Microchip Technology - PIC16LC73A-04/SO Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"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,
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PIC16C/7X

Pin Diagrams

SDIP, SOIC, Windowed Side Brazed Ceramic SSOP
MCLR\VPp — [+ 1 i 28] «—» RB7 MCLR/Vpp — [+ 1 ~ 28 [] «—> RB7
RAO/ANO <— [ 2 27[] «—> RB6 RAO/ANO <— [] 2 27 [ ] <«+— RB6
RAL/AN1 <-— [ 3 26 [ ] «—> RB5 RAL/AN1 <+—» [ 3 26 [ ] «—» RB5
RA2/AN2 +— [ 4 25[ ] «—>» RB4 RA2/AN2 <—» [| 4 25[ ] -—>» RB4
RA3/AN3/VReF <+— [| 5 24[] «—» RB3 RA3/AN3/VREF <— [| 5 24 [ ] «+— RB3
RA4/TOCKI <— [| 6 23[ ] «—» RB2 RA4/TOCKI <+— | 6 23[ ] «+— RB2
RAG/SS/AN4 <— [ 7 22[]<—» RB1 RAG/SS/AN4 <— [ 7 22[]<— RB1
vss — []8 21 [] <— RBO/INT vss — [|8 21 [ ] <— RBO/INT
OSC1/CLKIN —» [ 9 20[]<«— vop OSC1/CLKIN — [ 9 20 [[]<+— vop
OSC2/CLKOUT <-— [ 10 19[] <-— Vss OSC2/CLKOUT <— [ 10 19[] -— Vss
RCO/T10SO/T1CKI <— [] 11 18 [[] <—> RC7 RCO/T10SO/T1CKI <— [] 11 18 [] «—> RC7
RC1/T10S| <+— [ 12 17 [] +— RC6 RCL/T10S| <— [ 12 17 [] <—> RC6
RC2/CCP1 <—» [ 13 16 [ ] <«— RC5/SDO RC2/CCP1 <— [ 13 16 [ ] <—» RC5/SDO
RC3/SCK/SCL <— [| 14 15 [ ] <——» RC4/SDI/SDA RC3/SCK/SCL <— [| 14 15 [ ] — RC4/SDI/SDA
PIC16C72 PIC16C72
SDIP, SOIC, Windowed Side Brazed Ceramic PDIP, Windowed CERDIP
MCLRIVi ~
pp — [[-1 28] <—> RB7 NG
MCLRVPp —[] 1 40 1 -—> RB7
RAO/ANO <— [] 2 27[]<—> RB6 RAO/ANO <—»[] 2 39 [1 <—» RB6
RAL/AN1 <+— [ 3 26 [ ] «—» RBS RAL/AN1 <—»[13 38 [J -— RB5
RA2/AN2 -— [|4 25[] -— RB4 RA2/AN2 <—[] 4 37 [J -— RB4
RA3/AN3/VREF <— [ 5 24[] <—» RB3 RAS/AN3/VREF <—-[} 5 36 [J <—»> RB3
RA4/TOCKI <-—[] 6 35 [] -— RB2
RAAUlOCKIHE 6 23[] «+—> RB2 RAS/SS/ANG <— [ 7 34 [ <—» RB1
RA5/SS/AN4 <—> |: 7 22 :| -<—>» RB1 REO/RD/AN5 <-—[] 8 33 [1 <«— RBO/INT
vss — [|8 21 [] <— RBO/NT RE1/WR/AN6 <—[] g 32 [ <+—— vop
OSC1/CLKIN — [ 9 20 []<— Voo RE2/CS/AN7 <-—[] 10 31 [1 «——vss
0SC2/CLKOUT <— []10 19[] <-— vss VoD —— [ 11 30 [ =—» RD7/PSP7
Vss —[] 12 29 [1 <— RD6/PSP6
RCO/T10SO/T1CKI <— [ 11 18 [] <— RC7/RX/DT OSCL/CLKIN >0 13 28 | <—» RDS/PSPS
RC1/T10SI/CCP2 <— [| 12 17 [[] <— RC6/TX/CK OSC2/CLKOUT <«——[] 14 27 [1 <—» RD4/PSP4
RC2/CCP1 <— [ 13 16 [ ] <— RC5/SDO RCO/T10SO/T1CKI <—[] 15 26 [1 <— RC7/RX/DT
RC3/SCK/SCL <— [| 14 15 [ ] <—» RC4/SDI/SDA RCL/T10SI/CCP2 <-—[] 16 25 [1 <— RC6/TX/CK
RC2/CCP1 <-—»[] 17 24 [] <«—» RC5/SDO
RC3/SCK/SCL <—[] 18 23 [1 <— RC4/SDI/SDA
PIC16C73 RDO/PSPO <—[] 19 22 [1 <—» RD3/PSP3
PIC16C73A RD1/PSP1 <-—[] 20 21 [1 <—» RD2/PSP2
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PIC16C7X

Pin Diagrams (Cont.d)
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PIC16C7X

4.0 MEMORY ORGANIZATION FIGURE 4-2:  PIC16C73/73A/74/74A
Applicable Devices PROGRAM MEMORY MAP
72|73|73A[74{74A]76]77 AND STACK

4.1 Program Memory Organization PC<12:0>

The PIC16C7X family has a 13-bit program counter CALL, RETURN 13

RETFI E, RETLW

capable of addressing an 8K x 14 program memory
space. The amount of program memory available to

each device is listed below: Stack Level 1
L]
Device ':;gr%rc)im Address Range :
Y Stack Level 8
PIC16C72 2K x 14 0000h-07FFh
PIC16C73 4K x 14 0000h-0OFFFh -1 Reset Vector 0000h
PIC16C73A 4K x 14 0000h-OFFFh
L]
PIC16C74 4K X 14 0000h-OFFFh . <——
PIC16C74A 4K x 14 0000h-0OFFFh
> Interrupt Vector 0004h
PIC16C76 8K x 14 0000h-1FFFh =)
PIC16CT77 8K x 14 0000h-1FFFh 58 on-chip Program 000sh
X i =8 Memory (Page 0)
= 0
For those devices with less than 8K program memory, § _________ 07FFh
accessing a location above the physically implemented On-chip Program 0800h

address will cause a wraparound. Memory (Page 1)

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

FIGURE 4-1:  PIC16C72 PROGRAM 1ooon
MEMORY MAP AND STACK
1FFFh
PC<12:0>
CALL, RETURN 13
RETFI E, RETLW

Stack Level 1

(]
L]
L]

Stack Level 8

Reset Vector 0000h
: <":
L]
Interrupt Vector 0004h
0005h

User Memory
Space

On-chip Program
Memory

07FFh
0800h

1FFFh
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PIC16C7X

TABLE 4-3: PIC16C76/77 SPECIAL FUNCTION REGISTER SUMMARY

Value on: | Value on all

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

00h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 [ 0000 0000
01h TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
02h® PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h® STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx | 000g quuu
04h® FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX | uuuu uuuu
08h® PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX |uuuu uuuu
09h® PORTE — — — — | — | RE2 | RE1 | REO |---- -xxx|---- -uuu
0AhL4 | PCLATH = = = Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
oBh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000u
0Ch PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 | 0000 0000
0Dh PIR2 — — — - — — — CCP2IF |---- ---0]|---- ---0
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX |uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
10h T1CON — | — | T1CKPS1 | T1CKPSO |TlOSCEN| T1SYNC | TMR1CS | TMR1ON ([ --00 0000 | --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 | - 000 0000 | -000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON wcCoL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 [ 0000 0000
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |--00 0000 |--00 0000
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x [ 0000 -00x
19h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 [ 0000 0000
1Bh CCPR2L | Capture/Compare/PWM Register2 (LSB) XXXX XXXX | uuuu uuuu
1Ch CCPR2H | Capture/Compare/PWM Register2 (MSB) XXXX XXXX | uuuu uuuu
1Dh CCP2CON — | — | CCP2X | CCP2Y | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | --00 0000 | --00 0000
1Eh ADRES A/D Result Register XXXX XXXX | uuuu uuuu
1Fh ADCONO ADCS1 | ADCSO0 | CHS2 | CHS1 | CHSO |GO/DONE| — | ADON 0000 00-0 | 0000 00-0

Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0".
Shaded locations are unimplemented, read as ‘0'.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con-
tents are transferred to the upper byte of the program counter.
Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
Bits PSPIE and PSPIF are reserved on the PIC16C76, always maintain these bits clear.
These registers can be addressed from any bank.
PORTD and PORTE are not physically implemented on the PIC16C76, read as ‘0’.

aren
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PIC16C7X

4.2.2.6 PIE2 REGISTER
Applicable Devices

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

This register contains the individual enable bit for the

CCP2 peripheral interrupt.

FIGURE 4-14: PIE2 REGISTER (ADDRESS 8Dh)

bit 7-1: Unimplemented: Read as '0'

bit 0: CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

U-0 U-0 U-0 U-0 U-0 U-0 U-0 RIW-0
| — | — | — | — | — — — | ccp2ie | [R = Readable bit
bit7 bito |W = Writable bit

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

0 1997 Microchip Technology Inc.
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PIC16C7X

Example 4-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the interrupt ser-
vice routine (if interrupts are used).

EXAMPLE 4-1: CALL OF A SUBROUTINE IN
PAGE 1 FROM PAGE 0
ORG 0x500
BSF PCLATH, 3 ; Sel ect page 1 (800h- FFFh)
BCF PCLATH, 4 ;Only on >4K devi ces
CALL SUB1_P1 ;Call subroutine in
: ; page 1 (800h- FFFh)
ORG 0x900
SUB1_P1: ;call ed subroutine
: ; page 1 (800h- FFFh)
RETURN ;return to Call subroutine

;in page O (000h-7FFh)

4.5 Indirect Addressing. INDF and FSR

Regqisters

Applicable Devices
72[73[73A[74]74A]76]77
The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF reg-
ister. Any instruction using the INDF register actually
accesses the register pointed to by the File Select Reg-
ister, FSR. Reading the INDF register itself indirectly
(FSR ="0") will read 00h. Writing to the INDF register
indirectly results in a no-operation (although status bits
may be affected). An effective 9-bit address is obtained
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 4-18.

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 4-2.

EXAMPLE 4-2: INDIRECT ADDRESSING
movl w  0x20 ;initialize pointer
mvwf  FSR ;to RAM

NEXT clrf | NDF ;clear | NDF register
i ncf FSR, F ;inc pointer
btfss FSR 4 ;all done?
goto NEXT ;no cl ear next

CONTI NUE
: ;yes continue

FIGURE 4-18: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
N J N v y J
bank select location select bank select location select
\ » 00 01 10 11 </
00h 80h 100h 180h
Data
Memory
7Fh FFh 17Fh 1FFh
Bank 0 Bank1 Bank2 Bank3
For register file map detail see Figure 4-4, and Figure 4-5.

0 1997 Microchip Technology Inc.
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PIC16C/7X

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

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

or microprocessor port when control bit PSPMODE | Databus M I

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

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

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

RE1/WR/ANG. I TTL I

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

bus. The external microprocessor can read or write the

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

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

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

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

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

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

the A/D port configuration bits PCFG2:PCFGO

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

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

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

data flow.

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

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

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

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).
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Applicable Devi
P I C 1 6 C 7 X 72Fi$s*llc72A|e74|i\2:T756|77

11.2.1 OPERATION OF SSP MODULE IN SPI
MODE

Applicable Devices
72|73|73A[74]74A]76]77
The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

» Serial Data Out (SDO)

» Serial Data In (SDI)

» Serial Clock (SCK)

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

« Slave Select (SS)

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

» Master Mode (SCK is the clock output)

« Slave Mode (SCK is the clock input)

« Clock Polarity (Output/Input data on the Rising/
Falling edge of SCK)

« Clock Rate (Master mode only)
» Slave Select Mode (Slave mode only)

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

EXAMPLE 11-1: LOADING THE SSPBUF
(SSPSR) REGISTER

BSF  STATUS, RPO ; Speci fy Bank 1
LOOP BTFSS SSPSTAT, BF ; Has data been
; recei ved
;(transmt
;conpl ete) ?
GOro LooP ; No
BCF  STATUS, RPO ; Speci fy Bank 0
MOVF  SSPBUF, W i Wreg = contents
; of SSPBUF
MOVWF RXDATA ; Save in user RAM
MOVF  TXDATA, W ;Wreg = contents
; of TXDATA
MOVWF  SSPBUF ;New data to xmt

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

FIGURE 11-3: SSP BLOCK DIAGRAM

(SPI MODE)
< Internal
data bus
Read Write
SSPBUF reg
AN
SSPSR reg |—>
RC4/SDI/SDA bit0 shift
clock

SS Control
Enable

RAS5/SS/IAN4 Edge
Select

Clock Select

SSPM3:SSPMO

TMR2 output
2

|X|_' | | Edge
Select

RC3/SCK/

SCL

Prescaler| Tcy
4,16, 64

TRISC<3>

DS30390E-page 80
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Applicable Devices

PIC16C/7X

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

1151 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. These are if 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 11-4 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 soft-
ware did not properly clear the overflow condition. Flag
bit BF is cleared by reading the SSPBUF register 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
12C specification as well as the requirement of the SSP
module is shown in timing parameter #100 and param-
eter #101.

11.5.1.1 ADDRESSING

Once the SSP module has been enabled, it waits for a
START condition to occur. Following the START condi-
tion, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The

address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPQV bhits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit, BF is set.

c) An ACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) - on the falling
edge of the ninth SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave (Figure 11-16). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit R/W (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond address byte. For a 10-bit address the first byte
would equal ‘1111 0 A9 A8 0’, where A9 and A8 are
the two MSbs of the address. The sequence of events
for 10-bit address is as follows, with steps 7- 9 for
slave-transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF, and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address, if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

TABLE 11-4: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data
Transfer is Received Set bit SSPIF
Generate ACK (SSP Interrupt occurs
BF SSPOV SSPSR — SSPBUF Pulse if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes
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12.3 USART Synchronous Master Mode
Applicable Devices
72|73[73A]74]74A]76]77
In Synchronous Master mode, the data is transmitted in
a half-duplex manner i.e. transmission and reception
do not occur at the same time. When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is set in order to
configure the RC6/TX/CK and RC7/RX/DT I/O pins to
CK (clock) and DT (data) lines respectively. The Master
mode indicates that the processor transmits the master
clock on the CK line. The Master mode is entered by
setting bit CSRC (TXSTA<7>).

12.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-7. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and inter-
rupt bit, TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory so it is not
available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 12-12). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 12-13). This is advantageous when slow
baud rates are selected, since the BRG is kept in reset
when bits TXEN, CREN, and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR resulting in an empty TXREG. Back-to-back trans-
fers are possible.

Clearing enable bit TXEN, during a transmission, will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to hi-imped-
ance. If either bit CREN or bit SREN is set, during a
transmission, the transmission is aborted and the DT
pin reverts to a hi-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic however is not
reset although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting since bit TXEN is still set.
The DT line will immediately switch from hi-impedance
receive mode to transmit and start driving. To avoid
this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1).

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

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting bit TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.
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12.3.2 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 recep-
tion is continuous until CREN is cleared. If both bits are
set then CREN takes precedence. After clocking the
last bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt flag bit
RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit which is
reset by the hardware. In this case it is reset when the
RCREG register has been read and is empty. The
RCREG is a double buffered register, i.e. it is a two
deep FIFO. It is possible for two bytes of data to be
received and transferred to the RCREG FIFO and a
third byte to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full then overrun error bit OERR
(RCSTA<1>) is set. The word in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th
receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 12.1)

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

3. Ensure bits CREN and SREN are clear.

4. If interrupts are desired, then set enable bit
RCIE.

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

6. If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

7. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

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

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

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

TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION
Value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 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 FERR | OERR | Rx9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC BRGH | TRMT | Tx9p | 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 PIC16C73/73A/76, always maintain these bits clear.
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13.4.1 FASTER CONVERSION - LOWER
RESOLUTION TRADE-OFF

Not all applications require a result with 8-bits of reso-
lution, but may instead require a faster conversion time.
The A/D module allows users to make the trade-off of
conversion speed to resolution. Regardless of the res-
olution required, the acquisition time is the same. To
speed up the conversion, the clock source of the A/D
module may be switched so that the TAD time violates
the minimum specified time (see the applicable electri-
cal specification). Once the TAD time violates the mini-
mum specified time, all the following A/D result bits are
not valid (see A/D Conversion Timing in the Electrical
Specifications section.) The clock sources may only be
switched between the three oscillator versions (cannot
be switched from/to RC). The equation to determine
the time before the oscillator can be switched is as fol-
lows:

Conversion time = 2TAD + N ¢ TAD + (8 - N)(2Tosc)
Where: N = number of bits of resolution required.

EXAMPLE 13-3: 4-BIT vs. 8-BIT CONVERSION TIMES

Since the TAD is based from the device oscillator, the
user must use some method (a timer, software loop,
etc.) to determine when the A/D oscillator may be
changed. Example 13-3 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the 8-bit resolution conversion. The example is for
devices operating at 20 MHz and 16 MHz (The A/D
clock is programmed for 32Tosc), and assumes that
immediately after 6TAD, the A/D clock is programmed
for 2Tosc.

The 2Tosc violates the minimum TAD time since the last
4-bits will not be converted to correct values.

Freq (MHz)(l) Resolution

4-bit 8-bit

TAD 20 1.6 ps 1.6 pys
16 2.0 us 2.0 ps

Tosc 20 50 ns 50 ns
16 62.5ns 62.5 ns

2TAD + N « TAD + (8 - N)(2Tosc) 20 10 us 16 us
16 12.5us 20 ps

Note 1: PIC16C7X devices have a minimum TAD time of 1.6 ps.

0 1997 Microchip Technology Inc.

DS30390E-page 123



PIC16C7X

INCFSZ Increment f, Skip if O IORLW Inclusive OR Literal with W
Syntax: [ label]l INCFSz fd Syntax: [ labell 10RLW k
Operands: 0<f<127 Operands: 0<k<255
doo.1] Operation: (W) .OR. K — (W)
Operation: (f) + 1 - (destination), Status Affected: 7
skip if result =0 )
Encoding: | 11 | 1000 | kkkk | kkkk |
Status Affected:  None
. Description: The contents of the W register is
Encoding: | 00 | 1111 | dfff | fEff | OR’ed with the eight bit literal 'k'. The
Description: The contents of register 'f' are incre- result is placed in the W register.
mented. If 'd" is O the result is placed in .
the W register. If 'd' is 1 the result is Words: 1
placed back in register 'f'. .
If the rezulﬁ(iil, the In(_extoinstrNu(%tlgon is Cycles: 1
executed. If the result is 0, a is L
executed instead making it a 2Tcy Q Cycle Activity: Q1 Q2 Q3 Q4
Instruction. Decode Read Process | Write to
Words: 1 literal 'k’ data w
Cycles: 1(2)
. Example | ORLW  0x35
Q Cycle Activity: Q1 Q2 @3 Q4 Before Instruction
Decode Read Process Write to W = Ox9A
register 'f' data destination After Instruction
If Skip:  (2nd Cycle) W = OxBF
Q1 Q2 Q3 Q4 z =t
No- No- No- No-
Operation | Operation | Operation | Operation
Example HERE I NCFSZ CNT, 1
GOoro LOOP
CONTI NUE »

Before Instruction

PC = address HERE
After Instruction

CNT = CNT +1

if CNT= 0,

PC = address CONTI NUE

if CNT# 0,

PC =  address HERE +1
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SUBWF Subtract W from f SWAPF Swap Nibbles in f
Syntax: [label] SUBWF f.d Syntax: [ labell] SWAPF f,d
Operands: 0<f<127 Operands: 0<f<127
dopo,1] d0[o,1]
Operation: (f) - (W) - (destination) Operation: (f<3:0>) - (destination<7:4>),
Status Affected: C, DC, Z (f<7:4>) - (destination<3:0>)
Encoding: o0 [oo10 [afff | fiff | StatusAffected: - None
Description: Subtract (2's complement method) W reg- Encoding: | 00 | 1110 | df f f | feff |
ister from register 'f'. If 'd" is O the result is Description: The upper and lower nibbles of register
stored in the W register. If 'd' is 1 the 'f are exchanged. If'd'is O the result is
result is stored back in register 'f'. placed in W register. If 'd" is 1 the result
Words: 1 is placed in register 'f'.
Cycles: 1 Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 1
Decode Read Process Write to Q CyCIe Activity: Q1 Q2 Qs Q4
register f | data | destination Decode | Read | Process | Writeto
register 'f data destination
Example 1: SUBWF REGL, 1
Before Instruction Example SWAPF REG, 0
REG1 - 3 Before Instruction
w = 2 REG1 = OxA5
C = 2 .
7 = 9 After Instruction
- REG1 = OxA5
After Instruction W - OxBA
REG1 = 1
w = 2
C = 1;resultis positive
z = 0
Example 2: Before Instruction TRIS Load TRIS Register
REG1 = 2 Syntax: [label TRIS f
\év - 3 Operands: 5<f<7
z = 2 Operation: (W) - TRIS register f;
After Instruction Status Affected: None
REGLI = 0 Encoding: | oo [oooo [0110 |offf
w = 2 Description: The instruction is supported for code
C = 1resultis zero compatibility with the PIC16C5X prod-
z = 1 ucts. Since TRIS registers are read-
Example 3: Before Instruction able and writable, the user can directly
address them.
REG1 = 1 )
W - Words: 1
c = 2 Cycles: 1
z = 7 Example
After Instruction To maintain upward compatibility
REG1 = OxFF with future PIC16CXX products, do
W = 2 not use this instruction.
C = 0;resultis negative
z = 0

0 1997 Microchip Technology Inc.
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |

FIGURE 17-9: 12C BUS START/STOP BITS TIMING
SCL
SDA . SS \ : j :
: \ : (¢ A
! : 2 ! !
N .
START STOP
Condition Condition
Note: Refer to Figure 17-1 for load conditions
TABLE 17-8:  12C BUS START/STOP BITS REQUIREMENTS
Parameter Sym Characteristic Min | Typ | Max | Units Conditions

No.

90 Tsu:sTA |START condition 100 kHz mode 4700 | — | — ns Only relevant for repeated START
Setup time 400 kHz mode 600 | — | — condition

91 THD:STA |START condition 100 kHz mode 4000 | — | — ns After this period the first clock
Hold time 400 kHz mode 600 | — | — pulse is generated

92 Tsu:sTo |STOP condition 100 kHz mode 4700 | — | — ns
Setup time 400 kHz mode 600 | — | —

93 THD:sSTO |STOP condition 100 kHz mode 4000 | — | — ns
Hold time 400 kHz mode 600 | — | —

0 1997 Microchip Technology Inc.
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|Applicable Devices |72|73|73A|74[74A|76|77 |

FIGURE 18-6: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

(Compare or PWM Mode)

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

RC1/T10SI/CCP2
and RC2/CCP1

—— —

53 —

Note: Refer to Figure 18-1 for load conditions.

TABLE 18-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)
Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50* TccL [CCP1 and CCP2  |No Prescaler 05Tcy+20 | — | — | ns
input low time
PIC16C73/74 10 — — ns
With Prescaler p|c161 c73/74 20 — [ = 1hns
51* TccH |ccP1 and ccp2 |No Prescaler 0.5Tcy+20 | — — ns
input high time PIC16CT73/74 10 —| — | ns
With Prescaler
PIC16LC73/74 20 — — ns
52* TceP |ccP1 and CCP2 input period 3Tcy +40 — | = ns |N = prescale value
N (1,4 or 16)
53* TccR |CCP1 and CCP2 output fall time  |PIC16C73/74 — 10 25 ns
PIC16LC73/74 — 25 45 ns
54* TccF |[CCP1 and CCP2 output fall time  |PIC16C73/74 — 10 25 ns
PIC16LC73/74 — 25 45 ns

* These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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|Applicable Devices |72|73|73A|74[74A|76|77 |

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

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

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

—— —

53 —

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

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

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

These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated.
These parameters are for design guidance only and are not tested.
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|Applicable Devices [72]|73[73A|74[74A[76 |77 |

FIGURE 19-14: A/D CONVERSION TIMING

BSF ADCONO, GO
134 —>| |«— (Tosc/2)@®

131

Q4

—_—'
'

AD CLK <1325, .

130 'e——

A/D DATA

ADRES

OLD_DATA

ADIF

GO :
SAMPLE

SAMPLING STOPPED

SLEEP instruction to be executed.

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the

TABLE 19-14: A/D CONVERSION REQUIREMENTS

Param | Sym [ Characteristic Min Typt Max Units Conditions
No.
130 TaD | A/D clock period PIC16C73A/74A 1.6 — — ps | Tosc based, VREF = 3.0V
PIC16LC73A/74A 2.0 — — Ms | Tosc based, VREF full range
PIC16C73A/74A 2.0 4.0 6.0 pus | A/D RC Mode
PIC16LC73A/74A 3.0 6.0 9.0 pus | A/D RC Mode
131 | Tenv | Conversion time (not including S/H time) — 9.5 — TAD
(Note 1)
132 | TACQ | Acquisition time Note 2 20 — us
5* — — pus | The minimum time is the amplifier
settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 | Tco | Q4 to A/D clock start — Tosc/2 § — — | If the A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert - sample time 158§ — — TAD

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

tested.
§ This specification ensured by design.

Note 1: ADRES register may be read on the following Tcy cycle.

2: See Section 13.1 for min conditions.
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22.5 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Bod
e
—>‘ ‘4— h x 45°
uninigminl i 1k
/—
Index ‘
Area
E H i
a C
Chamfer
hx45° —>
l \
p Q Q Q Q} \ Q Q Q Base
Seating > Plane
Plane T T
Al A
Package Group: Plastic SOIC (SO)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 8° 0° 8°
A 2.362 2.642 0.093 0.104
Al 0.101 0.300 0.004 0.012
B 0.355 0.483 0.014 0.019
C 0.241 0.318 0.009 0.013
D 17.703 18.085 0.697 0.712
E 7.416 7.595 0.292 0.299
e 1.270 1.270 Typical 0.050 0.050 Typical
H 10.007 10.643 0.394 0.419
h 0.381 0.762 0.015 0.030
L 0.406 1.143 0.016 0.045
N 28 28 28 28
CP - 0.102 - 0.004
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