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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC16C7X

TABLE 4-2: PIC16C73/73A/74/74A SPECIAL FUNCTION REGISTER SUMMARY

Value on: | Value on all

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other resets
BOR ®)
Bank 0

00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
01h TMRO Timer0 module’s register XXXX XXXX [ uuuu uuuu
02h® | PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h® | STATUS IRP(™) | RP1( | RPO | TO | PD | z | DC | c 0001 1xxx | 000q quuu
04h® FSR Indirect data memory address pointer XXXX XXXX [ uuuu uuuu
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX [ uuuu uuuu
08h® | PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX | uuuu uuuu
09h® | PORTE — — — — | — | RE2 | RE1 | REO |---- -xxx|---- -uuu
0AhL4) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 (|---0 0000
0Bh® | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
0Ch PIR1 PSPIF®) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
0Dh PIR2 — — — - — — — CCP2IF |---- ---0(---- ---0
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [ uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
10h T1CON — | — | T1CKPS1 | T1CKPSO |TlOSCEN| TISYNC | TMRI1CS | TMR1ON | --00 0000 | --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20N | T2CKPS1 | T2CKPSO | - 000 0000 |- 000 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
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX [ uuuu uuuu
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |--00 0000 |--00 0000
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D | 0000 -00x | 0000 - 00x
19h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 | 0000 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX | uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX [ uuuu uuuu
1Dh CCP2CON — | — | CCP2X | CCP2Y | CCcP2M3 | CCP2M2 | CccP2M1 | CCP2MO | --00 0000 |--00 0000
1Eh ADRES A/D Result Register XXXX XXXX | uuuu uuuu
1Fh ADCONO ADCS1 | ADCSO0 | CHS2 | CHS1 | CHSO | GO/DONE | — | ADON 0000 00-0 | 0000 00-0

Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0'.
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con-
tents are transferred to the upper byte of the program counter.
Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
Bits PSPIE and PSPIF are reserved on the PIC16C73/73A, always maintain these bits clear.
These registers can be addressed from either bank.
PORTD and PORTE are not physically implemented on the PIC16C73/73A, read as ‘0’.
Brown-out Reset is not implemented on the PIC16C73 or the PIC16C74, read as '0'".
The IRP and RP1 bits are reserved on the PIC16C73/73A/74/74A, always maintain these bits clear.
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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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PIC16C/7X

5.7 Parallel Slave Port FIGURE 5-11: PORTD AND PORTE BLOCK
Applicable Devices DIAGRAM (PARALLEL
72[73]73A]74]74A]76]77 SLAVE PORT)

PORTD operates as an 8-bit wide Parallel Slave Port, r—— - - - — — - — — — 1

or microprocessor port when control bit PSPMODE | Databus M I

(TRISE<4>) is set. In slave mode it is asynchronously b Q L E

readable and writable by the external world through RD | "Q’C?RT | Rox

control input pin REO/RD/AN5 and WR control input pin | CK T\ | pin

RE1/WR/ANG. I TTL I

It can directly interface to an 8-bit microprocessor data I 0 D I

bus. The external microprocessor can read or write the

PORTD latch as an 8-bit latch. Setting bit PSPMODE I RD EN I

enables port pin REO/RD/ANS to be the RD input, RE1/ I PORT I

WRJ/ANG to be the WR input and RE2/CS/AN7 to be the L — — — — — —

CS (chip select) input. For this functionality, the corre- One bit of PORTD

sponding data direction bits of the TRISE register __ Set interrupt flag

(TRISE<2:0>) must be configured as inputs (set) and “psPIF (PIR1<7>)

the A/D port configuration bits PCFG2:PCFGO

(ADCON1<2:0>) must be set, which will configure pins
REZ2:REO as digital I/O.

There are actually two 8-hit latches, one for data-out
(from the PIC16/17) and one for data input. The user
writes 8-bit data to PORTD data latch and reads data
from the port pin latch (note that they have the same
address). In this mode, the TRISD register is ignored,

. . . . . . Write __
since the microprocessor is controlling the direction of % WR

data flow.

A write to the PSP occurs when both the CS and WR Note: I/O pin has protection diodes to VDD and Vss.
lines are first detected low. When either the CS or WR
lines become high (level triggered), then the Input
Buffer Full status flag bit IBF (TRISE<7>) is set on the
Q4 clock cycle, following the next Q2 cycle, to signal
the write is complete (Figure 5-12). The interrupt flag bit
PSPIF (PIR1<7>) is also set on the same Q4 clock
cycle. IBF can only be cleared by reading the PORTD
input latch. The input Buffer Overflow status flag bit
IBOV (TRISE<5>) is set if a second write to the Parallel
Slave Port is attempted when the previous byte has not
been read out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full sta-
tus flag bit OBF (TRISE<6>) is cleared immediately
(Figure 5-13) indicating that the PORTD latch is waiting
to be read by the external bus. When either the CS or
RD pin becomes high (level triggered), the interrupt flag
bit PSPIF is set on the Q4 clock cycle, following the
next Q2 cycle, indicating that the read is complete.
OBF remains low until data is written to PORTD by the
user firmware.

When not in Parallel Slave Port mode, the IBF and OBF
bits are held clear. However, if flag bit IBOV was previ-
ously set, it must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).
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7.3 Prescaler

Applicable Devices
72|73|73A74{74A]76]77
An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 7-6). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusively shared between
the TimerO0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

The PSA and PS2:PSO0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g.CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The pres-
caler is not readable or writable.

Note:  Writing to TMRO when the prescaler is
assigned to TimerO will clear the prescaler
count, but will not change the prescaler
assignment.

FIGURE 7-6: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

WDT Enable bit

7

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION<5:0>).

CLKOUT (=Fosc/4) Data Bus
\ 8
o| M 1 /I/
RA4/TOCKI g M SYNG
pin DT ol Y > 2 TMRO reg
X Cycles
TOSE T f
TOCS .
PSA Set flag bit TOIF
on Overflow
0 o .
M > 8-bit Prescaler
U
Watchdog 1] X 8
Timer
T 8 - to - IMUX «—— PS2:PSO
T PSA
o | 1

MUX |«—— PSA
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Applicable Devices

72|73[73Al74]74A] 76|77

PIC16C7X

The SS pin allows a synchronous slave mode. The
SPI must be in slave mode (SSPCON<3:0> = 04h)
and the TRISA<5> hit 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 mid-
dle of a transmitted byte, and becomes a floating
output. If the SS pin is taken low without resetting
SPI mode, the transmission will continue from the
point at which it was taken high. External pull-up/
pull-down resistors may be desirable, depending on the
application.

Note: When the SPI s 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.

FIGURE 11-11: SPI MODE TIMING, MASTER MODE (PIC16C76/77)

SCK (CKP =0, | | | | | |

CKE = 0)

SCK (CKP =0, F ] ] ]

CKE = 1)
SCK (CKP =1,

CKE=0) N

SCK (CKP =1,

cRE=D I

SDO X oir X bis ¥ bis b bis X bz X bin {bito

bit7
SDI (SMP = 1)

bit7
SSPIF

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

bit0

bit0

FIGURE 11-12: SPI MODE TIMING (SLAVE MODE WITH CKE = 0) (PIC16C76/77)

SS (optional) —|

SCK (CKP =0) L L]

SCK (CKP = 1)

SDO -( biz ¥ bie X bis X bis X bz { bz X bir X b0 X

bit7
SSPIF

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

bit0
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Applicable Devices

PIC16C/7X

72|73[73Al74]74A]76]77

11.5.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/AW bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the SSP-
BUF register, which also loads the SSPSR register.
Then pin RC3/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master must monitor the
SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the SDA
signal is valid during the SCL high time (Figure 11-26).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the mas-
ter-receiver is latched on the rising edge of the ninth
SCL input pulse. If the SDA line was high (not ACK),
then the data transfer is complete. When the ACK is
latched by the slave, the slave logic is reset (resets
SSPSTAT register) and the slave then monitors for
another occurrence of the START bit. If the SDA line
was low (ACK), the transmit data must be loaded into
the SSPBUF register, which also loads the SSPSR reg-
ister. Then pin RC3/SCK/SCL should be enabled by
setting bit CKP.

FIGURE 11-26: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

- Receiving Address R/W = 1

SCL

' Datain
+ sampled

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

) SCL held Iow \\
PU
responds to SSPIF

cleared in software

b

CKP (SSPCON<4>)

}From Ssp interrupt
SSPBUF is written in software | service rputme

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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PIC16C7X

Steps to follow when setting up an Asynchronous 4. If 9-bit transmission is desired, then set transmit
Transmission: bit TX9.
1. Initialize the SPBRG register for the appropriate 5. Enable the transmission by setting bit TXEN,

baud rate. If a high speed baud rate is desired, which will also set bit TXIF.

set bit BRGH. (Section 12.1) 6. If 9-bit transmission is selected, the ninth bit
2. Enable the asynchronous serial port by clearing should be loaded in bit TX9D.

bit SYNC and setting bit SPEN. 7. Load data to the TXREG register (starts trans-
3. |If interrupts are desired, then set enable bit mission).

TXIE.

FIGURE 12-8: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG I (C

BRG output
(shift clock) — L

RC6/TX/CK (pin)

N startBit < Bito X Bit1_X___(§ X Bit7/8_/sop Bit

reg. empty flag) i_|

TXIF bit ' WORD 1 '
(Transmit buffer C :
JJ '

f WORD 1 —» '

TRMT bit f : '
(Transmit shift Transmit Shift Reg X
reg. empty flag) —| cc |

JJ

FIGURE 12-9: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG Il M r
BRG outout Word 1 Word 2 J)
outpu
(shift clock) [ 1 | 1 [ 1 [ 1 [ 5%, | [ | | 1 | 1
RC6/TX/CK (pin) : ) i i )
) N_ Start Bit Bit0 X Bitl X 5 5 X __Bit7/8 /stop Bit \Start Bit Bit 0
TXIF bit Y WORD 1. I WoRD >
(interrupt reg. flag) :
] I Iqe
TRMT bit WORD 1——»
. WORD 2 >
(Transmit shift Transmit Shift Reg. 2
reg. empty flag) 9 Transmit Shift Reg.
C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Ch PIR1 PSPIFY | ADIF | RCIF | TXIF | SSPIF| CCP1IF| TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | — FERR | OERR | Rx9D | 0000 -00x | 0000 -00x
19h TXREG | USART Transmit 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 | Tx9Dp | 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
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The ADRES register contains the result of the A/D con- 3.  Wait the required acquisition time.
version. When the A/D conversion is complete, the 4. Start conversion:
result is loaded into the ADRES register, the GO/DONE . Set GO/DONE bit (ADCONO)
bit (ADCONO0<2>) is cleared, and A/D interrupt flag bit . . . .
ADIF is set. The block diagrams of the A/D module are 5. Wait f9r A/D conversion to complete, by either:
shown in Figure 13-3. * Polling for the GO/DONE bit to be cleared
After the A/D module has been configured as desired, OR
the selected channel must be acquired before the con- » Waiting for the A/D interrupt
version is started. The analog input channels must 6. Read A/D Result register (ADRES), clear bit
have their corresponding TRIS bits selected as an ADIF if required.
input. To determine acquisition time, see Section 13.1. .
After thi isition time h | d the A/D ) 7. For next conversion, go to step 1 or step 2 as
Sion can be started. The following steps should be ol required. The AID conversion time per bit is
Icl>wed for doing an A/D conve\rl\gio%' P u defined as TAD. A minimum wait of 2TAD is
9 ) required before next acquisition starts.
1. Configure the A/D module:
» Configure analog pins / voltage reference /
and digital I/O (ADCON1)
» Select A/D input channel (ADCONO)
» Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
 Clear ADIF bit
» Set ADIE bit
» Set GIE bit
FIGURE 13-3: A/D BLOCK DIAGRAM
CHS2:CHSO
: 11 .
' o \o——‘X’ RE2/AN7®
: 110
© ¢—0 \o——‘X’ RE1/AN6W
: 101 .
'+ 0 \O——‘ZI REO/AN5()
: \o&:—‘ZI RAS5/AN4
VIN : !
(Input voltage) ' E :\OO:L:L—._'X' RA3/AN3/VREF
: 010 ,
o i 1] reaiane
Converter X '
, 001 .
. —0 ; —|Z| RAL/AN1
l 000 |
Voo . Lo . —% RAO/ANO
T v |oooor TTTTTTTTTTTTT
' T 010 or
VREF :JD/ : 100
(Reference ! o
! ' 001 or
voltage) .- |_| [ .. 011 or
101

PCFG2:PCFGO
Note 1: Not available on PIC16C72/73/73A/76.
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FIGURE 13-6: FLOWCHART OF A/D OPERATION

ADON =0

No
Acguire
Selected Channel

Start of AID Yes Finish Conversion|
Conversion Delayed [———» — GO=0
1 Instruction Cycle ADIF = 1
No l

Yes

Abort Conversion Finish Conversior| Wake-up
GO = GO=0 From Sleep?
ADIF =0 ADIF =1

Device in
SLEEP?

Wait 2 TAD  |—a|

Finish Conversion SLEEP ) i
GO=0 Power-down A/D Wait 2 TAD Posvtv%)?-lgo%vlﬁe D
ADIF=1
\
; \ \
Wait 2 TAD

TABLE 13-2: REGISTERS/BITS ASSOCIATED WITH A/D, PIC16C72

. . . . . . . . Value on: Value on all
Address Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR,

BOR other Resets
0Bh,8Bh INTCON GIE PEIE | TOIE | INTE | RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
och PIR1 — ADIF — — | SSPIF | CCP1lIF | TMR2IF | TMR1IF | -0-- 0000 | -0-- 0000
8Ch PIE1 — ADIE — — |SSPIE| CCPlIE | TMR2IE | TMR1IE | -0-- 0000 | -0-- 0000
1Eh ADRES | A/D Result Register XXXX XXXX [ uuuu uuuu
1Fh ADCONO | ADCS1 | ADCSO | CHS2 | CHS1 | CHSO | GO/DONE — ADON | 0000 00-0 | 0000 00-0
9Fh ADCON1 — — — — — PCFG2 PCFG1 | PCFGO |---- -000| ---- -000
05h PORTA — — RA5 | RA4 | RA3 RA2 RA1 RAQ |--0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 --11 1111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used for A/D conversion.
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FIGURE 14-2: CONFIGURATION WORD FOR PIC16C72/73A/7T4A[76/77

| cp1 | cro | cP1| cpo | cp1 | cro | — [BoDEN| cP1 | cPo [PWRTE|wDTE|Fosci|Fosco| |Register: CONFIG

bit13

bit 13-8
5-4:

bit 7:
bit 6:

bit 3:

bit 2:

bit 1-0:

Note 1:

pito | Address 2007h

CP1:CPO: Code Protection bits )

11 = Code protection off

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

Unimplemented: Read as '1'

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

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

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

FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Enabling Brown-out Reset automatically enables Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.
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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
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IORWF Inclusive OR W with f MOVLW Move Literal to W
Syntax: [ label] 10RWF fd Syntax: [label] MOVLW k
Operands: 0<f<127 Operands: 0<k< 255
d 0 [0,1] )
. L Operation: k - (W)
Operation: (W) .OR. (f) - (destination)
Status Affected:  None
Status Affected: Z )
. Encoding: | 11 [ ooxx | kkkk | kkkk |
Encoding: | 00 | 0100 | dff f | fEff |
. - - X - Description: The eight bit literal 'k’ is loaded into W
Description: Inclusive OR the W register with regis- register. The don’t cares will assemble
ter 'f'. If 'd" is O the result is placed in the o ’
W register. If 'd" is 1 the result is placed asos.
back in register 'f'. Words: 1
Words: 1 Cyc|es: 1
Cycles: 1 Q Cycle Activity: Q1 Q2 Q3 Q4
Q Cycle Activity: Q1 Q2 Q3 Q4 Decode | Read | Process | Writeto
Decode Read Process Write to lteral 'k data w
register data destination
f Example MOVLW  Ox5A
After Instruction
Example | ORWF RESULT, 0 W = Ox5A
Before Instruction
RESULT =  0x13
w = 0x91
After Instruction
RESULT =  0x13
w = 0x93
z = 1
MOVF Move f MOVWF Move W to f
Syntax: [ label] MOVF fd Syntax: [ label]] MOVWF f
Operands: 0<f<127 Operands: 0<f<127
dio1] Operation: W) - (f)
Operation: (f) - (destination) Status Affected:  None
Status Affected: Z Encoding: | 00 | 0000 | 1 ff | frff |
Encoding: | 00 | 1000 | drff | frff | Description: Move data from W register to register
Description: The contents of register f is moved to a T
destination dependant upon the status .
of d. If d = 0, destination is W register. If Words: 1
d = 1, the destination is file register f Cycles: 1
itself. d = 1 is useful to test a file regis- AT
ter since status flag Z is affected. Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write
Words: 1 register data |register 'f
Cycles: 1 f
Q Cycle Activity: Q1 Q2 Q3 Q4 Example MOWE  OPTI ON_REG
Decode Read Process | Write to .
register data |destination Before Instruction
T OPTION =  OxFF
W = Ox4F
Example NOVE FSR 0 After Instgjpcg%nN ot
= X
After Instruction w = Ox4F
W = value in FSR register
Z =1
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NOP No Operation RETFIE Return from Interrupt
Syntax: [ labell] NOP Syntax: [ labell RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS - PC,
Status Affected:  None 1-GIE
Encoding: [ 00 [oooo [oxxo [oooo | Status Affected: ~ None
Description: No operation. Encoding: | 00 | 0000 | 0000 | 1001 |
Words: 1 Description: Return from Interrupt. SFack is PQPed
and Top of Stack (TOS) is loaded in the
Cycles: 1 PC. Interrupts are enabled by setting
A Global Interrupt Enable bit, GIE
Q Cycle Activity: QL Q2 Q3 Q4 (INTCON<7>). This is a two cycle
Decode No- No- No- instruction.
Operation | Operation | Operation
Words: 1
Example NOP Cycles: 2
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

GE= 1
OPTION Load Option Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) - OPTION
Status Affected: None
Encoding: | oo [oooo [o110 [o010
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:
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.
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XORLW Exclusive OR Literal with W
Syntax: [labell XORLW k
Operands: 0<k<255
Operation: (W) .XOR.k - (W)
Status Affected: 4
Encoding: | 11 | 1010 | kkkk | kkkk |
Description: The contents of the W register are
XOR’ed with the eight bit literal 'k'.
The result is placed in the W regis-
ter.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
literal 'k’ data w
Example: XORLW  OxAF
Before Instruction
W = O0xB5
After Instruction
W = O0x1A

XORWF Exclusive OR W with f
Syntax: [labell XORWF fd
Operands: 0<f<127
d 0[0,1]
Operation: (W) .XOR. (f) - (destination)
Status Affected: Z
Encoding: | 00 | 0110 | dff f | fEf
Description: Exclusive OR the contents of the W
register with register 'f'. If 'd" is O the
result is stored in the W register. If 'd" is
1 the result is stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register data destination
"
Example XORWF REG 1
Before Instruction
REG =  OxAF
w = 0xB5
After Instruction
REG = Ox1A
W = 0xB5
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PIC16C7X
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|Applicable Devices [72]|73[73A|74[74A[76 |77 |

19.1

DC Characteristics:  PIC16C73A/74A-04 (Commercial, Industrial, Extended)
PIC16C73A/74A-10 (Commercial, Industrial, Extended)
PIC16C73A/74A-20 (Commercial, Industrial, Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C for extended,
-40°C < TA < +85°C for industrial and

0°C < TA < +70°C for commercial
Param Characteristic Sym | Min | Typt|Max | Units Conditions
No.

D001 | Supply Voltage VDD 4.0 - 6.0 V [ XT, RC and LP osc configuration

DO01A 45 - 5.5 V | HS osc configuration

D002* | RAM Data Retention VDR - 15 - \%
Voltage (Note 1)

D003 | VDD start voltage to VPOR - Vss | - V | See section on Power-on Reset for details
ensure internal Power-on
Reset signal

D004* | VDD rise rate to ensure Svbb | 0.05 - - | VIms | See section on Power-on Reset for details
internal Power-on Reset
signal

D005 | Brown-out Reset Voltage | BvbDD 37 | 40 | 43 V | BODEN bit in configuration word enabled

37 | 40 | 44 V | Extended Range Only

D010 | Supply Current (Note 2,5) | IbD - 2.7 5 mA | XT, RC osc configuration
Fosc = 4 MHz, VbD = 5.5V (Note 4)
D013 - 10 | 20 | mA |HS osc configuration
Fosc = 20 MHz, VDD = 5.5V
D015* | Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled VbD = 5.0V
(Note 6)
D020 |Power-down Current IPD - 105 | 42 | pA |VDD =4.0V, WDT enabled, -40°C to +85°C
D021 |(Note 3,5) - 15 | 16 | pA |VDD =4.0V, WDT disabled, -0°C to +70°C
D021A - 15 | 19 | pA |VDD =4.0V, WDT disabled, -40°C to +85°C
D021B - 25 | 19 MA | VDD = 4.0V, WDT disabled, -40°C to +125°C
D023* | Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled VbD = 5.0V
(Note 6)

* These parameters are characterized but not tested.

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

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VbD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be

added to the base Ibb or IPD measurement.
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PIC16C7X

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

FIGURE 19-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10SI/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10SI/CCP2
and RC2/CCP1
(Compare or PWM Mode)

—— —

53 —

Note: Refer to Figure 19-1 for load conditions.

TABLE 19-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Param | Sym [Characteristic Min Typt| Max |Units|Conditions
No.
50* | TceL [CCP1and CCP2 |No Prescaler 05Tcy+20| — | — | ns
input low time
P PIC16C73A/74A 10 — — ns
With Prescaler o161 c73a/74A 20 — | =1 ns
51* | TceH |ccp1 and ccp2 |No Prescaler 0.5Tcy+20 | — — ns
input high time PIC16C73A/74A 10 — | — | ns
With Prescaler
PIC16LC73A/74A 20 — — ns
52* | TeeP |ccP1 and CCP2 input period 3Tcy+40 | — | — ns [N = prescale
N value (1,4 or 16)
53* | TccR |CCP1 and CCP2 output rise time | p|C16C73A/74A — 10 | 25 ns
PIC16LC73A/74A — 25 | 45 | ns
54* | TccF |CCP1 and CCP2 output fall time | p|c16C73A/74A — 10 | 25 ns
PIC16LC73A/74A — 25 | 45 | ns

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.
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TABLE 19-13: A/D CONVERTER CHARACTERISTICS:

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

PIC16C73A/74A-04 (Commercial, Industrial, Extended)
PIC16C73A/74A-10 (Commercial, Industrial, Extended)
PIC16C73A/74A-20 (Commercial, Industrial, Extended)
PIC16LC73A/74A-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 LSh | VREF =VDD =5.12V,
Vss < VAIN < VREF
A03 EiL | Integral linearity error — — <+1 LSb | VREF = VDD =5.12V,
Vss < VAIN £ VREF
A04 | EpL | Differential linearity error — - <+1 LSb | VREF = VDD =5.12V,
Vss < VAN £ VREF
AO5 | EFs |Full scale error — — <+1 LSb | VREF = VDD = 5.12V,
Vss < VAN £ VREF
AO6 | EOFF | Offset error — — <+1 LSb | VREF = VDD = 5.12V,
Vss < VAIN < VREF
A10 — | Monotonicity — guaranteed — — | VSs < VAIN € VREF
A20 | VREF| Reference voltage 3.0v — VDD + 0.3 \%
A25 | VAN | Analog input voltage Vss-0.3 — VREF+0.3 | V
A30 | ZaiN | Recommended impedance of — — 10.0 kQ
analog voltage source
A40 IaD | A/D conversion current | PIC16C73A/74A — 180 — MA | Average current consump-
(VDD) PIC16LC73A/74A . 90 _ l,lA tion when A/D is on.
(Note 1)
A50 | IRerF | VREF input current (Note 2) 10 — 1000 WA | 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: VREFf current is from RA3 pin or VDD pin, whichever is selected as reference input.
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|Applicable Devices [72]|73[73A|74[74A[76 |77 |

FIGURE 19-14: A/D CONVERSION TIMING

BSF ADCONO, GO
134 —>| |«— (Tosc/2)@®

131

Q4
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'

AD CLK <1325, .

130 'e——

A/D DATA

ADRES

OLD_DATA

ADIF

GO :
SAMPLE

SAMPLING STOPPED

SLEEP instruction to be executed.

Note 1: 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

TABLE 19-14: A/D CONVERSION REQUIREMENTS

Param | Sym [ Characteristic Min Typt Max Units Conditions
No.
130 TaD | A/D clock period PIC16C73A/74A 1.6 — — ps | Tosc based, VREF = 3.0V
PIC16LC73A/74A 2.0 — — Ms | Tosc based, VREF full range
PIC16C73A/74A 2.0 4.0 6.0 pus | A/D RC Mode
PIC16LC73A/74A 3.0 6.0 9.0 pus | 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 — us
5* — — pus | 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 | Tco | Q4 to A/D clock start — Tosc/2 § — — | 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.

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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|Applicable Devices |72|73|73A|74[74A[76|77 |
FIGURE 20-11: SPI SLAVE MODE TIMING (CKE = 0)
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Refer to Figure 20-1 for load conditions.

FIGURE 20-12: SPI SLAVE MODE TIMING (CKE = 1)

SS
SCK
(CKP =0)
SCK C\o - ' - l
(CKP =1) — ! L . .
Lo ' 80, .
1 1 f « .I :
. : . o . .
SDO 41 * MSB X BIT6 - - 22 1 X LSB >-
T ey -
; 75, 76 C 77,
SDI MSBIN BIT6 - - 251 LSBIN
~—

Refer to Figure 20-1 for load conditions.
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