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PIC16C77X

Key Features

PICmicro™ Mid-Range Reference Manual PIC16C773 PIC16C774
(DS33023)

Operating Frequency DC - 20 MHz DC - 20 MHz

Resets (and Delays) POR, BOR, MCLR, WDT POR, BOR, MCLR, WDT
(PWRT, OST) (PWRT, OST)

Program Memory (14-bit words) 4K 4K

Data Memory (bytes) 256 256

Interrupts 13 14

1/0 Ports Ports A,B,C Ports A,B,C,D,E

Timers 3 3

Capture/Compare/PWM modules 2 2

Serial Communications MSSP, USART MSSP, USART

Parallel Communications — PSP

12-bit Analog-to-Digital Module

6 input channels

10 input channels

Instruction Set

35 Instructions

35 Instructions
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PIC16C77X

1.0 DEVICE OVERVIEW

This document contains device-specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual, (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a comple-
mentary document to this data sheet, and is highly rec-
ommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

There a two devices (PIC16C773 and PIC16C774)
covered by this datasheet. The PIC16C773 devices
come in 28-pin packages and the PIC16C774 devices
come in 40-pin packages. The 28-pin devices do not
have a Parallel Slave Port implemented.

The following two figures are device block diagrams
sorted by pin number; 28-pin for Figure 1-1 and 40-pin
for Figure 1-2. The 28-pin and 40-pin pinouts are listed
in Table 1-1 and Table 1-2, respectively.

FIGURE 1-1: PIC16C773 BLOCK DIAGRAM
13 5 ok Data Bus 8 PORTA
EPROM € 1 RAO/ANO
Program S RA1/ANT
Memory RAM ‘ S RA2/AN2/VREF-/VRL
8 Level Stack Eio — 4 RA3/AN3/VREF+/VRH
4Kx14 (13-bit) Registers I RA4/TOCKI
o 256 x 8
rogram
Bus 14 RAM Addr (" ? 9 PORTB
; Addr MUX RBO/INT
Instruction reg RB1/SS
H Direct Addr 7 Indirect RB2/ANS
Addr — RB3/AN9Y/LVDIN
RB7:RB4
8 PORTC
RCO/T10SO/T1CKI
X} 4| RC1/T10SI/CCP2
+— RC2/CCP1
Instruction N B RC3/SCK/SCL
Decode & 5 I < RC4/SDI/SDA
Control E"I'vivrﬁre?p B RC5/SDO
Timi ALU > RC6/TX/CK
iming Oscillator RC7/RX/DT
0SC1/CLKIN XK= Generaton o7 olllate |
OSC2/CLKOUT Start-up Timer
Power-on
Watchdog

Timer

Low-voltage Precision Brown-out
Detect Reference Reset

MCLR Vbp, Vss

12-bit —Xavoo
ADC 4—& AVss
Timer0 Timer1 Timer2

it

v

v

Synchronous

CCP1.2 Serial Port

USART

Note 1: Higher order bits are from the STATUS register.
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PIC16C77X

TABLE 1-2 PIC16C774 PINOUT DESCRIPTION (Cont.d)

Pin Name DIP | PLCC | QFP |l/O/P Buffer Descriotion
Pin# Pin# Pin# | Type Type P
PORTC is a bi-directional I/0 port.
RCO/T10SO/T1CKI 15 16 32 /0 ST RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10SI/CCP2 16 18 3 | 10 ST RC1 can also be the Timer! oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 3 | IO ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 | IO ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 | 10 ST RC4 can also be the SPI Data In (SPI mode) or
data I/0 (I°C mode).
RC5/SDO 24 26 43 | 110 ST RCS5 can also be the SPI Data Out
(SPI mode).
RC6/TX/CK 25 27 44 | 10 ST RC6 can also be the USART Asynchronous
Transmit or Synchronous Clock.
RC7/RX/DT 26 29 1 10 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 | 1o | STATL®
RD1/PSP1 20 22 39 | o | SsTATL®
RD2/PSP2 21 23 4 | o | sTATL®
RD3/PSP3 22 24 41 o | sTATL®
RD4/PSP4 27 30 2 o | sTATL®
RD5/PSP5 28 31 3 o | sTATL®
RD6/PSP6 29 32 4 o | sTATL®
RD7/PSP7 30 33 5 o | sTATL®
PORTE is a bi-directional 1/O port.
REO/RD/AN5 8 9 25 /0 ST/TTL® REO can also be read control for the parallel slave
port, or analog input5.
RE1/WR/AN6 9 10 26 /0 ST/TTL® RE1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/AN7 10 11 27 /0 ST/TTL® RE2 can also be select control for the parallel slave
port, or analog input7.
AVss 12 13 29 P Ground reference for A/D converter
AVDD 11 12 28 P Positive supply for A/D converter
Vss 31 34 6 P — Ground reference for logic and I/O pins.
VDD 32 35 7 P — Positive supply for logic and 1/O pins.
NC — 1,17,28, | 12,13, — These pins are not internally connected. These pins
40 33,34 should be left unconnected.
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 for the multiplexed function.
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.

© 1999-2013 Microchip Technology Inc.
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PIC16C77X

2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these
PICmicro® microcontrollers. Each block (Pro-
gram Memory and Data Memory) has its own bus
so that concurrent access can occur.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

2.1 Program Memory Organization

The PIC16C77X PICmicros have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Each device has 4K x 14 words of pro-
gram memory. Accessing a location above the physi-
cally implemented address will cause a wraparound.

The reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK

PC<12:0>

CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2
.
L]
Stack Level 8
Reset Vector 0000h
L]
. X
Interrupt Vector 0004h
0005h
. Page 0
F?n-Ch'P 07FFh
rogram
0800h
Memory Page 1
OFFFh
1000h
3FFFh

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 and RPO are the
bank select bits.

RP1 m (STATUS<6:55)

=00 - Bank0
=01 —> Bankl
=10 - Bank2
=11 - Bank3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain special
function registers. Some “high use” special function
registers from one bank may be mirrored in another
bank for code reduction and quicker access.

221 GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register FSR.

© 1999-2013 Microchip Technology Inc.
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PIC16C77X

FIGURE 2-2: REGISTER FILE MAP

File File File File
Address Address Address Address
Indirect addr.()| 00h | Indirect addr.(?| gon | Indirect addr.)| 100h Indirect addr.()| 180h
TMRO 01h | OPTION_REG| 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD ™ | 08h TRISD ™ | 88h 108h 188h
PORTE ™ | 09h TRISE M | 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
PIR2 0Dh PIE2 8Dh 10Dh 18Dh
TMRIL OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF | 13h SSPADD | 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h 117h 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 119h 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh REFCON | 9Bh 11Bh 19Bh
CCPR2H | 1Ch LVDCON | 9Ch 11Ch 19Ch
CCP2CON | 1Dh 9Dh 11Dh 19Dh
ADRESH | 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h Aoh 120h 1A0h
General General General
Purpose Purpose Purpose
Register Register Register
96 Bytes B0Bytes | ern 80Bytes | o 1EFh
accesses Foh accesses 70h accesses 1FOh
70h-7Fh 70h - 7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

(1) Not implemented on PIC16C773.

Unimplemented data memory locations, read as '0'".
Not a physical register.

*

DS30275B-page 12 Advance Information © 1999-2013 Microchip Technology Inc.



PIC16C77X

TABLE 2-1 PIC16C77X SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)
Value on: | Value on all

Address [Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0 POR, other resets

BOR 7))

Bank 2
100n® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 0000 0000
101h TMRO Timer0 module’s register XXXX XXXX uuuu uuu
102h@® |PCL Program Counter's (PC) Least Significant Byte 0000 0000 0000 0000
103h® |STATUS IRP ‘ RP1 ‘ RPO ‘ TO ‘ PD | 4 | DC | (o} 0001 1xxx 000q quuu
104h® FSR Indirect data memory address pointer XXXX XXXX uuuu uuuu
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read xxxx 11xx uuuu 11uu
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah(1:4) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000
10Bh(® |INTCON GIE PEIE TOIE INTE ‘ RBIE | TOIF | INTF | RBIF 0000 000x 0000 000u
18&? — Unimplemented — —
Bank 3

180h®  |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 0000 0000
181h OPTION_REG| RBPU ‘ INTEDG ‘ TOCS ‘ TOSE ‘ PSA | PS2 | PS1 | PSO 1111 1111 11111111
182h® |PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
183h® |STATUS IRP ‘ RP1 ‘ RPO ‘ TO ‘ PD | z | DC | C 0001 1xxx 000q quuu
184h® |FSR Indirect data memory address pointer XXXX XXXX uuuu uuuy
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 1111 1111
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18Ah(14) |PCLATH — = — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000
18Bh(® |INTCON GIE PEIE TOIE INTE ‘ RBIE | TOIF | INTF | RBIF 0000 000x | 0000 000u
1:3? — Unimplemented — —
Legend:  x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0".

Note 1:

Shaded locations are unimplemented, read as ‘0’
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose contents are transferred to
the upper byte of the program counter.

Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
These registers can be addressed from any bank.

These registers/bits are not implemented on the 28-pin devices read as '0'.

© 1999-2013 Microchip Technology Inc. Advance Information
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PIC16C77X

2224 PIE1 REGISTER

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

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

FIGURE 2-6: 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

[PsPiEM] ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE

bit7 bit0

bit7:  PSPIE™): Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6:  ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5: RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4:  TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3:  SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2:  CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1:  TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

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

R = Readable bit

W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

© 1999-2013 Microchip Technology Inc. Advance Information
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PIC16C77X

2227 PIR2 REGISTER

Note: Interrupt flag bits get set when an interrupt
This register contains the CCP2, SSP Bus Collision, condition occurs regardless of the state of
and Low-voltage detect interrupt flag bits. its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.
FIGURE 2-9: PIR2 REGISTER (ADDRESS 0Dh)
R/W-0 U-0 U-0 U-0 R/W-0 U-0 U-0 R/W-0
[woFr [ — [ — [ — [Bour | — — | ccraF | [R =Readable bit
bit7 pito [W = Writable bit

bit 7: LVDIF: Low-voltage Detect Interrupt Flag bit

bit 6-4: Unimplemented: Read as '0'
bit 3: BCLIF: Bus Collision Interrupt Flag bit

(must be cleared in software)
0 = No bus collision occurred

bit 2-1: Unimplemented: Read as '0'
bit 0: CCP2IF: CCP2 Interrupt Flag bit

Capture Mode

0 = No TMR1 register capture occurred

Compare Mode

PWM Mode
Unused

1 = The supply voltage has fallen below the specified LVD voltage (must be cleared in software)
0 = The supply voltage is greater than the specified LVD voltage

1 = A bus collision has occurred while the SSP module configured in I’C Master was transmitting

1 = A TMR1 register capture occurred (must be cleared in software)

1= A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

DS30275B-page 22 Advance Information
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PIC16C77X

3.4 PORTD and TRISD Registers

This section is applicable to the 40/44-pin devices only.

FIGURE 3-10: PORTD BLOCK DIAGRAM (IN

I/0 PORT MODE)

PORTD is an 8-bit port with Schmitt Trigger input buf- pata .
fers. Each pin is individually configurable as an input or WR ; H‘E
output. PORT “ 1/0 pin™
CK

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit Data Latch

PSPMODE (TRISE<4>). In this mode, the input buffers » D Q
are TTL. WR

TRIS c Schmitt
oK Trigger %7
TRIS Latch et
RD TRIS
Q D
EN
RD PORT >° —‘
Note 1: 1/O pins have protection diodes to VDD and Vss.

TABLE 3-7 PORTD FUNCTIONS

Name Bit# Buffer Type Function

RDO/PSPO bit0 staTLM Input/output port pin or parallel slave port bit0

RD1/PSP1 bit1 sTaTLM Input/output port pin or parallel slave port bit1

RD2/PSP2 bit2 sTTLM Input/output port pin or parallel slave port bit2

RD3/PSP3 bit3 staTLM Input/output port pin or parallel slave port bit3

RD4/PSP4 bit4 STATL! Input/output port pin or parallel slave port bit4

RD5/PSP5 bit5 sTaTLM Input/output port pin or parallel slave port bits

RD6/PSP6 bit6 sT/TTLM Input/output port pin or parallel slave port bité

RD7/PSP7 bit7 staTLM Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger input TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in 1/0 mode and TTL buffer when in Parallel Slave Port Mode.

TABLE 3-8 SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on all

Address |[Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
88h TRISD | PORTD Data Direction Register 1111 1111 | 1111 1111
8oh TRISE | 1BF | OBF | 1BOV [ PSPMODE | — | PORTE Data Direction Bits 0000 -111 | 0000 -111

Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PORTD.

DS30275B-page 34
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PIC16C77X

8.1 SPI Mode

The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. All
four modes of SPI are supported. To accomplish com-
munication, 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)
8.1.1 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON<5:0> and SSPSTAT<7:6>).
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 (Idle state of SCK)

Data input sample phase

(middle or end of data output time)

¢ Clock edge

(output data on rising/falling edge of SCK)
Clock Rate (Master mode only)

¢ Slave Select Mode (Slave mode only)

Figure 8-4 shows the block diagram of the MSSP mod-
ule when in SPI mode.

FIGURE 8-4: MSSP BLOCK DIAGRAM
(SPI MODE)

< Internal
data bus

Write

SDI bit0 shift
clock
SDO
SS Control
Enable
Clock Select

SSPM3:SSPMO
SMP:CKE 4 TMR2 output
2

2
Select Prescaler | Tosc
4,16, 64

— Data to TX/RX in SSPSR
— Data direction bit

SCK

The MSSP 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 detect bit BF
(SSPSTAT<0>) and the interrupt flag bit SSPIF
(PIR1<3>) 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 the WCOL bit so that it
can be determined if the following write(s) to the SSP-
BUF register completed successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. Buffer
full bit, BF (SSPSTAT<0>), indicates when the SSP-
BUF has been loaded with the received data (transmis-
sion 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 MSSP Interrupt is used to

© 1999-2013 Microchip Technology Inc.
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FIGURE 8-13: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

RW =1 R/W =0
B Receiving Address ACK Transmitting Data  Not ACK - - -

SCL
\ Datain . SEIL h&l:ddow . .
: . while ) . )
sampled responds to SSPIF i '
SSPIF [ / \ '
. A ¥
BF (SSPSTAT<0>) ' L
) cleared in software From SSP interrupt
! SSPBUF is written in software }

service routine

CKP (SSPCON<4>) ‘

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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i)  The MSSP Module shifts in the ACK bit from the
slave device, and writes its value into the
SSPCONB2 register ( SSPCON2<6>).

j)  The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

k) The user generates a STOP condition by setting
the STOP enable bit PEN in SSPCON2.

I) Interrupt is generated once the STOP condition
is complete.

8.2.8 BAUD RATE GENERATOR

In 12C master mode, the reload value for the BRG is
located in the lower 7 bits of the SSPADD register
(Figure 8-18). When the BRG is loaded with this value,
the BRG counts down to 0 and stops until another
reload has taken place. The BRG count is decremented
twice per instruction cycle (Tcy) on the Q2 and Q4
clock.

In I°C master mode, the BRG is reloaded automatically.
If Clock Arbitration is taking place for instance, the BRG
will be reloaded when the SCL pin is sampled high
(Figure 8-19).

FIGURE 8-18: BAUD RATE GENERATOR
BLOCK DIAGRAM

SSPM3:SSPM0O SSPADD<6:0>

SSPM3:SSPM0 ——, Reload
SCL —  Control

BRG Down Counter

Fosc/4
CLKOUT

FIGURE 8-19: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA

DX >< DX-1

SCL

SCL de-asserted but slave holds
SCL low (clock arbitration) |

/

F SCL allowed to transition high

BRG decrements
l (on Q2 and Q4 cylcles)

! !

BRG I osh X ozh X oth X 00 (hold off) |>< 03h >< 02h
value

|
SCL is sampled high, reload takes
place, and BRG starts its count. %
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8.2.11 1°C MASTER MODE TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address is accomplished by simply writ-
ing a value to SSPBUF register. This action will set the
buffer full flag (BF) and allow the baud rate generator to
begin counting and start the next transmission. Each
bit of address/data will be shifted out onto the SDA pin
after the falling edge of SCL is asserted (see data hold
time spec). SCL is held low for one baud rate gener-
ator roll over count (Tgrg)- Data should be valid before
SCL is released high (see Data setup time spec).
When the SCL pin is released high, it is held that way
for Tgrg, the data on the SDA pin must remain stable
for that duration and some hold time after the next fall-
ing edge of SCL. After the eighth bit is shifted out (the
falling edge of the eighth clock), the BF flag is cleared
and the master releases SDA allowing the slave device
being addressed to respond with an ACK bit during the
ninth bit time, if an address match occurs or if data was
received properly. The status of ACK is read into the
AKDT on the falling edge of the ninth clock. If the mas-
ter receives an acknowledge, the acknowledge status
bit (AKSTAT) is cleared. If not, the bit is set. After the
ninth clock the SSPIF is set, and the master clock
(baud rate generator) is suspended until the next data
byte is loaded into the SSPBUF leaving SCL low and
SDA unchanged (Figure 8-26).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock the master will de-assert
the SDA pin allowing the slave to respond with an
acknowledge. On the falling edge of the ninth clock the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the AKSTAT status bit (SSPCON2<6>). Fol-
lowing the falling edge of the ninth clock transmission
of the address, the SSPIF is set, the BF flag is cleared,
and the baud rate generator is turned off until another
write to the SSPBUF takes place, holding SCL low and
allowing SDA to float.

8.2.11.7 BF STATUS FLAG

In transmit mode, the BF bit (SSPSTAT<0>) is set when
the CPU writes to SSPBUF and is cleared when all 8
bits are shifted out.

8.2.11.8 WCOL STATUS FLAG

If the user writes the SSPBUF when a transmit is
already in progress (i.e. SSPSR is still shifting out a
data byte), then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.
8.2.11.9 AKSTAT STATUS FLAG

In transmit mode, the AKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an acknowledge
(ACK =0), and is set when the slave does not acknowl-
edge (ACK = 1). A slave sends an acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.
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FIGURE 8-32: STOP CONDITION FLOWCHART
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0to 1 whileSCL=1
(Clock Arbitration) Set SSPIF,
No Stop Condition done
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9.1 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 9-1 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 9-1. From this, the error in
baud rate can be determined.

Example 9-1 shows the calculation of the baud rate
error for the following conditions:

EXAMPLE 9-1: CALCULATING BAUD RATE
ERROR
Desired Baud rate = Fosc / (64 (X + 1))
9600 = 16000000 /(64 (X + 1))
X = [25042]=25
Calculated Baud Rate=16000000 / (64 (25 + 1))
= 9615

(Calculated Baud Rate - Desired Baud Rate)
Desired Baud Rate

(9615 - 9600) / 9600
= 0.16%

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

FOS(? =16 MHz baud rate error in some cases.

Desired Baud Rate = 9600 N .

BRGH =0 Writing a new value to the SPBRG register causes the

SYNC =0 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.
9.1.1 SAMPLING
The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

TABLE 9-1 BAUD RATE FORMULA
SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = FOSC/(64(X+1)) Baud Rate= FOsc/(16(X+1))
1 (Synchronous) Baud Rate = FOSC/(4(X+1)) NA

X = value in SPBRG (0 to 255)
TABLE 9-2

REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Value on: Value on all
Address | Name Bit7 | Bit6 | Bit5 | Bit4 Bit2 | Bit1 | Bit0 POR,
other resets
BOR
98h TXSTA | CSRC | TX9 | TXEN | SYNC BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
18h RCSTA | SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
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.

© 1999-2013 Microchip Technology Inc.

Advance Information

DS30275B-page 99




PIC16C77X

9.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN (RCSTA<5>)
or enable bit CREN (RCSTA<4>). Data is sampled on
the RC7/RX/DT pin on the falling edge of the clock. If
enable bit SREN is set, then only a single word is
received. If enable bit CREN is set, the reception is
continuous until CREN is cleared. If both bits are set
then CREN takes precedence.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 9.1)

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

10.

Ensure bits CREN and SREN are clear.

If interrupts are desired, then set enable bit
RCIE.

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

If a single reception is required, set bit SREN.
For continuous reception set bit CREN.
Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

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

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

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

TABLE 9-9 REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on: Value on all

Address | Name Bit7 |Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR,
other Resets

BOR
0Ch PIR1 PSPIF®) | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF 0000 0000 0000 0000
18h RCSTA | SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D 0000 000x 0000 000x
1Ah RCREG | USART Receive Register 0000 0000 0000 0000
8Ch PIE1 PSPIEM | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRAIE 0000 0000 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC = BRGH TRMT TX9D 0000 -010 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 0000 0000

Legend: x =unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Master Reception.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.

FIGURE 9-11: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)
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NOTES:
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15.1 DC Characteristics: PIC16C77X (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym Min | Typt | Max | Units Conditions
No.
D001 Supply Voltage VDD 4.0 — | 55 V | XT, RC and LP osc configuration
DO01A 4.5 — | 55 V | HS osc configuration
D002* | RAM Data Retention VDR — 15 | — \%
Voltage (Note 1)
D003 VDD start voltage to VPOR — Vss | — V | See section on P er@set or details
ensure internal Power-on
Reset signal />
D004* | VDD rise rate to ensure SvbD 0.05 | — — | V/Ims e dectfon on Power-ox ReSet fof details.
internal Power-on Reset e bled
signal
D010 Supply Current (Note 2) |IDD — 2.7 mA conf| ation

E 0SC = AMHz, VoD = 5.5V (Note 4)

5
D013 — |\13 \36\ m S osc configuration
SC = 20 MHz, VDD = 5.5V
D020 Power-down Current IPD /'6/\\;#? VDD = 4.0V, -0°C to +70°C

DO020A | (Note 3) /\ 19 | pA | VDD =4.0V, -40°C to +85°C

\7& 6.0 | 20 | uA |VDD=4.0V

D021 AMMDT

D023* >AIB R TBD | 200 | — | pA |BOR enabled, VDD = 5.0V

D023B* AlBG® — | 40pA |TBD| pA

D025* AlTtosc | — 5 9 pA | VDD = 4.0V

D026* | A/D Gehverter AlAD — 300 | — | pA |VDD=5.5V, A/D on, not converting

* These parameters are characterized but not tested.

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

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

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

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

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

5: The A current is the additional current consumed when the peripheral is enabled. This current should be
added to the base (IPD or IDD) current.

6: The bandgap voltate reference provides 1.22V to the VRL, VRH, LVD and BOR circuits. When calculating cur-
rent consumption use the following formula: AIVRL + AIVRH + AILVD + AIBOR + AIBG. Any of the AIVRL, AIVRH,
AILVD or AIBOR can be 0.
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FIGURE 15-2: BROWN-OUT RESET CHARACTERISTICS

VDD

———————————————————————— /- (device not in Brown-out Reset)

VBOR ——---------%1----S...o ]
(device in Brown-out Reset)

RESET (due to BOR) 72 me time oul A

TABLE 15-4 ELECTRICAL CHARACTERISTICS: BOR

Standard Operatin
Operating temperatuye

DC CHARACTERISTICS < i
Operating voltage VD i in DC spec Section 15.1 and
Segtion 15.
Pi::m Characteristic Sym\V) Min Typ Max Units Conditions
D005 | BOR Voltage NBORV1:0= 11 25 | 258 | 266
BORW1:0 = 1047 o o 27 | 278 | 2.86 v
BQRV/1:0 = 01 42 | 433 | 446
|BORX'1:0 = 00 45 | 464 | 478
D006* tageDrifkTe rature coef- | TCVouTt — 15 50 | ppm/°C
L
DOO0BA* age DBfift with respect to AVBOR/ — — 50 pVv
V egulation AVDD
D007 | Brgwr-out Hysteresis VBHYs | TBD | — 100 mv
D022A | Supply Current AIBOR — 10 20 pA

* These parameters are characterized but not tested.
Note 1: Production tested at TAMB = 25°C. Specifications over temp limits ensured by characterization.
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connectingto the Microchip Internet Web Site

The Microchip web site is available by using your

favorite Internet browser to attach to:
www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

¢ Latest Microchip Press Releases

* Technical Support Section with Frequently Asked
Questions

¢ Design Tips

¢ Device Errata

* Job Postings

Microchip Consultant Program Member Listing

Links to other useful web sites related to

Microchip Products

¢ Conferences for products, Development Sys-
tems, technical information and more

Listing of seminars and events
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