit4 ST Input/output or external clock input for TimerO
Output is open drain type
RA5/AN4/SS @ | bit5 TTL Input/output or analog input or slave select input for synchronous serial port

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: The AN and VREF functions are for the A/D module and are only implemented on the PIC16C924.

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on Value on
Address | Name Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset resets
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO ) 2
85h TRISA — — | PORTA Data Direction Control Register --11 1111 | --11 1111
ofh® Japcont | — | — | — | — | — |pcre2|Pcret | PerGo | ---- <000 | ---- -000
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.

Note 1: The ADCONLI register is implemented on the PIC16C924 only.
2: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,
PIC16C924 reset values for PORTA: - - 0x 0000 when read.

DS30444E - page 32 0 1997 Microchip Technology Inc.




PIC16C9XX

7.0 TIMERO MODULE

The TimerO module has the following features:

 8-bit timer/counter

* Readable and writable

« 8-bit software programmable prescaler
« Internal or external clock select

* Interrupt on overflow from FFh to 00h
« Edge select for external clock

Figure 7-1 is a simplified block diagram of the TimerO
module.

Timer mode is selected by clearing bit TOCS
(OPTION<5>). In timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
the TMRO register is written, the increment is inhibited
for the following two instruction cycles (Figure 7-2 and
Figure 7-3). The user can work around this by writing
an adjusted value to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION<5>). In counter mode Timer0 will increment
either on every rising or falling edge of pin RA4/TOCKI.
The incrementing edge is determined by the TimerO
Source Edge Select bit TOSE (OPTION<4>). Clearing

bit TOSE selects the rising edge. Restrictions on the
external clock input are discussed in detail in
Section 7.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler assignment is controlled in software by control bit
PSA (OPTION<3>). Clearing bit PSA will assign the
prescaler to the TimerO0 module. The prescaler is not
readable or writable. When the prescaler is assigned to
the Timer0 module, prescale values of 1:2, 1:4, ..,
1:256 are selectable. Section 7.3 details the operation
of the prescaler.

7.1 TimerO Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the Timer0 module interrupt ser-
vice routine before re-enabling this interrupt. The TMRO
interrupt cannot awaken the processor from SLEEP
since the timer is shut off during SLEEP. Figure 7-4 dis-
plays the TimerO0 interrupt timing.

FIGURE 7-1: TIMERO BLOCK DIAGRAM
Data bus
Fosc/4 0 PSout 8
Sync with
D— 1 Internal TMRO
RA4/TOCKI Programmable clocks | Lot
pin Prescaler
TOSE (2 cycle delay)
bs
Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
TOCS on overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed block diagram).

FIGURE 7-2: TIMERO TIMING: INTERNAL CLOCK/NO PRESCALE

pe 1Q1] Q2] Q3| Q4; Q1] Q2| @3] 4;01| Q2] Q3| Q4 ;Q1]| Q2| Q3| @4, Q1| Q2| @3] Q4 ;01| Q2| Q3| @4, Q1] Q2| @3] Q4 | Q1] Q2| Q3] Q4 |
Program \ | \ | | ) ) ) )
Counter) { PC-1 X PC X PC+1 X PC+2 X PC+3 X PC+4 X PC+5 X PC+6 )
'Q;‘éﬁc“on ! ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' !
TMRO T0 X To+L Y T0+2 X . NT0 70 X N0 Y NTo+L__ X NTO*2__ X
Instruction : : : ? : ? : ? : ? : ? : f :
Executed ' ' ' 5 ' ' ' ' ' '

! Write TMRO | Read TMRO . ReadTMRO | Read TMRO | Read TMRO ' Read TMRO |

executed reads NTO reads NTO reads NTO reads NTO + 1 reads NTO + 2
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The SS pin allows a synchronous slave mode. The
SPI must be in slave mode (SSPCON<3:0> = 04h)
and the TRISA<5> bit must be set for the synchro-
nous slave mode to be enabled. When the SS pin is
low, transmission and reception are enabled and the
SDO pin is driven. When the SS pin goes high, the
SDO pin is no longer driven, even if in the middle of
a transmitted byte, and becomes a floating output.
External pull-up/ pull-down resistors may be desirable,
depending on the application.

FIGURE 11-5: SPI MODE TIMING, MASTER MODE

Note:  When the SPI is in Slave Mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

Note: If the SPI is used in Slave Mode with
CKE ='1', then the SS pin control must be
enabled.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

SCK (CKP =0, L

CKE = 0)

SCK (CKP =0, F ] ] ]

CKE = 1)
SCK (CKP =1,

CKE=0) N

SCK (CKP =1,

CKE=D I

SDO X v X bite X bis X b X bz bz X b X biwo

bit7
SDI (SMP = 1)

bit7
SSPIF

SDI (SMP = 0) C C C C C C C C

bit0

bit0

FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)

SS (optional) —|

SCK (CKP = 0) | L ]

SCK (CKP = 1)

SDO -< bz { bite )\ bis X bia X bis N bz X bir X b0 NN

bit7
SSPIF

SDI (SMP = 0) ' C C C C C C C C

bit0
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11.3  SSP I2C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions as well as 7-bit and 10-bit addressing. Two pins
are used for data transfer. These are the RC3/SCK/SCL
pin, which is the clock (SCL), and the RC4/SDI/SDA
pin, which is the data (SDA). The user must configure
these pins as inputs or outputs through the
TRISC<4:3> bits. The SSP module functions are
enabled by setting SSP Enable bit SSPEN (SSP-
CON<5>).

FIGURE 11-18: SSP BLOCK DIAGRAM

(1°C MODE)
< Internal
data bus
Read ﬁ% Write
RC3/SCK/SCL | SSPBUF reg |

I
= shift
clock
|Z; <I<—| SSPSR reg

RC4/ MSb LSb
SDI/ ._|>

SDA A
| Match detect |—> Addr Match

h

| ssPaDDreg |

Start and Set, Reset

Stop bit detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 1°C operation.
These are the:

« SSP Control Register (SSPCON)

« SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* SSP Shift Register (SSPSR) - Not directly acces-
sible

* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« I12C Slave mode (7-bit address)
« I12C Slave mode (10-bit address)
« 12C Slave mode (7-bit address), with start and
stop bit interrupts enabled
« 12C Slave mode (10-bit address), with start and
stop bit interrupts enabled
« I12C Firmware controlled Master Mode, slave is
idle
Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a START
or STOP hit, specifies if the received byte was data or
address if the next byte is the completion of 10-bit
address, and if this will be a read or write data transfer.
The SSPSTAT register is read only.

The SSPBUF is the register to which transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR is lost.

The SSPADD register holds the slave address. In 10-bit
mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

0 1997 Microchip Technology Inc.
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11.3.1.2 RECEPTION

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT reg-
ister is cleared. The received address is loaded into the
SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<6>) is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

FIGURE 11-19: I2C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address  R/W=0__ Receiving Data ACK Receiving Data CK

SDA [ATXREXASYAAYA3XA2 XA\ !/ 57(D6YD5DADIKD2XDIXD0)__/D7XD6XD5XDaXD3XD2XBIXD0 I\ E-
|
|

BF (SSPSTAT<0>) [~ }<—sspPsu

|
|

SSPIF (PIR1<3>) ' |7 ]=——Cleared in software
|

Bus Master
terminates
transfer

F register is read

SSPOV (SSPCON<6>)

Bit SSPOV is set because the SSPBUF register is still full. A

ACK is not sent.

0 1997 Microchip Technology Inc.
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FIGURE 13-4: WAVEFORMS IN STATIC DRIVE

Vi
COMO
Vo
\%1
SEGO
; Vo
Vi
SEG1
Vo
Vi
COMO-SEGO---1--t1--1--1--f--1-"1-"1-"1-"1--1--1--" V,
1 -Vl
?* COMO-SEG1 : | ve
—'1 Frame +—
~on <Sm N - o
[ONOIVNORV] Q [UNT]
W W Ww ww | W
n nn nn % (200
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13.1 LCDTiming

The LCD module has 3 possible clock source inputs
and supports static, 1/2, 1/3, and 1/4 multiplexing.

13.1.1 TIMING CLOCK SOURCE SELECTION

The clock sources for the LCD timing generation are:

¢ Internal RC oscillator
* Timerl oscillator
» System clock divided by 256

The first timing source is an internal RC oscillator which
runs at a nominal frequency of 14 kHz. This oscillator
provides a lower speed clock which may be used to
continue running the LCD while the processor is in
sleep. The RC oscillator will power-down when it is not
selected or when the LCD module is disabled.

FIGURE 13-8: LCD CLOCK GENERATION

The second source is the Timerl external oscillator.
This oscillator provides a lower speed clock which may
be used to continue running the LCD while the proces-
sor is in sleep. It is assumed that the frequency pro-
vided on this oscillator will be 32 kHz. To use the
Timerl oscillator as a LCD module clock source, it is
only necessary to set the TLOSCEN (T1CON<3>) bhit.

The third source is the system clock divided by 256.
This divider ratio is chosen to provide about 32 kHz
output when the external oscillator is 8 MHz. The
divider is not programmable. Instead the LCDPS regis-
ter is used to set the LCD frame clock rate.

All of the clock sources are selected with bits CS1:CS0
(LCDCON<3:2>). Refer to Figure 13-1 for details of the
register programming.

Fosc

TMR1 32 kHz
crystal oscillator

12

Static

Internal RC oscillator 1/3 ar
Nominal Frc = 14 kHz 1/4
T T | LCDPS<3:0> | LMUX1:LMUXO
CS1:CS0 LMUX1:LMUX0 %
internal
data bus

CcoM1
COM2

——— COM3

o
=
O
O

+32 '+1,2,3,4
Ring Counter

4-bit Programmable
Prescaler

0 1997 Microchip Technology Inc.

DS30444E - page 95



PIC16C9XX

13.4 Operation During Sleep

The LCD module can operate during sleep. The selec-
tion is controlled by bit SLPEN (LCDCON<6>). Setting
the SLPEN bit allows the LCD module to go to sleep.
Clearing the SLPEN bit allows the module to continue
to operate during sleep.

If a SLEEP instruction is executed and SLPEN = '1', the
LCD module will cease all functions and go into a very
low current consumption mode. The module will stop
operation immediately and drive the minimum LCD
voltage on both segment and common lines. Figure
13-11 shows this operation. To ensure that the LCD
completes the frame, the SLEEP instruction should be
executed immediately after a LCD frame boundary.

FIGURE 13-11:SLEEP ENTRY/EXIT WHEN SLPEN =1 OR CS1:CS0 = 00

The LCD interrupt can be used to determine the frame
boundary. See Section 13.2 for the formulas to calcu-
late the delay.

If a SLEEP instruction is executed and SLPEN ='0', the
module will continue to display the current contents of
the LCDD registers. To allow the module to continue
operation while in sleep, the clock source must be
either the internal RC oscillator or Timerl external
oscillator. While in sleep, the LCD data cannot be
changed. The LCD module current consumption will
not decrease in this mode, however the overall con-
sumption of the device will be lower due to shutdown of
the core and other peripheral functions.

Note: The internal RC oscillator or external
Timerl oscillator must be used to operate
the LCD module during sleep.

interrupted
frame

SLEEP instruction execution

: 313V

Pin  —— : 213V
como :

! 13V

: ; 03V

: : 3/3V

Pin ' ! 213V
com1 :

(] 1/3V

! : ——J 0/3v

: ; 313V

Pin : : 213V

coms . ! ‘

1/3v

— . 03V

— ; 313V

Pin : 213V
SEGO . -

: : 1/3v

; - 013V

Wake-up
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CLRF Clear f CLRW Clear W

Syntax: labell CLRF f Syntax: [ label] CLRW

Operands: 0<f<127 Operands: None

Operation: 00h - () Operation: 00h — (W)
1-2Z7 1-7Z

Status Affected: Z
Encoding: | 00 |0001 |1fff |ffff |

Status Affected: Z

Encoding: | 00 | 0001 | 0xxX | XXXX |
Description: The content's 'of register 'f are cleared Description: W register is cleared. Zero bit (2) is
and the Z bit is set. cet
Words: 1 Words: L
Cycles: 1 Cycles: 1
QCyclefctviy: Q1 Q2 Q3 O QCycle Activit: Q1 Q2 Q3 Q4
pecode rf ei:tir Prgggs reVYsrtIIeer f Decode No- Process | Write to

g.f. 9 Operation data W

Example CLRF FLAG REG Example CLRW

Before Instruction Before Instruction

FLAG_ REG = Ox5A f W = 0x5A

After Instruction After Instructlczn
FLAG_REG = 0x00 W = 0x00
Z = 1 z = 1
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INCF Increment f
Syntax: [ label]l INCF fd
Operands: 0<f<127
d 0][0,1]
Operation: (f) +1 - (destination)
Status Affected: Z
Encoding: | 00 | 1010 | df ff | fiff |
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 destination
"
Example INCF ONT, 3
Before Instruction
CNT = OxFF
4 = 0
After Instruction
CNT = 0x00
z = 1

INCFSZ Increment f, Skip if O
Syntax: [ label]l INCFSz fd
Operands: 0<f<127
d 0][0,1]
Operation: (f) + 1 — (destination),
skip if result =0
Status Affected:  None
Encoding: | 00 | 1111 | df f f | fiff
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'.
If the result is 1, the next instruction is
executed. If the resultis 0, a NOP is
executed instead making it a 2Tcy
instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' data destination
If Skip:  (2nd Cycle)
Q1 Q2 Q3 Q4
No- No- No- No-
Operation | Operation | Operation | Operation
HERE | NCFSz CNT, 1
Example GOTO LOOP
CONTI NUE

Before Instruction
PC =
After Instruction

CNT =
if CNT= 0,
PC =
if CNT2 0,
PC =

address HERE

CNT +1

address CONTI NUE

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,
1 - GIE

Status Affected:  None
Encoding: | 00 | 0000 | 0xx0 | 0000 | Status Affected:  None

Encoding: | 00 | 0000 | 0000 | 1001 |
Description: No operation.

. Description: Return from Interrupt. Stack is POPed
Words: 1 and Top of Stack (TOS) is loaded in the
Cycles: 1 PC. Interrupts are enableq by setting

Global Interrupt Enable bit, GIE
Q Cycle Activity: Q1 Q2 Q3 Q4 (INTCON<7>). This is a two cycle
instruction.
Decode No- No- No-
Operation | Operation | Operation Words: 1
Cycles: 2
Example NOP o
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle | Decode No- Setthe | Pop from
Operation | GIE bit | the Stack
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
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: | 00 |0000 | 0110 |0010
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: 1
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.
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16.0 DEVELOPMENT SUPPORT

16.1 Development Tools

The PICmicro microcontrollers are supported with a
full range of hardware and software development tools:

* PICMASTER/PICMASTER CE Real-Time
In-Circuit Emulator

* |CEPIC Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

« PRO MATE" Il Universal Programmer

 PICSTART" Plus Entry-Level Prototype
Programmer

* PICDEM-1 Low-Cost Demonstration Board

* PICDEM-2 Low-Cost Demonstration Board

« PICDEM-3 Low-Cost Demonstration Board

¢ MPASM Assembler

« MPLABO SIM Software Simulator

¢ MPLAB-C (C Compiler)

* Fuzzy Logic Development System
(fuzzyTECHP-MP)

16.2 PICMASTER: High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX families.
PICMASTER is supplied with the MPLABO Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows" 3.x environ-
ment were chosen to best make these features avail-
able to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

16.3 ICEPIC: Low-Cost PIC16CXXX
In-Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC16C5X and PIC16CXXX families of 8-bit
OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-ATH through PentiumO
based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

16.4 PRO MATE II: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode.

The PRO MATE Il has programmable VDD and VpPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIC12CXXX, PIC14CO000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

16.5 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 is not
recommended for production programming.

PICSTART Plus supports all PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923 and PIC16C924 may be supported with an
adapter socket.
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17.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient tEMPErature UNGET DIAS..........ccviiiiieieieecie ettt ettt et e ete e teeeteseestesaesteeaesreestesreeseeereens .-55°C to +125°C
SEOrAgE TEMPEIALUIE ....ceiiiiiieee e ettt et et et e e e e e eaaaea e e e s s s e aabn bbb b bt bt s e e e e e e e eeaeaaaaaeeeaaaeseaanaannns -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RAA).........cccovvveeveieeeeeieenennns -0.3V to (VDD + 0.3V)
Voltage 0N VDD With FESPECE t0 VSS .....eiiiiiiiiiiiii ettt e e ettt e e e e et e e e e e e ntee e e e e e annneeeaaeaannes -0.3V to +7.5V
Voltage on MCLR With TESPECT 10 VSS...uuiiiiiiiiiiiie ettt e e et e e e e e et e e e e s ssbbeeeeeeesaaeeeeas 0V to +14V
Voltage 0N RAZ With rESPECE L0 VSS .....ueiiiieiiiiiiiie ettt e e ettt e e e e e st et e e e e e tbee e e e e e annnaeeaeeeanneeeeens 0V to +14V
Total powWer AISSIPALION (NOTE L) ....iiiiiiiiiiiie e ittt e eet e e e sttt e e s et e e e e e e b e e e e e e e astbeeae e s s sbaaeeeeaassbbeeeeeeasntaaeeeessnnreeeas 1.0w
Maximum CUITENE OUL OF WSS PN ...ttt ettt ettt ettt e e e e ekttt e e e e s atbeee e e e snbaeeeaeeeamnseeeaeeaansbeeeaaan 300 mA
Maximum CUITENE INTO VDD PN c..uuiviieieiiiiietee e e e ittt e e e ettt e e e e et e e e e e e sata et e e e e e tbeaeeaeessasbaeeeeesassbasaaeeessnsbeeeeessnsbaneaaean 250 mA
Input clamp current, K (V1< 0 OF V1> VDD)..ciiiiiiiiiiieeeaitiieee e ettt ee e e et te e e e e e asaeeeee e e e antbeeeaesaanbaneaeeeasnseeaaeeansaeeeas £20.mA
Output clamp current, 10K (VO < 0 0F VO > VDD) .....uvviiiiiiiiiiiieeeiiiiieeeessiiieseassssinseeasssssssneesssssnssnsssssssssnssessssnnnnness 5. 20.MA
Maximum output current SUNK DY any 1/O PIN ......ooioiiieie e e e e et e e e e e et e e e e e e aneeeeaeeaannes 10 mA
Maximum output current sourced by any 1/O PIN .....ccuviiiiiiiiiir e e e e e r e e e aaen 10 mA
Maximum current sunk by all POrts COMBINEA .........ooiiiiiii et e e e reeea e 200 mA
Maximum current sourced by all POrts COMDINEA ..........ooiiiiiiiiiii e 200 mA

Note 1: Power dissipation is calculated as follows: Pbis = VDD x {IDD - } I0H} + ¥ {(VDD - VOH) x IoH} + Y (VoI x loL)

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

TABLE 17-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS AND
FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

osc PIC16C923-04 PIC16C923-08 PIC16LC923-04 CL Devices
PIC16C924-04 PIC16C924-08 PIC16LC924-04
VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 2.5V to 6.0V VDD: 2.5V to 6.0V
RC Ibb: 5 mA max. at 5.5V Ibb: 2.7 mAtyp.at5.5V |Ipbp: 3.8 mA max. at 3.0V Ibb: 5 mA max. at 5.5V
IPD: 21 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 5 pA max. at 3V IPD: 21 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 2.5V to 6.0V VDD: 2.5V to 6.0V
XT Ibb: 5 mA max. at 5.5V Ibb: 2.7 mAtyp.at5.5V |Ipbp: 3.8 mA max. at 3.0V Ibb: 5 mA max. at 5.5V
IPD: 21 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 5 pA max. at 3V IPD: 21 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V
IbD: 3.5 mA typ. at 5.5V IbD: 7 mA max. at 5.5V . IDD: 7 mA max. at 5.5V
HS Do not use in HS mode
IPD: 1.5 pA typ. at 4.5V IPD: 1.5 pA typ. at 4.5V IPD: 1.5 pA typ. at 4.5V
Freq: 4 MHz max. Freq: 8 MHz max. Freq: 8 MHz max.
IVDDD['): ‘21'20;/ SAG'OV VDD: 2.5V t0 6.0V :/D%'?: 3'05\/ Atomségv
P 225 PALD. . IDD: 30 A max. at 32 kHz, 3.0V - UM ;
LP at 32 kHz, 4.0V Do not use in LP mode at 32 kHz, 3.0V
. IPD: 5 pA max. at 3.0V .
IPD: 1.5 pA typ. at 4.0V Freq: 200 kHz max IPD: 5 pA max. at 3.0V
Freqg: 200 kHz max. 9 ) Freq: 200 kHz max.

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

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

1. TppS2ppS 3.Tccist (1°C specifications only)
2.TppS 4.Ts (1°C specifications only)
T

F Frequency T Time

Lowercase letters (pp) and their meanings:
pp

cc CCP1 osc 0OSsC1

ck CLKOUT rd RD

cs [ rw RD or WR

di SDI sc SCK

do SDO ss SS

dt Data in to TOCKI

io 1/0 port t1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:
S

F Fall P Period

High R Rise

I Invalid (Hi-impedance) \% Valid

L Low z Hi-impedance
12C only

AA output access High High

BUF Bus free Low Low

Tcc:st (I2C specifications only)
CcC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
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FIGURE 17-8: SPI MASTER MODE TIMING (CKE = 0)

ScK
(CKP = 0)

SCK
(CKP =1)

SDI

Refer to Figure 17-2 for load conditions.

FIGURE 17-9: SPI MASTER MODE TIMING (CKE = 1)

SDO % . IMSb X BIT6 (21 >< LSh

SDi >--1 LSb IN

Refer to Figure 17-2 for load conditions.
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TABLE 17-12:A/D CONVERTER CHARACTERISTICS:
PIC16C924-04 (COMMERCIAL, INDUSTRIAL)
PIC16LC924-04 (COMMERCIAL, INDUSTRIAL)

Param | Sym | Characteristic Min Typt Max Units Conditions

No.

A01 NR | Resolution — — 8-bits bit |VREF = VDD =5.12V,
Vss < VAIN < VREF

A02 | EaBs | Total Absolute error — — <1 LSb | VREF =VDD =5.12V,
Vss < VAIN < VREF

AO03 | EIL [Integral linearity error — - <z1 LSb | VREF = VDD =5.12V,
Vss < VAN € VREF

A04 | EpL | Differential linearity error — — <z1 LSb | VREF = VDD =5.12V,
Vss < VAN < VREF

AO5 | EFs | Full scale error — — <z1 LSb | VREF = VDD = 5.12V,
Vss < VAN < VREF

A06 | EoFF | Offset error — — <+1 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF

Al10 — | Monotonicity — guaranteed — — | Vss < VAIN < VREF

A20 | VREF | Reference voltage 3.0V — VbD + 0.3 \%

A25 | VAIN | Analog input voltage Vss - 0.3 — VREF+0.3 | V

A30 | ZaIN | Recommended impedance of — — 10.0 kQ

analog voltage source
A40 IaAD | A/D conversion current | PIC16C924 — 180 — MHA | Average current consump-
(VDD) PIC16LC924 _ 90 _ IJA tion when A/D is on.

(Note 1)

A50 | IRer | VREF input current (Note 2) 10 — 1000 HA | During VAIN acquisition.

Based on differential of
VHOLD to VAIN to charge
CHoOLD, see Section 12.1.

— — 10 MA | During A/D Conversion
cycle

*  These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.
2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -
Application (optional):

Would you like areply? Y N
Device: PIC16C9XX Literature Number: DS30444E

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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