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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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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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PIC16F/7X

TABLE 1-3: PIC16F74 AND PIC16F77 PINOUT DESCRIPTION
. DIP PLCC | QFP 1/0/IP Buffer L
Pin Name Pin# Pin# Pin# Type Type Description
OSC1/CLKI 13 14 30 ST/CMOS® | Oscillator crystal or external clock input.

0osc1 | Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode. Otherwise

CLKI | CMOS.

External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
OSC2/CLKO 14 15 31 — Oscillator crystal or clock output.

0SsC2 (@) Oscillator crystal output.

Connects to crystal or resonator in Crystal Oscillator
mode.

CLKO (@) In RC mode, OSC2 pin outputs CLKO, which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

MCLR/VPpP 1 2 18 ST Master Clear (input) or programming voltage (output).

MCLR | Master Clear (Reset) input. This pin is an active low
RESET to the device.

VPP P Programming voltage input.

PORTA is a bi-directional I/0 port.

RAO/ANO 2 3 19 TTL

RAO I/0 Digital 1/0.

ANO | Analog input 0.
RA1/AN1 3 4 20 TTL

RA1 110 Digital 1/0.

AN1 | Analog input 1.
RA2/AN2 4 5 21 TTL

RA2 I/10 Digital 1/0.

AN2 | Analog input 2.
RA3/AN3/VREF 5 6 22 TTL

RA3 I/0 Digital 1/0.

AN3 | Analog input 3.

VREF | A/D reference voltage input.

RA4/TOCKI 6 7 23 ST
RA4 I/0 Digital /0O — Open drain when configured as output.
TOCKI | TimerO external clock input.

RA5/SS/AN4 7 8 24 TTL

RA5 I/10 Digital 1/0.

SS | SPI slave select input.

AN4 [ Analog input 4.

Legend: | = input O = output 1/0 = 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 an 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 as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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PIC16F/7X

2.2.2.4 PIE1 Register Note: Bit PEIE (INTCON<6>) must be set to

The PIE1 register contains the individual enable bits for enable any peripheral interrupt.
the peripheral interrupts.

REGISTER 2-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PIE1 REGISTER (ADDRESS 8Ch)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCPLE | TMR2IE | TMRIIE

bit 7 bit 0

PSPIEW): Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

SSPIE: Synchronous Serial Port Interrupt Enable bit

1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

CCPL1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

TMR1IE: TMR1 Overflow Interrupt Enable bit

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

Note 1: PSPIE is reserved on 28-pin devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset 1’ = Bit is set '0’ = Bitis cleared X = Bit is unknown
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PIC16F/7X

4.0 I/OPORTS

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 1/O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

4.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= ‘1") will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISA bit (= ‘0") will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

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, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0O module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

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
ADCONL1 register (A/D Control Registerl).

Note:  On a Power-on Reset, these pins are con-

figured as analog inputs and read as '0'.

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 4-1: INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATUS, RP1 ; BankO
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW  0x06 ; Configure all pins
MOVWF  ADCON1 ; as digital inputs
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’.

WR TRIS

D Q
ckL Q

TRIS Latch

RD TRIS

Vss
Analog

EN

Tli |
RD PORT It {>0

FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RAO0 AND RA5 PINS
Data Bus D Q
VDD
WR Port CK_‘—Q & S
Data Latch

1/0 pin®

TTL
Input
Buffer

__ To A/D Converter

Note 1: 1/O pins have protection diodes to VDD and Vss.

FIGURE 4-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Bus D Q
WR PORT ckL Q D /0 pin®
Data Latch N
— D Q Vss
WRTRIS | T Schmitt
CK*-=Qi{—o X
T
TRIS Latch |nr;|agu€ier :\7
Buffer
q
RD TRIS
D

an

< Q
RD PORT F {>O

__ TMRO Clock Input

-¢

Note 1: 1/O pin has protection diodes to Vss only.
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REGISTER 4-1:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/IW-0 R/IW-0 u-0 RW-1 RMW-1  R/MW-1
BF | oBF | 1BOV |PSPMODE| — Bit2 Bit1 BitO
bit 7 bit 0

Parallel Slave Port Status/Control bits:
IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU

0 = No word has been received
OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word

0 = The output buffer has been read

IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A write occurred when a previously input word has not been read

(must be cleared in software)
0 = No overflow occurred

PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel Slave Port mode

0 = General Purpose I/O mode
Unimplemented: Read as '0'

PORTE Data Direction bits:

Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input

0 = Output

Bit1: Direction Control bit for pin RE1/WR/AN6
1 = Input

0 = Output

BitO: Direction Control bit for pin REO/RD/AN5
1 = Input

0 = Output

Legend:
R = Readable bit W = Writable bit
- n = Value at POR reset "1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared X = Bit is unknown
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PIC16F/7X

50 TIMERO MODULE

The TimerO module timer/counter has the following
features:

 8-bit timer/counter

* Readable and writable

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

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

Additional information on the Timer0 module is avail-
able in the PICmicro™ Mid-Range MCU Family Refer-
ence Manual (DS33023).

Figure 5-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

Timer0 operation is controlled through the
OPTION_REG register (Register 5-1 on the following
page). Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In Timer mode, the Timer0O mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment, either on every rising or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler is not readable or writable. Section 5.3 details the
operation of the prescaler.

5.1 TimerO Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TMROIF (INTCON<2>). The interrupt can be masked
by clearing bit TMROIE (INTCON<5>). Bit TMROIF
must be cleared in software by the Timer0 module
Interrupt Service Routine, before re-enabling this inter-
rupt. The TMRO interrupt cannot awaken the processor
from SLEEP, since the timer is shut-off during SLEEP.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO MODULE AND PRESCALER
CLKOUT (= Fosc/4) Data Bus
A 8
RA4/TOCKI v M SYNC

pin 1 ol Y > 2 TMRO reg

X Cycles
TOSE T f
TOCS .
PSA Set Flag bit TMROIF
on Overflow
PRESCALER
r— - - - — — — — — — — T
0 M | » 8-bit Prescaler |
ol |
Watchdog X | 8 |
Timer | |
T | 8 - to - IMUX —— PS2:PSO |
T PSA e |
| o | 1
WDT Enable bit
MUX |«—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

© 2002 Microchip Technology Inc.
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NOTES:

DS30325B-page 46 © 2002 Microchip Technology Inc.



PIC16F/7X

6.1

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect, since the internal clock is
always in sync.

Timerl Operation in Timer Mode

FIGURE 6-1:

6.2

Timerl may operate in Asynchronous or Synchronous
mode, depending on the setting of the TMR1CS bit.

When Timerl is being incremented via an external
source, increments occur on a rising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

Timerl Counter Operation

TIMER1 INCREMENTING EDGE

T1CKI
(Default high)

T1CKI

(Default low)

Note: Arrows indicate counter increments.

6.3 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T1OSCEN is set, or on pin RCO/TLOSO/T1CKI, when
bit TLOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TLSYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut-off. The
prescaler, however, will continue to increment.

Set Flag bit
TMR1IF on

TMR1

Overflow L‘

TMR1H ‘ TMR1L

Synchronized
Clock Input

lj—

TMR1ON

-------- On/Off T1SYNC

' T10sC | ,\(2)
RCO/T10SO/T1CKI E - * s 1 -

. . = Synchronize

, : | Prescaler n

; —T10SCEN  Fosc/a 1,2,4,8 Ere

@ . .gnaﬁle @ Internal— o } I

RC1/T10Sl/CCP2  Oscillator

. ! Clock 2 Q Clock

"""" T1CKPS1:T1CKPSO

TMR1CS

Note 1: When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
2: For the PIC16F73/76, the Schmitt Trigger is not implemented in External Clock mode.
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PIC16F/7X

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 ‘ TOUTPSO ’TMRZON ‘T2CKPSl T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale
1111 = 1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits
00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
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
0Bh,8Bh, INTCON| GIE PEIE | TMROIE INTE RBIE | TMROIF | INTF RBIF |0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF® |  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |0000 00000000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE (0000 00000000 0000
11h TMR2 |Timer2 Module Register 0000 000010000 0000
12h T2CON — ‘TOUTPS3‘TOUTPSZ‘TOUTPSl‘TOUTPSO‘TMRZON‘TZCKPS:L‘TZCKPSO -000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 1111/1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

u-0 u-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
— — CCPxX | CCPxY | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO
bit 7 bit 0

Unimplemented: Read as '0'
CCPxX:CCPxY: PWM Least Significant bits

Capture mode:
Unused

Compare mode:

Unused

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

CCPxM3:CCPxMO0: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 =Capture mode, every 4th rising edge

0111 =Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 clears Timerl; CCP2 clears Timerl and starts an A/D conversion (if A/D module
is enabled)

11xx = PWM mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR reset '1'=Bitis set '0’ = Bit is cleared X = Bit is unknown
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9.3  SSP I°C Operation

The SSP module in I°C mode, fully implements all slave
functions, except general call support, and provides
interrupts on START and STOP bits in hardware to facil-
itate firmware implementations of the master functions.
The SSP module implements the standard mode speci-
fications as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the RC3/
SCKI/SCL pin, which is the clock (SCL), and the RC4/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISC<4:3> bits.

The SSP module functions are enabled by setting SSP
enable bit SSPEN (SSPCON<5>).

FIGURE 9-5: SSP BLOCK DIAGRAM
(1°C MODE)
< Internal
Data Bus
Read Write
v
RC3/SCK/SCL SSPBUF reg ‘

|
7o Z§ |

E Q—‘ SSPSR reg
MSb LSb

RC4/

SDI/ ._{>
SDA

‘ Match Detect }—» Addr Match

i

‘ SSPADD reg ‘

START and Set, RESET

STOP bit Detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 12C operation.
These are the:

* SSP Control Register (SSPCON)

e SSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

« SSP Shift Register (SSPSR) - Not directly accessible
* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following I2C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled to support Firmware
Master mode

+ 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled to support Firmware
Master mode

« 12C START and STOP bit interrupts enabled to
support Firmware Master mode, Slave is IDLE

Selection of any 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. Pull-up resistors must be
provided externally to the SCL and SDA pins for proper
operation of the IC module.

Additional information on SSP 12C operation can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023A).

9.31 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. They include (either
or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 9-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister, while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
1’c specification, as well as the requirements of the
SSP module, are shown in timing parameter #100 and
parameter #101.

© 2002 Microchip Technology Inc.
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MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register f are
moved to a destination dependant
upon the status of d. If d = 0,
destination is W register. Ifd = 1,
the destination is file register f itself.
d =1 is useful to test a file register,
since status flag Z is affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

Description: The eight-bit literal 'k’ is loaded
into W register. The don't cares
will assemble as 0’s.

MOVWEF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: (W) - ()

Status Affected:  None

Description: Move data from W register to

register 'f'.

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: None
Description: No operation.
RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1—- GIE
Status Affected: None
RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k — (W),
TOS —» PC
Status Affected: None
Description: The W register is loaded with the

eight-bit literal 'k'. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient temperature UNAET DIAS. ... ....coiii it e e ettt e e e s rbbee e e e e aaseeeae s -55to +125°C
SEOTrAQE TEMPEIATUIE ...ttt et e e e e e e e ettt e e e ea et e e e st b et e e e e e nnneeeenesnnneeneeas -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RAZ) . -0.3V to (VDD + 0.3V)
Voltage 0N VDD WIth FESPECT t0 WSS ....eiiiiiiiiiiiie ittt ettt sbe e e s e s ninee s -0.3to +6.5V
Voltage 0N MCLR With reSPeCct t0 VSS (NOTE 2) ..........vuveeeeeeeeieeeeeeseeeeeee s s eees e eeee oo 0to +13.5V
Voltage 0N RAZ WIth TESPECE 10 VSS ....eei ittt ettt e st e b e st e e s neee s 0to +12V
Total power diSSIPAION (INOTE L) ....ciieiiiiie ettt ettt e et e e e ettt e e e s o bbbt e e e e e sbbbe e e e e aanbbeeeeessatbaeeeeeaasbnneeaeaanns 1.0w
MaxXimum CUITENE QUL OF WSS PN ....eii ittt ettt e s b e e st e e et e e e snneeesbbeeenaes 300 mA
Maximum CUITENT INEO VDD PN ....eieeieiiiiitee ettt ettt et bt e e e e ettt e e e e e s st e et e e e e abe et e e e s nbbe e e e e e e nnbeeeeeennbbeeeeeannebeeeas 250 mA
Input clamp current, IK (VI S O 0OF VIS VDD) ..oooiiiiieiiieeeeieeteete ettt ettt st ev et s et ssete b se b essetessesesaeneens +20 mA
Output clamp current, IoK (VO < 0 OF VO 3 VDD) ...ttt sttt ettt et st ss et st b e esene +20 mA
Maximum output current SUNK DY @ny 1/O PIN.....c.cueiiiiiieiee et 25 mA
Maximum output current sourced by any /O PIN ........oooieiiiiii et e e e e eae s 25 mA
Maximum current sunk by PORTA, PORTB, and PORTE (combined) (NOte 3)........covcvieiiiieiniieiiiiee e 200 mA
Maximum current sourced by PORTA, PORTB, and PORTE (combined) (NOte 3).......ccoiiiiiiiiiiiiiiiiieee e 200 mA

Maximum current sunk by PORTC and PORTD (combined) (NOtE 3) .....cccuiiiiieeiiiieiiiiie e
Maximum current sourced by PORTC and PORTD (combined) (Note 3)
Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ loH} + ¥ {(VDD - VOH) x IoH} + ¥(Vol x loL)

2: Voltage spikes at the MCLR pin may cause latchup. A series resistor of greater than 1 kQ should be used
to pull MCLR to VDD, rather than tying the pin directly to VDD.

3: PORTD and PORTE are not implemented on the PIC16F73/76 devices.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 15-10: PARALLEL SLAVE PORT TIMING (PIC16F74/77 DEVICES ONLY)

RE2/CS S
REO/RD —\\—/
RE1L/WR : . /

RD7:RDO \/ : \ / \

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-6: PARALLEL SLAVE PORT REQUIREMENTS (PIC16F74/77 DEVICES ONLY)

Parilnc:eter Symbol Characteristic Min |Typt | Max |Units Conditions
62 Tdtv2wrH |Data in valid before WRT or CST (setup time) | 20 | — | — | ns
25 | — | — ns |Extended range
only
63*  |TwrH2dtl |WRTor CSTto dataininvalid |Standard(F) | 20 | — | — | ns
(hold time) Extended(LF) | 35 | — | — | ns
64 TrdL2dtV |RD{ and CSl to data out valid — | — |80 | ns
— | — | 90 ns |Extended range
only
65 TrdH2dtl |RDT or CS! to data out invalid 10 | — | 30 | ns

* 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.
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FIGURE 16-15: TYPICAL, MINIMUM AND MAXIMUM VOH vs. IoH (VDD = 5V, -40°C TO 125°C)

Typ (25°C)
S 3.0
I
<]
> 2.5
Min
2.0

15 ] Typical: statistical mean @ 25°C \

Maximum: mean + 3¢ (-40°C to 125°C)
Minimum: mean — 3¢ (-40°C to 125°C)

1.0

0.5

0.0

0 5 10 15 20 25
IOH (-mA)

FIGURE 16-16: TYPICAL, MINIMUM AND MAXIMUM VoOH vs. IoH (VDD = 3V, -40°C TO 125°C)

35

Typical: statistical mean @ 25°C
Maximum: mean + 3¢ (-40°C to 125°C)
Minimum: mean — 36 (-40°C to 125°C)

3.0 {

\&\% :

s \\\ﬁ Typ (25°C)
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>

15 \

Min ——

1.0 1
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0.0
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17.0 PACKAGING INFORMATION

17.1

Package Marking Information

28-Lead PDIP (Skinny DIP)

XXXXXXXX XXX XXXXXX
) O XXXXXXXXXXXXXXXXX

AR\ YYWWNNN

28-Lead SOIC

XXXXXX XXX XXXXXXXX
XXXXXXXXXXXXXXXXX
XXXXXX XXX XXXXXXXX

O R\ YYWWNNN

28-Lead SSOP

XXXXXXXXXXXX
XXXXXXXXXXXX

Oﬁ\ YYWWNNN

28-Lead MLF

XXXXXXXX

XXXXXXXX
YYWWNNN
—/

Example

PIC16F77-1/SP

D

R\ 0210017

O

Example

PIC16F76-1/SO

O R\ 0210017

Example

PIC16F73
-I/SS

O R\ 0210017

Example

PIC16F73

-I/ML
0210017

Legend: XX...X Customer specific information*
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01)
NNN  Alphanumeric traceability code

Note: 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.

Standard PICmicro device marking consists of Microchip part number, year code, week code, and
traceability code. For PICmicro device 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.

© 2002 Microchip Technology Inc.
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Package Marking Information (Cont'd)

40-Lead PDIP Example
1:0.9.9.0.0.9.0.9.0.9.9.9.9.9.9.9.0.4 PIC16F77-1/P
XHXXXXXX XX XXX XXXXXX
XHXXXKXKXXKXXKXXXXX () DO O
YYWWNNN 0210017
e) MicRrocHIP '®) MicrocHIP
44-Lead TQFP Example
MicrocHIP MicRocHIP
XXXXXXXXXX PIC16F77
XXXXXXXXXX -IIPT
XXX XXXXXXX
o YYWWNNN o 0210017
44-Lead PLCC Example

O 8

O

©)

MICcRoCcHIP

MICROCHIP

XXXXXXXXXX PIC16F77
XXXXXXXXXX -l/L
XXXXXXXXXX

YYWWNNN Q 0210017 O
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28-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

E——

&=

B
'y
T

100010000An0T

UTTUTuurumme

=N

nl:

Q

A2

Il |

CIFJ

¢
(- )
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .026 0.65
Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .319 7.59 7.85 8.10
Molded Package Width El .201 .207 212 5.11 5.25 5.38
Overall Length D .396 402 407 10.06 10.20 10.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness C .004 .007 .010 0.10 0.18 0.25
Foot Angle [} 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-150

Drawing No. C04-073
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

D

o oo

[ M

g M

g M

g M

g M

g M

g M

g M

g M

g M D

g M

g M

g M

g M

g M

g M

g M

g b2 O [-—

n op1 Y
|eatt——— E ———=] * ‘
[ T\
T |
. tiiiiidsaiis
N AL
[t—— B —— | [—PB p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing 8 eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top ol 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-011

Drawing No. C04-016
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APPENDIX C: CONVERSION
CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.
TABLE C-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C7X PIC16F87X PIC16F7X
Pins 28/40 28/40 28/40
Timers 3 3 3
Interrupts 1l or12 13o0r14 1l or12

Communication

PSP, USART, SSP
(SPI, I12C Slave)

PSP, USART, SSP
(SPI, I2C Master/Slave)

PSP, USART, SSP
(SPI, I2C Slave)

Frequency 20 MHz 20 MHz 20 MHz
A/D 8-hit 10-bit 8-bit
CCP 2 2 2
Program Memory 4K, 8K EPROM 4K, 8K FLASH 4K, 8K FLASH

(1,000 E/W cycles)

(100 E/W cycles typical)

RAM

192, 368 bytes

192, 368 bytes

192, 368 bytes

EEPROM Data

None

128, 256 bytes

None

Other

In-Circuit Debugger,
Low Voltage Programming

DS30325B-page 162
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S
S (START) DIt oot 60
SCI. See USART
SCL ittt ettt en 65
Serial Communication Interface. See USART
SLEEP ...
SMP bit
Software Simulator (MPLAB SIM) ......ccccoeiiiiiiiiiieeiieee 114
Special Features of the CPU .......ccccceevieieiiieeiceee e 89
Special Function Registers .........c.cccccvevvinnennnene 16, 16—18
Speed, OPErating .....cceeeoveeeriiieiriee et 1
15T o 1Y o T [ T RIS 59
Associated RegiSters ........cccccevvviriirieeiienieeneeeeeens 64
Serial Clock (SCK pin) ... ...59
Serial Data In (SDI pin) .. ...59
Serial Data Out (SDO pin) ....b9
Slave Select ..o 59
SSP
Overview
RAS/SS/ANA PiN .o
RC3/SCK/SCL Pin ..
RC4/SDI/SDA Pin ...
RC5/SDO Pin .........
SSP 12C OPEIAtON .......cvveveeeereseeseeeeereeeeseseseereeneseeseeneenen,
SIaVE MOAE ..ot
SSPEN DIt oot
SSPIF DIt weeeieiiie et
SSPM<3:0> DItS .evvviiiiiiieiiiii e
SSPOV Dt vttt
Stack ............
Overflows . .
UNderflow .....ooceeiiiiiiii
STATUS Register
[ L O = | SR 19
IRP Bit oot 19
PD Bil oo 93
TO Bit .. 93
Z Bit i ... 19
Synchronous Serial Port Enable bit (SSPEN) ... ... 61
Synchronous Serial Port Interrupt bit (SSPIF) ........c.ccc...... 23
Synchronous Serial Port Mode Select bits
(SSPMS<B:0>) viiciiiiieecie et 61
Synchronous Serial Port. See SSP
T
TACKPSO Bt et 47
TACKPSL Bt .oceviiiiiiiieecee e 47
TLOSCEN DIt .eeveeiieeeiiee e 47
TASYNC DIt oo 47
T2CKPS0 DIt oot 52
T2CKPSL1 bit ...52
TAD i ... 87
Time-out Sequence ..... ...94
THMEIO ettt et et e e e ee e nee s 43
Associated RegiSters ........ccocevvveiiiriieiiicnieenecneeens 45
Clock Source Edge Select (TOSE bit) .......cccceevveeenes 20
Clock Source Select (TOCS bit) ....occovevevveniieiiieesieene. 20
External Clock .......cccccccoveeiiinennns ... 44
Interrupt .....oooveiei ....43
Overflow Enable (TMROIE bit) .......ccccoovvviiininnnenn. 21
Overflow Flag (TMROIF bit) .....cocoveviiniiiiiiiicis 100
Overflow INErrupt ......ooviiiiiiiieee e 100
PreSCaler ....cocviieiiiiee et 45
RA4/TOCKI Pin, External Clock ..........cccccoeevneenen. 8, 10
TOCKI ittt 44

11001 RSSO 47
Associated RegiSters .........cccecveriinneiniienie e 50
Asynchronous Counter Mode .........ccocueeeriieeiniineenns 49
Capacitor Selection ............. ... 50
Counter Operation ........... ... 48
Operation in Timer Mode ... 48
[© o311 = o SR 50
PreSCaler ......cocveviiciiie e 50
RCO/TIOSO/TICKI Pin .oooiiiiiiiiiieiciiecic e 9, 11
RCL/TLIOSI/CCP2 PiN ..oveeiieeeeiee e 9, 11
Resetting of Timerl Registers ..........ccccoveveeieeneennnn. 50
Resetting Timerl using a CCP Trigger Output ......... 50
Synchronized Counter Mode ..........ccceevineenne ... 48

TMR1H Register ................
TMRLL Register ..... .
TIMEI2 et e et e e e e e
Associated RegiSters .........ccceoveriiinneiniienie e
OUEPUL e
POSESCAIEI ....vvvviiiiee e
Prescaler .......cccccccoeeveunnns
Prescaler and Postscaler
Timing Diagrams

A/D CONVEISION ..ovvvviiiieeeecciiiieee et 139
Brown-out RESEL ........ccvviiiiiiiiiiiiiiiiiiiiiiieiiieieieinieinnes 128
Capture/Compare/PWM (CCP1 and CCP2) ........... 130
CLKOUT @nd /O ..eeeeceeeeeeeeeeeeeeeeeeeeee e 127
EXxternal CIOCK .......ccccvviiiieiiiiiiieie e 126
12C BUS DA ...vovvoveeeeeeeeeeeeeeeeeeeneeee e neenes e 135
12C Bus START/STOP bits ... 134

I2C Reception (7-bit Address) ...

I2C Transmission (7-bit Address) ... ... 67
Parallel Slave POort ..........oooovvviiiieieeeeeciiieeee e 131
Parallel Slave Port Read Waveforms ...........cccccuve.e... 41
Parallel Slave Port Write Waveforms ...........cccccu....... 41
Power-up TiMer .......ccicoiiiiiiniiiie e 128
PWM Output ........ ... 57

RESET e 128
Slow Rise Time (MCLR Tied to VDD Through

RC NetWOrk) ..c.eevvviiieiiiieiieee e 98
SPI Master Mode (CKE =0, SMP =0) .....cccceveeunnne 132
SPI Master Mode (CKE =1, SMP = 1) .....cccceevveunnne 132
SPI Mode (Master Mode) .......ccoccueeerieeeniieeeeiee e 63
SPI Mode (Slave Mode with CKE = 0) ........ccceveeee. 63
SPI Mode (Slave Mode with CKE = 1) .......cccceeneeee. 63

SPI Slave Mode (CKE = 0)
SPI Slave Mode (CKE = 1)
Start-up TIMET ..oooiiiicceie e
Time-out Sequence on Power-up (MCLR Not
Tied to VDD)
CASE L oo 98
CaASE 2 i, 98
Time-out Sequence on Power-up (MCLR Tied to Vdd
Through RC Network)

TIMer0 ....ocovvviiiiiieie .
TIMEIrL o
USART Asynchronous Master Transmission ............ 74
USART Asynchronous Master Transmission

(Back to Back) .......ccceeerieeeiiiiiieiiiee e
USART Asynchronous Reception
USART Synchronous Receive (Master/Slave) ........ 137
USART Synchronous Reception

(Master Mode, SREN) ......ccccevviiiieneennnn. 79
USART Synchronous TransmissSion .........cc.ccccceeeveen. 78
USART Synchronous Transmission

(Master/SIave) ........cccccveicieeiiieeneenieenns 137
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