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PIC16C9XX

TABLE 3-1: PIC16C9XX PINOUT DESCRIPTION

Pin Name DIP PLCC | TQFP | Pin Buffer Descrintion
Pin# | Pin# | Pin# |Type Type P

OSC1/CLKIN 22 24 14 | ST/CMOS | Oscillator crystal input or external clock source input. This
buffer is a Schmitt Trigger input when configured in RC
oscillator mode and a CMOS input otherwise.

OSC2/CLKOUT 23 25 15 (0] — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

MCLR/VPpP 1 2 57 P ST Master clear (reset) input or programming voltage input.
This pin is an active low reset to the device.
PORTA is a bi-directional I/O port. The AN and VREF multi-
plexed functions are used by the PIC16C924 only.

RAO/ANO 4 5 60 1/0 TTL RAO can also be Analog inputO.

RA1/AN1 5 6 61 110 TTL RA1 can also be Analog inputl.

RA2/AN2 7 8 63 110 TTL RA2 can also be Analog input2.

RA3/AN3/VREF 8 9 64 1/0 TTL RA3 can also be Analog input3 or A/D Voltage Refer-

ence.
RA4/TOCKI 9 10 1 1/0 ST RA4 can also be the clock input to the TimerO
timer/counter. Output is open drain type.
RA5/AN4/SS 10 11 2 1/0 TTL RAS5 can be the slave select for the synchronous serial

port or Analog input4.

PORTB is a hi-directional I/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/INT 12 13 4 110 TTL/ST RBO can also be the external interrupt pin. This buffer
is a Schmitt Trigger input when configured as an exter-
nal interrupt.

RB1 11 12 3 lfe} TTL

RB2 3 4 59 lfe} TTL

RB3 2 3 58 110 TTL

RB4 64 68 56 110 TTL Interrupt on change pin.

RB5 63 67 55 1/0 TTL Interrupt on change pin.

RB6 61 65 53 110 TTL/ST Interrupt on change pin. Serial programming clock.
This buffer is a Schmitt Trigger input when used in
serial programming mode.

RB7 62 66 54 1/0 TTL/ST Interrupt on change pin. Serial programming data.
This buffer is a Schmitt Trigger input when used in
serial programming mode.

PORTC is a bi-directional I/O port.

RCO/T10SO/T1CKI 24 26 16 1/0 ST RCO can also be the Timerl oscillator output or
Timerl clock input.

RC1/T10sSI 25 27 17 1/0 ST RC1 can also be the Timer1 oscillator input.

RC2/CCP1 26 28 18 110 ST RC2 can also be the Capturel input/Comparel out-
put/PWM1 output.

RC3/SCK/SCL 13 14 5 110 ST RC3 can also be the synchronous serial clock
input/output for both SPI and 12C modes.

RC4/SDI/SDA 14 15 6 110 ST RC4 can also be the SPI Data In (SPI mode) or data
I/0 (I2C mode).

RC5/SDO 15 16 7 I{e] ST RCS5 can also be the SPI Data Out (SPI mode).

C1 16 17 8 P LCD Voltage Generation.

Cc2 17 18 9 P LCD Voltage Generation.

Legend: | =input O = output P = power L = LCD Driver

— = Not used TTL =TTL input ST = Schmitt Trigger input
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PIC16C9XX

3.1 Clocking Scheme/Instruction Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
is shown in Figure 3-3.

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. QOO
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register" in cycle Q1. This instruc-
tion is then decoded and executed during the Q2, Q3,
and Q4 cycles. Data memory is read during Q2 (oper-
and read) and written during Q4 (destination write).

Q1 | Q2 | Q3 | Q4 | Q1L | Q2 | Q3 | Q4 |
OSCLL / /" / /L /L N

QL | Q2 | Q3 | Q4 |

Ql 1 1 !
Q2 '_/—\ I / \ I / \—| Internal
phase
Q3 / \ i / \ i /—\—l clock
o) ) A, A
PC ¢ PC X PC+1L X PC+2
OSC2/CLKOUT k—/—k—/—k—/—l
(RC mode) | | |
! Fetch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Fetch INST (PC+2)
| | Execute INST (PC+1)
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
TcyO Tecyl Tcy2 Tcy3 Tecy4d Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOWNF PORTB Fetch 2 Execute 2
3. CALL SuB 1 Fetch 3 Execute 3
4. BSF PORTA, BI T3 (Forced NOP) Fetch 4 Flush
5. Instruction @address SUB_1 Fetch SUB_1| Execute SUB_1

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

0 1997 Microchip Technology Inc.
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PIC16C9XX

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 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
81h opTioN | RBPU | INTEDG | Tocs | Tose | psa | ps2 | ps1i | pso [1111 11111111 1111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS rRp | rr1 | R0 | 10 | PO | z | bc | ¢ [ooo1 1xxx |000g quuu
84h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
85h TRISA — | — | PORTA Data Direction Register --11 1111 |--11 1111
86h TRISB PORTB Data Direction Register 1111 1111|1111 1111
87h TRISC — | — | PORTC Data Direction Register --11 1111 |--11 1111
88h TRISD PORTD Data Direction Register 1111 1111|1111 1111
89h TRISE PORTE Data Direction Register 1111 1111|1111 1111
8Ah PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 |---0 0000
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
8Ch PIE1 LCDIE ADIE® — — SSPIE CCP1IE TMR2IE TMR1IE | 00-- 0000 [ 00-- 0000
8Dh — Unimplemented — —
8Eh PCON — — — — — — POR — ---- --0-|---- --u-
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111|1111 1111
93h SSPADD Synchronous Serial Port (IZC mode) Address Register 0000 0000 | 0000 0000
94h SSPSTAT SMP CKE | D/A | P S RIW UA BF 0000 0000 | 0000 0000
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h — Unimplemented — —
9%h — Unimplemented — —
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh — Unimplemented — —
orFh® ADCON1 — — — — — PCFG2 PCFG1 PCFGO ([---- -000 |---- -000
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.

DS30444E - page 20
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PIC16C9XX

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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PIC16C9XX

4221 STATUS REGISTER

The STATUS register, shown in Figure 4-3, 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 MOWN 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: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBW

instructions for examples.

FIGURE 4-3: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

R/W-x R/W-x

RMW-0 _ R/W-0 _ R/W-0 R-1 R-1
mp | re1 | R0 | TOo | PD

DC C R = Readable bit

bit7

W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit0

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

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

bit 4:  TO: Time-out bit

1 = After power-up, CLRADT instruction, or SLEEP instruction

0 = AWDT time-out occurred
bit 3:  PD: Power-down bit

1 = After power-up or by the CLRADT 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:  DC: Digit carry/borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions) (for borrow the polarity is reversed)
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) (for borrow the polarity is reversed)
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: 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 the source register.

0 1997 Microchip Technology Inc.
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FIGURE 7-3: TIMEROTIMING: INTERNAL CLOCK/PRESCALE 1:2

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

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

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

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

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

FIGURE 7-4: TIMERO INTERRUPT TIMING

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

S AVAVA AN AW AWAWAR AU ANAWAR AVAWAWAR AWAWAWAE

CLKOUT(3)

Timer0 : :
TOIF bit ! * @

(INTCON<2>) !

FFh 02h

><

01h X

-
©

BRI SCIEE  C

GIE bit ' ,

(INTCON<7>) \
INSTRUCTION:
FLOW

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

Instruction
fetched

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

PC { PC
executed :

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

B I O

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

DS30444E - page 46 0 1997 Microchip Technology Inc.



PIC16C9XX

7.3.1 SWITCHING PRESCALER ASSIGNMENT Note: To avoid an unintended device RESET, the

The prescaler assignment is fully under software con- following instruction sequence (shown in

trol, i.e., it can be changed “on the fly” during program ExamP'e 7-1) must be ext_acuted when
execution. changing the prescaler assignment from

Timer0 to the WDT. This precaution must
be followed even if the WDT is disabled.

EXAMPLE 7-1: CHANGING PRESCALER (TIMERO - WDT)

1) BSF STATUS, RPO ; Sel ect Bankl
Lines 2 and 3 do NOT have to 2) MOVLW b' xx0x0xxx' ; Sel ect clock source and prescal e val ue of
be included if the final desired 3) MOWAE OPTI ON_REG ‘other than 1:1
prescale value is other than 1:1. 4) BCF STATUS. RPO - Sel ect BankO
If 1:1 is final desired value, then 5 OLRE  TMWRO . Qlear TMRO and prescal er

a temporary prescale value is
setin lines 2 and 3 and the final ® BSF  STATUS, RP1  :Select Bankl

prescale value will be set in lines 7)  MOVLW b' xxxx1xxx' ; Sel ect WDT, do not change prescal e val ue
10 and 11. 8) MOWF OPTI ON_REG ;
9) CLRWDT ;Clears WOT and prescal er

10) MOVLW b' xxxx1xxx' ; Sel ect new prescal e val ue and WOT
11) MOVWAF  OPTI ON_REG ;
12) BCF STATUS, RPO ; Sel ect BankO

To change prescaler from the WDT to the TimerO mod-
ule use the precaution shown in Example 7-2.

EXAMPLE 7-2: CHANGING PRESCALER (WDT - TIMERO)

CLRVWDT ; 0 ear WDT and prescal er

BSF STATUS, RPO ; Sel ect Bankl

MOVLW b' xxxx0xxx" ; Sel ect TMRO, new prescal e val ue and
MOV OPTI ON_REG ; cl ock source

BCF STATUS, RPO ; Sel ect BankO

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMERO

Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset

01h, 101h | TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh, 8Bh, INTCON | GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
81h, 181h |OPTION | RBPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
85h TRISA — — PORTA Data Direction Control Register --11 1111 | --11 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
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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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FIGURE 11-7: SPI MODE TIMING (SLAVE MODE WITH CKE = 1)

ait optional) |_

SCK (CKP = 0)

SCK (CKP = 1)

SDO —( b X bie X bis N bia X bz X bz X bie oo X—

sorou -0 —— > < < << <<

bit7 bit0

SSPIF ,_

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION

Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset

0Bh, 8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000u
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF® — — SSPIF CCP1IF | TMR2IF | TMR1IF [ 00-- 0000 00-- 0000
8Ch PIE1 LCDIE | ADIED — — SSPIE CCP1IE | TMR2IE | TMR1IE | 00-- 0000 00-- 0000
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 Control Register --11 1111 --11 1111
87h TRISC — — PORTC Data Direction Control Register --11 1111 --11 1111
94h SSPSTAT SMP CKE D/A | P | S | RIW | 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: Bits ADIE and ADIF are reserved on the PIC16C923, always maintain these bits clear.
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FIGURE 12-3: A/D BLOCK DIAGRAM

CHS2:CHS0
: 100 |
VAN - \o——‘Z’ RAS5/AN4
Z 011 .
(Input voltage) - . RA3/AN3/VREF
! 010
AD - . —|Z| RA2/AN2
Converter X X
. 001 |
. - —|Z| RAL/AN1
l 000 |
AvDD - \07—|Z| RAO/ANO
N K 000or ~ T
VREE ' T 010 or
IJD/ ! 100
(Reference ! O~
voltage «____ .Y 00lor
ge) il 011

PCFG2:PCFGO
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12.8 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 bhit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D conversion,
and the Timerl counter will be reset to zero. Timerl 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 Timerl counter.

12.9 Connection Considerations

If the input voltage exceeds the rail values (Vss or VDD)
by greater than 0.2V, then the accuracy of the conver-
sion is out of specification.

An external RC filter is sometimes added for anti-alias-
ing of the input signal. The R component should be
selected to ensure that the total source impedance is
kept under the 10 kQ recommended specification. Any
external components connected (via hi-impedance) to
an analog input pin (capacitor, zener diode, etc.) should
have very little leakage current at the pin.

12.10 Transfer Function

The ideal transfer function of the A/D converter is as fol-
lows: the first transition occurs when the analog input
voltage (VAIN) is Analog VREF / 256 (Figure 12-5).

FIGURE 12-5: A/D TRANSFER FUNCTION
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13.6  Configuring the LCD Module - Timing source, bits CS1:CS0
- Voltage generation, bit VGEN
- Sleep mode, bit SLPEN

. . 4. Write initial values to pixel data registers,
1. Select the frame clock prescale using bits LCDDOO through LCDD15.

LPS:,LPO (LCDPS<3:0>,)' ) . 5. Clear LCD interrupt flag, LCDIF (PIR1<7>), and
2. Configure the appropriate pins to function as if desired, enable the interrupt by setting bit

The following is the sequence of steps to follow to con-
figure the LCD module.

segment drivers using the LCDSE register. LCDIE (PIEL<7>).
3. Configure the LCD module for the following 6. Enable the LCD module, by setting bit LCDEN
using the LCDCON register. (LCDCON<7>).

- Multiplex mode and Bias, bits
LMUX1:LMUXO0

TABLE 13-4: SUMMARY OF REGISTERS ASSOCIATED WITH THE LCD MODULE

Value on | Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Power-on | all other
Reset Resets
0Bh 8Bh, |\\1con | GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000U
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF® — = SSPIF | CCP1IF | TMR2IF | TMR1IF | 00-- 0000 | 00-- 0000
8Ch PIE1 LCDIE | ADIE® = = SSPIE | CCP1IE | TMR2IE | TMRI1IE | 00-- 0000 | 00-- 0000
10h T1CON = = T1CKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | --00 0000 | - -uu uuuu
10Dh LCDSE SE29 SE27 SE20 SE16 SE12 SE9 SE5 SEO | 1111 1111 | 1111 1111
10Eh LCDPS = = = = LP3 LP2 LP1 LPO |---- 0000 | ---- 0000
10Fh LCDCON | LCDEN | SLPEN = VGEN cs1 CSo LMUX1 | LMUXO | 00-0 0000 | 00-0 0000
110h Lcppoo | SEGO7 | SEGO6 | SEGO5 | SEGO4 SEG03 | SEGO2 | SEGOL | SEGO0 |, . .o oo | 0w
COMO | COMO | COMO COMO COMO COMO | COMO | COMO
111h Lcppol | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEG10 | SEGO9 | SEGO8 |, . .o .o | = wuuu
COMO | COMO | COMO COMO COMO COMO | COMO | COMO
SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEG17 | SEG16
112h LCDDOZ | ‘om0 | como | como | como | como | como | como | como |OXX XXxx | uuuu uuuu
113h Lcppos | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 o | o uuu
COMO | COMO | COMO COMO COMO COMO | COMO | COMO
SEGO7 | SEG06 | SEG05 | SEG04 SEG03 | SEG02 | SEGO1 | SEGO0
114h LCDDO4 | ‘oom1 | comi | comi | comi | comi | comi | comi | comi [X0O%¢ Xxxx|uuuu uuuu
115h Lcppos | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEG10 | SEG09 | SEGO8 | . .o o | W wuuu
COM1 | coM1 | comi CcoM1 COM1 COM1 | COM1 | cOM1
116h Lcbpos | SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEGL7 | SEG16 | . .o\ o | i wuuu
coM1 | com1 | comi com1 com1 COM1 | COM1 | cOMm1
117h Lcppo7 | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 o | o uuu
com1® | comi | comi COoM1 CoM1 COM1 | COM1 | COM1
118h Lcppog | SEGO7 | SEGO6 | SEGO5 | SEGO4 SEG03 | SEGO2 | SEGOL | SEGO0 |, ..o oo | 0w
CcCoM2 | com2 | com2 COM2 CoM2 COM2 | COM2 | com2
119h Lcpbpog | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEGI10 | SEGO9 | SEGO8 | . .o o | 0 wuuu
coM2 | com2 | com2 COM2 CoM2 CcoM2 | coM2 | com2
SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEG17 | SEG16
11Ah LCDDIO | ‘comz | com2 | com2 | com2 | com2 | com2 | com2 | comz |XXX XXxx | uuuu uuuu
11Bh Lcpp11 | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 .o | o uuu
com2@ | com2® | comz COM2 COM2 COM2 | com2 COM2
11Ch LcDp12 | SEGO7 | SEGO6 | SEGO5 | SEGO4 SEG03 | SEGO2 | SEGOL | SEGO0 |, . .o oo | 0w
COM3 | cCoM3 | CcoMm3 CoM3 CoM3 COM3 | COM3 | COM3
11Dh Lcpp13 | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEG10 | SEGO9 | SEGO8 | . .o o | 0 wuuu
CcCOM3 | coM3 | CcoM3 COM3 COM3 CcoM3 | coM3 | com3
SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEG17 | SEG16
11Eh LCDD14 | ‘com3 | com3s | com3 | com3 | com3 | COM3 | COM3 | comz | XXX XXXx | uuuu uuuu
11Fh Lcppis | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 oo | o uuu
com3®@ | com3®@ | com3® | cowms COM3 COM3 | CcoM3 COM3
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the LCD Module.

Note 1: These bits are reserved on the PIC16C923, always maintain these bits clear.
2: These pixels do not display, but can be used as general purpose RAM.
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TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont.d)

Register Applicable Devices Power-on Reset MCLR Resets Wake-up via

WDT Reset WDT or

Interrupt

PORTD 923 924 0000 0000 0000 0000 uuuu uuuu
PORTE 923 924 0000 0000 0000 0000 uuuu uuuu
PCLATH 923 924 ---0 0000 ---0 0000 ---U uuuu
INTCON 923 924 0000 000x 0000 000u uuuu uuuu®
PIR1® 923 924 00-- 0000 00-- 0000 uu-- uuuu®
TMR1L 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 923 924 --00 0000 --uu uuuu --uu uuuu
TMR2 923 924 0000 0000 0000 0000 uuuu uuuu
T2CON 923 924 - 000 0000 - 000 0000 - uuu uuuu
SSPBUF 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 923 924 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 923 924 --00 0000 --00 0000 --uu uuuu
ADRES 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 923 924 0000 00-0 0000 00-0 uuuu uu-u
OPTION 923 924 1111 1111 1111 1111 uuuu uuuu
TRISA 923 924 --11 1111 --11 1111 --uu uuuu
TRISB 923 924 1111 1111 1111 1111 uuuu uuuu
TRISC 923 924 --11 1111 --11 1111 --uu uuuu
TRISD 923 924 1111 1111 1111 1111 uuuu uuuu
TRISE 923 924 1111 1111 1111 1111 uuuu uuuu
PIEL® 923 924 00-- 0000 00-- 0000 uu-- uuuu
PCON 923 924 ---- --0- ---- --U- ---- --U-
PR2 923 924 1111 1111 1111 1111 1111 1111
SSPADD 923 924 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 923 924 0000 0000 0000 0000 uuuu uuuu
ADCON1 923 924 ---- -000 ---- -000 ---- -uuu
PORTF 923 924 0000 0000 0000 0000 uuuu uuuu
PORTG 923 924 0000 0000 0000 0000 uuuu uuuu

Legend: u = unchanged,

X = unknown,

- = unimplemented bit, read as '0', q = value depends on condition
Note 1: One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

3: See Table 14-5 for reset value for specific condition.
4: Bits PIE1<6> and PIR1<6> are reserved on the PIC16C923, always maintain these bits clear.
5: PORTA values when read.
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14.8 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had,
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the 1/O pin, power-down
the A/D, disable external clocks. Pull all I/O pins, that
are hi-impedance inputs, high or low externally to avoid
switching currents caused by floating inputs. The TOCKI
input should also be at VDD or Vss for lowest current
consumption. The contribution from on-chip pull-ups on
PORTB should be considered.

The MCLR pin must be at a logic high level (VIiHMC).
14.8.1 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of
the following events:

1. External reset input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from RBO/INT pin, RB port change, or
some peripheral interrupts.

External MCLR Reset will cause a device reset. All
other events are considered a continuation of program
execution and cause a “wake-up”. The TO and PD bits
in the STATUS register can be used to determine the
cause of device reset. The PD bit, which is set on
power-up is cleared when SLEEP is invoked. The TO bit
is cleared if a WDT time-out occurred (and caused
wake-up).

The following peripheral interrupts can wake the device
from SLEEP:

1. TMR1interrupt. Timerl must be operating as an
asynchronous counter.

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SPI/IZC).
CCP capture mode interrupt.

A/D conversion (when A/D clock source is RC).

Special event trigger (Timerl in asynchronous
mode using an external clock).

7. LCD module.

o gk wN

Other peripherals can not generate interrupts since
during SLEEP, no on-chip Q clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NCP after the SLEEP instruction.

14.8.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will immedi-
ately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction was
executed as a NOP.

To ensure that the WDT is cleared, a CLRADT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 17-8: SPI MASTER MODE TIMING (CKE = 0)
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FIGURE 17-9: SPI MASTER MODE TIMING (CKE = 1)
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FIGURE 18-14:TYPICAL IpD vs. FREQUENCY (RC MODE @ 20 pF, 25°C)
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FIGURE 18-15:MAXIMUM Ipb vs. FREQUENCY (RC MODE @ 20 pF, -40°C TO +85°C)
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FIGURE 18-16:TYPICAL IpbD vs. FREQUENCY (RC MODE @ 100 pF, 25°C)
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FIGURE 18-17:MAXIMUM Ipb vs. FREQUENCY (RC MODE @ 100 pF, -40°C TO +85°C)
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FIGURE 18-23: TYPICAL XTAL STARTUP TIME
vs. VoD (LP MODE, 25°C)
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FIGURE 18-24: TYPICAL XTAL STARTUP TIME
vs. VDD (HS MODE, 25°C)
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NOTES:
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