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PIC16F/7X

FIGURE 1-1: PIC16F73 AND PIC16F76 BLOCK DIAGRAM
13 Data Bus 8 PORTA
<+~ Program Caumer <
FLASH QL RAO/ANO
Program RA1/AN1
Memory RAM p RA2/AN2/
8 Level Stack File [ RA3/AN3/VREF
(13-bit) Registers RA4/TOCKI
RA5/AN4/SS
Program
14 W 4
Bus RAM Addr ? 9 PORTE
Addr MUX RBO/INT
Instruction reg RB1
H Direct Addr 7 ﬁ Indirect RB2
RB3/PGM
" RB4
[— RB5
RB6/PGC
8 STATUS reg '< RB7/PGD
PORTC
RCO/T1OSO/T1CKI
Power-up 3 4—=[X] RC1/T10SI/CCP2
Timer -+~ RC2/CCP1
N +— RC3/SCK/SCL
Instruction Oscillator —
Decode & K—> | Start-up Timer ALY RC4/SDI/SDA
Control 4 RC5/SDO
Power-on 8 | E— RCB/TX/CK
eset <] RC7/RX/DT
Timing Watchdog
XK;_W’\ Generation =7 Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
MCLR VDD, Vss
Timer0 Timerl Timer2 8-bit A/D

i i U

Synchronous
CCP1 CCP2 Serial Port USART
Device Program FLASH Data Memory
PIC16F73 4K 192 Bytes
PIC16F76 8K 368 Bytes

Note 1: Higher order bits are from the STATUS register.
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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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2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC, or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C, or DC bits from the STATUS register.
For other instructions not affecting any status bits, see
the "Instruction Set Summary."

Note 1. The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RPL | RPO To | pb | z | bC C
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 =Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (0O0h - FFh)

bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4 %: Time-out bit

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

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

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the two's
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.

Legend:
R = Readable bit
- n = Value at POR reset

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

© 2002 Microchip Technology Inc.
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NOTES:
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6.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 Register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1IE (PIE1<0>).

Timerl can operate in one of two modes:

¢ As atimer
* As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timerl also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules as the special event trigger (see Sections 8.1
and 8.2). Register 6-1 shows the Timerl Control
register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10OSI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored and these pins read as ‘0'.

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
‘ — ‘ — ‘TlCKPSl T1CKPSO ‘ T10SCEN ‘ T1SYNC ‘ TMR1CS | TMR1ON
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

TMRI1CS = 1.

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRI1CS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMRI1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

© 2002 Microchip Technology Inc.
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8.3 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMRL1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the fol-
lowing and is configured by CCPxCON<3:0>:

e Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. The
interrupt flag must be cleared in software. If another
capture occurs before the value in register CCPR1 is

read, the old captured value is overwritten by the new
captured value.

8.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a
capture condition.

FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
Set Flag bit CCP1IF
Prescaler (PIR1<2>)
|X}— +1,4,16
RC2/CCP1 | ccprin [ ccpriL |
pin
and L Capture
Edge Detect Enable
)A( J‘( | ™MR1H [ TMRLL |
CCP1CON<3:0>

Q's

8.3.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCPL1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in operating mode.

8.3.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. Any RESET will clear
the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT PS;Load the W reg with
;the new prescaler

;move value and CCP ON
;Load CCP1CON with this
;value

MOVWF CCP1CON

8.4 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCPL1 pin is:

« Driven high

 Driven low

* Remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set Flag bit CCP1IF
(PIR1<2>)

CCPR1H| CCPRI1L

Q S Output

f Comparator
RC2/CCP1 R Logic [~ Match | Comparator |
Pin *
TMRIH | TMRIL

TRISC<2>
Output Enable

Special Event Trigger

Special Event Trigger will:

¢ clear TMR1H and TMRLL registers

* NOT set interrupt flag bit TMR1F (PIR1<0>)

* (for CCP2 only) set the GO/DONE bit (ADCONO0<2>)

© 2002 Microchip Technology Inc.
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8.5  PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch, the
TRISC<2> bit must be cleared to make the CCP1 pin
an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC 1/O data

latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.5.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers CCP1CON<5:4>

‘ CCPRIL ‘ ‘ 4—/

it,—

‘CCPRlH (Slave) ‘

’ Comparator i R Q
ﬁ? RC2/CCP1
’ TMR2 | 1) ‘
— S
(Note 1)
Comparator TRISC<2>
Clear Timer,
CCP1 pin and

latch D.C.

Note 1: The 8-bit timer is concatenated with the 2-bit inter-
nal Q clock or the 2 bits of the prescaler to create the
10-bit time-base.

A PWM output (Figure 8-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT
TMR2 TMR2
RESET RESET
Period .

 —_
Duty Cycle

_ i -

I . TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

8.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM period= [(PR2) + 1] + 4+ TOSC *
(TMR2 prescale value)
PWM frequency is defined as 1 / [PWM period].
When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 8.3) is
not used in the determination of the PWM
frequency. The postscaler could be used to
have a servo update rate at a different fre-
guency than the PWM output.

8.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle= (CCPR1L:CCP1CON<5:4>)e
Tosc « (TMR2 prescale value)

CCPR1L and CCP1CONK<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the formula:

'Og(FOSC)

Resolution = bits
Iog(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.

© 2002 Microchip Technology Inc.
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8.5.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:
1. Setthe PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> hit.

4. Setthe TMR2 prescale value and enable Timer2

by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 8-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)
PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on: | Value on
Address Name Bit 7 Bit 6 Bit5 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 PSPIFD|  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |0000 0000|{0000 0000
0Dh PIR2 — — — — — — — CCP2IF |---- --- Of---- --- 0
8Ch PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000|0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- 0|---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111111 1111
11h TMR2 Timer2 Module Register 0000 0000|0000 0000
92h PR2 Timer2 Module Period Register 1111 1111(1111 1111
12h T2CON — | TouTPS3|TOUTPS2|TOUTPS1| TOUTPSO| TMR2ON| T2CKPS1|T2CKPSO| - 000 0000]-000 0000
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|uuuu uuuu
17h ccPicoN] — | — [ copix | cepiy |ccPims|ccPimz] copimi| coPiMo[--00 0000[--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX|uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX|uuuu uuuu
1Dh ccpecoN| — | — [ copax | cepay |ccpams|ccPamz] copami [ copamo|--00 0000[--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PWM and Timer2.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.

DS30325B
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9.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

9.1 SSP Module Overview

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The SSP module can
operate in one of two modes:

» Serial Peripheral Interface (SPI)

« Inter-Integrated Circuit (I2C)

An overview of I°C operations and additional informa-
tion on the SSP module can be found in the PICmicro™
Mid-Range MCU Family Reference Manual
(DS33023).

Refer to Application Note AN578, “Use of the SSP

Module in the 12C Multi-Master Environment”
(DS00578).

9.2 SPI Mode

This section contains register definitions and opera-
tional characteristics of the SPI module. Additional
information on the SPI module can be found in the
PICmicro™ Mid-Range MCU Family Reference Man-
ual (DS33023A).

SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. To accom-
plish communication, typically three pins are used:

» Serial Data Out (SDO) RC5/SDO

« Serial Data In (SDI) RC4/SDI/SDA

e Serial Clock (SCK) RC3/SCK/SCL

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

« Slave Select (SS) RA5/SS/AN4

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>)
and SSPSTAT<7:6>. These control bits allow the fol-
lowing to be specified:

« Master mode (SCK is the clock output)

« Slave mode (SCK is the clock input)

e Clock Polarity (IDLE state of SCK)

» Clock edge (output data on rising/falling edge of
SCK)

¢ Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

© 2002 Microchip Technology Inc.
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FIGURE 9-2: SPI MODE TIMING, MASTER MODE

SCK (CKP =0, R e e
CKE = 0)

SCK (CKP = 0, R e o s R e
CKE = 1)

SCK (CKP =1,

CKE =0) [ T R e
SCK (CKP =1,

CKE=1) [ T O s

SDO e btz N bite X bits { bita X bits X bz X bit ¥ bito
SDI (SMP = 0) SO e e S e W N Nwe

bit7 bit0
SDI (SMP = 1) O T O Yo e e e Ne N
bit7 bit0
SSPIF ’7
FIGURE 9-3: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)
ss (optional) “ ’—
SCK (CKP = 0) | o
SCK (CKP = 1)

SDO m bz { bite b5 X bia K bz Y b2 X bir { b0 Yo
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bit7 bit0

SSPIF

FIGURE 9-4: SPI MODE TIMING (SLAVE MODE WITH CKE = 1)
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The following steps should be followed for doing an 4. Wait for at least an appropriate acquisition
A/D conversion: period.
1. Configure the A/D module: 5. Start conversion:
« Configure analog pins, voltage reference, * Set GO/DONE bit (ADCONO)
and digital I/O (ADCON1) 6. Wait for the A/D conversion to complete, by
« Select A/D conversion clock (ADCONO) either:
« Turn on A/D module (ADCONO) * Polling for the GO/DONE bit to be cleared
2. Configure the A/D interrupt (if desired): (interrupts disabled)
» Clear ADIF bit OR
« Set ADIE bit * Waiting for the A/D interrupt
« Set PEIE bit 7. Read A/D result register (ADRES), and clear bit
« Set GIE bit ADIF if required.
3. Select an A/D input channel (ADCONO). 8. For next conversion, go to step 3 or step 4, as
required.
FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHSO
: 111
N e : RE2/AN7()
: 110 .
. &—0O RE1/AN6()
. o L. REO/AN5(1)
: I—O 100 RA5/AN4
VIN ' ' 5
(Input Voltage) &0 o1 . »—@ RA3/AN3/VREF
: 010 .
A/D . ¢—0O —{E RA2/AN2
Converter . .
: 001
. —0 . —{E RA1/AN1
VoD . Lo 200 . —X RAO/ANO
------- 0000F +--------=----=:
Vi ' ! 010 or
REF . . 100 or
o 1ix
(Reference ' o~
Voltage) ... ... Dbd1lor
H [ 011 or
101

Note 1: Not available on PIC16F73/76.

PCFG2:PCFGO
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FIGURE 15-1: PIC16F7X VOLTAGE-FREQUENCY GRAPH
6.0V
5.5V
5.0V
o 4.5V-
g 4ov | .
S 35V : :
3.0V | |
2.5V—+ | |
2.0V | |
| |
| |
' |
16 MHz 20 MHz
Frequency
FIGURE 15-2: PIC16LF7X VOLTAGE-FREQUENCY GRAPH
6.0V 1
5.5V
5.0V
o 45V
S 4.0V-
o i
g 35v
3.0V
2.5V - :
2.0V - |
| |
| |
| |
| |

4 MHz 10 MHz

Frequency

FmAaX = (12 MHz/V) (VDDAPPMIN - 2.5V) + 4 MHz

Note 1: VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.
2: FmAax has a maximum frequency of 10 MHz.
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TABLE 15-7: SPI MODE REQUIREMENTS
Pilr;im Symbol Characteristic Min Typt | Max |Units | Conditions
70* |TssL2scH, |SS! to SCK{ or SCKT input Ty — — | ns
TssL2scL
71* |TscH SCK input high time (Slave mode) Tcy + 20 — — ns
72* |TscL SCK input low time (Slave mode) Tcy + 20 — — ns
73* |TdiV2scH, |Setup time of SDI data input to SCK edge 100 — — ns
TdivV2scL
74* |TscH2diL, |Hold time of SDI data input to SCK edge 100 — — ns
TscL2diL
75* |TdoR SDO data output rise time Standard(F) — 10 25 ns
Extended(LF) — 25 50 ns
76* |TdoF SDO data output fall time — 10 25 ns
77* |TssH2doz |SSTto SDO output hi-impedance 10 — 50 ns
78* |TscR SCK output rise time Standard(F) — 10 25 ns
(Master mode) Extended(LF) — 25 50 ns
79* |TscF SCK output fall time (Master mode) — 10 25 ns
80* |TscH2doV, |SDO data output valid after Standard(F) — — 50 ns
TscL2doV |SCK edge Extended(LF) — — 145 | ns
81* |TdoV2scH, |SDO data output setup to SCK edge Tey — — ns
TdoV2scL
82* |TssL2doV |SDO data output valid after ssl edge — — 50 ns
83* |TscH2ssH, |SS T after SCK edge 15Tcy+40| — | — | ns
TscL2ssH

*

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.

FIGURE 15-15:

I°2C BUS START/STOP BITS

TIMING

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

Lo oL Lo 93
190 . | . ! 92" - '
: . : ‘ !
- § '3
LA « A
! ! ) ! ;
- N
START STOP
Condition Condition
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FIGURE 15-17: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCB/TX/CK m

1121
pm Lo — -
— - 121 Lo
RC7/RX/DT \ g N4
— : 120 : - — ! -

122

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

TABLE 15-10: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

PaNréim Symbol Characteristic Min |[Typt| Max |Units |Conditions
120 |TckH2dtv |SYNC XMIT (MASTER & |Standard(F)
SLAVE) — — 80 ns
Clock high to data out valid | xtended(LF) — — | 100 | ns
121 |Tckrf Clock out rise time and fall |Standard(F) — — 45 ns
time (Master mode) Extended(LF) — — 50 ns
122 |Tdtrf Data out rise time and fall |Standard(F) — — 45 ns
time Extended(LF) — — | 50 | ns

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

FIGURE 15-18: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RC6/TX/CK m

pin © 125 :
'—

RC7/RX/DT ; ;
pin hd ' ><

— 16—,

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

TABLE 15-11: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Parzr(r)leter Symbol Characteristic Min Typt 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

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 15-19: A/D CONVERSION TIMING

BSF ADCONO, GO 1Tey:

134—| |«— (Tosc/2)®

o ’7 , 131 ,

— ' 130 '

AID CLK <—132 [

PSSR G €3 €3 €D &5 €9 &5 €'t
S !
eo# | o

SAMPLE SAMPLING STOPPED ,—

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 SLEEP instruction
to be executed.

TABLE 15-13: A/D CONVERSION REQUIREMENTS

Pzr:m Sym Characteristic Min Typt | Max |Units Conditions

130 |Tap |A/D clock period PIC16F7X 1.6 — — us |Tosc based, VREF = 3.0V

PIC16LF7X 2.0 — — us |Tosc based,
2.0V <VREF £ 5.5V

PIC16F7X 2.0 4.0 6.0 us |A/D RC mode
PIC16LF7X 3.0 6.0 9.0 us |A/D RC mode

131 |TcNv |Conversion time (not including 9 — 9 TAD

S/H time) (Note 1)
132 |TAcQ |Acquisition time 5* — — us | 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.

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: ADRES register may be read on the following Tcy cycle.
2: See Section 11.1 for minimum conditions.
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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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17.2 Package Details

The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-line (SP) — 300 mil (PDIP)

(el — [ ] —w—

ST e e O e e S e e B e i B e i B e B i B
T GJ LT OJ O O O O G0 T L7 7 L7 O]

=N

=}

!

.
L_ﬂ
-L%
—

p
eB
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .140 .150 .160 3.56 3.81 4.06
Molded Package Thickness A2 125 .130 135 3.18 3.30 3.43
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .300 .310 .325 7.62 7.87 8.26
Molded Package Width El .275 .285 .295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35.18
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .040 .053 .065 1.02 1.33 1.65
Lower Lead Width B .016 .019 .022 0.41 0.48 0.56
Overall Row Spacing § eB .320 .350 .430 8.13 8.89 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension 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-095

Drawing No. C04-070
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28-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

B —

jooooooooooooa

N

h ——

f

45°

| Biiniuinlnlululuininlalin)mis
j

ICN
F
— >

T ;
" ;

(B L Al—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .050 1.27

Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width El .288 .295 .299 7.32 7.49 7.59
Overall Length D .695 .704 712 17.65 17.87 18.08
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle Top 0 0 4 8 0 4 8
Lead Thickness c .009 .011 .013 0.23 0.28 0.33
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top [ 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 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: MS-013

Drawing No. C04-052
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