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The PIC16C74 is one of the latest mid-range microcon-
trollers from Microchip Technology Inc. In this article we
will be addressing a few of the new features and
peripherals of this new part. The main focus will be on
the A/D (Analog-to-Digital) Converter, the SCI (Serial
Communication Interface), and the PWM (Pulse Width
Modulator). Our intention is to give you a small program
that initializes these peripherals as well as exercises
them. A schematic is provided. The PICDEM™ 2 board
from Microchip will run this program. The second trim-
pot does not exist on the PICDEM 2 board, so the sec-
ond A/D value may float around. The second trimpot is
only used to show a method of changing A/D input pins.
If you are using the PICDEM 2 board, then the LED and
a current limiting resistor must be connected to the
PWM output. When the program is run, the RS-232 ter-
minal will display two A/D values. The brightness of an
LED is adjusted using pulse width modulation. The duty
cycle is determined by the trimpot setting.

Assumptions

Although dangerous, sometimes we need to make
assumptions. For this discussion on the PIC16C74, let
us agree that RAO and RA1 will be connected through
a series resistor to the wipers on two potentiometers,
with the other ends connecting across Vbb and ground
(see schematic). The oscillator clock will be 4 MHz.
First, we'll read an A/D input, send its result out the
serial port (to be displayed on a PC terminal program),
and then switch to the next channel. We will adjust the
PWM output pulse width to match the first potentiome-
ter. Each time we are ready to begin a new sequence,
we will first send a pair of sync bytes to signal the
receiving processor. To simplify our discussion, we will
forgo using interrupts and we will do this in a polled
fashion. The Watchdog Timer is disabled for this
program.

To ensure there are no surprises, it is a good idea to ini-
tialize every Special Function Register (SFR) and data
register to some known value prior to use.

A/D Converter Mysteries

The A/D converter and its eight input channels will be
our first topic. Setting up the A/D converter involves two
special function registers:

« ADCONO
« ADCON1

In the program included with this article, is a code seg-
ment initad that sets up the A/D. ADCONO is the
work horse register for this peripheral. This register is
used to select the conversion clock frequency and
channel. This register is also where we signal the start
of a conversion and detect the completion of a conver-
sion. ADCONL1 has only one purpose in life for this part,
and that is A/D port configuration. When ADCON1 is
used, it does not override the TRISA register controls.
The TRISA register must be set up. Once these regis-
ters are set up, all the program has to do is select the
desired pin and set the GO/DONE bit in ADCONO. The
program then waits for the conversion complete bit,
GO/DONE, to be cleared by hardware. Then the
ADRES (A/D conversion result register) register is
read. The value from the first pot's conversion is then
used to adjust the PWM pulse width, thereby adjusting
the LED brightness.

FIGURE 1: PWM PULSE WIDTH
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Pulse Width Modulation (PWM)

The PORTC<1> pin is used as the PWM output. The
registers that need to be set up for this PWM operation
are:

« TRISC

« T2CON

« CCPR2L

« PR2

* CCP2CON.

The code initpwm is an example of what might be
done to initialize the PWM module. TRISC was cleared
earlier, thus setting PORTC as output. By writing a "4"
to the T2CON register, we will set the prescaler equal
to 0 and select TIMER2 operation. Writing a OFh to the
CCP2CON register selects PWM mode and standard
resolution. The OFh written to the CCPR2L register sets
the high period to a low value initially. Setting the PR2
register to FFh allows the CCPR2L value (from the A/D
converter result) to approach a 100% duty cycle. Now
we can control the brightness of the LED attached to
this pin by adjusting the pot on pin RAO and writing the
A/D result to the CCPR2L register, as already
described earlier.

SCI

The Serial Communications Interface Module is our
RS-232 communications channel. We will configure the
SCI as an asynchronous full duplex serial port. This is
done with the routine at initsci inthe program pro-
vided. There are a few fine points to remember relative
to this peripheral. The baud rate is determined by a
dedicated eight-bit baud rate generator and can be
used to derive standard baud rate frequencies from the
oscillator. Since we are not using interrupts, there are
only five registers to deal with:

« RCSTA - receiver status

e TXSTA - transmitter status

¢ TXREG - transmit buffer

* RCREG - receive buffer

* SPBRG - to set the baud rate generator

FIGURE 2: SERIAL COMMUNICATIONS
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First global interrupts are disabled. The initsci code
does the serial port setup and the sendat code han-
dles the actual sending of the data.

The SCl is setup for 2400 baud, 8 data bits and 1 STOP
bit with no parity. A terminal program, such as
TERMINAL in Windows®, set to the same settings can
be used to see our output. If you use the Windows
TERMINAL program, then set the communications
parameters to 2400 baud, 8 data bits, 1 STOP bit, no
parity and hardware handshake.

Tying The Pieces Together

The main loop for getting the process running and
restarting it again is mloop. The adcnvrt routine han-
dles port pin selection and actual conversion control.
The dopwm routine handles updating the PWM duty
cycle register CCPR2L. The routine sendat checks
transmit ready status and loads the transmit buffer
when the status reports ready. You will notice there is
no error recovery routine. It is up to the user to deter-
mine.

Here is what the program will do:

Once all peripherals have been initialized, two sync
bytes "< >" are sent to the terminal. The A/D conversion
results are then sent and the LED brightness is
adjusted to match the RAO trimpot setting. To simplify
displaying A/D values, only the highest nibble is used,
and thirty is added to put it into an ASCII range.
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The software supplied herewith by Microchip Technology Incorporated (the "Company") is intended and supplied to you, the Com-
pany’s customer, for use solely and exclusively on Microchip prod-ucts.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN "AS IS" CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPE-
CIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

Software License Agreement

APPENDIX A: CARE AND FEEDING OF PIC16C74 SOURCE CODE

LIST P=16C74

INCLUDE P16CXX.INC

Adcnt equ
Adcntw equ
Temp equ
org
goto
org
init becf
clrf
clrf
clrf
clrf
clrf
clrf
clrf
clrf
bsf
clrf
clrf
clrf
clrf
movlw
movwf
bcf
initad movlw
movwf
bsf
movlw
movwf

initsci movlw
movwf
movlw
movwf
becf
movlw
movwf
clrf
clrf

initpwm movlw
movwf
movlw
movwf
movlw
movwf
bsf
movlw
movwf

20h

21h

22h

0

init

5h
INTCON, 7
PORTA
PORTB
PORTC
PORTD
PORTE
Adcnt
Adcntw
Temp
STATUS
TRISB
TRISC
TRISD
TRISE
0Bh
TRISA
STATUS, RPO
0Clh
ADCONO
STATUS, RPO
4

ADCON1

19h

SPBRG

20h

TXSTA
STATUS, RPO
80h

RCSTA
TXREG
RCREG

4h

T2CON

0fh
CCP2CON
0fh
CCPR2L
STATUS, RPO
0ffh

PR2

;new include file that comes with MPASM (on BBS)

;a/d converter pin count register

;a/d converter pin work register

jtemporary data holding register seems we always need one

;9o to where our code really begins

;begin program above interrupt service vector address

;make sure we don’t get interrupted

;don’t rely on anything, set port latches where you want them

jclear RAM registers we will be using

,RPO ;switch to page 1 to access trisX registers
;set all ports outputs

;just for this program to minimize current

; and prevent pins from floating

;set analog inputs as inputs, the rest as outputs
;Internal RC A/D clock, input channel 0 , A/D on

i (user must wait for specified period before sampling)
;select page 1 of the SFRs

;setup a/d inputs on RAO, RA1l and RA3 with Vref = vdd
;we are still in page 1 of the SFRs

;jsetup 2400 baud

;setup for async operations

;jback to page 0 for a moment
;enable serial port operations and the associated pins

jclear our serial port buffers for start up

;setup T2CON with prescaler = 0 and timer2 on

;setup capture/compare to PWM mode standard resolution
;set compare register to half for now

;jselect page 1 for the PR2 register

© 2002 Microchip Technology Inc.
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bcf STATUS,RPO
mloop movliw 0dh ;jsend a carriage return character
call sendat
movlw  3ch ijbegin main loop for data gathering and serial transmission
call sendat ;jthese are our sync bytes to tell receiving micro a new
movlw 3eh ;sequence is beginning
call sendat
clrf Adcnt jour first time through select ANO pin
adloop call adcnvrt ;go do a conversion and send the result
movE Adcnt, 0 jget Adcnt into the W register
xorlw 2 ; (# determines number of AD inputs to scan)
btfss STATUS, 2 ;have we sampled all of the pins yet?
goto dopwm ;jgo adjust the PWM output
goto mloop ;jall done go do it again
adcnvrt movE Adcnt, 0 ;get a/d count value
movwf  Adcntw ;jput in work register
bcf STATUS, 0 jclear the carry flag for the upcoming rotate operations
rlf Adcntw, 1 ;rotate left and leave the number in adcntw
rlf Adcntw, 1 ;need to do it three times to put the count in the right
rlf Adcentw, 1 ;position to select the next A/D pin
movlw 0Clh ;load the initial ADCONO value excepting channel select
iorwf Adcntw, 0 ;set the pin select bits we want
movwf ADCONO ;set the new ADCONO with new channels selected
call wait ;wait about twenty micro seconds
bsf ADCONO, 2 ;start conversion
incf Adcnt ;jincrement pin counter register
adwait btfsc ADCONO, 2 ;wait for conversion done
goto adwait ;jnot done yet
swapf  ADRES, 0 jconversion done, swap result nibbles into W register
andlw OFh ;mask off the upper nibble to limit number to an ascii range
addlw 30h ;convert to ascii character to make it visible on terminal
sendat bsf STATUS, RPO ;select page one
btfss TXSTA, 1 ;check transmit status ready to send
goto sendat ;1f not ready go try again
bcf STATUS, RPO ;jback to page 0
movwf TXREG ;transmit buffer empty send new data
return
dopwm  movf ADRES, 0 ;get the a/d conversion value
movwf  CCPR2L ;put the value into the PWM duty cycle register
goto adloop
wait movliw 08h ;do a wait loop of before using a/d converter
movwf Temp
wl decfsz Temp
goto wl
return
end jend of program
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FIGURE A-1: PIC16C74 DEMO SCHEMATIC
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NOTES:
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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REGISTERED FIRM
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Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEYV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Term Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

Q Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizonain July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.

© 2002 Microchip Technology Inc.
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