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PIC16C7X

4222 OPTION REGISTER

Applicable Devices Note:
72|73|73A]74{74A]76]77

To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

The OPTION register is a readable and writable regis-
ter which contains various control bits to configure the
TMRO/WDT prescaler, the External INT Interrupt,
TMRO, and the weak pull-ups on PORTB.

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

PSO R = Readable bit

bit 7: RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

bit 6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5: TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

bit 3: PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0: PS2:PS0: Prescaler Rate Select bits
BitValue TMRO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

RW-1  RMW-1  RMW-1  RMW-1  RMW-1  RM-1  RMW-1  RMW-1
| RBPU | INTEDG | Tocs | TosE | psa | pPs2 | psi |
bit7

bito |W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

0 1997 Microchip Technology Inc.
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PIC16C7X

4224

PIE1 REGISTER

Applicable Devices

72|73|73A]74{74A]76]77

Note:

Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

This register contains the individual enable bits for the
peripheral interrupts.

FIGURE 4-10: PIE1 REGISTER PIC16C72 (ADDRESS 8Ch)

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

u-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
| — [ abe | — | — | sspiE | ccrpiE | TMR2IE | TMRLEE | [R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n =Value at POR reset
bit 7: Unimplemented: Read as '0'
bit 6: ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt
bit 5-4: Unimplemented: Read as '0'
bit 3:  SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt
bit 2:  CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt
bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit

0 1997 Microchip Technology Inc.
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PIC16C7X

10.0 CAPTURE/COMPARE/PWM
MODULE(s)

Applicable Devices

72|73|73A|74|74A|76|77|CCP1
72|73|73A|74|74A|76|77|CCP2

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register which can operate as a 16-bit capture
register, as a 16-bit compare register or as a PWM
master/slave Duty Cycle register. Both the CCP1 and
CCP2 modules are identical in operation, with the
exception of the operation of the special event trigger.
Table 10-1 and Table 10-2 show the resources and
interactions of the CCP module(s). In the following sec-
tions, the operation of a CCP module is described with

CCP1 module:

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.
CCP2 module:

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

For use of the CCP modules, refer to the Embedded
Control Handbook, "Using the CCP Modules"(AN594).

TABLE 10-1: CCP MODE - TIMER

RESOURCE
respect to CCP1. CCP2 operates the same as CCP1,
except where noted. CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2
TABLE 10-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture Same TMRL1 time-base.
Capture Compare The compare should be configured for the special event trigger, which clears TMR1.
Compare Compare The compare(s) should be configured for the special event trigger, which clears TMRL1.
PWM PWM The PWMs will have the same frequency, and update rate (TMR2 interrupt).
PWM Capture None
PWM Compare None

0 1997 Microchip Technology Inc.
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Applicable Devi
P I C 1 6 C 7 X 72Fi$3I|C72A|e74IE;\:1I:T756|77

11.2  SPI Mode for PIC16C72/73/73A/74/74A

This section contains register definitions and opera-
tional characteristics of the SPI module for the
PIC16C72, PIC16C73, PIC16C73A, PIC16C74,
PIC16C74A.

FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h)

U-0 U-0 R-0 R-0 R-0 R-0 R-0 R-0
| — | — | pA P S RW UA | BF | |R= Readable bit
bit7 pito | W =Writable bit
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7-6: Unimplemented: Read as '0'

bit 5:  D/A: Data/Address bit (1°C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

bit 4:  P: Stop bit (I2C mode only. This bit is cleared when the SSP module is disabled, SSPEN is cleared)
1 = Indicates that a stop bit has been detected last (this bit is '0' on RESET)
0 = Stop bit was not detected last

bit 3:  S: Start bit (IZC mode only. This bit is cleared when the SSP module is disabled, SSPEN is cleared)
1 = Indicates that a start bit has been detected last (this bit is '0' on RESET)
0 = Start bit was not detected last

bit 2:  R/W: Read/Write bit information (C mode only)
This bit holds the R/W bit information following the last address match. This bit is valid from the address
match to the next start bit, stop bit, or ACK bit.
1 =Read
0 = Write

bit 1:  UA: Update Address (10-bit 1°C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

bit 0: BF: Buffer Full Status bit

Receive (SPI and 12C modes)
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

Transmit (I°C mode only)
1 =Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty

DS30390E-page 78 0 1997 Microchip Technology Inc.



PIC16C7X

TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)

BAUD FoscC = 20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.16 MHz SPBRG

RATE % value % value % value % value

(K) KBAUD ERROR (decimal)|KBAUD ERROR (decimal){KBAUD ERROR (decimal)| KBAUD ERROR (decimal)

9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46

19.2 | 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32 19.454 +1.32 22

38.4 |37.878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286 -2.90 11

57.6 | 56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10 55.930 -2.90 7

115.2 |113.636 -1.36 10 111.111  -3.55 8 125 +8.51 4 111.860 -2.90 3

250 250 0 4 250 0 3 NA - - NA - -

625 625 0 1 NA - - 625 0 0 NA - -

1250 1250 0 0 NA - - NA - - NA - -
BAUD FOsC = 5.068 MHz SPBRG 4 MHz SPBRG 3.579 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % value % value % value % value % value
(K) KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
9.6 9.6 0 32 NA - - 9.727 +1.32 22 8.928  -6.99 6 NA - -
19.2 18.645 -2.94 16 1.202 4017 207 18.643 -2.90 11 20.833 +8.51 2 NA - -
38.4 39.6 +3.12 7 2403 +0.13 103 37.286 -2.90 5 31.25 -18.61 1 NA - -
57.6 52.8 -8.33 5 9.615 +0.16 25 55.930 -2.90 3 62.5 +8.51 0 NA - -
115.2 105.6 -8.33 2 19.231 +0.16 12 111.860 -2.90 1 NA - - NA - -
250 NA - - NA - - 223.721 -10.51 0 NA - - NA - -
625 NA - - NA - - NA - - NA - - NA - -
1250 NA - - NA - - NA - - NA - - NA - -

Note: For the PIC16C73/73A/74/74A, the asynchronous high speed mode (BRGH = 1) may experience a high
rate of receive errors. It is recommended that BRGH = 0. If you desire a higher baud rate than BRGH =0
can support, refer to the device errata for additional information, or use the PIC16C76/77.

0 1997 Microchip Technology Inc. DS30390E-page 103




PIC16C/7X

12.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN
(RCSTA<5>) or enable bit CREN (RCSTA<4>). Data is
sampled on the RC7/RX/DT pin on the falling edge of
the clock. If enable bit SREN is set, then only a single
word is received. If enable bit CREN is set, the recep-
tion is continuous until CREN is cleared. If both bits are
set then CREN takes precedence. After clocking the
last bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt flag bit
RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit which is
reset by the hardware. In this case it is reset when the
RCREG register has been read and is empty. The
RCREG is a double buffered register, i.e. it is a two
deep FIFO. It is possible for two bytes of data to be
received and transferred to the RCREG FIFO and a
third byte to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full then overrun error bit OERR
(RCSTA<1>) is set. The word in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th
receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 12.1)

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. Ensure bits CREN and SREN are clear.

4. If interrupts are desired, then set enable bit
RCIE.

5. If 9-bit reception is desired, then set bit RX9.

6. If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

7. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG register.

10. If any error occurred, clear the error by clearing
bit CREN.

TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION
Value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit 0 POR,
other Resets
BOR
0Ch PIR1 PSPIF® | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN FERR | OERR | Rx9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC BRGH | TRMT | Tx9p | 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented read as '0'. Shaded cells are not used for Synchronous Master Reception.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
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PIC16C7X

FIGURE 12-14: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q4Q4Q{Q404Q40{Q4Q#Q#Q{QﬂQ4Q40{Qﬂ0404Q4Q4Q4Q4Q4F404Q404F4Q404Q4F4Q4Q4Q4F404Q404F4Q40404

RC7/RX/DT pin . . bit0 bitl  bit2 bit3 bit4  bit5 bit6 bit7

RC6/TX/CK pin ; [ [l [ [ [ [l [ [
Write to !
bit SREN ~ L . . . . . . . . . .
SREN bit — | 3 1 1 1 1 1 1 Y S
CREN bit -0 : : : : : : : : O
RCIF bit Z Z Z Z Z Z Z Z Z .
(interrupt) . . . . . . . . . Z .
Read 2 2 2 2 2 2 2 2 2 2 2
RXREG | | | | | | | | | . .

Note: Timing diagram demonstrates SYNC master mode with bit SREN = '1" and bit BRG ="'0'".
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PIC16C/7X

12.4  USART Synchronous Slave Mode
Applicable Devices
72|73[73A]74]74A]76]77
Synchronous slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

12.41 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

¢) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

12.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous master and slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don't care in slave mode.

If receive is enabled, by setting bit CREN, prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. If interrupts are desired, then set enable bit
RCIE.

3. If 9-bit reception is desired, then set bit RX9.

4. To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated, if
enable bit RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.
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PIC16C/7X

FIGURE 13-2: ADCON1 REGISTER (ADDRESS 9Fh)

Note 1: REO, RE1, and RE2 are implemented on the PIC16C74/74A/77 only.

U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
| — | — | — — | — | pcre2 | PcFG1 | PCFGO | |R =Readable bit
bit7 bito | W =Writable bit
U =Unimplemented
bit, read as ‘0’
- n = Value at POR reset
bit 7-3: Unimplemented: Read as '0'
bit 2-0: PCFG2:PCFGO0: A/D Port Configuration Control bits
PCFG2:PCFGO RAO | RA1 | RA2 | RA5 | RA3 |RE0OW |RE1D |RE2D | VREF
000 A A A A A A A A VDD
001 A A A A VREF |[A A A RA3
010 A A A A A D D D VDD
011 A A A A VREF D D D RA3
100 A A D D A D D D \Ysls}
101 A A D D VREF D D D RA3
11x D D D D D D D D —
A = Analog input
D = Digital I/O
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PIC16C7X

BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [labell BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
< .
0sb<7 Operation: (PC)+ 1- TOS,
Operation: skip if (f<b>) =1 k - PC<10:0>,
Status Affected:  None (PCLATH<4:3>) - PC<12:11>
Encoding: | o1 [11b [bff [ it | Status Affected: ~ None
Description: If bit 'b' in register 'f' is '0' then the next Encoding: | 10 | Okkk | kkkk | kkkk |
instruction is executed. P - -
If bit 'b" is '1', then the next instruction is Description: (CPa(I:I +Sll;?gogég‘ﬁég'gﬁforﬁggtgggr.?_f]se
idn'gtcé’gge?ngﬂﬁ] gmgz IS‘I'ECXE?#SI,?% ction eleven bit immediate address is loaded
’ : into PC bits <10:0>. The upper bits of
Words: 1 the PC are loaded from PCLATH. CALL
is a two cycle instruction.
Cycles: 1(2) Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: >
Decode Read Process No- L.
register ' data | Operation Q Cycle Activity: Q1 Q2 Q3 Q4
: 1st Cycle | Decode Read Process | Write to
If Skip:  (2nd Cycle) y literal 'k, data PC
QL Q@ Q3 4 "o Staok
No- No- No- No-
Operation | Operation | Operation | Operation 2nd Cycle Ope'\:gt_ion Opglrg_tion Opglr(;_tion Op«’;‘rg_tion
Example HERE BTFSC FLAG 1 Example HERE CALL  THERE
FALSE GOTO PROCESS CODE
TRUE . Before Instruction
. PC = Address HERE
. After Instruction
Before Instruction PC = Address THERE
PC = address HERE TOS = Address HERE+1
After Instruction
if FLAG<1> =0,
PC = address FALSE
if FLAG<1>=1,
PC = address TRUE

0 1997 Microchip Technology Inc. DS30390E-page 151



PIC16C/7X

|Applicable Devices [72]|73[73A|74[74A[76 |77 |

18.3

DC Characteristics:

PIC16C73/74-04 (Commercial, Industrial)

PIC16C73/74-10 (Commercial, Industrial)
PIC16C73/74-20 (Commercial, Industrial)
PIC16LC73/74-04 (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C
0°C

< TA < +85°C for industrial and

< TA £ +70°C for commercial
Operating voltage VDD range as described in DC spec Section 18.1 and

Section 18.2.
Param Characteristic Sym Min [Typ Max |Units Conditions
No. T
Input Low Voltage
1/0O ports VIL
D030 with TTL buffer Vss - [0.15VDD| V |For entire VDD range
DO30A Vss - 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss -102vbD| V
D032 |MCLR, OSCL1 (in RC mode) Vss -|02vbp| V
D033 |OSC1 (in XT, HS and LP) Vss -1 03vbp| V [Notel
Input High Voltage
1/0O ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD<5.5V
DO40A 0.25VDpD| - VDD V |For entire VDD range
+ 0.8V
D041 with Schmitt Trigger buffer 0.8VDD | - VDD V |For entire VDD range
D042 |[MCLR 0.8vbD | - | VDD \%
D042A [OSC1 (XT, HS and LP) 0.7VDD | - VDD V [Notel
D043 |[OSC1 (in RC mode) 0.9vVDD | - VDD \%
D070 [PORTB weak pull-up current IPURB 50 |250 400 MA |VDD =5V, VPIN = Vss
Input Leakage Current
(Notes 2, 3)
D060 |I/O ports L - - +1 MA [Vss < VPIN < VDD, Pin at hi-imped-
ance
D061 |MCLR, RA4/TOCKI - - 15 HA |Vss < VPIN < VDD
D063 |OSC1 - - +5 MA [Vss <VPIN £VDD, XT, HS and LP osc
configuration
Output Low Voltage
D080 |I/O ports VoL - - 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
Output High Voltage
D090 (I/O ports (Note 3) VoH |VDD - 0.7| - - V |loH=-3.0 mA, VDD = 4.5V,
-40°C to +85°C
D092 |OSC2/CLKOUT (RC osc config) VDD - 0.7 - - V |loH=-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D150* [Open-Drain High Voltage VoD - - 14 V [RA4 pin
* 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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C7X be driven with external clock in RC mode.
2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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PIC16C7X

|Applicable Devices [72]|73[73A|74[74A[76 |77 |

FIGURE 19-3: CLKOUT AND I/O TIMING

Q4 Z Q1 Z Q2 Z Q3 Z
osc1 e L L/ l
K s e :
CLKOUT L \k Lo l 7/ :
e RGN l
- 12, .
L —»i<16 :
1/0 Pin
(input)
1/ Pin : N/ : : :
(output) old value : X : : new value :
: — - : : :
' 20,21 ' ' '
Note: Refer to Figure 19-1 for load conditions.
TABLE 19-3: CLKOUT AND I/O TIMING REQUIREMENTS
Param | Sym Characteristic Min Typt Max Units | Conditions
No.
10* | TosH2ckL [ OSC1t to CLKOUT! — 75 200 ns Note 1
11* | TosH2ckH | OSC1t to CLKOUT1t — 75 200 ns Note 1
12* | TckR CLKOUT rise time — 35 100 ns Note 1
13* | TckF CLKOUT fall time — 35 100 ns Note 1
14* | TckL2ioV | CLKOUT | to Port out valid — — | 0.5Tcy+20| ns Note 1
15* | TioV2ckH | Port in valid before CLKOUT 1 Tosc + 200 — — ns Note 1
16* | TckH2iol | Portin hold after CLKOUT 1t 0 — — ns Note 1
17* | TosH2ioV | OSC11 (Q1 cycle) to — 50 150 ns
Port out valid
18* | TosH2iol |OSC1t (Q2 cycle) to PIC16C73A/74A 100 — — ns
Port input invalid (|/O in PIC16LC73A/74A 200 . _ ns
hold time)
19* | TioV2osH | Port input valid to OSC1+t (I/O in setup time) 0 — — ns
20* | TioR Port output rise time PIC16C73A/74A — 10 40 ns
PIC16LC73A/74A — — 80 ns
21* | TioF Port output fall time PIC16C73A/74A — 10 40 ns
PIC16LC73A/74A — — 80 ns
2211* | Tinp INT pin high or low time Tcy — — ns
23tt* | Trbp RB7:RB4 change INT high or low time Tcy — — ns

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

Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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|Applicable Devices [72]|73[73A[74[74A[76 |77 |
TABLE 20-13: A/D CONVERTER CHARACTERISTICS:

PIC16C76/77-04 (Commercial, Industrial, Extended)
PIC16C76/77-10 (Commercial, Industrial, Extended)
PIC16C76/77-20 (Commercial, Industrial, Extended)
PIC16LC76/77-04 (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

AO05 | EFs | Full scale error — — <z1 LSb | VREF =VDD = 5.12V,
Vss < VAN < VREF

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

Al10 — | Monotonicity — guaranteed — — | VsSs £ VAIN < VREF

A20 | VREF | Reference voltage 3.0v — VoD + 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 | PIC16C76/77 — 180 — HA | Average current consump-
(VDD) PIC16LC76/77 _ 90 _ PA 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
CHoLD, see Section 13.1.

— — 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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FIGURE 20-17: A/D CONVERSION TIMING

|Applicable Devices |72|73|73A|74[74A[76|77 |

BSF ADCONO, GO

Q4

AD CLK =—132;

A/D DATA

ADRES

ADIF

GO

Note 1:

134—>| |«— (Tosc/2) @

131

-

130 :<—

X7 X o X s XX e XX o X

OLD_DATA

>I< NEW_DATA

|

SAMPLE

SAMPLING STOPPED

|
| Done

If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 20-14: A/D CONVERSION REQUIREMENTS

Param | Sym | Characteristic Min Typt Max Units Conditions
No.
130 TAD | A/D clock period PIC16C76/77 1.6 — — ps | Tosc based, VREF = 3.0V
PIC16LC76/77 2.0 — — ps | Tosc based, VREF full range
PIC16C76/77 2.0 4.0 6.0 ps | A/D RC Mode
PIC16LC76/77 3.0 6.0 9.0 ps | A/D RC Mode
131 | Tenv | Conversion time (not including S/H time) — 9.5 — TAD
(Note 1)
132 | TAcQ | Acquisition time Note 2 20 — ps
5% — — ps | The minimum time is the amplifier
settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 TGo | Q4 to A/D clock start — Tosc/2 § — — | Ifthe A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert - sample time 158 — — TAD

*  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.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 13.1 for min conditions.
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Data based on matrix samples. See first page of this section for details.

PIC16C/7X

|Applicable Devices |72|73|73A|74[74A| 76| 77|

FIGURE 21-3: TYPICAL IpD vs. VDD @ 25°C
(WDT ENABLED, RC MODE)
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FIGURE 21-4: MAXIMUM IpD vs. VDD (WDT
ENABLED, RC MODE)
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FIGURE 21-5: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =22 pF, T =25°C
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Shaded area is beyond recommended range.

FIGURE 21-6: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =100 pF, T = 25°C
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FIGURE 21-7: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =300 pF, T =25°C
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22.7 44-Lead Plastic Leaded Chip Carrier (Square)(PLCC
D 0.812/0.661
0.177 1.27 ~ "‘ 0327026 |\ "o
|P| 507 ©Jp|pE® 050 0177
D1 i\ @ Nt A 2 Sides A
LA e T ot e
L 038 2 -004 |Plane
/A ‘\/ Sl R CYANRER
=3 ¥ EE 538 £
K} 1 ®| o5 |Fe© A
I -
-E- - 0.177
D| 557 OAFc®
- 0.812/0.661
0.254 T032/.026
.010 Max —» —
1.524
[\ ] EANECA
0.64
Min — | |<—0.533/0.331
~ ~ 025 " ‘ ‘ ~021/.013
R 1.14/0.64 R 1.14/0.64
.0457.025 .0457.025 EBO(-)_%?@ AlFGE). DE®
Package Group: Plastic Leaded Chip Carrier (PLCC)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 4,191 4,572 0.165 0.180
Al 2.413 2.921 0.095 0.115
D 17.399 17.653 0.685 0.695
D1 16.510 16.663 0.650 0.656
D2 15.494 16.002 0.610 0.630
D3 12.700 12.700 Reference 0.500 0.500 Reference
E 17.399 17.653 0.685 0.695
El 16.510 16.663 0.650 0.656
E2 15.494 16.002 0.610 0.630
E3 12.700 12.700 Reference 0.500 0.500 Reference
N 44 44 44 44
CP - 0.102 - 0.004
LT 0.203 0.381 0.008 0.015
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22.9

} pin#1
—_—

44-1 ead Plastic Surface Mount (TQFP 10x10 mm Body 1.0/0.10 mm Lead Form) (T

11°/13°(4x)
e

I

0° Min7] />

0 — - \ P
11°/13°(4X)

HHHHHGHEEEA

CHEERE T

I
3.09 (0.1180) Ref.
Option 2 (TOP sid

Detail B

R1 0.08 Min
R 0.08/0.20

e)

. | * AL * Gage Plarz)ezlso
: é ; A2 ¥ A Base Metal b I:ead Finish T s
\\\_,/' | ? ‘ f * * ¢ | ¢ —| L |- '(\)/lﬁ]o
Detetil B petait A1 - - =L
1.00 Ref. } | } 1.00 Ref
~-—p]—>
Detail A Detail B
Package Group: Plastic TQFP
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 1.00 1.20 0.039 0.047
Al 0.05 0.15 0.002 0.006
A2 0.95 1.05 0.037 0.041
D 11.75 12.25 0.463 0.482
D1 9.90 10.10 0.390 0.398
E 11.75 12.25 0.463 0.482
El 9.90 10.10 0.390 0.398
L 0.45 0.75 0.018 0.030
e 0.80 BSC 0.031 BSC
b 0.30 0.45 0.012 0.018
bl 0.30 0.40 0.012 0.016
c 0.09 0.20 0.004 0.008
cl 0.09 0.16 0.004 0.006
N 44 44 44 44
€] 0° 7° 0° 7°
Note 1: Dimensions D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.25m/m (0.010”) per

side. D1 and E1 dimensions including mold mismatch.
Dimension “b” does not include Dambar protrusion, allowable Dambar protrusion shall be 0.08m/m

(0.003")max.

This outline conforms to JEDEC MS-026.
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APPENDIX E: PIC16/17 MICROCONTROLLERS

E.l

PIC12CXXX Family of Devices

Clock

Memory

Peripherals

Features

PIC12C508 PIC12C509 PIC12C671 PIC12C672
Maximum Frequency 4 4 4 4
of Operation (MHz)
EPROM Program Memory 512 x 12 1024 x 12 1024 x 14 2048 x 14
Data Memory (bytes) 25 41 128 128
Timer Module(s) TMRO TMRO TMRO TMRO
A/D Converter (8-bit) Channels — — 4 4
Wake-up from SLEEP on Yes Yes Yes Yes
pin change
I/0 Pins 5 5 5 5
Input Pins 1 1 1 1
Internal Pull-ups Yes Yes Yes Yes
Voltage Range (Volts) 2555 2555 2555 2555
In-Circuit Serial Programming Yes Yes Yes Yes
Number of Instructions 33 33 35 35
Packages 8-pin DIP, SOIC  |8-pin DIP, SOIC  |8-pin DIP, SOIC  |8-pin DIP, SOIC

All PIC12C5XX devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability.
All PIC12C5XX devices use serial programming with data pin GP1 and clock pin GPO.

E.2 P1C14C000 Family of Devices

PI1C14C000

Memory

Peripherals

Features

Maximum Frequency of Operation (MHz) (20

EPROM Program Memory (x14 words) 4K

Data Memory (bytes) 192

Timer Module(s) TMRO
ADTMR

Serial Port(s) 1°C with SMBus

(SPI/I2C, USART) Support

Slope A/D Converter Channels 8 External; 6 Internal

Interrupt Sources 11

1/0 Pins 22

Voltage Range (Volts) 2.7-6.0

In-Circuit Serial Programming Yes

Additional On-chip Features Internal 4MHz Oscillator, Bandgap Reference,Temperature Sensor,
Calibration Factors, Low Voltage Detector, SLEEP, HIBERNATE,
Comparators with Programmable References (2)

Packages 28-pin DIP (.300 mil), SOIC, SSOP
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CCP2IF DIt oot 38
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Code Examples
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