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SYNOPSIS

This project deatls with interfacing yarn clearing system
M2010 to a printer. The output of any device cannot directly be given to a
printer. So we design an interface such that it accepts the output of the

system to the printer.

It is required that the printer should print data only when
needed by the user.This interface is specifically designed for paraliel
printing. The interface requires sufficient memory capacity so that it holds

data output from the system continuously.

The interface should efficiently handle data without loss or
redundancy. It should be able to interact effectively with the system and
the printer ,handie interrupts , timers serial transmission and reception,

speed compatibility and low power consumption.

According to the above requirements the best

microcontrolier for this application will be  PIC16F876.
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INTRODUCTION

The project “PRINTER INTERFACE USING PIC
MICROCONTROLLER? is for tapping 8-bit data from the yarn clearing
machine M2010 and sending to the printer.There are five types of yarn :

Neps
Short Thick
Long Thick
Long Thin
Count

An interface using PIC16F876 is designed to coliect data
regarding the type of yarn and store in an external memory.The data
collection is done for a day’s work.The controller is reset after 24 hours so
ihat fresh data for the next day can be stored.printout of the stored data

can be taken as and when required.

The data source is the yarn ciearing system from where
data is tapped serially using RS-232 and then stored in memory through
latches by accessing the port pins of the microcontroiler.Handshaking

signals are provided for parallel printing from memory to printer.
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WHY CHOOSE PIC ?

PIC16f876 is a 28 — pin IC with three bi-directional
ports, supporting USART , with three TIMER modules, Flash memory and
various special features and yet very compatible. PIC16F876 device has
a host of features intended to maximize system reliability, minimize cost
through elimination of external components, provide power saving

operating modes and offer code protection.

The following are the core features of PIC which

increases its utility:

It consists of high performance RISC CPU.

35 single cycle instructions except for program branches which are two
cycle instructions.

It employs 20MHz clock input with operating speed of 200ns instruction
per cycle.

It is pinout compatible to the PIC16C73B/74B/76/77

It provides the options of Power-On Reset, Power-up Timer(PWRT)
and Oscillator Start Timer(OST).

it has a Watch Dog Timer(WDT) with its own on-chip RC oscillator for
reliable operation.

It provides the options for programmabie code protection and power
saving SLEEP mode.



>

>

>

>

»

>

»

It supplies the advantage of low power, high speed CMOS
FLASH/EEPROM technology.

It provides a fully static design and selectable oscillator options.
It has a wide commercial, Industrial and Extended temperature ranges.
It offers a wide operating voltage range : 2.0V to 5.5V.

It provides in-circuit Debugging via two pins, in-circuit serial
programming via two pins.

It offers Processor read/write access to program memory.
It presents the merit of low power consumption:
- < 0.6 mA typical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz
- < 1 pA typical standby current

These merits offered by PIC is the best choice for the
compatible, high speed operations of this Project of data interface to

printer.
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PIC16F876

PECIAL FEATURES OF THE CONTROLLER

PIC16F876 has a host of features intended to maximize
system reliability, minimize Cost through elimination of external
components, provide power saving operating modes and offer code
protection.

Several oscillator options are also made available to allow
the part to fit the application. The RC oscillator option saves system cost
while the LP crystal option saves power. A set of configuration bits is used

to select various options.

DATA EEPROM AND FLASH PROGRAM MEMORY:

The Data EEPROM and FLASH Program Memory are
readable and writable during normal operation over the entire VDD range.

EEPROM data memory can be used to store frequently updated values.

PCL and PCLATH:

The program counter (PC) is 13-bits wide. The low byte is
from the PCL register, which is a readable & writable register.The upper
bits (PC<12:8>) are not readable, but are indirectly writable through the

PCLATH register. On any RESET, the upper bits of the PC will be cleared.



ARCHITECTURE OF PIC16F876
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The following is the pin configuration of PIC16F876:

16F370.:373

..
‘U
'

Pi

/O PORTS:

PORTA & TRISA:

PORTA is a 6-bit wide, bi-directional port. The
corresponding data direction register is TRISA. Setting a TRISA bit (= 1)
will make the corresponding PORTA pin an input (i.e., put the
corresponding output driver in a Hi-Impedance mode). Clearing a TRISA
bit (= 0) will make the corresponding PORTA pin an output (i.e., put the
contents of the output latch on the selected pin). Reading the PORTA
register reads the status of the pins, whereas writing to it will write to
the port latch. All write operations are read-modify-write
operations.Therefore, a write to a port implies that the port pins are read,

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



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

are maintained set when using them as analiog inputs.

PORTB & TRISB:

PORTB is an 8-bit wide, bi-directional port. The
corresponding data direction register is TRISB. Setting a TRISB bit (= 1)
will make the corresponding PORTB pin an input (i.e., put the
corresponding output driver in a i-impedance mode). Clearing a TRISB bit
(= 0) will make the corresponding PORTB pin an output (i.e., put the

contents of the output latch on the selected pin).

PORTC & TRISC:

PORTC is an 8-bit wide, bi-directional port. The
Corresponding data direction register is TRISC. Setting a TRISC bit (=1)
will make the corresponding PORTC pin an input (i.e., put the
corresponding output driver in a hi-impedance mode). Clearing a TRISC bit
(= 0) will make the corresponding PORTC pin an output (i.e., put the

contents of the output latch on the selected pin).



TIMERO MODULE:

The Timer0 module timer/counter has the following
features:

- 8-bit timer/counter

. Readable and writable

. 8-bit software programmable prescaler
. Internal or external clock select

- interrupt on overflow from FFh to 00h

- Edge seiect for external clock

TIMER1 MODULE:

The Timer1 module is a 16-bit timer/counter consisting of
two 8-bit registers (TMR1H and TMR1L), which are readabie and writabie.
The TMR1 Register pair (TMR1 H:TMR1L) increments from 0000h to
FEFFh 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 TMRI1IE (PIE1<0>).

Timer1 can operate in one of two modes:

« As g timer
+ As a counter

The operating mode is determined by the clock select bit,

TMR1CS (T1CON<1>).In Timer mode, Timer1 increments every instructior



cycle. In Counter mode, it increments on every rising edge of the external
clock input. Timer1 can be enabled/disabled by setting/clearing control bit

TMR1ON (T1CON<0>).

TIMER2 MODULE:

Timer2 is an 8-bit timer with a prescaler and a postscaler.
The Timer2 module has an 8-bit period register, PR2.Timer2 increments
from OOCh until it matches PR2 and then resets to 00h on the next increment
cycle. PR2 is a readable and writable register. The PR2 register is initialized

to FFh upon RESET.

ADDRESSABLE UNIVERSAL SYNCHRONOUS ASYNCHRONOUS

RECEIVER TRANSMITTER (USART):

The USART module is one of the two seriall/O modules.
(USART is also known as a Serial Com-munications Interface or SCl.) The
USART can be con-figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-minalsnd personal
computers, or it can be configured as a half duplex synchronous system
that can commu-nicate with peripheral devices such as A/D or D/A inte-
grated circuits, serial EEPROMs etc. The USART can be configured in the

following modes:

PO T ¥ S | R SRR BT )



- Synchronous - Master (half dupiex)
- Synchronous - Slave (half duplex)

CAPTURE/COMPARE/PWM MODULES:

Each Capture/Compare/PWM (CCP) module contains a 16-
bit register which can operate as a:
= 16-bit Capture register
» 16-bit Compare register
« PWM Master/Slave Duty Cycle register
Both the CCP1 and CCP2 modules are identical in operation, with the

exception being the operation of the special event trigger.

CCP1 Module:

Capture/Compare/PWM Register1 (CCPR1) is comprised
of two bit registers: CCPR1L (iow byte) and CCPR1H (high byte). The
CCP1CON register controls the operation of CCP1. The special event

trigger is generated by a compare match and will reset Timer1.

CCP2 Module;

Capture/Compare/PWM Register2 (CCPR2) is comprised
of two 8-bit registers: CCPR2L (low byte} and CCPR2H (high byte). The
CP2CON register controls the operation of CCP2. The special event trigge

is generated by a compare match and will reset Timer1 and start an A/D

raruarcion (if tha A/D modile is enabled).



INSTRUCTION SET :

Each PIC16F87X instruction is a 14-bit word, divided into
an OPCODE which specifies the instruction type and one or more
operands which further specify the operation of the instruction. The
PIC16F87X instruction set includes byte-oriented, bit-oriented, and

literal and control operations.

For byte-oriented instructions, 'f’ represents a file register
designator and 'd’ represents a destination designator. The file register
designator specifies which file register is to be used by the instruction. The
destination designator specifies where the resuit of the operation is to be
placed. If 'd’ is zero, the result is placed in the W register. If 'd’ is one, the
result is placed in the file register specified in the instruction. For bit-
oriented instructions, 'b’ represents a bit field designator which selects the
number of the bit affected by the operation, while 'f represents the address

of the file in which the bit is located.

For literal and control operations, 'k’ represents an eight
or Eleven bit constant or literal value. All instructions are executed within
one single instruction cycle, unless a conditional test is true or the program
counter is changed as a resuit of an instruction. In this case, the execution

e e bk emennd cvele exvecuted as 2 NOP. One



instruction cycle consists of four oscillator periods. Thus, for an oscillator
frequency of 4 MHz, the normal instruction execution time is 1 ps. If a
conditional test is true, or the program counter is changed as a result of an

instruction, the instruction execution time is 2 ys.

SPECIAL FEATURES OF PIC:

PIC16F87X devices have a Watchdog Timer, which can be
shut-off only through configuration bits. It runs off its own RC oscillator for
added reliability. SLEEP mode is designed to offer a very low current
Power-down mode. The user can wake-up from SLEEP through external

RESET, Watchdog Timer Wake-up, or through an interrupt.



MAX232

FEATURES:

High data rate - 250 kbits/sec under load

16-pin DIP or SO!C package

Operate from single +5V power

Meets all EIA-232E and V0.28 specifications

Uses small capacitors: 10 uF

Optional industrial temperature range available (-40...C to +85...C)

The MAX232A is a dual RS-232 driver/receiver pair that
generates RS-232 voltage levels from a single +5 volt power supply.
Additional +12-volt supplies are not needed since the MAX232A uses on-
poard charge pumps to convert the +5-volt supply to +10 volts. The

following is the pin configuration of MAX 232 :

a1 e B
C Kl = Pil
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O
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The MAX232A contains two drivers and two receivers.



RS-232 DRIVERS:

The two RS-232 drivers are powered by the internal £10
volt supplies generated by the on-board charge pump. The driver inputs
are both TTL and CMOS compatible.. As required by EIA-232E and V.28
specifications, the slew rate at the output is limited to less than 30 volts/ps.

Driver outputs maintain high impedance when power is off.

RS-232 RECEIVERS:

The two receivers conform fully to the RS-232E
specifications. The input impedance is typically 5k and can withstand up to
+25 volts with or without VCC applied. The TTL/CMOS compatible outputs
of the receivers will be low whenever the RS-232 input is greater than 2.4
volts. The receiver output will be high when the input is floating or driven

between +0.8 volts and -25 volts.



LATCH 74LS373:

DO — — Q0
D1 | Q1
D2 | Q2
D3 - — Q3
D4 — — Q4
D5 _| _ Q5
D6 — Q6
D7 — Q7
LE OE

SALIENT FEATURES OF OCTAL TRANSPARENT LATCH

Common Latch Enable Control
Common 3 State Output Enable Control
Buffered Inputs

3 State Outputs

Bus Line Driving Capacity

Typical Propagation Delay = 12ns

Low Power Consumption



TRUTH TABLE:

OE LE DATA ouTPUT
L H H H
L H L L
L L ! L
L L h H
H X X z

L = Low voltage level

H = High voltage level

X = Don't care

Z = High impedance state

| = Low voltage level one set up prior to the high to low latch enabie

h = high voltage level one set up prior to the high to low latch enable

They possess the low power consumption of standard

CMOS integrated circuits as well as the ability to drive 15 LSTTL devices.
The outputs are transparent to the inputs when the latch enable is high.
When the latch enable becomes low , the data is latched. The output
enable controls the 3 — state outputs. When the output enable is high the

outputs are in high impedance state. The operation of latch is independent

to the state of the output enable.



POWER SUPPLY CIRCUIT

Power supplies are extensively used in all industrial
applications. They are required to meet all or most of the following

specifications.

*

L/
*

Isolation between source and the load

High power density for reduction of size and weight

Controlled direction of power flow

High conversion efficiency

Provides regulated ripple free input and output wave forms with low total
harmonic distortion

Controlled power factor if source is an AC voltage

*

e

S
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DESCRIPTION:

The power supply section consists of step down
transformer, a bridge rectifier and a voltage regulator.The AC input is
stepped down using transformer and given to the bridge rectifier which
converts AC input to pulsating DC.This pulsating DC is passed through

ripple factor circuit for smooth and pure DC.

The output voltage is fed to voitage regulators like 78XX IC
in which XX is replaced by fixed positive / negative output voltage
ratings. This is done to stabilize the DC voltage for sensitive circuits.We use

7805 regulators to get +5V DC supply to PIC and other IC's.

The capacitors are used before and after regulating 1C in



order to reduce the oscillations and ripples.The free wheeling diode IN4007
is employed to provide a flyback path for discharging excess capacitance
available at the output terminals of the regulating IC.Thus the output of the

power supply designed is a constant regulated DC voltage of +5V.

LM 7805- SERIES VOLTAGE REGULATOR

The LM 78XX series of 3 terminal regulators is available
with several fixed output voltages making them useful in a wide range of
applications.One of these is local on card regulation,eliminating the

distribution problems associated with single point regulation.

The voltages available allow these regulators to be used in
logic systems , instrumentation and other solid state electronic
equipments.Although designed primarily as fixed voltage regulators these
devices can be used with external components to obtain adjustable voltage

currents.
The LM 78XX series is available in an aiuminium TO-3

package which willl allow 1.0 A load current if adequate heat sinking is

provided.Current Limiting is included to limit the weak output current to a

safe value.Safe area protection for the output transistor is provided to limit



for heat sinking provided the thermal shutdown circuit takkes over

preventing the IC from overheating

FEATURES:

Output current in excess of 1 A

Internal Thermal overioad protection
No external components required.
Output transistor safe area protection.
Internal short circuit current limit.
Available in Aluminium TO - 3 package.

ELECTRICAL CHARACTERISTICS:

Input voltage = 10 V

Output current = 500 mA

Cin = 0.33 microFarad

Cout = 0.1 microFarad
Output voltage =5V

Short circuit current = 750 mA
Peak output current=2.2 A



RS-232

RS-232 SPECIFICATIONS:

RS-232 is a “complete” standard. This means that the
standard sets out to ensure compatibility between the host and peripheral
systems by specifying

1) common voltage and signal levels
2) common pin wiring configurations
3) a minimal amount of control information between the host and
peripheral systems.
ELECTRICAL CHARACTERISTICS:

The electrical characteristics section of the RS§-232
standard includes specifications on voltage levels, rate of change of signal
levels, and line impedance. A high level for the driver output is defined as
being +5 to +15 volts and a low level for the driver output is defined as
being between -5 and —15 volts. The receiver logic levels were defined to
provide a 2 volt noise margin.It is necessary to note that, for RS-232
communication, a low level (-3 to —15 volts) s defined as a logic 1 and is
historically referred to as “marking”. Likewise a high level (+3 to +15 volis)
is defined as a logic 0 and is referred to as “spacing”. The RS-232
standard also limits the maximum slew rate at the driver output. This

limitation was included to help reduce the likelihood of cross—talk between



adjacent signals. The slower the rise and fali time, the smaller the chance

of cross talk. With this in mind, the maximum slew rate allowed is 30 V/ps.

FUNCTIONAL CHARACTERISTICS:

Since RS-232 is a “complete” standard, it inciudes more
than just specifications on electrical characteristics. The second aspect of
operation that is covered by the standard concerns the functional
characteristics of the interface. This essentially means that RS-232 has
defined the function of the different signals that are used in the interface.
These signals are divided into four different categories:

common, data, control, and timing.
The standard provides an abundance of control signals and supports a

primary and secondary communications channel.

MECHANICAL INTERFACE CHARACTERISTICS:

The third area covered by RS—232 concerns the
mechanical interface. In particular, RS—232 specifies a 25—pin connector.
This is the minimum connector size that can accommodate ali of the signals

defined in the functional portion of the standard. The connector for DCE
equipment is male for the connector housing and female for the connection

pins. The DTE connector is a female housing with male connection pins.



AS7C3256 - MEMORY IC

Feafures:

> « AS7C3256 (3.3V version)
>« Industrial and commercial temperature
» + Organization: 32,768 words x 8 bits
» = High speed

- 12/15/20 ns address access time

- 6, 7, 8 ns output enable access time
> « Very low power consumption: ACTIVE

- 660mW (AS7C256) / max @ 12 ns

- 216mW (AS7C3256) /max @ 12 ns
> » Very low power consumption: STANDBY

- 22 mW (AS7C256) / max CMOS I/0

- 7.2 mW (AS7C3256)/ max CMOS I/O
» « Easy memory expansion with CE and OE inputs
> « TTL-compatible, three-state 1/O
> « ESD protection 22000 volts

> « Latch-up current 2200 Ma

The AS7C3256 is a 3.3V high-performance CMOS
262.144-bit Static Random-Access Memory (SRAM) device organized
as 32.768 words x 8 bits. [t is designed for memory applications requiring

fast data access at low voltage, including Pentium TM , PowerPC TM | and



portable computing. Alliance’s advanced circuit design and process
techniques permit 3.3V operation without sacrificing performance or

operating margins.

The device enters standby mode when CE is high. CMOS
standby mode consumes <3.6 mW. Normal operation offers 75% power
reduction after initial access, resulting in significant power savings during
CPU idle, suspend, and stretch mode. The chip enable (CE) input permits
easy memory expansion with multipie-bank memory organizations.

A write cycle is accomplished by asserting chip enable (CE)
and write enable (WE) LOW. Data on the input pins I/O0-1/O7 is written on
the rising edge of WE (write cycle 1) or CE (write cycle 2). To avoid bus
contention, external devices should drive I/O pins only after outputs have
been disabled with output enable (OE) or write enable (WE).A read cycle is
accomplished by asserting chip enable (CE) and output enable (OE) LOW,
with write enable (WE) high. The chip drives /O pins with the data word
referenced by the input address. When chip enable or output enable is
high, or write enable is low, output drivers stay in high-impedance mode.
During V CC power-up, a pull-up resistor to V CC on CE is required to
meet | SB specification. This parameter is sampled, but not 100% tested.

WE is High for read cycle. CE and OE are Low for read cycle.



MEMORY RETENTION CIRCUIT

g
=

SRAM is a high speed reprogrammable memory technology
which is limited by its volatility and relatively low density.As a volatile
memory technology SRAM requires constant power to retain its contents.
Built in battery backup is therefore required when main power source is

turned off.

The memory retention circuit is used to retain data stored in
memory even when power is switched off. This is done by supplying power
using battery back — up. The 3.6 V battery is a re-chargeable one. The
maintenance circuit charges the battery when power is on. The batiery

supplies power to the memory when power is off.

When power is on , Vcc = 5 V and the transistoris and
the diodes are reverse biased and so the voltage goes to the battery. When
power is off , the diodes are forward biased and voltage drop occurs at the

diodes for the battery to act as supply.



REGULATOR - REG1117

This is the regulator employed in the memory retention
circuit. This regulator provides a regulated output of 3.3 V. This is well
within the data retention rate of memory IC AS7C3256. The data retention
rate of memory IC is 2 v.

The following are the special features of regulator 1117:
% 2.85v 3v, 3.3v and adjustable versions.
< Output current = 800 mA maximum
< Qutput tolerance = (+/-) 1% maximum
< Drop — out voltage = 1.2 v maximum at lo = 800 mA.

< Thermal overload protection

L/
*

Internal current limit.

APPLICATIONS:

The following are the applications of 1117 regulator:

SCS1 - 2 active termination.

*,
"

< Hand — held data collection devices.
% High efficiency linear regulators.

% 5V linear regulators.

< Battery powered instrumentation.

< Battery management circuits .
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The data is transmitted from M2010 every 700 ms.

The data transmission protocol is as follows:

—

. STX1 ; ee

2. STX2 ; ee

3. TAG ADDR : 0X81 h
4. EU ADDR

5. Cut data 1

6. Cut data 2

7. Cutdata 3

8. Cutdata 4

14. Cut data 10
15. MVH 1

16. MVL 1

23. MVH 10
24. MVL 10

25. LENGTH L1

26. LENGTH H1



33. LENGTH L10
34. LENGTH H10
35. ERROR STATUS 1
36. ERROR STATUS 2

37. CHECK SUM

The first two bytes indicate the start of text. The third byte 0
the protocol is the TAG address which when equals 0x81 h specifies that
the following bytes are valid data bytes.The next consecutive byte is the

EU address

EU
ADDR A

EU1 EU2 EU3 EU4 EU7 EU1

67 14 21 28 49 58

Time ( secs )

There are 8 EU in total with 10 drums per EU.The cut date

of each drum is aiven in the next consecutive 10 bytes.



The cut data format is as follows:

’LONG | LONG | SHORT ‘ NEPS ‘

STATUS | X ‘ COUNT| X
L | | THIN }THICK ‘ THICK |

Each bit when set indicates the corresponding type of
yarn.The MSB status is to check the running condition of the yarn machine.

STATUS = 1 ;yarnrunning
= 0 ; not running

LOGIC DESCRIPTION

The overali logic logic description of the printer interface

project is as follows:
The data from the yarn clearing machine is passed on to
the PCB through RS232 cable . The MAX232 IC transfers the data

received at RS 232 9 pin connector to the USART receive pin of

PIC16F876.

The PIC accepts data and checks for tag address validity

and EU address. The port A is configured for address transfer and port B



for data transfer. The six port A pins are used to transfer 12 bit address to
the memory through latch1 and latch2. The first 6 bits of address are
passed on to the latch1 by configuring port A as output and enabling the
latch by setting the latch enable pin. The next 6 bits of address are passed
to latch2 similarly. By enabling memory write pin and latch oufput enable
pin , the address is fully transferred to the memory. To read from memory a
similar process is followed . Address is passed through latches, data is
fetched from memory by enabling the memory read and output enable

pins. Address is passed in port A and data in port B.

In memory, the corresponding ASCIil code for every data is
stored instead of in the binary format. Thus each type of entry in memory
requires 3 bytes aliotted to it. This is to make the printing option easier.
Thus for every drum 21 bytes are allotted . The print out format is also

stored in the memory in separate address location.

When data is received at the PIC, the EU address is
identified. The address is sent to the memory via both latches by
configuring port A as output. The memory jocation corresponding to
address is accessed and the data is moved on to port B of PIC. Prior to this
port B is configured as input. Thus the data obtained in the work register
form port B is incremented and put back in the same locations in the

memory by enabling the memory write pin and the latches.When writing to



memory the port A and B are configured as output. The address is passed
through port A and data through port B as before. The port C pins are
used for enabling different operations like latch enable, memory write,

memory write, output enable, etc..

The printer interfacing part uses two handshaking signals
namely STROBE and BUSY. The STROBE is an active low signal,
activated by clearing RC3 pin. This handshaking signal is sent by the
controller to the printer. The BUSY signal is activated by the setting of RC2
pin by the printer. If the printer is busy the pin is low . If the printer is not

busy the status of the pin is active high.

When printer is ON the BUSY status is checked. The
STROBE signal is sent to the printer. If the printer is free the contents of
memory is transferred to the printer, byte by byte, by configuring the port
A.B and C pins respectively. Before of transfer of data, the print out format
is moved to the printer from memory first , and then the data. Thus the
contents of memory are obtained in printed format as designed to fullfil the

requirements.



Chapter - 5

ALGORITIHM




ALGORITHM :

USART:

9.

. The baud rate generator register SPBRG is initialized for 9.6 K bauds.

The TXSTA register is initialized for enabling transmission at low speed
_and asynchronous communication.

_ The RCSTA register is initialized for enabling the serial port ,

continuous reception and error controt.
Check for RCIF in PIR1 register.
If set, the frame and overrun €rfors areé checked and cleared.

Data received in RCREG is moved to the working register and a
temporary register “datatemp’.

Count register is initialized to OXFF h to start incrementing count from
0x00

Count register MCOUNT is incremented twice to discard the first two
bytes of received data i.e, the start of text bytes.

The third byte tag address is checked.

10. If the tag address is equal to 0x81h the following data bytes are
stored,else discarded.

11. After all the 37 bytes are received polling pin 0 of port ¢ checks for the
print option.

EU ADDRESS GENERATION:

N A L N

1 The last three bits of EU are checked and address is assigned

reenartivelv



2 The LSB of addres is moved to latch1 by enabling RC1

3. The MSB is moved to latch2 by enabling RC4 and thus output of both
latches are enabled address is passed.

GET DATA:
1 The status of the machine is known by checking the bit7 of the received
cut data.

2. If “1” then the run and monitor registers are incremented else only the
monitor register is incremented.

3. The type of yarn is checked for and the corresponding subroutines are
called.

4. Latch1 is incremented till ail bits are set.If set both latches are
incremented.

5 Total is incremented for every data received.

RETRIEVE AND STORE DATA:

1 Data is obtained from the memory location pointed( Initially pointed to
units, then decremented to point to tenths, then decremented to point
to hundredths)

2. Port B is configured as input to get data from memory.

3 The received data is incremented and stored back in memary by
configuring Port B as output and the corresponding Port C pins.

A The latches are incremented using the same procedure as before for
address.

5. After storing all data the pointer is incremented by 1 for getting the next
data of the protocol.



PRINTER INTERFACING:

1. The printer is checked for ON / OFF condition.
2. |f ON the STB (active low) signal is sent.
3. The BUSY (active high) is checked.

4 If NOT BUSY data is sent as per requirement from memory.

PRINT OUT FORMAT:

The print out format is as follows:

1. The row count is initialized as 0x06 for printing the types of data and
the total.

2. The column count is initialized to 0x0A for 10 drums.

3. The ASCII values of each heading are printed.

4. For each type of yarn, the stored data in each drum is printed.

5. Row count is decremented and checked if zero.

6. If zero , MAIN is executed ,else the next type of data for all the drums
are stored.



FLOWCHART:

h

Initialise PIC

USART:

A

Initialise SPBRG |
TXSTA, RCSTA

P

NO

.

Clear Frame
and Overrun
Error

h

Move data to
Wand &
DATATEMP
from RCREG




GET & STORE DATA:

|
O

Get data from
every drum

YES Machine not
——»{ running,
increment
Monitor reg

Machine running;
increment run &
monitor reg

Check for the
tvpe of data

A

Configure Port A
as output

y

Send corres-
-ponding address
to latcht & 2

A

Configure Port B
as input ¢

L 4




Get data from
memory to Port B

X

Increment Data
Type

Y

Configure Port A
as output

A

Send address to
memory via
latch1 and latch2

h 4

Configure Port B
as output

h 4

Data is stored in
ASCIl code in the
allocated

address




PRINTER INTERFACING Q

.

A

CHECK IF
PRINTER ON/OFF

A l

NO IF
R N<>N

YES

SEND STB
TO PRINTER

L 4

CHECK FOR BUSY
AT RC2

YES

»

NO

CONFIGURE PB
AT OUTPUT

A 4

PRINT OQUT
FORMAT FROM
MEMORY

SEND DATATO

PRINTER FROM
LOCATION 0x00

r

| INCREMENT

ADDRESS ()

AND SEND DATA
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LIST P=PIC16F876
INCLUDE "P16F876.INC"

COUNT
MCOUNT
DTEMP
LATCH1
LATCHZ2
TOTLATCH1
TOTLATCH2
TOTCOUNT
EUADDR
TEMP1

NEPS
STHICK
LTHICK

LTHIN
DATACOUNT
RUNREG
MONITOREG
LDATA
DATAT10COUNT
PRINTERON
ADDRCOUNT
RETRIEVCOUNT
NUMBER
COCOUNT
ROCOUNT
TEMLATCH?1
TEMLATCHZ2
SETCOUNT
SPACECOUNT3
PLATCH1
PLATCHZ
BIT4
DELAYCOUNT
T1

T2

MEMINIT

RP1

RPO

PORTA

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

0X20
0X21
0X22
0X23
0X24
0X25
0X26
0X27
0X28
0X29
OX2A
0X2B
0X2C
0X2D
OX2E
OX2F
0X30
0X31
0X32
0X33
0X34
0X35
0X36
O0X37
0X38
0X39
OX3A
0X3B
0X3C
0X3D
OX3E
OX3F
0X40
0X41
0X42
0X43
H'0006'
H'0005'
0X05



PORTB EQU 0X06

PORTC EQU 0X07
SPBRG EQU 0X99
TXSTA EQU 0X98
RCSTA EQU 0X18
ORG 0x00
GOTO MAIN

MAIN

- Memory initialisation ie., all locations by 0x30
- Initialising the ports{A,B,C, MCOUNT.

3

BSF STATUS,RPO
CLRF PORTB

BCF STATUS,RPO
MOVLW  #0X03
MOVWF T2

MOVLW  #0XO01
MOVWF  DATACOUNT

ML
MOVLW  #OXFF
MOVWF  T1

ML1
DECFSZ T1/1
GOTO STORE
DECFSZ T2.1
GOTO ML

MAIN1
BSF STATUS,RPO
BCF STATUS,RP1

MOVLW  0X06
MOVWF  ADCONO



MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWEF
BCF
MOVLW
MOVWEF
BSF
MOVLW
MOVWF
BCF
MOVLW
BSF
BCF
MOVWEF
BCF
BCF
MOVLW
MOVWF

SUB1

BTFSS
GOTO
BTFSC
CALL
BTFSC
BCF
MOVILW
MOVWF
MOVF
INCF
BTFS S
GOTO
MOVWF
BTFSS
GOTO

0X00
PORTA
0X00
PORTB
0X97
PORTC
STATUS,RPO
OXFF
MCOUNT
STATUS,RPO
0X06
TXREG
STATUS,RPO
0X00
STATUS,RPO
STATUS,RP1
RCSTA
STATUS,RPO
STATUS,RP1
0X90
RCSTA

PIR1,5
SuB1
RCSTA,1
SUBZ2
RCSTA,2
RCSTA2
0X81
RCREG
RCREG,0
MCOUNT,1
MCOUNT,1
SuB1
DTEMP
DTEMP.0
SuUB



'GETTING EU ADDRESS

MAINSUB

BTFSS PIR1,5
GOTO MAINSUB
BTFSC RCSTA,1

CALL SuB2
BTFSC RCSTA2
BCF RCSTA,2
INCF MCOUNT, 1
MOVLW  0X00

MOVWF  RCREG
MOVF RCREG,0
MOVWF  EUADDR

Checking the EU address

; REGISTERS USED:EUADDR, DATA10COUNT=0X0A,LATCH1,
LATCH2,TOTOLATCH1 TOTLATCH2

EUCHECK

BCF STATUS,RPO
MOVLW  0X03
MOVWF  EUADDR
MOVLW  OX0A
MOVWF  DATA10COUNT
BTFSC EUADDR,2
GOTO EUS678
BTFSC EUADDR,1
GOTO EU34

BTFSC EUADDR,0
GOTO EU2



'EUADDRESS #1

BCF STATUS,RPO
CLRF PORTA
MOVLW  0X00
MOVWF  LATCH1
MOVWF  LATCH2
MOVWF  TOTLATCH1
MOVWF  TOTLATCH2
BSF STATUS,RPO
BCF PORTC,1
BCF STATUS,RPO
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC,1
BCF PORTC,4
BCF STATUS RPO
MOVWF  PORTA
BSF STATUS RPO
GOTO GETDATA

:EUADDRESS #2

EU2
BSF STATUS,RPO
BCF PORTC 1
BCF STATUS,RPO
MOVLW  0X12
MOVWF  LATCH1
MOVWF  TOTLATCH?1
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC,1
BCF STATUS,RPO



MOVLW
MOVWF
MOVWF
BSF
BCF
BCF
MOVWF
BSF
BSF
GOTO

0X03
LATCH2
TOTLATCH2
STATUS,RPO
PORTC,4
STATUS,RPO
PORTA
STATUS,RPO
PORTC 4
GETDATA

'CHECKING FOR EUADDR 3 OR 4

EU34
BCF STATUS,RPO
BTFSC  EUADDR,0
GOTO  EU4

'EUADDRESS #3
BSF STATUS,RPO
BCF PORTC, 1
BCF STATUS,RPO
MOVLW  0X24
MOVWF  LATCH1
MOVWF  TOTLATCHH1
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC, 1
BCF PORTC,4
BCF STATUS,RPO
MOVLW  0X06
MOVWF  LATCH2
MOVWF  TOTLATCH2
MOVWF  PORTA



BSF STATUS RPO
BSF PORTC,4
GOTO GETDATA

;EUADRESS #4

EU4
BSF STATUS,RPO
BCF PORTC,1
BCF STATUS,RPO
MOVLW  0X36
MOVWF  LATCH1
MOVWF  TOTLATCH1
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC,1
BCF PORTC,4
BCF STATUS,RPO
MOVLW  0X09
MOVWF  LATCHZ
MOVWF  TOTLATCH2
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC,4
GOTO GETDATA

' CHECKING THE EUADDRESS 5,6,7.8.

’

EUSE78

BCF STATUS,RPO
BTFSC EUADDR,1
GOTO EU78
BTFSC EUADDR,O
GOTO EUG



'EUADDRESS #5

BSF STATUS,RPO
BCF PORTC,1
BCF STATUS,RPO
MOVLW  0X08
MOVWF  PORTA
MOVWF  LATCH1
MOVWF  TOTLATCH1
BSF STATUS RPO
BSF PORTC,1
BCF PORTC,4
BCF STATUS RPO
MOVLW  OX0D
MOVWF  PORTA
MOVWF  LATCH2
MOVWF  TOTLATCHZ2
BSF STATUS,RPO
BSF PORTC,4
GOTO GETDATA

:EUADDRESS #6

EU6
BSF STATUS,RPO
BCF PORTC,1
BCF STATUS,RPO
MOVLW  OX1A
MOVWF  PORTA
MOVWF  LATCH1
MOVWF  TOTLATCH1
BSF STATUS,RPO
BSF PORTC,1
BCF PORTC 4
BCF STATUS,RPO
MOVLW  0X10



MOVWF
MOVWF
MOVWEF
BSF
BSF
GOTO

PORTA
LATCHZ2
TOTLATCHZ2
STATUS,RPO
PORTC, 4
GETDATA

' CHECKING THE EUADDRESS 7,8,

EU78
BTFSC EUADDR,0
GOTO EU8
:EUADDRESS #7
BSF STATUS,RPO
BCF PORTC
BCF STATUS,RPO
MOVLW  0X2C
MOVWF  LATCH1
MOVWF  TOTLATCH1
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC, 1
BCF PORTC,4
BCF STATUS,RPO
MOVLW  0X13
MOVWF  LATCH2
MOVWF  TOTLATCH2
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC 4
GOTO GETDATA



'EUADDRESS #8

1

EU8
BSF STATUS,RPO
BCF PORTC,1
BCF STATUS,RFO
MOVLW  OX3E
MOVWF  LATCH1
MOVWF  TOTLATCH1
MOVWF  PORTA
BSF STATUS RPO
BSF PORTC,1
BCF PORTC 4
BCF STATUS,RPO
MOVLW  0X16
MOVWF  LATCH2
MOVWF  TOTLATCH2
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC 4
GOTO GETDATA

. GETTING THE DATA

: REGISTERS USED:

MONITOREG,RUNREG,MCOUNT ADDRCOUNT=0X02

GETDATA

BCF
BSF
BTFSS
GOTO
BTFSC
CALL
BTFSC
BCF
MOVLW

STATUS,RPO
PIR1,5
PIR1,5
GETDATA
RCSTA 1
SUB2
RCSTA,2
RCSTA,2
0X01



MOVWF  RCREG
MOVF RCREG,0
MOVWF  TEMP1
INCF MCOUNT 1
BTFSC TEMP1,7
INCF RUNREG, 1
INCF MONITOREG,1
MOVLW  0X02
MOVWF  ADDRCOUNT
BTFSC TEMP1,0
GOTO DNEPS
BTFSC TEMP1,1
GOTO DSTHICK
BTFSC TEMP1,2
GOTO DLTHICK
BTFSC TEMP1,3
GOTO DLTHIN
MOVLW  OXOE
MOVWF  DATACOUNT
CALL LATCHCHECK
START
CALL RETRIEVEDATA

; MOVING THE ADDRESS TO THE LOCATION OF THE DATA -TOTAL
: REGISTERS USED:

ADDRCOUNT TOTLATCH1, TOTLATCH2,LATCH1,LATCH2,DATACO
UNT

BCF STATUS,RPO
MOVF TOTLATCH1,0
MOVWF  LATCH1

MOVF TOTLATCH2,0
MOVWF  LATCH2
MOVLW  0X05

MOVWF  ADDRCOUNT
MOVLW  0X14

MOVWF  DATACOUNT
CALL LATCHCHECK



VAT
MOVF  LATCH1,0 Tad™ e
MOVWF  TOTLATCH1 e
MOVF  LATCH2,0 Nohmre/
MOVWF  TOTLATCH2 =
CALL  RETRIEVEDATA

- SETTING THE ADDRESS OF THE NEXT DRUM [hundreth digit's
location of nepsj

- REGISTERS USED:LATCH1, LATCHZ,
TOTLATCH1,TOTLATCH2,DATACOUNT ,DATA10COUNT.

- GETTING 10 DATAS

BCF STATUS,RPO
MOVF TOTLATCH1,0
MOVWF  LATCH1
MOVF TOTLATCHZ,0
MOVWF  LATCH2

MOVLW  OXO1
MOVWF  DATACOUNT
CALL LATCHCHECK

MOVF LATCH1,0
MOVWF  TOTLATCH1
MOVF LATCH2,0
MOVWF  TOTLATCHZ
DECFSZ DATA10COUNT,1
GOTO GETDATA

'DISCARDING THE UNWANTED DATA

H

SUB
BSF PIR1,5
BTFSS PIR1,5
GOTO SuUB

BTFSC RCSTA,1



CALL SUB2
BTFSC RCSTA,2
BCF RCSTA,2
MOVLW  0X81
MOVWF  RCREG
MOVF RCREG,0

INCF MCOUNT,1
BTFSS MCOUNT,5
GOTO SUB
BTFSS MCOUNT,2
GOTO SuUB
BTFSS MCOUNT,0
GOTO SuUB

MOVF PORTC,0
MOVWF  PRINTERON
BTFSS PRINTERCN,0
GOTO MAIN

GOTO PRINTER

¥

‘MOVE DATA FROM MEMORY TO PIC & INCREMENT THE DATA

RETRIEVEDATA

BSF STATUS,RPO
MOVLW  OXFF
MOVWF  PORTB

BSF PORTC,5
BCF STATUS,RPO
MOVF PORTB,0
BSF STATUS,RPO
BCF PORTC,5
BCF STATUS,RPO

MOVWF  LDATA
BTFSS LDATA3
GOTO DATAINCR
BTFSC LDATA



GOTO ADDDECR

DATAINCR
BCF STATUS,RPO
INCF LDATA1

GOTO DATASTORE

- Initialising LDATA to 0 and decrementing the address

ADDDECR
writing 0x30 to first location
‘PORTB=0/P & then as I/P

e TS AT I 22 2 2L i st Ed
1

BSF STATUS,RPO
CLRF PORTB
BCF STATUS,RPO

MOVLW  0X30
MOVWF  LDATA

BSF STATUS,RPO
BCF PORTC,5
BCF STATUS,RPO

MOVWF  PORTB

---------------------------------------------------------------

;decrementing the address
-decr LATCH1 & LATCH2

DECF LATCH1,1
BTFSS LATCH1,5
GOTO READM
BTFSS LATCH1,4
GOTO READM
BTFSS LATCH1,3
GOTO READM
BTFSS LATCH1,2



GOTO
BTFSS
GOTO
BTFSC
DECF

READM

MOVF
BSF
BCF
BCF
MOVWEF
BSF
BSF
BCF
MOVF
BSF
BCF
BCF
MOVWEF
BSF
BSF
BCF

DECFSZ
GOTO
BSF
MOVLW
MOVWEF
BCF
MOVLW
MOVWF

DATASTORE

BCF
MOVF
BSF
BCF
BCF

READM
LATCH1,1
READM
LATCH1,0
LATCHZ2,1

LATCH1,0
STATUS,RPO
PORTC 1
STATUS,RPO
PORTA
STATUS,RPO
PORTC.,1
STATUS,RPO
LATCH2,0
STATUS,RPO
PORTC,4
STATUS,RPO
PORTA
STATUS,RPO
PORTC,4
STATUS,RPO

ADDRCOUNT 1

RETRIEVEDATA

STATUS,RPO
0X00

PORTB
STATUS,RPO
0X30

PORTB

STATUS,RPO
LATCH1,0
STATUS RPO
PORTC,1
STATUS,RPO



MOVWEF
BSF
BSF
BCF
MOVF
BSF
BCF
BCF
MOVWF
BSF
BSF
BSF
CLRF
BSF
BCF
BCF
MOVF
MOVWF
BSF
BSF
BCF
RETURN

PORTA
STATUS,RPO
PORTC 1
STATUS,RPO
LATCH2,0
STATUS,RPO
PORTC,4
STATUS,RPO
PORTA
STATUS,RPO
PORTC,4
STATUS,RPO
PORTB
STATUS,RPO
PORTC,5
STATUS,RPO
LDATA,0
PORTB
STATUS,RPO
PORTC,5
STATUS,RPO

STORE
CALL LATCHCHECK
MOVLW  #0X30
MOVWF  MEMINIT
MOVWF  PORTB
GOTO ML1

DNEPS
BCF STATUS,RPO



***********************************t*

FOR INCREMENTING THE ADRESSES AS PER THE

******************************

MOVLW  0X02

MOVWE  DATACOUNT

CALL LATCHCHECK

GOTO START
DSTHICK

BCF STATUS,RPO

MOVLW  OXO05

MOVWF  DATACOUNT

CALL LATCHCHECK

GOTO START
DLTHICK

BCF STATUS,RPO

MOVLW  0X03

MOVWF  DATACOUNT

CALL LATCHCHECK

GOTO START
DLTHIN

BCF STATUS,RPO

MOVLW  OXO0B

MOVWF  DATACOUNT

CALL LATCHCHECK

GOTO START
:SUBROUTINE
DATACOUNT VALUE
LATCHCHECK

BCF

STATUS,RPO

***************#**************

*****t*****t************t************



BTFSS LATCH1,5
GOTO INC
BTFSS LATCH1,4
GOTO INC
BTFSS LATCH1,3
GOTO INC
BTFSS LATCH1,2
GOTO INC
BTFSS LATCH1,1
GOTO INC
BTFSC LATCH1,0
GOTO L2INC

INC
BCF STATUS,RPO
INCF LATCH1,0
MOVWF  LATCH1
BSF STATUS,RPO
BCF PORTC,1
BCF STATUS RPO
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC,1
BCF PORTC4
BCF STATUS,RPO
MOVF LATCH2,0
MOVWF  PORTA
BSF STATUS,RPO
BSF PORTC,4
BCF STATUS,RPO
DECFSZ DATACOUNT,1
GOTO LATCHCHECK
RETURN

L2INC
BCF STATUS,RPO
CLRF LATCH1
MOVF LATCH1,0



BSF
BCF
BCF
MOVWF
BSF

BSF
BCF
INCF
MOVWEF
BSF
BCF
BCF
MOVWF
BSF

BSF
BCF
DECFSZ
GOTO
RETURN

SuUB2

-wunuunanniunaaa-u-nnnaa--nn ----------

BCF
BCF
BSF
RETURN

STATUS,RPO
PORTC,1
STATUS,RPO
PORTA
STATUS,RPO
PORTC,1
STATUS,RPO
LATCH2,0
LATCH2
STATUS,RPO
PORTC.4
STATUS,RPO
PORTA
STATUS,RPO
PORTC,4
STATUS,RPO

DATACOUNT,1
LATCHCHECK

STATUS,RPO
RCSTA4
RCSTA4

************

- PRINTING THE DATA STORED
SENDING THE STROBE & CHECKING BUSY

*****************************t*t*************t************t*********************1

sedekdd ke deekekokk

PRINTER

BSF

MOVLW

STATUS,RPO
0X00



MOVWF
BCF
MOVLW
MOVWEF
BSF
BCF
BCF
DELAYDECFSZ
GOTO
BSF
BSF
BCF
CALL

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVWF
MOVWF
MOVWF

PORTB
STATUS,RPO
OX7F
DELAYCOUNT
STATUS,RPO
PORTC,3
STATUS,RPO
DELAYCOUNT,1
DELAY
STATUS,RPO
PORTC,3
STATUS,RPO
TESTBUSY

O0X0A
COCOUNT
0X30

BiT4

0X00
TEMLATCH1
TEMLATCH2
PLATCH1
PLATCHZ2

;PRINTING DRUM NUMBER & DR.NO:

DRUMNO

MOVLW
MOVWF
MOVLW
CALL
MOVWF
CALL
CALL
CALL
CALL
CALL
CALL
MOVLW

0X30
NUMBER
0X02
TESTBUSY
PORTB
CARRIAGE
LINEFEED
LINEFEED
SPACE3
SPACE3
SPACE3
0X44



CALL TESTBUSY
MOVWF  PORTB
MOVLW  0X52
CALL TESTBUSY
MOVWF  PORTB
MOVLW  OX3E
CALL TESTBUSY
MOVWF  PORTB
MOVLW  OX4E
CALL TESTBUSY
MOVWF  PORTB
MOVLW  OX4F
CALL TESTBUSY
MOVWF  PORTB
MOVLW  OX3A
CALL TESTBUSY
MOVWF  PORTB
CALL SPACE3
NO
CALL SPACE3
iINCF NUMBER,1
BTFSS NUMBER,3
GOTO NOCHANGE
:Check for 0111010[0A]
BTFSS NUMBER,1
GOTO NOCHANGE
INCF BIT4,1
MOVF BIT4,0
CALL TESTBUSY
MOVWF  PORTB
MOVLW  0X30
MOVWF  NUMBER
CALL TESTBUSY
MOVWF  PORTB
CALL SPACE3
DECFSZ COCOUNT 1



'PRINTING NEPS

b

PNEPS

;PRINTlNG THE DATA FROM MEMORY

CALL
MOVLW
CALL
MOVWF
MOVLW
CALL
MOVWF
MOVLW
CALL
MOVWE
MOVLW
CALL
MOVWEF
CALL
CALL
CALL

CARRIAGE
OX4E
TESTBUSY
PORTB
0X45
TESTBUSY
PORTB
0X50
TESTBUSY
PORTB
0X53
TESTBUSY
PORTB
SPACE3
SPACE1
SPACEH1

MOVLW
MOVWF
MOVWF
MOVWEF
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF

0X00
TEMLATCH!1
TEMLATCHZ2
PLATCH1
PLATCH2
0X06
ROCOUNT
0X08
SETCOUNT



INAD

MOVLW  OXO0A
MOVWF  COCOUNT

INADO

MOVF PLATCH1,0
MOVWF  LATCHA1
MOVF PLATCH2,0
MOVWF  LATCH2
MOVLW  0X03
MOVWF  COUNT

"~ CHANGING THE ADDRESS
: Sending the address to memory

LOCATION
BSF STATUS,RPO
BCF PORTC,1
BCF STATUS,RPO

MOVF LATCH1,0
MOVWF  PORTA

BSF STATUS,RPO
BSF PORTC,1
BCF PORTC,4
BCF STATUS,RPO

MOVF LATCHZ2,0
MOVWF  PORTA

BSF STATUS,RPO
BSF PORTC,1

- DATA READ FROM MEMORY
- Hundredth,tenth,unit digit of 10 drums
- PORTB Input

H




- NEXT DATA OF DIFF TYPE

MOVLW  OXFF
MOVWF PORTB
BCF STATUS,RPO
CALL TESTBUSY
MOVF PORTB,1
DECFSZ COUNT1
GOT0O AD1INCR
CALL SPACE1
CALL SPACEA1
DECFSZ COCOUNT,1
GOTO AD21INCR
MOVLW  OX0A
MOVWF  COCOUNT
CALL P2LATINC1
‘Portb as output
BSF STATUS,RPO
CLRF PORTB
BCF STATUS,RPO
DECF ROCOUNT 1
BTFSS ROCOUNT,2
GOTO CHECKA1
BTFSC ROCOQUNT,0
GOTO PSTK
- PRINTING LTK][long thick]
PLTK
CALL CARRIAGE
MOVLW  0X4C
CALL TESTBUSY
MOVWF  PORTB
MOVLW  0X54
CALL TESTBUSY
MOVWF PORTB
MOVLW  0X4B



CALL
MOVWEF
CALL
CALL
GOTO

AD1INCR

MOVLW
MOVWF
CALL
GOTO

AD21INCR

MOVF
MOVWF
MOVF
MOVWF
MOVLW
MOVWEF
CALL
MOVF
MOVWF
MOVF
MOVWEF
DECF
BTFSC
GOTO
CALL
GOTO

NOCHANGE:

CALL
MOVF
CALL
MOVWEF
CALL
CALL

TESTBUSY
PORTB
SPACE3
SPACE3
INADO

0X01
DATACOUNT
LATCHCHECK
LOCATION

PLATCH1,0
LATCHA1
PLATCHZ2,0
LATCH2
0X15
DATACOUNT
LATCHCHECK
LATCH1,0
PLATCH1
LATCH2,0
PLATCHZ
ROCOUNT,0
STATUS,2
INADO
SPACE3
INADO

SPACEA1
NUMBER,O
TESTBUSY
PORTB
SPACE3
SPACE1



CALL
DECFSZ
GOTO
GOTO

P2LATINCA

MOVF
MOVWF
MOVF
MOVWEF
MOVLW
MOVWF
CALL
MOVF
MOVWF
MOVWF
MOVF
MOVWF
MOVWF
RETURN

CHECK1

BTFSS
GOTO
BTFSS
GOTO

SPACE1
COCOUNT 1
NO

PNEPS

TEMLATCH1,0
LATCHA1
TEMLATCHZ2,0
LATCH2

0X03
DATACOUNT
LATCHCHECK
LATCH1,0
PLATCH1
TEMLATCH1
LATCH2,0
PLATCH2
TEMLATCHZ2

ROCOUNT,1
CHECK2
ROCOUNT,0
PCOUNT

'PTINTING LTN[iong thin]

PLTN

CALL
MOVLW
CALL
MOVWF
MOVLW
CALL

CARRIAGE
0X4C
TESTBUSY
PORTB
0X54
TESTBUSY



MOVWF  PORTB
MOVLW  OX4E
CALL TESTBUSY
MOVWF  PORTB
CALL SPACE3
CALL SPACE3
GOTO INADO
'PTINTING STK[short thick]
PSTK
CALL CARRIAGE
MOVLW  0X4C
CALL TESTBUSY
MOVWF  PORTSB
MOVLW  0X54
CALL TESTBUSY
MOVWF  PORTB
MOVLW  0X4B
CALL TESTBUSY
MOVWF PORTB
CALL SPACES3
CALL SPACE3
GOTO INADO

‘PTINTING COUNT

PCOUNT

CALL
MOVLW
CALL
MOVWEF
MOVILW
CALL

CARRIAGE
0X4C
TESTBUSY
PORTB
0X54
TESTBUSY



MOVWF
MOVLW
CALL
MOVWF
CALL
CALL
GOTO

PORTB
0X4B
TESTBUSY
PORTB
SPACE3
SPACE3
INADO

‘PTINTING TOTAL

PTOTAL

CALL
MOVLW
CALL
MOVWF
MOVLW
CALL
MOVWF
MOVLW
CALL
MOVWEF
MOVLW
CALL
MOVWF
CALL
CALL
GOTO

CHECK2

BTFSC
GOTO

PDRUM

CALL
CALL
DECFSZ
GOTO

CARRIAGE
0X54
TESTBUSY
PORTB
OX4F
TESTBUSY
PORTB
0X41
TESTBUSY
PORTB
0X4C
TESTBUSY
PORTB
SPACE3
SPACE1
INADO

ROCOUNT,0
PTOTAL

CARRIAGE
LINEFEED
SETCOUNT,1
NEXTSET



MOVLW
CALL
MOVWEF
GOTO

NEXTSET

MOVF
MOVWF
MOVF
MOVWF
MOVLW
MOVWF
CALL
MOVF
MOVWF
MOVWF
MOVF
MOVWEF
MOVWEF
GOTO

0X03
TESTBUSY
PORTB
MAIN1

PLATCH1,0
LATCH1
PLATCHZ2,0
LATCHZ2
0X01
DATACOUNT
LATCHCHECK
LATCH1,0
TEMLATCHA1
PLATCH1
LATCHZ2,0
PLATCHZ2
TEMLATCH2
DRUMNO

"TESTING BUSY LINE

TESTBUSY
BTFSC PORTC,2
GOTO TESTBUSY
RETURN

"LINEFEED TO THE PRINTER

LINEFEED
MOVLW  OX0A
CALL TESTBUSY



MOVWE  PORTB
RETURN

CARRIAGE RETURN TO THE PRINTER

CARRIAGE
MOVLW  OX0D
CALL TESTBUSY
MOVWF  PORTB
CALL SPACE3
CALL SPACE3
CALL SPACE3
RETURN

"LEAVING 3 BLANKSPACES

1

SPACES

MOVLW  0X03

MOVWF  SPACECOUNTS3
SP

MOVLW  0X20

CALL TESTBUSY

MOVWF  PORTB

DECFSZ SPACECOUNT3,1

GOTO SP

RETURN

"LEAVING SINGLE SPACE

SPACE1
MOVLW  0X20
CALL TESTBUSY
MOVWF  PORTB
RETURN

GOTO %
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CONCLUSION

The data interfacing to printer is done using PIC
Microcontroller .The data from the yarn clearing machine is tapped serially

and received by PIC via R5-232 cable.

Each type of yarn obtained as input every time is
incremented accordingly and is stored‘ in an external RAM.Thus of 6 types
of yarn present,each type of yarn obtained at every input is known by the
incremented value in memory. When the user requires a hard copy of the
data obtained, a printer is connected. After necessary handshaking signals,

printout of data in memory is obfained.

This project provides necessary data in memory for
calculating the production efficiency of each day.The type of yarn obtaind
for all the three shifts ;the production efficiency etc is calculated using the
data stored.A hard copy in required format as in the control unit of M2010

is also obtained.

Presently the project is designed only for parallel p
printing.For further developments an option may be provided for either

serial or parallel printing.
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PIC16F87X

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 Manuai should be considered a complemen-
tary document 10 this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modutes.

PIC16F

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC18FR77/874 devices come in
40-pin packages. The Paraliel Slave Pcrt is not
implemented on the 28-pin devices.

The following device biock diagrams are 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:

‘ Program

i Device Data Memao Data
| FLASH | Y EEPROM
! B . ——
[ | PICIBFEY3 4K 192 Bytes 128 Bytes
|| PICT6FETE BK 368 Bytes | 25BBytes .
| B . Data Bus 8
. A—- Program Counter ' - ——— e e 37 RAGAND
! } | RAT/ANT
! : T o . RAZIANZIVREF-
: ; . B RA3ANI/VREF+
| ; [ Sleve Slack | Fiie ! 1
| {(13-o) ‘ Registers | RA‘:{TOEE-;
| e e E | RARANAEE
Program ”
Bus T RAM A
: = RBOANT
RB1
RB2
Drrect Agar 7 . RBIPGM
- RB4
-] RBS
- - . RBEIPGC
ISTATLS reg w7’ RB7IPGE
g im Ak e
St S NORCOVIOSCTI oK
kel 1l L
(| Powerup 1) n Mlix . RCUTIOSICCR?
| Timer e RC2ZCCP?
T R pe— — K RC3SCRSCL
D) Satup Tmer \L 1 RCA/SDYSDA
Poweron || | eeeemo S | RC5800
- Il Reset _l Loy s " RCEMNCK
. i . ( Walrdon i L 1 RCTRADT
5 fgeerson T | Tmer !
O8CHCLKIN L. ;. Browmout |
OSC2/CLKOUT L Resel ||
Y In-Crrout |
P VDED-JQ’;ET_“; ,
|| Low Vaitage I
! Programiming ‘
- 1 - _
Timerd Yot Tmar? et A

[ e

| |
| Data EEPROW

P -
: Note 1: Highar order nits are from the STATUS register.

cop | rSy.ﬂcrwro.'lr;njs
A ; Senal Port i
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
= ! O -
emwame D | SOC | ore Buter Sescription __
OSCHCLKIN g ¢ l ; ‘ ST/ CMOSB’ i Oscillator crystal input/external clock source mput L
OSC2HCLKOUT E o 37 o o ! — . Osciliator ¢rystal output. Connects to crystal or resonator ir
! ' 1 | i crystai osciflator mode. In RC mode, the QSC2 pin ocutputs
; | i ; CLKOUT which has %/4 the frequency of OSC. and denotes
! i i the instruction cycle rate. L
IMELRAV PR T owP ST i Master Clear {Resebi input or pfogrammmg voltage ingut. IS
: { o i ‘pin is an active low RESET to the device.
Ti " ' PORTA is a bi-directional /O port.
\ RAUIAND 2 2 | wo ‘ TTL RAU can also be analog inpulC
[ RATIAN? 3 2 { lf®] I TTL | RA* can alsc be analog inputl.
: RAZIAN2VREF- 4 ; 4 ‘ o] I TTL RAZ can also be analog input? or negative analog
: ] | reference voltage.
i HAZANINVREF+ 5 H A \l tQ | T HAZ can also be analog input3 or positve analog
: ) | | reference voltage.
P ragTack & ] : ie] ,1 ST RAd can also be the clock input to the Timerd
: | 3 . module. Output is open drain type.
: RAS/SS/ANA 7 7 \ [lie] : T7L : RAS can also be analog inputd or the slave select
i : | { i for the synchronous serial port.
i B ‘ ! ‘ PORTE is a bi-directional /O port. PORTS can be software o
' ‘ | programmed for internal weak pull-up on all inputs.
'RBO/INT 27 > e TTL/STH RBO can also be the external interrupt pin.
iRB 22 2y wo | T
i rRB2 23 AR - N N TR
(RBIPGM 24 28 WG i TTL } RE3 can also be the low valtage programming it
‘RBS 25 25 00 TIL | interupton-changs pin.
\ RB% 2€ ' 26 ! 110 ! TIL I interrupt-on-change pin.
| RBE/PGC 27 27 | o I TTLsTE interrupt-on-change pin or In-Cirgut Debugger pin. Sarizl
. | i programming clock.
L RB7PGD o 2K ' vo 1 oTTLgT® Interrupt-on-changs pin ar In-Circuit Debuqge: pin Serial
: : ; programming data.
: ' TPORTC is a bi-direstional IO port. 7
i RCO/T OSSO T1CKI 1 : d ' fie] 37 1 5 can also be the Timer? oscillator outpilt or Jmer’
; ‘ i clock input.
RC T2 0O8ICCP 12 : 22 | [fie] J 51 ' R0 can also be the Timer oscillator nput or Capture?
! : inputCempare? cutputiPWM2 sutput.
RC2/CCPt i3 : 12 . e i ST ; RC2 can also ba the Capture T nputyCompare * Sutput
‘ |‘ ; PWM1 output.
[RCHSCK/SCL I = I‘ 1“0 37 RC3 can also be the synchrongus seda. clock mputionipt
"  forsoth SPYand 1°C modes
{RC4/SDKSDA 15 ) j [f1e] : S1 ‘ RC4 can also b2 the SPI Data In {SPImoda) or
i i data 40 02C moae)
{RC5SD0 W0 | ST | RC5can also be the SPI Data Out {SPImedst.
; RCGITX/CK WO ‘ ST i RCE can also be the USART Asynchronous Transmit o
. Synchronous Clock,
RCV RX/DT 1ie] ST ‘ RC7 can also be the USART Asynchronous Receive or
i e - . o ‘Synchronous Data. B )
.Vss P i — | Ground reference for iogic and l/O pins. ’
'V_DD : 20 ‘ =] } — : Pos;tlve supply for logic and I/O pins. o -
Legend: i =input O = output B O = input/output p= power o o
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16F87X

FIGURE 2-3. PIC16F877/876 REGISTER FILE MAP
File File File File
Address . Address Address Address
Indirect addr.l) | 00h Indirect addr.")| 80h \ndirect addr.(? | 100h | Indirect addr.0)| 180n
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REGY 181h
PCL 02h PCL 82h PCL 102h PCL i82h .
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB Q6h TRISB 86h 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
porTDM | 08h TRISDM | 88h 108h 188h
PORTEM | Osh TRiISEN § 8oh 1098 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10AN PCLATH 184N
INTCON 0Bh _ INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Ch EEADR 100h EECON2 18Dh
TMRIL 0En PCON 8Eh EEDATH _| 10Eh =i 18Eh
TMR1H OFh | 8Fh EEADRH 10Fh eyt 18Fh
T1CON 10h 90h 110h 190nh
TMR2 11h SSPCON2Z | 91h 111h 181h
T2CON 12n PR2 92h 12h 192h
SSPBUF 13h SSPADD a3h 113h 193n
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRIL 15k 95h 115h 185h
CCPR1H 16h 96h 116h 196h
CCP1CON 17h 97h General 117h General 197h
FPurpose Purpose
RCSTA | 18h 98h Register | 11BN Register | 198N
TXREG 18h SPBRG 99n 16 Bytes 118h 16 Bytes 188h
RCREG 1Ah gAh 11Ah . 19AR
CCPR2L | 1Bh 98h 118h } 198Bh
CCPR2H__| 1Ch 9Ch 11Ch . 18Ch
CCP2CON_| 1Bh gbh ' 11Dh . 19Dh
ADRESH iEh ADRESL 9Eh 1Eh 19Eh
ADCONO 1Fh ADCON1 gFh 11Fh 19Fh
20h ACh 720h 1ACh
General General General General
Purpose Purpose Purpose Purpose
Register Register Reqgister Register .
96 Bytes 80 Bytes EFh 80 Bytes 16Fh BO Bytes 1EFh
accesses FOn accesses 170k 8CCesses 170k
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fn 1FFh
Bank 0 Bank 1 Bank 2 Bark 3
Unimplemented data memory locations, read as 0.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F876. |
2: These registers are reserved, maintain these registers clear.
|




PIC16F87X

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpese Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank seiect bits.

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 Generai Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers, Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

RP1:RPO Bank
00 0
01 1
10 2
11 3

2.21 GENERAL PURPOSE REGISTER
FILE

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



PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC1BFE7X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can oceur and is detalled in this section. The
EEPROM data memory block is detailed in Section 4.0.
Additional information on device memoty may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
[ PC<12:0> J
CALL, RETURN 13 .
RETFIE, RETLW 7
Stack Level 1
Slack Levol 2
Stack Levei 8
RESET Vector cQo0h
. e
Intsrrupt Vecior 0004n
( p005h
Pagae 0
07FFh
080Ch
Page 1
On-Chip .
Program OFFFh
Mamory 1000h
Page 2
17FFh
1800h
Page 3
L 1FFFh

2.1 Program Memory Organization

The PIC16FB7X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have BK x 14
words of FLASH program memory, and the
PICIBEBT3/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound.

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

PIC16F874/873 PROGRAM

FIGURE 2-2:
MEMORY MAP AND
STACK
r PC<12:0> |
S
CALL, RETURN 13 .
RETFIE, RETLW 7
Slack Level 1 ;
—_
Stack Level 2 :
- ! i
. !
bt t
Stack Level 8 :
RESET Vector 0o000h
N .
[ < I_'l_-_:
-
Internpt Yector pOC4h
0005R
On-Chip Page 0
Program OTFFR
Memary 0800R
OFFFh
~| zo0on
] 17PPER




PIC16F87X

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

The Special Function Registers can be classified into
two sets: core (CPWU) and peripheral. Those registers
associated with the core functions are described in
detaii in this section. Those related to the operation of
the peripheral features are described in detail in the

given in Table 2-1.

peripheral features section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Detalls
Address Name Bt7 BitG Bit5 Bit 4 Bita Bit 2 Bit 1 BitO POR, on
BOR page:
Bank ¢
oon¥ INDF Addressing this location uses contents of FSR to address data memory (not a physical regisier) so000 cooo] 27
01h TMRO Timerd Module Register KKK XHXX 47
02n PCL Program Counter {PC) Least Significant Byte 0000 coao| 26
03n® | sTATUS me | RP1 | RPO | TO | PO | 2 | oc | ¢ looo1 1aex| 18
oan® | FSR Indirect Data Memory Address Pointer oo xoox |27
05h PORTA O PORTA Data Latch when wiittan: PORTA pins win read —-ox cooo| 29
06h PORTB PORTB Data Latch when writtsn: PORTB pins when read 200K H0K 31
07h PORTC PORTC Data Latch when written: PORTC pins when read xoeex doox | 33
oanit PORTD PORTD Data Latch when written: PORTD pins when read oo x| 35
oan® [ PORTE S P 77 Rez | RE1 | RED |---- -xoxx| 36
oant' | PCLATH Write Buffer for the upper 5 bits of the Progmm Counter ---g ogoo| 26
oant® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |0600 ooox| 20
ach PIRY l_PspiFm ADIF RCIF TXIF SSPIF ccPUFE | T™MR2IE | TMRIIF |ooco oozo| 22
0Dh PIR2 {5) EEIF BCLIF CCP2F |-r-¢c 0--0] 24
QEh TMRI1L Hokding register for the Least Significant Byte of the 16-bit TMR1 Register KAHEX XXKX 52
OFh TMR1H Hoidi ister for the Most Significant Byte of the 16-bit TMR1 Register soook kx| 52
10h TICON T T10KPS? | TICKPS0 | TIOSCEN | TASYNC | TMRICS | TMRION | --00 oooo| 5
1th TMR2 Timer2 Maodule Register Q000 0060 55
12h T2C0N TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20N | T2CKPS1 [T2ckPs0| -000 oooo| 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register woo xaxx{ 70,73
14h SSPCON WCOL | SSPOvV | SSPEN | CKP | SSPM3 [ sspmz2 | SsPM1 | SSPMO jooco oogo| 67
15h CCPRIL Caplure/Compare/PWM Registert (LSB) oo ook | ST
16h CCPR1H Caplure/Compare/FP\WM Register! (MSB) oot oo | 57
17h CCP1CON GCPIX | GCPIY | CCPIM3 | CCP1M2 | CCPIM1 | CCPiMO | --00 0000] 58
18h RCSTA SREN CREN | ADDEN FERR OERR | RXOC |ooco goox| 96
18h TXREG USART Transmit Data Regisier 0000 000Q 499
1Ah RCREG USART Receive Data Register pooa cgoc| 101
1Bh CCPRIL Capture/Compare/PWM Regisier2 (LSB) oo kx| 57
1Ch CCPR2H Caplure/Compare/PWM Registar2 (MSB) sooax xxxx | 57
10h CCP2CON CCP2X | CCP2y | CCP2M3 | CCP2M2 | CCP2M1 | GCP2MO [ --oc oooo| S8
1Eh ADRESH AJD Result Register High Byte oo ook | 116
1Fh ADCONO ADCS1 | ADCSO | CHS2 | CHSt | CHSO | GO/DONE ADON |gooa cc-o) 111
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0, r = reserved.

Shaded locations are unimplemented, read as ‘0",
Nota 1:
contents are transferrad to the upper byte of the program counter.

: Thess registers can be addressed from any bank.

thhh

Tha upper byte of the program counter i not directly accessible. PCLATH is a hoiding register for the PC<12:8> whose
. Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

PORTD, PORTE, TRISD, and TRISE ara not physicaily implementad on PIC16F873/876 devices; mead as ‘0"
. PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (GONTINUED}

Value on: | Detalis

Addrass Name BR7 Bit6 Bi§ Blit 4 Bit 3 Bit 2 Bit 4 Bit0 POR, on
BOR page:

Bank 1

80h™ INDF ‘Addressing this location uges contents of FSR 1o address data memory (not a physical register) oooo ogoof 27

81h OPTION.REG| RBPU | INTEDG | _Tocs | ToSE [ psa | Ps2 | PS1 PS0 1111 1111 19

g2ni PCL Program Counter (PC) Least Sigoificant Byte 0cog oooo| 26

83 | sTATUS R ] Re1 | RPO_| 1O | PO Tz [ pbc | c [eoo1 voex| 18

84htY FSR Indirect Data Memory Address Pointer oo xxxx | 27

85h TRISA : PORTA Data Dicection Register --11 1111] 28

86h TRISB PORTB Data Direction Register 1111 1111 31

a8rh TRISC PORTC Data Direction Register 1111 1111 33

88nt4 TRISD PORTD Data Direction Register 1311 1111 35

0000 -111 kYs

---0 QOdo 26

TOIF RBIF |oocoo aoox| 20

CCP1IE TMRI1IE | 0000 0000 21

”' -r-g 0--0| 23

Fraeay

25

GCEN | ACKSTAT | ACKDT | ACKEN RCEN PEN RSEN | SEN |oogo poso| 68

82h PR2 Timer2 Period Register 1111 1111 55
g3n SSPADD Synchronous Serial Port (I°C mode) Address Register 2000 000a | 73,74

0000 66

CKE | o RV UA EF

CSRC | TX9 | TXEN | SYNC

B8Eh

97

XL XK0OX
SFh ADCON1 PCFG3 | PCFG2 | PCFG1 | PCFGO [o0---ccao 112
Legend: x = unknown, u = unchanged, value depends on condition, - = unimplementad, read as ‘0, 7 = reserved.

Nots 1: The upper byte of tha program counter is not directly accessible.

3
4:
5

Shaded locations are unimpiemented, read as ‘0",

contents are transfemrad to the upper byte of the program counter.
: Bits PSPIE and PSPIF are reserved on PIC46F8TABTE devices; aways maintain these bits clear.

: These registers

can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0",

. PIR2<§> and PIE2<6> are reserved on these devices; always maintain these bits clear.

PCLATH is a holding register for the PC<12:8> whase
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on: | Detalls

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BIt O POR, on
BOR page:

Bank 2

100h®) _ { INDF Addressing this location uses contonts of FSR to address data memory (not a physical register) oooc oooo| 27

101h TMRO Timerd Module Register AHIOC XAAK 47

10203 | PCL Program Counter’s (PC) Least Significant Byle ooco ooeo| 26

10an® | STATUS RP | RP1_| RPO 0 ™ | =z | Dc | G [co01 uwoc| 18

Indirect Data Ma Address Pointer
1 ; ) R ”""lf"&‘ef S T #-’:.- /%.H.’-.;ff i

Legend:

257
S 3 e

PORTB Data Latch when writlen: PORTB
e

wtiian o] Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
10Bh3 [ INTCON GIE PEIE TOIE NTE | RBIE | ToF | NTF | REF |oooo ooox) 20
10Ch | EEDATA EEPROM Data Register Low Byts socxx 0000 | 41
10Dh | EEADR EEPROM Address Rogister Low Byte ook x| 41
10Eh EEDATH : 21 EEPROM Data Register High Byte ook ook | 4
10Fh EEADRH A igh Byie xoo sl 4

Bank 3

180003 INDF Addressing this location uses contents of FSR to address data rmemory (not a physical register) 0000 0000 27
181h OFTION REG| RBPU | INTEDG | Tocs | TOSE [ psa | _ps2 PS1 PSO  |1111 1111 19
182h™ | PCL Program Counter (PC) Least Significant Byte o000 oopo| 26 !
18300 | STATUS IRP RP1 RPO T0 8 ] =z | oc | c looos nxxx| 18 '
1840 Indirect Data Memory Addrass Pointer oo ook | 2T
L s : ‘
18AK1 i write Buffer for the upper 5 bits of the Program Counter ---0 0000
18en TOIE INTE RBIE TOIF INTF RBIF | coooo osox
18Ch it l WRERR | WREN WR RD  |x--- xovo] 41,42
18Dh 41

B PR
‘o Fiasariad oty

x = unknowT, u =

unchanged, q = value depends on condition, -

= unimplemented, read as 0', r = reserved.

Shaded locations are unimplementad, read as ‘0'.
The upper byte of the program courter is not directly accessible. PCLATH is  halding register for the PC<12:8> whose
contents are transferred to the upper byte of the program countar.
2: Bits PSPIE and PSPIF are reserved on PIC16FB73/876 devices; aways maintain these bits clear.
3: Thesa registers can be addressad from any bank.
&
5

Note 1:

: PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16FB73/876 devices; read as '0".

. PiR2<6> and PIE2<6> are reserved on these devices; always maintain thess bits clear.
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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 cieared according to the
device logic. Furthermare, 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.

REGISTER 2-1:

For example, CLRF STATUS will ciear 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."

TR T A DT he
B TR

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
[wre | RP1 | RPO 70 | P0_ | Z | DC c
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 = Bank 2, 3 (100h - 1FFh)
o = Bank 0, 1 (0Ch - 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)
60 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4 TO: Time-out bit

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

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

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

bit2 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)

(for borrow, the polarity is reversed)

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
o0 = No cairy-out from the Most Significant bit of the result ocoumred

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the two's
complament 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

W = Writable bit
1" = Bit is set

U = Unimplemented bit, read as ‘¥

0 = Bit is cleared x = Bit is unknown
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2222 OPTION_REG Register

The OPTION_REG Register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single assign-
able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RW-1_ RW-1 R/W-1 RW-1  RW-1  RMW-1
["RBPU | INTEDG | TOCS | TOSE [ psa | ps2 Ps1 | PSO_|
bit 7 bit 0

bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

o = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/NT pin

o = interrupt on falling edge of RBO/INT pin
hit 5 TOCS: TMRU Clock Source Select bit

1 = Transition on RA4/TOCKI pin

o = Internal instruction cycle clock (CLKOUT)
bit 4 ToSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/T OCKI pin
o = increment on low-to-high transition on RA4/TOCKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WOT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
oLo 1:8 1:4
c1l 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR '1' = Bitis set 0" = Bit is cleared % = Bit is unknown

Note: When using low voltage ICSP programming (LVP) and the pull-ups on PORTB are enabled, bit 3
in the TRISB register must be deared to disable the pull-up on RB3 and ensure the proper oper-
ation of the device
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2223 INTCON Register

The INTCON Register is a readable and writable regis-
ter, which contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0 RMW-0 RWO  RW-0 R/W-0 RW-0 RMW-0  RW=
[ ee | pee | ToE [ INTE [ RBIE | TOF | INTF | RBIF |
bit 7 bit 0
hit 7 GIE: Giobal Intermupt Enable bit

1 = Enables all unmasked intemupts
o = Disables all interrupts
bit 6 PEIE: Peripheral interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMR interrupt
o = Disables the TMRO interrupt
bit 4 INTE: REG/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
o = Disables the RBO/INT external interrupt
bit 3 RBIE; RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
o = Disables the RB port change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
o = TMRO register did not overflow
bit 1 INTF: RBO/INT External {nterrupt Flag bit
1 = The RBOANT external intermupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state; a mismatch candition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared

{must be cleared in software).
o = None of the RB7:RB4 pins have changed state

Legend: !
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0°
- n = Value at POR '1' = Bitis set ‘0" = Bitis cleared ¥ = Bitis unknown
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2224 PIE1 Register

The PIE1 register contains the individual enable bits for
the peripheral internupts.

REGISTER 2-4:  PIE1 REGISTER (ADDRESS 8Ch)

RW-0 RW-O RW-0  RWO R/W-0 RW-0 RW-0 RW-
[psPiEM | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRIIE
bit 7 bit 0
bit 7 PSPIE!": Parallel Slave Port Read/Write Interrupt Enable bit

i = Enables the PSP read/write interrupt
o = Disables the PSP read/write interrupt
bit 6 ADIE: A/D Converter interrupt Enable bit
1 = Enables the A/D converter interrupt
o0 = Disables the A/D converter interrupt
bit 5 RCIE: USART Receive Interrupt Enable bit
1, = Enables the USART receive intermupt
o = 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 CCPHIE; CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
o = Disables the CCP1 interrupt
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disablas the TMR2 to PR2 match interrupt
bit O TMR1IE: TMR1 Overfiow Interrupt Enable bit

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

Note 1: PSPIE is reserved on PIC16FB73/876 devices; always maintain this bit clear.

Legend:
R = Readabile bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "' = Bitis set 0" = Bit is cleared x = Bit is unknown
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2225 PIR1 Register

The PIR1 register contains the individual flag bits for
the peripheral interrupts.

REGISTER 2-5: PIR1 REGISTER (ADDRESS 0Ch)

RIW-O  RW-0 R-0 R-0 RW-0 RWO RWO  RWO
[PsPIFM | ADIF_| RCIF | TXIF [ SSPIF [ ccP1F | TMR2IF | TMRIIF |
bit 7 bit 0
bit 7 psPIF): Parallel Slave Port Read/Write Interrupt Flag bit

1 = A read or a write operation has taken place {must be cleared in software)
0 = No read or write has occurred

bit 6 ADIF: AJD Converter Interrupt Flag bit
1 = An A/D conversion completed
o0 = The A/D conversion is not complete

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART recsive buffer is full
0 = The USART receive buffer is empty

bit 4 TXIF: USART Transmit Interrupt Fiag bit
1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full

bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag
1 = The SSP interrupt condition has cccunred, and must be cleared in software before returning
from the Intefrupt Service Routine. The conditions that wilf set this bit are:
* SPI
- A transmissionfreception has taken place.
+ 12C Slave
- A transmission/receplion has taken place.
« I°C Master
- A transmission/reception has taken place.
- The initiated START condition was completed by the SSP module.
- The initiated STOP condition was completed by the SSP module.
- The initiated Restart condition was completed by the SSP module.
- The initiated Acknowledge condition was completed by the SSP module.
. A START condition occurred while the SSP module was idle (Multi-Master system).
- A STOPR condition occurrad while the SSP module was idle (Mutti-Master system).
0 = No S$SP interrupt condition has occurred.

bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture mode:
1 = A TMR1 register capture occurred {must be cleared in software)
o = No TMR1 register capture occuired

Compare mode:
1 = A TMR1 register compare malch occurred (must be cieared in software}
0 = No TMR1 register compare match occurred

WM mode:
Unused in this mode
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred {must be cleared in software)
0 = No TMR2 to PR2 match occurred
hit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: PSPIF is reserved on PIC16FBT73/876 devices; always maintain this bit clear.

Legend: !
R = Readable bit W = Writabie bit \J = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bitis cleared X = Bitis unknown

—



PIC16F87X

2226 PIEZ Register

The PIE2 register contains the individual enable bits for
the CCP2 peripheral interrupt, the SSP bus collision
interrupt, and the EEPROM write operation interrupt.

REGISTER 2-6:

bit 7
bit 6
bit 5
bit 4

bit 3

bit 2-1
bit 0

PIE2 REGISTER (ADDRESS 8Dh)

U-0 R/W-0 u-0 RIW-0

R/W-0 u-0

u-0 R/W-0

EEIE |

BCLIE

| ccr2iE |

bit 7

Unimplemented: Read as '0’
Reserved: Always maintain this bit clear
Unimplemented: Read as '0'

EEIE: EEPROM Wiite Operation Interrupt Enable

1 = Enable EE Write Interrupt
0 = Disable EE Write Interrupt

BCLIE: Bus Collision Interrupt Enable
1 = Enable Bus Collision Interrupt

0 = Disable Bus Collision Interrupt
Unimplemented: Read as ‘0’
CCP2IE: CCP2 Interrupt Enabie bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 intermupt

bit 0

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

U = Unimplemented bit, read as ‘0’

0" = Bit is cdleared

x = Bit is unknown
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2227 PIR2 Register

The PIR2 register contains the flag bits for the CCP2
interrupt, the SSP bus collision interrupt and the
EEPROM write operation interrupt.

REGISTER 2-7:

bit 7
bit 6
bit &
bit 4

bit 3

bit 2-1
bit 0

PIR2 REGISTER (ADDRESS 0Dh)

u-0 RIW-0 U-0 RIW-0 RW-0 u-0 U-0 RIW-0
Thasrmatr = | eBF | BCUF | 1 ccrPaiF
bit 7 bit 0

Unimpiemented: Read as ‘0’

Raserved: Always maintain this bit clear

Unimplemented: Read as ‘0’

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

o = The write operation is not complete or has not been started
BCLIF: Bus Coilision Interrupt Flag bit

1 = A bus collision has occurred in the SSP, when configured for 12C Master mode
0 = No bus collision has occurred

Unimplemented: Read as '0’

CCP2IF: CCP2 Interrupt Flag bit

Caoture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurmred

Compare mode:

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

PYYM mode;

Unused

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n =Value at POR "' = Bit is set 0" = Bit is cleared X = Bit is unknown
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2.5 Indirect Addressing, INDF and A simple program to clear RAM locations 20h-2Fh
FSR Registers using indirect addressing is shown in Example 2-2.
The INDF reg_isterig nota ph'ysig:al register. A_ddressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. MOVLW 0%20 imirialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RBM
ister. Any instruction using the INDF register actually NEXT CLRF INDF ;c?lear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR,F  ;inc pointer
ister, FSR. Reading the INDF register itself, indirectly BTFSS FSR,4  ;all donez
(FSR = '0") will read 00h. Writing to the INDF register CONPINUE GOTO NEXT  jno clear next
indirectly results in 2 no operation (although status bits .yes continue
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 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 ﬁ 7 FSR register 0
. - J \ — - J
Bank Select Location Selecl' Bank Select Location Select
. » 00 01 10 11 -
‘ 00h 80h 100h 180h k
- A
Data
Memoary!
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map detail, see Figure 2-3.
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3.0 UOPORTS

Some pins for these /O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may notbe used as a general purpose /O pin.

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

31 PORTA and the TRISA Register

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

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

Pin RA4 is mulliplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is @ Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

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

e

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

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RF0 ;
BCF STATUS, RP1 ; BankO0
CLRF PCRTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPC : Select Bank 1

MOVLW 0x06
MOVWF ADCCR1
MOVLW OxCF

. configure all pins

; as digital inputs
value used to

; initialize data
direction

Set RA<3:0> as inputs
; RAc5:4»> as outputs
TRISA<T:6>are always
read as '0’.

MOVWF TRISA

FIGURE 3-1; BLOCK DIAGRAM OF
RA3:RAO0 AND RA5 PINS
Data Data Latch
Bus
[»] Q
WR
Port | ckL_8
TRIS Latch
1 D Q
WR
RS cK L Q
RD ) i:
TRIS 7L
lnput
Buffer
G D
EN

RO Port % |

To A/D Converter

g

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

FIGURE 3-2; BLOCK DIAGRAM OF
RAA/TOCKI PIN
Data Data Latch
Bus o a
WR
Port
— cK-Q __{ o 10 pin'"
TRIS Latch Y :
D Q Vss E
WR i f
TRIS cRLQ Sehmitt
Trigger
Input
Buffer f
RD 1
TRIS
a Dl—e
|
EN |
RD Port Jl>° ‘f
TMRO Clogk Input i
Note 1: /O pin has protection diodes to VsS only.
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TABLE 3-1: PORTA FUNCTIONS

Name Bit# | Buffer Function
RAO/AND b0 | TTL |inputioutput or analog input.
RA1/AN1 bit1 TTL |input/output or analog input.
RA2/AN2 bit2 TTL |!nputfoutput or analog input
RAJ/AN3/NVREF bit3 TTL |Inputioutput or analog input or VREF.
RA4/TOCKI bitd ST |Inputioutput or external clock input for Timer0. Qutput is open drain type.
RAS5/SS/AN4 bits TTL |Inputfoutput or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-22  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

7t

Legend: x = unknown, u = unchanged,

Value on: | Value on all
Address| Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | POR, other
BOR RESETS
0sh |PORTA |24~ | RA5 | RA4 | RA3 | RA2 | RA1 | RAO |--0x 0000] --0u 0990
85h |TRISA | "7}/ =1 PORTA Data Direction Register --11 1111 --11 1111
9Fh |ADCONT [RDEMI o PCFG3 | PCFG2 [PCFG1 | PCFGO | --0- 0000} --0- 0000 |

Shaded cells are notused by PORTA.

= ynimplemented locations read as ‘0",
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISE bit (= 1) wili make the corresponding PORTB pin
an input (i.e., put the cormesponding output driverin a
Hi-impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTE pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are multiplexed with the Low
Voltage Programming function: RB3/PGM, RBE6/PGC
and RBT/PGD. The alternate functions of these pins
are described in the Spedial Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak puil-up is automatically turmned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RB0O PINS
2 Voo
RBPUY Weak
‘ Pulup
Data Bus Data Latch
D a —{X]
Vo
WR Port CK™\ pint"
TRIS Latch
D
° nput /
npu
WR TRIS e\ Bufier
RD TRIS
Q D
RD Port
EN
RBOIIN(;I‘M K
o]
mik Trigger
. RD Port
Note 1: O pins have diode protection lo VoD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>}).

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as Inputs can
cause this interupt to occur (i.e., any RE7T:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The "mismatch” outputs of RB7:RB4
are OR'ed together to generate the RB Port Change
Interrupt with Rag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEF. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.
b) Clear flag bit RBIF,

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “implementing Wake-up on Key
Strokes” (AN5S52).

RBOANT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF

RB7:RB4 PINS

VoD

) ‘Weak
Pull-up

REPUA

Data Lateh
Data Bus r— — 1
: > X
[ie)
WR Port CKTY_ pint!
TRIS Latch ]
D a ;
WRTRIS TTL
E CKﬂ‘— Input ‘7 6\7
Buffer ST
p s Buffer
RD TRIS
- Latch
RD Port ]
EN Qi
Set RBIF
Q D
From olber RO Port
RB7:RB4 pins EN
Q3
RBY:RB6&

In Serial Programming Moda

Note 1: /O pins have diode protsction to VoD and Vss.

#: To enable weak pull-ups, set the appropriate TRIS
bit{s) and ciear the RBFU bit (OPTION_REG<7>).
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TABLE 3-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INT bit0 TTUsT™ | Inputroutput pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Inputfoutput pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Inputioutput pin. Internal software programmable weak pull-up.

RB3IPGME! | bit3 TTL Inputioutput pin of programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit4 TTL {Inputfoutput pin (with interrupt-on-change). Intemal software programmable
weak pull-up.

RBS bits TTL Inputfoutput pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB6/PGC bité TTUST@ | Inputioutput pin (with interrupt-on-change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTUST@ | Inputioutput pin (with interrupt-on-change) or In-Circuit Debugger pin.
intemal software programmable weak pull-up. Serial programming data.

Legend: TTL=TTLinput, ST= Schmitt Trigger input

Note 1:

This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB3 /O function. LVP
must be disabled to enable RB3 as an 1O pin and allow maximum com patibility to the other 28-pin and
40-pin mid-range devices.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: | Value on
Address Name Bit7 Bit€ Bit5 | Bitd | Bit3 | Bit2 | Bit1 | Bit0 POR, all other
BOR RESETS
0ch, 106h |PORTB RBY RB6 RB5 | RB4 | RB3 | RBZ2 [ RB1 { RBO |zcoor oo | uuud uuun
86h, 186h | TRISB PORTB Data Direction Register 1111 11113111 1113
81n, 181h | OPTION_REG | RBPU [ INTEDG [ 1068 ; 1 i P 1111 21112111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Register

PORTC is an B-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) wilt make the corresponding PORTC
pin an input {i.e., put the corresponding output driver in
a Hi-lmpedance mode). Clearing a TRISC bit (= 0) will
make the comesponding PORTC pin an output (i.e., put
the contants of the output latch on the selected pin).

PORTC is multiplexed with several peripheral funclions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the i2C module is enabled, the PORTC<4:3>
pins can be configured with normal I2C levels, or with
SMBus levels by using the CKE bit (SSPSTAT<6>).

when enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals overide the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit overide is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF)with TRISC as
destination, should be avoided. The user should refer
to the corresponding peripheral section for the comect
TRIS bit settings.
FIGURE 3-5: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,
RC<7:5>

Porl/Peripherai Selact®

Periphera} Data Out

whoT° vo
Fot cRa {1 pint"

Data Laich

D
WR @

TRIS e Q M
TRIS Latch

TRS | Schmitt \

Trigger

Feripheral
OE®

<] P
EN
Efn r[\ —I
w V\J

Paripheral Input

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

2: Port/Peripheral select signal selects between porl
data and peripheral output.

3: Peripheral OE (oulput enable) ks only activated if
peripheral select Is active.

FIGURE 3-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE)} RC<4:3>
Por/Peripheral Select?)

Peripheral Data Out

Voo

Data Bus

WR o Q P o,

!

Data Latch &

WR Sk Q |
=S cka N

TRIS Latch

RD 1j ‘— Vss '

TRIS | Sehmitt ‘\7 ;

Trigger \ E

Peripheral i

O™ Q b mitl

Sch i
Trigger| i
EN with %

RD SMBus
Port . % o1 levels
SSP Input

o

SSPSTAT<G>

Note 1: IO pins have diode protection o VDD and VsS.
: Pori/Peripheral select signal selects between port data
and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select Is active,
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TABLE 3-5: PORTC FUNCTIONS
Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI | bitD ST inputioutput port pin or Timer1 oscillator output/Timer1 clock input.

RC1/T10SI/CCP2 bit1 8T Inputfoutput port pin or Timer! oscillator input or Capture2 input/
Compare2 outputPWM2 output.

RC2/CCP1 bit2 8T Input/output port pin or Capture1 input/Compare1 output/
PWM1 output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial dock for both SPI
and 1°C modes.

RC4/SDI/SDA bitd ST RC4 can also be the SPI Data In (SPI mode) or data VO (I°C mode).

RC5/SDO bit5 ST Inputfoutput port pin or Synchronous Serial Port data cutput.

RCH/TX/CK bit6 ST Input/output port pin or USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Value on: | Valueonall
Address | Name | Bit7 Bit6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
07h PORTC{ RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | unuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMEROD

Value on: | Value on
Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, all other
BOR RESETS

01h,101h | TMRO Timer0 Module’s Register K XAKA [ UL LI
0Bh,8Bh, |INTCON GIE PEIE | TOIE FANZE TOIF : 0000 000x|co00 0OOU
10Bh,18Bh ;

1111 11111111 1111

81h,181h |OPTION_REG \ | TOCS | TOSE | PSA | P82

Legend: x = unknown, u = unchanged, - = un'i.mplemented locations read as '0'.
Shaded cells are not used by TimerD.
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52 Using Timer0 with an External Timer) moduie means that there is no prescaler for the
Clock Watchdog Timer, and vice-versa. This prescaler is not

) readable or writable (see Figure 5-1}.
When no prescaler is used, the external clock input s The PSA and PS2:PS0 bits (OPTION_REG<3:0>)

the same as the prescaler output. The synchronization

. - s o
of TOCK! with the internal phase clocks is accom- determine the prescaler assignment and pr cale ratio

plished by sampiing the prescaler output on the Q2 and When assigned to the TimerQ module, alt instructions
Q4 cycles of the internal phase clocks. Therefare, it is writing to the TMRO register (e.g. CLRF1, MOVWE 1,
necessary for TOCKI to be high for at least 2Tosc (and BSF 1, x....etc.) will dlear the prescaler. When assigned
a small RC delay of 20 ns) and low for at least 2Tosc to WDT, a CLRWDT instruction will clear the prescaler
(and a small RC delay of 20 ns). Refer to the electrical along with the Watchdog Timer. The prescaler is not
specification of the desired device. readable or writable.

REREORAN:

53 Prescaler

There is only one prescaler available, which is mutually
exdclusively shared between the TimerQ module and the
Watchdog Timer. A prescaler assignment for the

REGISTER 5-1: OPTION_REG REGISTER

RW-1  RMW-1_ RW-1  RW-1 RIW-1 RW-1  RW-1_ RMW-1
[[RBPU ] INTEDG | TOCS | TOSE PSA ps2 | Ps1 PSO |
bit 7 bit 0

bit 7 RBPU

bit 6 INTEDG

bit 5 TOCS: TMRO Clock Source Sefect bit

1 = Transition on TOCKI pin

o = Interal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKJ pin

o = Increment on low-to-high ransition on TOCKI pin
bit 3 PSA: Prescaier Assignment bit

1 = Prescaler is assigned to the WDT

o = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Eit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writabie bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 4’ = Bit is set 0 = Bit is deared x = Bit is unknown
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5.0 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

+ B-bit timerfcounter

- Readable and writable

« B-bit software programmable prescaler

» |nternal or external cock select

+ Interrupt on overflow from FFh to 00h

- Edge select for external clock

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

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

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

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

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

5.1

The TMROQ interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overfiow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
deared in software by the Timer0 module Interrupt Ser-
vice Routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP, since the timer is shut-off during SLEEP.

Timer0Q Interrupt

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (= Fosc/4) Data Bus
1 b
0 "J ¥
m4r{ocm x M SYNC
pin 1 U — 2 TMRO Reg |
X Cycles
TOSE T * _
TOCS
PSA Set Flag Bit TOIF
on Overflow
PRESCALER
Fr——— == == - = = i}
9 v Lol & it prescater l
u I i
Walchdog 1| X | s ¥ |
Timer l l
T | 8-10-1MUX  |fe— PS2PSO |
T PSA L — T - ___ 3
WDT Enable bit 0 ]
MUX |e—- PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PSD are (OPTION_REG<5:0>).
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10.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
O modules. {USART is also known as a Serial Com-
munications interface or SCL.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-

The USART can be configured in the following modes:

+ Asynchronous {full duplex)

+ Synchronous - Master (half duplex)

« Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to
be set in order to configure pins RCB/TX/CK and

RC7/RX/DT as the Universal Synchronous Asynchro-
nous Receiver Transmitter.

The USART module also has a multi-processor com-
munication capability using 9-bit address detection.

minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, serial EEPROMs ete.

REGISTER 10-1; TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

RW-0 RWO RW-0  RW-0 u-0 RWO R4 RWO
[ csrc | Txe | TXEN | SYNC | BRGH | TRMT | TX9D
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care

Synchronous mode;
1 = Master mode {clock generated internally from BRG)
0 = Slave mode (dock from external source)
bit & TX$8: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit ransmission
bit 5 TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled

Note: SREN/CREN overrides TXEN in SYNC mode.

bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as ‘0"

bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed

0 = Low speed

Unused in this mode

bit 1 TRMT Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

bit 0 TX8D: 9th bit of Transmit Data, can be parity bit
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as 'tV
- n = Value at POR 1" = Bit is set ‘0" = Bit is cleared

X = Bit is unknown
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REGISTER 10-2:

bit 7

bit &

bit &

bit 4

bit 3

bit 2

bit 1

bit O

RCSTA: RECEIVE STATUS AND CONTROL REGISTER {ADDRESS 18h)

RW-0 RWO0 RWO RWO RWO R-0 RO R-x
[SPEN | RXe | SREN | CREN [ ADDEN | FERR [ cERR | Rx9D
bit 7 bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RC7/RX/DT and RCBITX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

o0 = Selects 8-bit reception

SREN: Single Receive Enabie bit
Asynchronous mode:

Don't care

1 = Enables single receive

o = Disables single receive

This bit is cleared after reception is complete.
Synchronous mede - siave:

Don't care

CREN;: Continuous Receive Enable bit

1 = Enables continuous receive
o0 = Disables continuous receive

1 = Enables continuous receive until enable bit CREN is cleared (CREN overides SREN)
o = Disables continuous receive
ADDEN: Address Detect Enable bit

1 = Enables address detection, enables interrupt and load of the receive buffer when
RSR<8> is set

0 = Disables address detection, ali bytes are received, and ninth bit can be used as parity bit

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receive next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun errof (can be cleared by clearing bit CREN)

0 = No overrun error

RX8D: Sth bit of Received Data (can be parity bit, but must be calculated by user firmware)

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
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10.1 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 10-1 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
integer value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

TABLE 10-1: BAUD RATE FORMULA

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

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

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three imes
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

BRGH =0 (Low Speaed)

BRGH = 1 (High Speed)

{Asynchronous) Baud Rate = FOSCHB4{X+1))
(Synchronous) Baud Rate = Fosc/(4(X+1})

Baud Rate = FOSC/{16(X+1))
N/A

X = value in SPBRG (0 to 255)

TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Address Name BR7 Bite BHR 5 Bit 4

99h SPBRG | Baud Rate Generator Register

Value on: Value on
Bit 2 Bit ¢ Bit 0 POR, all other
BOR RESETS

98h TXSTA [ CSRC AT YER] SYNC |
18h RCSTA | SPEN i h¥d | SRENT CREN

4 BRGH 33 00CcD -010 | 0000 -010
34 0000 000x| 0000 0002

0000 0000 | 0OGO 0000

Legend: x =unknown, - = unimplemenled, read as '0". Shaded cells are not used by the BRG.
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0}

Fosc = 20 MHz Fosc =16 MHz Fosc =10 MHz
BAUD
RATE “ SPT'G % SPEIlRG % S‘l:‘:RG
(K | KBAUD ERROR ( d::lmal) KBAUD ERROR d‘f.:l‘;".“ KBAUD ERROR dml:;n
03 - - - - - - - - -
12 1221 175 255 1,202 0.17 207 1202 047 129
24 2404 047 129 2.404 017 103 2404 017 64
96 5.766 173 31 9.615 016 25 9766  1.73 15
192 | 19531 172 15 19231 016 12 19831 172 7
288 | 31250 851 g 27778 3.55 8 31250 851 4
336 | T2 334 8 38714 629 6 N250 699
576 | 62500  B.51 4 62500 851 3 52083  9.58 2
HIGH | 1221 - 255 0.877 - 255 0.610 - 255
Low | 312500 - 0 250.000 - 0 156,250 - 0
Fosc = 4 MHz Fosc = 36864 MHz
BAUD
RATE “ SFB:.G sp:ac
(K) | keaup ERROR (decima) | kBAD ERROR (decimal)
03 | 0300 0O 207 03 0 191
12 1202 0.17 51 12 0 47
24 2404 017 25 24 0 23
g6 | 892 6.99 6 9.6 0 5
192 | 20833 851 2 19.2 0 2
288 | 31250  &.51 1 28.8 0 1
336 - - . - -
576 | €2500 851 0 57.6 0 o
HIGH | 0.244 - 255 0.225 - 255
Low | 62500 - 0 57.6 - ]

TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

Fosc w20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE “ s::ls‘t'a “ s::l:t‘s “ s::nc
() | ksauo ERROR (o™ | KBAUD ERROR (yecimap KBAUD ERROR (d.d::a“
03 - - - N - - N - -
12 - . . . - . . . .
24 - - . . - - 2 441 171 255
96 | 9815 016 129 9615  0.16 103 9615 016 64
192 | 18231 o016 64 19231 016 51 19531 172 31
288 | 20070 094 42 20412 213 3 28409 136 21
26 | 3784 055 36 33333 079 29 32895 210 18
576 | 50524 334 20 58824 213 16 56618 1.36 10
HIGH | 4883 . 255 3.906 - 255 2441 . 255
Low |1250000 - 0 1000.000 0 625.000 ; 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
s y e y s
® | qgaup ERROR i ! keaup ERROR tdocimal
0.3 - . - N : N
12 | 1202 o017 207 12 0 191
24 | 2404 017 103 24 ) g5
96 | 0615  0.16 25 9.6 0 23
192 | 18231 o016 12 102 0 11
288 | 27788 355 8 28.8 0 7
236 | 35744 629 8 22,9 204 6
57.6 | 62500 851 3 576 0 3
HiGH | ogr7 . 255 09 R 255
Low | 250.000 - 0 2304 . 0
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10.2 USART Asynchronous Mode

In this mode, the USART uses standard non-retum-to-
zero (NRZ) format (one START bit, eight or nine data
bits, and one STOP bit). The most commen data format
is 8-bits. An on-chip, dedicated, 8-bit baud rate gener-
ator can be used to derive standard baud rate frequen-
des from the oscillator. The USART transmits and
receives the LSb first. The transmitter and receiver are
functionally independent, but use the same data format
and baud rate. The baud rate generator produces a
clock, either x16 or x64 of the bit shift rats, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
stored as the ninth data bit). Asynchronous mode is
stopped during SLEEP.

Asynchronous made is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

- Baud Rate Generator

» Sampling Circuit

« Asynchronous Transmitter
+ Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS

TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the transmit
{serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG reqgister (if available). Once the
TXREG register transfers the data to the TSR register
{oceurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be

FIGURE 10-1:

enabled/disabled by setting/clearing enable bit TXIE
{ PIE1<4>). Flag bit TXIF will be set, regardiess 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. Status bit TRMT
is a read only bit, which is set when the TSR register is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty.

iy

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
and the baud rate generator (BRG) has produced a
shift clock (Figure 10-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible {Figure 10-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RCE/TX/CK pin will revert
to hi<impedance.

In order to select $-bit transmission, transmit bit TX9
{TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorect ninth data bit may be loaded in the TSR
register.

USART TRANSMIT BLOCK DIAGRAM

F Data Bus

TXREG Register |

Baud Rate Generator

Lsb ™.
. Pin Buffer
R | 0 l : andControll'"g
...... TSR Reqister . ______ .. RCB/TX/CK pin
—
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When setting up an Asynchronous Transmission, 5. Enable the transmission by setting bit TXEN,
follow these steps: which will also set bit TXIF.
1. initalize the SPBR®G register for the appropriate 6. If 9-bit transmission is selected, the ninth bit
baud rate. If a high speed baud rate is desired, should be loaded in bit TX9D.
set bit BRGH (Section 10.1). 7. Load data to the TXREG register (starts trans-
2. Enable the asynchronous serial port by dlearing mission).
bit SYNC and setting bit SPEN. B. If using interrupts, ensure that GIE and PEIE
3. If interrupts are desired, then set enable bit (bits 7 and 6) of the INTCON register are set.
TXIE.
4. ) 9-bit ransmission is desired, then set transmit
bit TX9.

FIGURE 10-2; ASYNCHRONOUS MASTER TRANSMISSION

Write lo TXREG Il e
BRG Output Word 1 2
(Shift C ulpu) —d L...:__I ] I~ 1 { 1 I _5 S r ] 1 | —
RC '
BTXICK i) ————— smar BB BT X > HTTE 5707 BT

TXIF bit o Word 1 -
Transmit Buffer ! ce '

eg. Empty Flag) U 45 :
TRMT bit Word1 —* !

ransmit Shift Transmit Shift Reg .

eg. Empty Flag———— e r

pb;

FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK])

Write to TXREG rn. n ‘e
Word 1 Word 2 D)

(Shlﬂ CIu;&) M1 11 55_|_| | e W e WOWE
ROBIICK (pin} NSTART Bi (X BI7E 7ST0P BI\START B (i
TXIF Word 1 Word 2
(Inlerrupl Reg. Flag) U 1 J
TRMT bit Wod{ —

Transmil Shift Transmit Shift R Word2 ==

. Empty FI eg. Transmit Shift Reg.
eg. Emply Flag) Em— 5

Note: This timing diagram shows two consecutive transmissions.

TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on; Value on

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bito POR, all other

BOR RESETS

0Bh, 8Bh, INTCON A 0000 000x| 0OOC GOOu
10Bh,18Bh "

0Ch PiR1 4 0000 0000 00GC GOQO

18h RCSTA Q000 -00x| 0000 -00x

18h TXREG 0000 0000 | o000 coOC

8Ch PIE1 ¥$i£ oooo ooco | oocoo 00CO

88h TXSTA T)(EN SYNC B 0000 -01o| oooc -o01c

99h SPBRG BaudRaleGeneratorReglsler 0000 0000 | 0D0OC 000D

Legend: x = unknown, - = unimplemented locations read as '0". Shaded cells are not used for asynchronous transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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10.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shawn in Figure 10-4.
The data is received on the RCT/RX/DT pin and drives
the data recovery block. The dala recovery block is
actually a high speed shifter, operating at x16 times the
baud rate; whereas, the main receive serial shifter
operates at the bit rate or at Fosc.

Once Asynchranous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the STOP bit, the received
data in the RSR is transferred to the RCREG register (if
it is empty). If the transfer is complete, flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by sefting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit, which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREGis a
double buffered register {i.e., it is a two deep FIFO). It

FIGURE 10-4:

is possible for two bytes of data to be received and
ransferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the STOP bit of the third byte, if the RCREG register is
still full, the overrun emor bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG reg-
ister can be read twice to retrieve the two bytes in the
FIFO. Overrun bit OERR has to be cleared in software.
This is done by resetting the receive logic (CREN is
dleared and then set). if bit OERR is set, transfers from
the RSR register to the RCREG register are inhibited,
and no further data will be received. It is therefore,
essential to clear esror bit QERR ff it is set. Framing
error bit FERR (RCSTA<2>) is set if a STOP bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore, it is essential for the user to read the
RCSTA register beforg reading the RCREG register in
order not to lose the old FERR and RX9D information.

USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

.................

CREN ;

.................

Baud Rate Generator

RC7/RX/OT

Pin Buffer
" and Control

SPEN

Interrupt

RX8D| RCREG Regisier
FIFO

A8

——
Data Bus
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FIGURE 10-5:

ASYNCHRONOUS RECEPTION

BX (1. START START START o
MANCY €7 € G5 TSR (o0 Y S Yotare /570R\_ba L5 e/ STEP

Rovsmt (( I < £ ,

Rev Buffer Reg J ‘t word 1 ‘g, ggEZG pl '

e < R CE—

RCREG : k :

RCIF < .' —S 65 —

(Interrupt Flag) J .

i (L _CC {C

OERR b 37 )i )] T

CREN & &« & )
B JJ JI -

Note: This timing diagram shows three words appearing on the RX input. The RCREG (recsive buffer) is read after the thind worc,

causing the OERR (overrun) bit o ba set.

When setting up an Asynchronous Reception, follow 6. Flag bit RCIF will be set when reception is com-
these steps: plete and an interrupt will be generated if enable
1. Initialize the SPBRG register for the appropriate bit RCIE is set.
baud rate. If a high speed baud rate is desired, 7. Read the RCSTA register to get the ninth bit {if
set bit BRGH (Section 10.1). enabled) and determine if any error occurred
2. Enable the asynchronous serial port by diearing during reception.
bit SYNC and setting bit SPEN. 8. Read the B-bit received data by reading the
3. |f interrupts are desired, then set enable bit RCREG register.
RCIE. 9. If any error oceurred, cdlear the error by clearing
4. If 9-bit reception is desired, then set bit RX9. enable bit CREN.
5. Enable the reception by seffing bit CREN. 10. If using interrupts, ensure that GIE and PEIE
(bits 7 and B) of the INTCON register are seL
TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEFPTION
Value on: Value on
Address | Name Bit 7 Bit6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR, all other
___ _ BOR RESETS
0Bh, 8Bh, [INTCON| GIE 5 %’g 0600 000x | GODO 000U
10Bh,18Bh T
oCh PIRT  [PSPIEL. Al SEMPL CCotE ) 0000 0000 | 0000 000C
18h RCSTA | SPEN FERR 0000 -0Dx |} DoOC -0Ox
1Ah RCREG | USART Receive Register 0000 0000 | D00OC 000D
8Ch PIE1  [PEsiEl it RCIE | oooc coso | coco ococ
98h TXSTA | 0000 -010 | 0000 -C1U
99h SPBRG | Baud Rate Generator Register goo0 o000 | DoOO 0000

Legend: x = unknown, - = unimplemented locations read as 0. Shaded cells are not used for asynchronous reception.
Note 1: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.
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12.0 SPECIAL FEATURES OF THE
CPU

All PIC16FBTX devices have a host of features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
power saving operating modes and offer code protec-
tion. These are:
« Osdillator Selection
+ RESET

. Power-on Reset (POR)

. Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
+ interrupls
« Walichdog Timer (WDT)
+ SLEEP
- Code Protection
« |D Locations
+ 1n-Circuit Serial Programming
« Low Voltage In-Circuit Serial Programming
+ in-Circuit Debugger
PIC16FBTX devices have a Watchdeg Timer, which
can be shut-off only through configuration bits. It runs
off its own RC oscillator for added refiability.
There are two timers that offer necessary delays on
power-up. One is the Oscillator Start-up Timer (OST),
intended to keep the chip in RESET until the crystal
oscillater is stable. The other is the Power-up Timer
(PWRT), which provides a fixed delay of 72 ms {nomi-
nal) on power-up only. Itis designed to keep the partin
RESET while the power supply stabilizes. With these
two timers on-chip, most applications need no external
RESET circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from
SLEEP through external RESET, Watchdog Timer
Wake-up, or through an interrupt.

several oscillator options are also made availabie to
allow the part to fit the application. The RC osdillator
option saves system cost while the LP crystal option
saves power. A set of configuration: bits is used ta
select various opltions.

Additional information on special features is available
in the PICmicro™ Mid-Range Reference Manual,
{DS33023).

12.1 Configuration Bits

The configuration bits can be programmed (read as ‘0,
or left unprogrammed (read as '1"), to select various
device configurations. The erased, or unprogrammed
value of the configuration word is 3FFFh. These bits
are mapped in program memory location 2007h.

Itis important to note that addross 2007h Is boyond tho
user program memory space, which can be accessed
only during programming.



PIC16F87X

13.0 INSTRUCTION SET SUMMARY

Each PIC16F87X instruction is a 14-bit word, divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16FBTX instruction
set summary in Table 13-2 lists byte-orianted, bit-ori-
ented, and literal and coatrol operations. Table 13-1
shows the opcode field descriptions.
For byte-oriented instructions, T represents a file reg-
- ister designator and 'd’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of

. the operation is to be placed. If 'd’ is zero, the result is
placed in the W register. 1#'d' is one, the result is placed
in the file register specified in the instruction.

For blt-orianted instructions, 'b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while represents the address of the
file in which the bit is located.

For literal and control operations, 'k’ rapresents an
eight or eleven bit constant or literal value.

TABLE 13-1: OPCODE FiELD
DESCRIPTIONS

Field Description

£ Register file address (0x00 to Ox7F)
Working register (accumulator)

Bit address within an 8-bit file register
Literal figld, constant data or label

Don't care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d Destination select; d = 0: store resultin W,
d = 1: store result in file register f.
Defaultisd=1.

ec | Program Counter
TO Time-out bit

E I e

PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

- Byte-oriented operations

- Bit-oriented operations

« Literal and control operations

All instructions are executed within one single instruc-
tion cydle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cyde executed as a NOE. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an osdillator frequency of 4 MHz, the normal instruction
execution ime is 1 us. Ifa conditional test is true, or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 us.

Table 13-2 lists the instructions recognized by the
MPASM™ assemblier.

Figure 13-1 shows the general formats that the instruc-
tions can have.

All examples use the following format to represent &
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 13-1: GENERAL FORMAT FOR

INSTRUCTIONS
Byte-oriented file register operations
13 8 7 © )
]_ OPCODE | d] ((FILE# |

@ = 0 for destination W
d = 1 for destination
f = 7-bit file register address

Bit-oriented file regisler operations
i3 10 9 7 8 0

r OPCODE 1b(;3|r#){ f (FILE #) J

b = 3-bit kil address
f = 7-bil file register address

Literal and control operations

General
13 8 7
[ opcopE |

0
i (literal) J

k = 8-bitimmediate value

cALL and GOTO instructions only
13 11 10 0
[ orcobE K (literal) ]

= 11-bit immediate value

A description of each instruction is available in the
PICmicro™ Mid-Range Reference Manual, (DS33023).
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TABLE 13-2; PIC16F87X INSTRUCTION SET

14-Bit Opcode Status
“g;’::n'::;' Description Cycles " Lsp | Affectad Notes
BYTE-ORIENTED FILE REGISTER OPERATICNS
ADDWF fd Add W and f 1 o0 0111 dfff fff£ c.DCZ 1,2
ANDWF fd AND W with f 1 oo 0101 dfff £fff Z 1,2
CLRF f Clear f 1 oo oool Lfff £fff Z 2
CLRW - Clear W 1 0o 0001 O3xxx XXXX Z
COMF f,d Complement { 3 co 1001 dfff f££ff 4 1,2
DECF f.d Decrement { 1 0o 0011 Qfff £L£f z 1,2
DECFSZ f,d Decrement f, Skipif 0 1(2) oo 1011 dfff ffff 12,3
INCF f.d Increment 1 og w010 dEff £EfE pA 1.2
INCFSZ fd Increment f, Skip if 0 1{2) 60 111} dfff f£Eff 1,2,3
IORWF fd Inclusive OR W with f 1 00 0100 dfff ffE£f Z 1,2
MOVF f.d Move f 1 oo 1000 d4fff £Lff z 1,2
MOVWF f Move W to f 1 oo 0000 1fff ffff
NOP - No Operation 1 00 0000 Oxx0 0000 i
RLF f,d Rotate Left f through Carry 1 00 1101 dfff f£Eff C .
RRF f,d Rolale Right f through Carry 1 oo 110¢ dfff £ff£ c 1,2
SUBWF t.d Sublract W from f 1 oo ool0 dfff £fff| CDCZ 1.2
SWAPF f.d Swap nibbles in f 1 oo 1110 dfff f£fff . 4
XORWF f,d |Exclusive ORW with{ 1 oo 0110 AfEf £fff 2 4z
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear f 1 01 o00bb bfff £f££ 1.2
BSF fb Bit Setf 1 01 O1lbb bfff f£fff 1.2
BTFSC f.b Bit Test f, Skip if Clear 1(2) 01 10bb bhfff f£fff 3
BTFSS fb Bit Test f, Skip if Set 14{2) 01 11lbb bfff f£Eff 3
' LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk Xxxkk| CDCZ
ANDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL K Call subroutine 2 10 Okkk kkkk kkkk| ___ __
CLRWDT - Clear Waichdog Timer 1 oo oooo o1lc oioo] TOPD.
GOTO k Go to address 2 10  1lkkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk Z
MOVLW k Move literal to W 1 11 00xx kkkk kkik
RETFIE - Retumn from interrupt 2 Qo 000G 0000 1001
RETLW k Return with literal in W 2 11  0lxx kkkk kkkk
RETURN - Return from Subroutine 2 go 0600 0000 1000 _
SLEEP - Ga inlo standby mode 1 go  oooo eilip ool | TOPD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkkx| CDCZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk Z

Note 1: When an VO regisier is modiflad as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themselves. For example, If the data latch is '1' for a pin configured as Input and Is driven low by an external
© davice, the data will be written back with a 0.
2 if this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be dleared if
assigned to the Timer0 module.
3: If Program Counter (PC) s modified, or @ conditional tesl is lrue, the instruction requires two cycles. The second cyde is

execuled as a NOP.
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13.1 Instruction Descriptions

ADDLW Add Literal and W
Syntax: [labef] ADDLW &
Operands: 0skg255
QOperation: (W) + k= (W)
Status Affected: C,DC,Z
Dascription: The contents of the W register
are added to the eight bit literal 'k’
and the resuitis placed in the W
register.
ADDWF Add W and )
Syntax: [fabel] ADDWF fd
Operands: 0sfs127
de [0,1]
Operation: (W) + () - (destination)
Status Affected: C,DC.Z
Description: Add the contents of the W register
with register T If 'd’is 0, the result
is stored in the W register. If 'd" is
1, the result is stored back in
register '
ANDLW AND Literal with W
Syntax: [labefl ANDLW kK
Operands: 05ks255
Operation: (W} .AND. (k) = (W)
Status Affected: Z
Description: The contents of W register are
AND’ed with the eight bit literal
‘K. The result is placed in the W
register.
ANDWF AND W with f
Syntax: {fabef] ANDWF fd
Operands: 0sf<127
de [0.1]
Operation: {W) .AND. {f) — (destination)
Status Affected: Z :
- Description: AND the W register with register

', If 'd' is 0, the result is stored in
the W register. if'd'is 1, the result
is stored back in register 'f.

BCF Bit Clear f

Syntax: [/label] BCF b

Operands: 0=<fg127
0sb«7

Operation: 0 — {f<b>}

Status Affected:  None

Description: Bit 'b' in register 'f is cleared.

BSF Bit Setf

Syntax: [labeff BSF b

Operands: 0<fsg127
0sbs?

Operation: 1 — (f<b>)

Statys Affected:  None

Description: Bit 'b' in register ' is set.

BTFSS Bit Test f, Skip if Set

Syntax: [labef] BTFSS fb

Qperands: D<sfg127
0sb<7

Operation: skip if (f<b=) =1

Status Affected: None

Description: If bit 'p' in register T is ‘0", the next
instruction is executed.
If bit‘b'is '1', then the next instruc-
tion is discarded and a NOP is
axeculed instead, making this a
2Tcy instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [labell BTFSC fb

Operands: 0sf<g127
0<hs7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit 'b' in register T is '1’, the next

instruction is executed.

If bit 't in register 'f, is ‘0", the
next instruction is discarded, and
e e mvmet bad inetaad makino
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CALL Call Subroutine CLRWDT Clear Watchdog Timer
Syntax: [label] CALL k - Syntax: {iabel] CLRWODT
Operands: 0 sk <2047 Qperands: None
QOperation: {PC)+ 1> TOS, Qperation: 00k — WDT
k — PC<10:0>, 0 - WDT prescaler,
(PCLATH<4:3>) — PC<12:11> 1-TO
Status Affected:  None 1P
Description: Call Subroutine. First, return Status Affected:  TO, PD
address (PC+1) is pushed onto Description: CLRWDT instruction resets the
the stack. The eleven-bit immedi- Watchdog Timer. It also resets
ate address is loaded into PC bits the p_r_tg_scaleL_o_f the WDT. Status
<10:0>. The upper bits of the PC bits TO and PD are set.
are loaded from PCLATH. CALL is
a two-cycle instruction.
CLRF Clear f COMF Complement §
Syntax: [fabel] CLRF f Syntax: {label] COMF fd
Operands: 0<f<127 Operands: 0zfg127
Operation: 00n - {f) d € [0.1]
122 Qperation: {f) - (destination)
Status Affected: 2 Status Affected: Z-
Description: The contents of register " are Description: The contents of register f are
cleared and the Z bit is set. complemented. If 'd’is 0, the
result is stored in W. If 'd’ is 1, the
result is stored back in register T
CLRW Clear W DECF Decrement f
Syntax: [fabel] CLRW Syntax: [labef} DECF f,d
Operands: None Operands: 0gf=s127
Operation: . 00h — (W) de [0.1]
12 QOperaticn: {f) - 1 = (destination)
Status Affected: Z Status Affected:  Z
Description: W register is cleared. Zero bit (Z) Description: Docroment register . If 'd’ is 0,

is set.

tha result is stored in the W
register. If 'd’ is 1, the result is
stored back in register .
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incremented. If 'd" is 0, the result
is placed in the W register. If 'd’ is
1, the result is ptaced back in

. register .

M

DECFSZ Decrement f, Skip if 0 INCFSZ Increment f, Skip if 0

Syntax: [fabel] DECFSZ fd Syntax: [fabel] INCFSZ fd

Qperands: 0sf<g127 Operands: D127
d e [0,1] de [0,1]

Operation: (- 1 — (destination); Qperation: (f) + 1 = (destination},
skip ifresult = 0 skip ifresult=0

Status Affected: None Status Affected: None

Description: The contents of register ‘' are Description. The contents of register " are
decremented. If 'd’ is 0, the result incremented. If 'd’ is 0, the resultis
is placed in the W register. If 'd’ is placed in the W register, If 'd’is 1,
1, the result is placed back in the result is placed back in
register . register .
If the result is 1, the next instruc- If the result is 1, the next instruc-
tidn Is exscuted. If the result s O, tion is executed. If the result is 0,
then a NOPE is executed instead a NOP is executed instead, making
making it a 2Tcy instruction. it a 2Tcy instruction.

GOTO Unconditional Branch IORLW Inclusive OR Litaral with W

Syntax: [fabel] GOTO k Syntax: [label] 1ORLW kK

Operands: D <k <2047 Operands: Dsks255

QOperation: k — PC<10:0> Operation: (W) .OR. k = (W)
PCLATH<4:3> — PC<12:11> Status Affected: 2

Status Affected:  None Description: The contents of the W register are

Description: GOTO is an unconditional branch. OR’ed with the eight bit literal ''.
The eleven-bit immediate value is The result is placed in the W
loaded into PC bits <10:0>. The register.
upper bits of PC are loaded from
PCLATH<4:3>, GOTC is a two-
cycle instruction.

INCF Increment f IORWF Inclusive OR W with f

Syntax: [fabel] INCF fd Syntax: [label] IORWF fd

Operands: 0<f<127 Operands: D<gfg 127
de [0,1] de [0,1]

Operaljon: {fy + 1 —» (destination} Operalion: (W) .OR. {f) — (destination)

Status Affected: Z Status Affected:  Z

Description: The contenis of register '’ are Description: inclusive OR the W register with

register 'f'. If 'd" is O the resultis
placed in the W register. If 'd" is 1
the result is placed back in
register 'f.
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RLF Rotate Left f through Carry

Syntax: [label] RLF fd

Qperands: 0D<fs27
d e [0.1]

Operation: See description below

Status Affected:  C

Description: The contents of register T are rotated
one bit to the left through the Camy
Flag. If 'd'is 0, the result is placod in
the W register. If 'd"is 1, the resuitis
stored back in register ¥,

RETURN Return from Subroutine

Syntax: [fabel] RETURN

Operands: None

Operation: TOS — PC

Status Affected:  None

Description: Return from subroutine. The stack
is POPad and the top of the stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.

RRF Rotate Right f through Carry

Syntax: [label] RRF fd

Operands: 0sfg127
de [0,1].

Operation: See description below

Status Affected: C

Description: The contents of register 'f are

rotated one bit to the right through
the Carry Flag. If 'd'is 0, the rosull
is placed in the W register. If 'd"is
1, the result is placed back in
register .

SLEEP
Syntax: [fabel] SLEEP
Operands: None
QOperation: 00h — WDT,
0 - WOT prescaler,
170,
0 PD
Status Affected: TO, PD
Description: The power-down status bil, F’__ﬁ_is
cleared. Time-out stapus bit, TO
is set. Watchdog Timer and its
prescaler are cleared.
The processor is putinto SLEEP
mode with the oscillator stopped.
SuBLW Subtract W from Literal
Syntax: [fabel] SUBLW k
Operands: 0<k<255
Operation: k - (W) = (W)
Status Affected: C,DC,Z
Description: The W register is subtracted (2's
complement method) from the
sight-bit literal 'k'. The resultis
placed in the W register.
SUBWF Subtract W from f
Syntax: [label] SUBWF fd
Operands: 0sf<127
de [0,1]
Operation: (f} - (W) — (destination)
Status C,DCZ
Affected:
Description: Subtract (2's complement method)

W regislor from register 1. If 'd" is 0,
the result is stored in the W
register. I 'd* is 1, the result is
stored back in register 'f.
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Exclusive OR W with f

SWAPF Swap Nibbles in f XORWF
Syntax: [label] SWAPF f.d Syntax:
Operands: 0<fs127 QOperands:
’ d e [0,1]
Operation: {f<3:0=) = (destination<7:4>), Qperation:
(f<7:4>) = (destination<3:0>) Status Affected:
Status Affected:  None Description:
Description: The upper and lower nibbles of
register T ara exchanged. if 'd’is
0, the result is placed in the W
register. If 'd’is 1, the result is
placed in register f.
XORLW Exclusive OR Literal with W
Syntax: [fabefl XORLW Kk
Qperands: D<k<255
Operation: (W) XOR. k -+ (W)
Status Affected: Z
Description: The contents of the W register

are XOR'ed with the eight-bit lit-
eral 'k'. The result is placed in
the W register.

labefl XORWF fd
0sfg127

d e [0,1]

fw) XOR. {f) - {destination)
Z .

Exclusive OR the contents of the
W register with register 'f. If'd"is
0, the result is stored in the W
register. If 'd' is 1, the result is
stored back in register T
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Centronics

General

One of the most used printer interfaces, since every Intel/DOS/Windows
based Personal Computer today has a Sub-D25 female connector which is
called LPT1.

Pinning 36 pin Amphenol

MalelFemale

| | R———
IPin Signal labbr.  |[Source
1 Dga Strobe (low) [STROBEjComputer
2 iData Bit 1 (LSB) D1 Computer
3 [DataBit 2 D2 Computer
4 IData Bit 3 D3 Computer
5 |Data Bit 4 04 [Computer
6 [Data Bit 5 D5 Computer
|7 Data Bif 6 D6 Computer
|8 [Data Bit 7 D7 Computer
lo |Data Bit 8 (LSB) D8 IComputer
10 JlAcknowledge (low) |ACK JlPrin’rer
11 [Busy (high) BUSY |Printer
12 JPaper End (high)  |PE Printer
13 JSelect (nigh) ___|SEL__|Printer

14 |Supply Ground -

15 fOscillator Transmit Printer
16 |lLogical Ground -
Emssis Ground -
18 J+5 Vde _ +V Printer
19 IReTur‘n Data Strobe -
20 ||ReTurn Data Bit 1 ' \-
21 ]IEe.Tur‘n Data Bit 2 -




11 [Busy (high) BUSY |Printer |

12 [Paper End (high) PE [Printer

13 [Select (high) SEL _ |Printer

14 |Auto Lin;?eed (low) LF Computer

15 [[Error (low) ERROR [Printer

16 ITnitialize Printer (prime-low)|PRIME {Computer

17 [[Select Input (low) - ISEL Computer
18 |Return/ground GND -

_—"Re’rurnlgr'_und GND -

20 ||Re‘rur'n /ground GND -

21 \\Refurn/;round GND -

22 [Return/ground G6ND |-

23 [Return/ground Teno

24 |Return/ground leND -

25 Refur'nig:ﬁaund I6GND -

Functional Description

STROBE: Active low pulse used to transfer Pulse width must be between
data into the printer. 0.5 and 500 microseconds for
most printers.
Dn: Data lines, high is a one.

ACK:  Active low pulse indicates that
data has been received and the
printer is ready to accept more.

BUSY: A high signal indicates that the
printer cannot receive data.
PE: A high signal indicates that the
printer is out of paper (Paper
End)
SELECT A high signal indicates that the



ouUT:

AUTO

FEED:
OSCXT:

+5V:

PRIME:

FAULT:

LINE
COUNT:
SELECT

IN:

printer is on-line

A low signal indicates to the
printer that a line feed is
required after each Carriage
return.

A 100-200 KHz signal used by
true Centronics printers only.
+5Vdc

A low signal resets the printer to
its power-up state and the
printer buffer is cleared

A low signal indicates that the
printer is in an off-line or error
state

Used by true Centronics printers
only.

A high signal indicates to the
printer that a'DC1/ DC3 code is
valid.

Sub-D25 1o Cenironics cable

Sub-D25

O 00~ O 3 b whny

Centronics 36
-1
4
-3
-4
---5
--—-6
-7
---8
---9

This signal is usea as a
ground line by some
manufacturers.

Not provided by all
manufacturers

Most of the time not used

This signal is used by a few
manufacturers
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