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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.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16C7X
FIGURE 3-1: PIC16C72 BLOCK DIAGRAM
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PIC16C7X
TABLE 3-2: PIC16C73/73A/76 PINOUT DESCRIPTION 

Pin Name
DIP
Pin#

SOIC
Pin#

I/O/P
Type

Buffer
Type

Description

OSC1/CLKIN 9 9 I ST/CMOS(3) Oscillator crystal input/external clock source input.

OSC2/CLKOUT 10 10 O — Oscillator crystal output. Connects to crystal or resonator in 
crystal oscillator mode. In RC mode, the OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and denotes 
the instruction cycle rate.

MCLR/VPP 1 1 I/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.

RA0/AN0 2 2 I/O TTL RA0 can also be analog input0

RA1/AN1 3 3 I/O TTL RA1 can also be analog input1

RA2/AN2 4 4 I/O TTL RA2 can also be analog input2

RA3/AN3/VREF 5 5 I/O TTL RA3 can also be analog input3 or analog reference voltage

RA4/T0CKI 6 6 I/O ST RA4 can also be the clock input to the Timer0 module.
Output is open drain type.

RA5/SS/AN4 7 7 I/O TTL RA5 can also be analog input4 or the slave select for the
synchronous serial port.

PORTB is a bi-directional I/O port. PORTB can be software 
programmed for internal weak pull-up on all inputs. 

RB0/INT 21 21 I/O TTL/ST(1) RB0 can also be the external interrupt pin.

RB1 22 22 I/O TTL

RB2 23 23 I/O TTL

RB3 24 24 I/O TTL

RB4 25 25 I/O TTL Interrupt on change pin.

RB5 26 26 I/O TTL Interrupt on change pin.

RB6 27 27 I/O TTL/ST(2) Interrupt on change pin. Serial programming clock.

RB7 28 28 I/O TTL/ST(2) Interrupt on change pin. Serial programming data.

PORTC is a bi-directional I/O port.

RC0/T1OSO/T1CKI 11 11 I/O ST RC0 can also be the Timer1 oscillator output or Timer1
clock input.

RC1/T1OSI/CCP2 12 12 I/O ST RC1 can also be the Timer1 oscillator input or Capture2
input/Compare2 output/PWM2 output.

RC2/CCP1 13 13 I/O ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.

RC3/SCK/SCL 14 14 I/O ST RC3 can also be the synchronous serial clock input/output
for both SPI and I2C modes.

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

RC5/SDO 16 16 I/O ST RC5 can also be the SPI Data Out (SPI mode).

RC6/TX/CK 17 17 I/O ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT 18 18 I/O ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.

VSS 8, 19 8, 19 P — Ground reference for logic and I/O pins.

VDD 20 20 P — Positive supply for logic and I/O pins.

Legend: I = input O = output I/O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
DS30390E-page 14   1997 Microchip Technology Inc.



PIC16C7X
4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any reset, the upper bits of the
PC will be cleared.  Figure 4-17 shows the two situa-
tions for the loading of the PC. The upper example in
the figure shows how the PC is loaded on a write to
PCL (PCLATH<4:0> → PCH). The lower example in
the figure shows how the PC is loaded during a CALL
or GOTO instruction (PCLATH<4:3> → PCH).

FIGURE 4-17: LOADING OF PC IN 
DIFFERENT SITUATIONS

4.3.1 COMPUTED GOTO

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

4.3.2 STACK

The PIC16CXX family has an 8 level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

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

Applicable Devices
72 73 73A 74 74A 76 77
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4.4 Program Memory Paging

PIC16C7X devices are capable of addressing a contin-
uous 8K word block of program memory. The CALL and
GOTO instructions provide only 11 bits of address to
allow branching within any 2K program memory page.
When doing a CALL or GOTO instruction the upper 2 bits
of the address are provided by PCLATH<4:3>. When
doing a CALL or GOTO instruction, the user must ensure
that the page select bits are programmed so that the
desired program memory page is addressed. If a return
from a CALL instruction (or interrupt) is executed, the
entire 13-bit PC is pushed onto the stack. Therefore,
manipulation of the PCLATH<4:3> bits are not required
for the return instructions (which POPs the address
from the stack).

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

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

Applicable Devices
72 73 73A 74 74A 76 77

Note: PIC16C7X devices with 4K or less of pro-
gram memory ignore paging bit
PCLATH<4>. The use of  PCLATH<4> as a
general purpose read/write bit is not rec-
ommended since this may affect upward
compatibility with future products.
  1997 Microchip Technology Inc.



PIC16C7X
5.0 I/O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose I/O pin.

5.1 PORTA and TRISA Registers

PORTA is a 6-bit latch. 

The RA4/T0CKI pin is a Schmitt Trigger input and an
open drain output. All other RA port pins have TTL input
levels and full CMOS output drivers. All pins have data
direction bits (TRIS registers) which can configure
these pins as output or input. 

Setting a TRISA register bit puts the corresponding out-
put driver in a hi-impedance mode. Clearing a bit in the
TRISA register puts the contents of the output latch on
the selected pin(s).

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore a write to a port implies that the port pins are
read, this value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/T0CKI pin. 

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCON1 register (A/D Control Register1).   

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs. 

EXAMPLE 5-1: INITIALIZING PORTA

BCF    STATUS, RP0  ;
BCF    STATUS, RP1  ; PIC16C76/77 only
CLRF   PORTA        ; Initialize PORTA by
                    ; clearing output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0xCF         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISA        ; Set RA<3:0> as inputs
                    ; RA<5:4> as outputs
                    ; TRISA<7:6> are always
                    ; read as '0'.

Applicable Devices
72 73 73A 74 74A 76 77

Applicable Devices
72 73 73A 74 74A 76 77

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.
  1997 Microchip Technology Inc.
FIGURE 5-1: BLOCK DIAGRAM OF 
RA3:RA0 AND RA5 PINS  

FIGURE 5-2: BLOCK DIAGRAM OF RA4/
T0CKI PIN    
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NOTES:
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PIC16C7X Applicable Devices

72 73 73A 74 74A 76 77
11.2.1 OPERATION OF SSP MODULE IN SPI 
MODE  

The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

• Serial Data Out (SDO)
• Serial Data In (SDI)
• Serial Clock (SCK)

Additionally a fourth pin may be used when in a slave
mode of operation:

• Slave Select (SS)

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>).
These control bits allow the following to be specified:

• Master Mode (SCK is the clock output)
• Slave Mode (SCK is the clock input)
• Clock Polarity (Output/Input data on the Rising/

Falling edge of SCK)
• Clock Rate (Master mode only)
• Slave Select Mode (Slave mode only)

The SSP consists of a transmit/receive Shift Register
(SSPSR) and a Buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8-bits of data
have been received, that byte is moved to the SSPBUF
register. Then the Buffer Full bit, BF (SSPSTAT<0>)
and flag bit SSPIF are set. This double buffering of the
received data (SSPBUF) allows the next byte to start
reception before reading the data that was just
received. Any write to the SSPBUF register during
transmission/reception of data will be ignored, and the
write collision detect bit, WCOL (SSPCON<7>) will be
set. User software must clear bit WCOL so that it can
be determined if the following write(s) to the SSPBUF
completed successfully. When the application software
is expecting to receive valid data, the SSPBUF register
should be read before the next byte of data to transfer
is written to the SSPBUF register. The Buffer Full bit BF
(SSPSTAT<0>) indicates when the SSPBUF register
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, bit BF is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally the SSP Interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF register must be read and/or writ-
ten. If the interrupt method is not going to be used, then
software polling can be done to ensure that a write col-
lision does not occur. Example 11-1 shows the loading
of the SSPBUF (SSPSR) register for data transmission.
The shaded instruction is only required if the received
data is meaningful.

Applicable Devices
72 73 73A 74 74A 76 77
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EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER

The block diagram of the SSP module, when in SPI
mode (Figure 11-3), shows that the SSPSR register is
not directly readable or writable, and can only be
accessed from addressing the SSPBUF register. Addi-
tionally, the SSP status register (SSPSTAT) indicates
the various status conditions. 

FIGURE 11-3: SSP BLOCK DIAGRAM   
(SPI MODE)
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PIC16C7XApplicable Devices

72 73 73A 74 74A 76 77
11.4 I2C™ Overview

This section provides an overview of the Inter-Inte-
grated Circuit (I2C) bus, with Section 11.5 discussing
the operation of the SSP module in I2C mode. 

The I2C bus is a two-wire serial interface developed by
the Philips Corporation. The original specification, or
standard mode, was for data transfers of up to 100
Kbps. The enhanced specification (fast mode) is also
supported. This device will communicate with both
standard and fast mode devices if attached to the same
bus. The clock will determine the data rate.

The I2C interface employs a comprehensive protocol to
ensure reliable transmission and reception of data.
When transmitting data, one device is the “master”
which initiates transfer on the bus and generates the
clock signals to permit that transfer, while the other
device(s) acts as the “slave.” All portions of the slave
protocol are implemented in the SSP module’s hard-
ware, except general call support, while portions of the
master protocol need to be addressed in the
PIC16CXX software. Table 11-3 defines some of the
I2C bus terminology. For additional information on the
I2C interface specification, refer to the Philips docu-
ment “The I2C bus and how to use it.” #939839340011,
which can be obtained from the Philips Corporation.

In the I2C interface protocol each device has an
address. When a master wishes to initiate a data trans-
fer, it first transmits the address of the device that it
wishes to “talk” to. All devices “listen” to see if this is
their address. Within this address, a bit specifies if the
master wishes to read-from/write-to the slave device.
The master and slave are always in opposite modes
(transmitter/receiver) of operation during a data trans-
fer. That is they can be thought of as operating in either
of these two relations:

• Master-transmitter and Slave-receiver
• Slave-transmitter and Master-receiver

2

  1997 Microchip Technology Inc.
In both cases the master generates the clock signal.

The output stages of the clock (SCL) and data (SDA)
lines must have an open-drain or open-collector in
order to perform the wired-AND function of the bus.
External pull-up resistors are used to ensure a high
level when no device is pulling the line down. The num-
ber of devices that may be attached to the I2C bus is
limited only by the maximum bus loading specification
of 400 pF.

11.4.1 INITIATING AND TERMINATING DATA 
TRANSFER

During times of no data transfer (idle time), both the
clock line (SCL) and the data line (SDA) are pulled high
through the external pull-up resistors. The START and
STOP conditions determine the start and stop of data
transmission. The START condition is defined as a high
to low transition of the SDA when the SCL is high. The
STOP condition is defined as a low to high transition of
the SDA when the SCL is high. Figure 11-14 shows the
START and STOP conditions. The master generates
these conditions for starting and terminating data trans-
fer. Due to the definition of the START and STOP con-
ditions, when data is being transmitted, the SDA line
can only change state when the SCL line is low.

FIGURE 11-14: START AND STOP 
CONDITIONS
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TABLE 11-3: I C BUS TERMINOLOGY

Term Description

Transmitter The device that sends the data to the bus.

Receiver The device that receives the data from the bus.

Master The device which initiates the transfer, generates the clock and terminates the transfer.

Slave The device addressed by a master.

Multi-master More than one master device in a system. These masters can attempt to control the bus at the 
same time without corrupting the message.

Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensure that 
the transfer data does not get corrupted.

Synchronization Procedure where the clock signals of two or more devices are synchronized.
DS30390E-page 89
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12.1 USART Baud Rate Generator (BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In asynchronous
mode bit BRGH (TXSTA<2>) also controls the baud
rate. In synchronous mode bit BRGH is ignored.
Table 12-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined. 

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

FOSC = 16 MHz
Desired Baud Rate = 9600
BRGH = 0
SYNC = 0

Applicable Devices
72 73 73A 74 74A 76 77
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EXAMPLE 12-1: CALCULATING BAUD 
RATE ERROR

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the FOSC/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register, causes the
BRG timer to be reset (or cleared), this ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate. 

Note: For the PIC16C73/73A/74/74A, the asyn-
chronous 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.

Desired Baud rate = Fosc / (64 (X + 1)) 

9600 = 16000000 /(64 (X + 1))

X =  25.042  = 25

Calculated Baud Rate=16000000 / (64 (25 + 1))

= 9615

Error = (Calculated Baud Rate - Desired Baud Rate) 
Desired Baud Rate

= (9615 - 9600) / 9600

= 0.16%
TABLE 12-1: BAUD RATE FORMULA

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)

0
1

(Asynchronous) Baud Rate = FOSC/(64(X+1))
(Synchronous) Baud Rate = FOSC/(4(X+1))

Baud Rate= FOSC/(16(X+1))
NA

X = value in SPBRG (0 to 255)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 

POR,
BOR

Value on all
other resets

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 0000 -010

18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00x

99h SPBRG Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, - = unimplemented read as '0'. Shaded cells are not used by the BRG.
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TABLE 14-6: STATUS BITS AND THEIR SIGNIFICANCE, PIC16C72/73A/74A/76/77 

TABLE 14-7: RESET CONDITION FOR SPECIAL REGISTERS

POR BOR TO PD

0 x 1 1 Power-on Reset
0 x 0 x Illegal, TO is set on POR
0 x x 0 Illegal, PD is set on POR
1 0 x x Brown-out Reset
1 1 0 1 WDT Reset 
1 1 0 0 WDT Wake-up
1 1 u u MCLR Reset during normal operation
1 1 1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP

Condition
Program
Counter

STATUS
Register

PCON
Register

PIC16C73/74

PCON
Register

PIC16C72/73A/74A/76/77

Power-on Reset 000h 0001 1xxx ---- --0- ---- --0x

MCLR Reset during normal operation 000h 000u uuuu ---- --u- ---- --uu

MCLR Reset during SLEEP 000h 0001 0uuu ---- --u- ---- --uu

WDT Reset 000h 0000 1uuu ---- --u- ---- --uu

WDT Wake-up PC + 1 uuu0 0uuu ---- --u- ---- --uu

Brown-out Reset 000h 0001 1uuu N/A ---- --u0

Interrupt wake-up from SLEEP PC + 1(1) uuu1 0uuu ---- --u- ---- --uu

Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'.
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded 

with the interrupt vector (0004h).

TABLE 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS  

Register Applicable Devices Power-on Reset,
Brown-out Reset

MCLR Resets
WDT Reset

Wake-up via WDT 
or 

Interrupt

W 72 73 73A 74 74A 76 77 xxxx xxxx uuuu uuuu uuuu uuuu

INDF 72 73 73A 74 74A 76 77 N/A N/A N/A

TMR0 72 73 73A 74 74A 76 77 xxxx xxxx uuuu uuuu uuuu uuuu

PCL 72 73 73A 74 74A 76 77 0000h 0000h  PC + 1(2)

STATUS 72 73 73A 74 74A 76 77 0001 1xxx 000q quuu(3) uuuq quuu(3)

FSR 72 73 73A 74 74A 76 77 xxxx xxxx uuuu uuuu uuuu uuuu

PORTA 72 73 73A 74 74A 76 77 --0x 0000 --0u 0000 --uu uuuu

PORTB 72 73 73A 74 74A 76 77 xxxx xxxx uuuu uuuu uuuu uuuu

PORTC 72 73 73A 74 74A 76 77 xxxx xxxx uuuu uuuu uuuu uuuu

PORTD 72 73 73A 74 74A 76 77 xxxx xxxx uuuu uuuu uuuu uuuu

PORTE 72 73 73A 74 74A 76 77 ---- -xxx ---- -uuu ---- -uuu

PCLATH 72 73 73A 74 74A 76 77 ---0 0000 ---0 0000 ---u uuuu

Legend: u   = unchanged,     x   =   unknown,    - =   unimplemented bit, read as '0', q = value depends on condition
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 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 14-7 for reset value for specific condition.
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15.1 Instruction Descriptions 

ADDLW Add Literal and W

Syntax: [label]  ADDLW     k

Operands: 0 ≤ k ≤ 255

Operation: (W) + k → (W)

Status Affected: C, DC, Z

Encoding: 11 111x kkkk kkkk

Description: The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register.

Words: 1

Cycles: 1

Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read 
literal 'k'

Process 
data

Write to 
W

Example: ADDLW 0x15

Before Instruction
W = 0x10

After Instruction
W = 0x25

ADDWF Add W and f

Syntax: [label]  ADDWF     f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (W) + (f) → (destination)

Status Affected: C, DC, Z

Encoding: 00 0111 dfff ffff

Description: Add the contents of the W register with 
register 'f'. If 'd' is 0 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 
register 

'f'

Process 
data

Write to 
destination

Example ADDWF FSR, 0

Before Instruction
W = 0x17
FSR = 0xC2

After Instruction
W = 0xD9
FSR = 0xC2
  1997 Microchip Technology Inc.
ANDLW AND Literal with W

Syntax: [label]  ANDLW     k

Operands: 0 ≤ k ≤ 255

Operation: (W) .AND. (k) → (W)

Status Affected: Z

Encoding: 11 1001 kkkk kkkk

Description: The contents of W register are 
AND’ed with the eight bit literal 'k'. The 
result is placed in the W register.

Words: 1

Cycles: 1

Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read 
literal "k"

Process 
data

Write to 
W

Example ANDLW 0x5F

Before Instruction
W = 0xA3

After Instruction
W = 0x03

ANDWF AND W with f

Syntax: [label]  ANDWF     f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (W) .AND. (f) → (destination)

Status Affected: Z

Encoding: 00 0101 dfff ffff

Description: AND the W register with register 'f'. If 'd' 
is 0 the result is stored in the W regis-
ter. 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 
register 

'f'

Process 
data

Write to 
destination

Example ANDWF FSR, 1

Before Instruction
 W = 0x17
FSR = 0xC2

After Instruction
W = 0x17
FSR = 0x02
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TABLE 17-10: A/D CONVERTER CHARACTERISTICS:
PIC16C72-04  (Commercial, Industrial, Extended)
PIC16C72-10 (Commercial, Industrial, Extended)
PIC16C72-20 (Commercial, Industrial, Extended)
PIC16LC72-04 (Commercial, Industrial)   

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

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

A03 EIL Integral linearity error — — < ± 1 LSb VREF = VDD = 5.12V, 
VSS ≤ VAIN ≤ VREF

A04 EDL Differential linearity error — — < ± 1 LSb VREF = VDD = 5.12V, 
VSS ≤ VAIN ≤ VREF

A05 EFS Full scale error — — < ± 1 LSb VREF = VDD = 5.12V, 
VSS ≤ VAIN ≤ VREF

A06 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 V

A25 VAIN Analog input voltage VSS - 0.3 — VREF + 0.3 V

A30 ZAIN Recommended impedance of 
analog voltage source

— — 10.0 kΩ

A40 IAD A/D conversion current (VDD) PIC16C72 — 180 — µA Average current consump-
tion when A/D is on. 
(Note 1)

PIC16LC72 — 90 — µA

A50 IREF VREF input current (Note 2) 10

—

—

—

1000

10

µA

µA

During VAIN acquisition.
Based on differential of 
VHOLD to VAIN to charge 
CHOLD, see Section 13.1.

During A/D Conversion 
cycle

* These parameters are characterized but not tested.
† 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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18.0 ELECTRICAL CHARACTERISTICS FOR PIC16C73/74
Absolute Maximum Ratings † 

Ambient temperature under bias................................................................................................................. .-55 to +125˚C

Storage temperature ...............................................................................................................................  -65˚C to +150˚C

Voltage on any pin with respect to VSS (except VDD, MCLR. and RA4)........................................... -0.3V to (VDD + 0.3V)

Voltage on VDD with respect to VSS ............................................................................................................  -0.3 to +7.5V

Voltage on MCLR with respect to VSS (Note 2) ................................................................................................. 0 to +14V

Voltage on RA4 with respect to Vss ................................................................................................................... 0 to +14V

Total power dissipation (Note 1).................................................................................................................................1.0W

Maximum current out of VSS pin ............................................................................................................................300 mA

Maximum current into VDD pin ...............................................................................................................................250 mA

Input clamp current, IIK (VI < 0 or VI > VDD) .....................................................................................................................± 20 mA

Output clamp current, IOK (VO < 0 or VO > VDD) ..............................................................................................................± 20 mA

Maximum output current sunk by any I/O pin...........................................................................................................25 mA

Maximum output current sourced by any I/O pin .....................................................................................................25 mA

Maximum current sunk by PORTA, PORTB, and PORTE (combined) (Note 3).....................................................200 mA

Maximum current sourced by PORTA, PORTB, and PORTE (combined) (Note 3) ...............................................200 mA

Maximum current sunk by PORTC and PORTD (combined) (Note 3) ...................................................................200 mA

Maximum current sourced by PORTC and PORTD (combined) (Note 3)..............................................................200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ∑ IOH} + ∑ {(VDD - VOH) x IOH} + ∑(VOl x IOL)

Note 2: Voltage spikes below VSS at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,
a series resistor of 50-100Ω should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to VSS.

Note 3: PORTD and PORTE are not implemented on the PIC16C73.

TABLE 18-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

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

OSC PIC16C73-04
PIC16C74-04

PIC16C73-10
PIC16C74-10

PIC16C73-20
PIC16C74-20

PIC16LC73-04
PIC16LC74-04 JW Devices

RC

VDD: 4.0V to 6.0V
IDD: 5 mA max. at 5.5V
IPD: 21 µA max. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 µA typ. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 µA typ. at 4V
Freq: 4 MHz max.

VDD: 3.0V to 6.0V
IDD: 3.8 mA max. at 3.0V
IPD: 13.5 µA max. at 3V
Freq: 4 MHz max.

VDD: 4.0V to 6.0V
IDD: 5 mA max. at 5.5V
IPD: 21 µA max. at 4V
Freq: 4 MHz max.

XT

VDD: 4.0V to 6.0V
IDD: 5 mA max. at 5.5V
IPD: 21 µA max. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 µA typ. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 µA typ. at 4V
Freq: 4 MHz max.

VDD: 3.0V to 6.0V
IDD: 3.8 mA max. at 3.0V
IPD: 13.5 µA max. at 3V
Freq: 4 MHz max.

VDD: 4.0V to 6.0V
IDD: 5 mA max. at 5.5V
IPD: 21 µA max. at 4V
Freq: 4 MHz max.

HS

VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V

Not recommended for 
use in HS mode

VDD: 4.5V to 5.5V

IDD: 13.5 mA typ. at 5.5V IDD: 15 mA max. at 5.5V IDD: 30 mA max. at 5.5V IDD: 30 mA max. at 5.5V

IPD: 1.5 µA typ. at 4.5V IPD: 1.5 µA typ. at 4.5V IPD: 1.5 µA typ. at 4.5V IPD: 1.5 µA typ. at 4.5V

Freq: 4 MHz max. Freq: 10 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.

LP

VDD: 4.0V to 6.0V
IDD: 52.5 µA typ. at 

32 kHz, 4.0V
IPD: 0.9 µA typ. at 4.0V
Freq: 200 kHz max.

Not recommended for 
use in LP mode

Not recommended for 
use in LP mode

VDD: 3.0V to 6.0V
IDD: 48 µA max. at 

32 kHz, 3.0V
IPD: 13.5 µA max. at 3.0V
Freq: 200 kHz max.

VDD: 3.0V to 6.0V
IDD: 48 µA max. at 

32 kHz, 3.0V
IPD: 13.5 µA max. at 3.0V
Freq: 200 kHz max.

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

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

FIGURE 19-1: LOAD CONDITIONS

1. TppS2ppS 3. TCC:ST (I2C specifications only)
2. TppS 4. Ts (I2C specifications only)
T

F Frequency T Time
Lowercase letters (pp) and their meanings:

pp
cc CCP1 osc OSC1
ck CLKOUT rd RD

cs CS rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 T0CKI
io I/O port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:

S
F Fall P Period
H High R Rise
I Invalid (Hi-impedance) V Valid
L Low Z Hi-impedance

I2C only
AA output access High High
BUF Bus free Low Low

TCC:ST (I2C specifications only)
CC

HD Hold SU Setup
ST

DAT DATA input hold STO STOP condition
STA START condition

VDD/2

CL

RL

Pin Pin

VSS VSS

CL

RL = 464Ω

CL = 50 pF for all pins except OSC2, but including PORTD and PORTE outputs as
ports

15 pF for OSC2 output

Note: PORTD and PORTE are not implemented on the PIC16C73A.

Load condition 1 Load condition 2
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TABLE 20-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

OSC
PIC16C76-04
PIC16C77-04

PIC16C76-10
PIC16C77-10

PIC16C76-20
PIC16C77-20

PIC16LC76-04
PIC16LC77-04

JW Devices

RC

VDD: 4.0V to 6.0V
IDD: 5 mA max. 

at 5.5V
IPD: 16 µA max. 

at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. 

at 5.5V
IPD: 1.5 µA typ. 

at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. 

at 5.5V
IPD: 1.5 µA typ. 

at 4V
Freq: 4 MHz max.

VDD: 2.5V to 6.0V
IDD: 3.8 mA max. 

at 3.0V
IPD: 5 µA max. at 3V
Freq: 4 MHz max.

VDD: 4.0V to 6.0V
IDD: 5 mA max. 

at 5.5V
IPD: 16 µA max. 

at 4V
Freq: 4 MHz max.

XT

VDD: 4.0V to 6.0V
IDD: 5 mA max. 

at 5.5V
IPD: 16 µA max. 

at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. 

at 5.5V
IPD: 1.5 µA typ. 

at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V
IDD: 2.7 mA typ. 

at 5.5V
IPD: 1.5 µA typ. 

at 4V
Freq: 4 MHz max.

VDD: 2.5V to 6.0V
IDD: 3.8 mA max. 

at 3.0V
IPD: 5 µA max. at 3V
Freq: 4 MHz max.

VDD: 4.0V to 6.0V
IDD: 5 mA max. 

at 5.5V
IPD: 16 µA max. 

at 4V
Freq: 4 MHz max.

HS

VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V

Not recommended for 
use in HS mode

VDD: 4.5V to 5.5V

IDD: 13.5 mA typ. 
at 5.5V

IDD: 10 mA max. 
at 5.5V

IDD: 20 mA max. 
at 5.5V

IDD: 20 mA max. 
at 5.5V

IPD: 1.5 µA typ. 
at 4.5V

IPD: 1.5 µA typ. 
at 4.5V

IPD: 1.5 µA typ. 
at 4.5V

IPD: 1.5 µA typ. 
at 4.5V

Freq: 4 MHz max. Freq: 10 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.

LP

VDD: 4.0V to 6.0V
IDD: 52.5 µA typ. 

at 32 kHz, 4.0V
IPD: 0.9 µA typ. 

at 4.0V
Freq: 200 kHz max.

Not recommended for 
use in LP mode

Not recommended for 
use in LP mode

VDD: 2.5V to 6.0V
IDD: 48 µA max. 

at 32 kHz, 3.0V
IPD: 5.0 µA max. 

at 3.0V
Freq: 200 kHz max.

VDD: 2.5V to 6.0V
IDD: 48 µA max. 

at 32 kHz, 3.0V
IPD: 5.0 µA max. 

at 3.0V
Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. 
It is recommended that the user select the device type that ensures the specifications required.
DS30390E-page 220   1997 Microchip Technology Inc.



PIC16C7X
Applicable Devices 72 73 73A 74 74A 76 77
FIGURE 20-13: I2C BUS START/STOP BITS TIMING

TABLE 20-9: I2C BUS START/STOP BITS REQUIREMENTS

Parameter
No.

Sym Characteristic Min Typ Max Units Conditions

90 TSU:STA START condition 100 kHz mode 4700 — —
ns

Only relevant for repeated START 
conditionSetup time 400 kHz mode 600 — —

91 THD:STA START condition 100 kHz mode 4000 — —
ns

After this period the first clock 
pulse is generatedHold time 400 kHz mode 600 — —

92 TSU:STO STOP condition 100 kHz mode 4700 — —
ns

Setup time 400 kHz mode 600 — —

93 THD:STO STOP condition 100 kHz mode 4000 — —
ns

Hold time 400 kHz mode 600 — —

Note: Refer to Figure 20-1 for load conditions

91 93
SCL

SDA

START
Condition

STOP
Condition

90 92
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FIGURE 20-15: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

TABLE 20-11: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

FIGURE 20-16: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

TABLE 20-12: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

120 TckH2dtV SYNC XMIT (MASTER & 
SLAVE)
Clock high to data out valid

PIC16C76/77 — — 80 ns

PIC16LC76/77 — — 100 ns

121 Tckrf Clock out rise time and fall time 
(Master Mode)

PIC16C76/77 — — 45 ns

PIC16LC76/77 — — 50 ns

122 Tdtrf Data out rise time and fall time PIC16C76/77 — — 45 ns

PIC16LC76/77 — — 50 ns

†: Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested.

Parameter 
No.

Sym Characteristic Min Typ† Max Units Conditions

125 TdtV2ckL SYNC RCV (MASTER & SLAVE)
Data setup before CK ↓  (DT setup time) 15 — — ns

126 TckL2dtl Data hold after CK ↓  (DT hold time) 15 — — ns

†: Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested.

Note: Refer to Figure 20-1 for load conditions

121
121

122

RC6/TX/CK

RC7/RX/DT
pin

pin

120

Note: Refer to Figure 20-1 for load conditions

125

126

RC6/TX/CK

RC7/RX/DT
pin

pin
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21.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES
The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. 

In some graphs or tables the data presented are outside specified operating range (i.e., outside specified VDD

range). This is for information only and devices are guaranteed to operate properly only within the specified
range.

FIGURE 21-1: TYPICAL IPD vs. VDD (WDT DISABLED, RC MODE)   

FIGURE 21-2: MAXIMUM IPD vs. VDD (WDT DISABLED, RC MODE)    

Note: The data presented in this section is a statistical summary of data collected on units from different lots over
a period of time and matrix samples. 'Typical' represents the mean of the distribution at, 25°C, while 'max'
or 'min' represents (mean +3σ) and (mean -3σ) respectively where σ is standard deviation.
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FIGURE 21-3: TYPICAL IPD vs. VDD @ 25°C 
(WDT ENABLED, RC MODE)   

FIGURE 21-4: MAXIMUM IPD vs. VDD (WDT 
ENABLED, RC MODE)   
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FIGURE 21-5: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD    

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

FIGURE 21-7: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD   
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Package Marking Information (Cont’d)

Legend: MM...M
XX...X
AA
BB
C

D1
E

Microchip part number information
Customer specific information*
Year code (last 2 digits of calender year)
Week code (week of January 1 is week '01’)
Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.

Mask revision number for microcontroller
Assembly code of the plant or country of origin in which
part was assembled.

In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information.

Note:

Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code.  For OTP marking beyond
this, certain price adders apply.  Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.

*

S = Tempe, Arizona, U.S.A.

XXXXXXXXXXXXXXXXXX
AABBCDE

40-Lead PDIP

MMMMMMMMMMMMMM

9512CAA

Example

PIC16C74-04/P

44-Lead PLCC

MMMMMMMM

AABBCDE

XXXXXXXXXX
XXXXXXXXXX

44-Lead MQFP

XXXXXXXXXX

AABBCDE

MMMMMMMM

XXXXXXXXXX

Example

PIC16C74

AABBCDE

-10/L

Example

-10/PQ

AABBCDE

PIC16C74

MMMMMMMMM
XXXXXXXXXXX

AABBCDE

40-Lead CERDIP Windowed

XXXXXXXXXXX

PIC16C74/JW

AABBCDE

Example
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E.3 PIC16C15X Family of Devices

E.4 PIC16C5X Family of Devices

PIC16C154 PIC16CR154 PIC16C156 PIC16CR156 PIC16C158 PIC16CR158

Clock
Maximum Frequency 
of Operation (MHz)

20 20 20 20 20 20

Memory

EPROM Program Memory 
(x12 words)

512 — 1K — 2K —

ROM Program Memory 
(x12 words)

— 512 — 1K — 2K

RAM Data Memory (bytes) 25 25 25 25 73 73

Peripherals Timer Module(s) TMR0 TMR0 TMR0 TMR0 TMR0 TMR0

Features

I/O Pins 12 12 12 12 12 12

Voltage Range (Volts) 3.0-5.5 2.5-5.5 3.0-5.5 2.5-5.5 3.0-5.5 2.5-5.5

Number of Instructions 33 33 33 33 33 33

Packages 18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high 
I/O current capability.

PIC16C52 PIC16C54 PIC16C54A PIC16CR54A PIC16C55 PIC16C56

Clock
Maximum Frequency 
of Operation (MHz)

4 20 20 20 20 20

Memory

EPROM Program Memory 
(x12 words)

384 512 512 — 512 1K

ROM Program Memory 
(x12 words)

— — — 512 — —

RAM Data Memory (bytes) 25 25 25 25 24 25

Peripherals Timer Module(s) TMR0 TMR0 TMR0 TMR0 TMR0 TMR0

Features

I/O Pins 12 12 12 12 20 12

Voltage Range (Volts) 2.5-6.25 2.5-6.25 2.0-6.25 2.0-6.25 2.5-6.25 2.5-6.25

Number of Instructions 33 33 33 33 33 33

Packages 18-pin DIP,
SOIC

18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

28-pin DIP, 
SOIC, 
SSOP

18-pin DIP, 
SOIC; 
20-pin SSOP

PIC16C57 PIC16CR57B PIC16C58A PIC16CR58A

Clock
Maximum Frequency 
of Operation (MHz)

20 20 20 20

Memory

EPROM Program Memory 
(x12 words)

2K — 2K —

ROM Program Memory 
(x12 words)

— 2K — 2K

RAM Data Memory (bytes) 72 72 73 73

Peripherals Timer Module(s) TMR0 TMR0 TMR0 TMR0

Features

I/O Pins 20 20 12 12

Voltage Range (Volts) 2.5-6.25 2.5-6.25 2.0-6.25 2.5-6.25

Number of Instructions 33 33 33 33

Packages 28-pin DIP, 
SOIC, 
SSOP

28-pin DIP, SOIC, 
SSOP

18-pin DIP, SOIC; 
20-pin SSOP

18-pin DIP, SOIC; 
20-pin SSOP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer (except PIC16C52), selectable code protect and 
high I/O current capability.
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