
Building an Analog Communications System

— Communicate between two PICs with analog

signals.

— Analog signals have continous range.

— Analog signals must be discretized.

— Digital signal converted to analog

� Digital signal converted to analog pulses

� Filter used to create DC value

— Analog signal converted to digital

� Sample analog value at fixed times.

� Convert to 10-bit digital.
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Description of the Assignment

Sending Terminal

SP233 SP233

RX

TX

CCP1

Transmitting
    16F877

 Receiving
    16F877

 Receiving
  Terminal

4K Ohms

0.01uF

Low−pass
   Filter

AN0

TX

RX

— Keyboard receives values via receive interrupt.

— Keyboard sends ’r’, ’s’, ’t’, ’l’, ’e’, SPACE

— Sending PIC converts ASCII value to analog voltage

— Receiving PIC converts analog to digital value

— Digital value converted back to ASCII

— Character sent to receiving terminal.
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Receive Interrupts PIE1

  1999 Microchip Technology Inc. DS30292B-page 21

PIC16F87X

2.2.2.4 PIE1 REGISTER

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

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

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

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n= Value at POR reset

bit7 bit0

bit 7: PSPIE(1): Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

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

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

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

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

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

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

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

Note 1: PSPIE is reserved on 28-pin devices; always maintain this bit clear.
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Understanding Pulse Width Modulation

Period

Duty Cycle

Pulse−width
Modulated Signal

0V

5V

Filtered Pulse−width
Modulated Signal
with long time const.

Filtered Pulse−width
Modulated Signal
with short time const

— Create DC value from square wave.

— DC value depends on duty cycle.

— Create with low-pass filter
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Keys to Accurate PWM 16F877

— Base period should be short (frequency high)

— Duty cycle can be varied to create different DC

values.

— Period and duty cycle set through PIC registers.

— Only 6 different voltages needed.

— Note PIC only drives signal between 0 and 5V.
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Pulse Width Modulation Unit Overview

Duty Cycle (10 bits)

Duty Cycle (10 bits)
       (Buffered)

Comparator

Base Period Counter
          (10 bits)

Comparator

Timer 2 Constant

Load

S

R

Clear Timer, CCP1 pin, and
latch duty cycle

TRISC<2>

CCP1

CCPRL1: CCP1CON<5:4>

CCPRH1

TMR2

PR2

— Timer 2 controls PWM period

— CCPR1L and CCP1CON hold duty cycle counter
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Pulse Width Modulation Unit CCP1CON

PIC16F87X

DS30292A-page  58   1999 Microchip Technology Inc.

REGISTER 8-1: CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1dh) 

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — CCPxX CCPxY CCPxM3 CCPxM2 CCPxM1 CCPxM0 R = Readable bit
W = Writable bit
U = Unimplemented bit, read as 

‘0’
- n = Value at POR reset

bit7 bit0

bit 7-6: Unimplemented: Read as ’0’

bit  5-4: CCPxX:CCPxY: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

bit  3-0: CCPxM3:CCPxM0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)
1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is unaffected)
1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected); CCP1 resets

TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is enabled)
11xx = PWM mode
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Pulse Width Modulation Unit Other Registers

PIC16F87X
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TABLE 8-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

TABLE 8-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on:

POR,
BOR

Value on
all other
resets

0Bh,8Bh,
10Bh,18Bh

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

0Dh PIR2 — — — — — — — CCP2IF ---- ---0 ---- ---0

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

8Dh PIE2 — — — — — — — CCP2IE ---- ---0 ---- ---0

87h TRISC PORTC Data Direction Register 1111 1111 1111 1111

0Eh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register xxxx xxxx uuuu uuuu

0Fh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register xxxx xxxx uuuu uuuu

10h T1CON — — T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON --00 0000 --uu uuuu

15h CCPR1L Capture/Compare/PWM register1 (LSB) xxxx xxxx uuuu uuuu

16h CCPR1H Capture/Compare/PWM register1 (MSB) xxxx xxxx uuuu uuuu

17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1M0 --00 0000 --00 0000

1Bh CCPR2L Capture/Compare/PWM register2 (LSB) xxxx xxxx uuuu uuuu

1Ch CCPR2H Capture/Compare/PWM register2 (MSB) xxxx xxxx uuuu uuuu

1Dh CCP2CON — — CCP2X CCP2Y CCP2M3 CCP2M2 CCP2M1 CCP2M0 --00 0000 --00 0000

Legend:  x = unknown, u = unchanged, - = unimplemented read as ’0’. Shaded cells are not used by Capture and Timer1.
Note 1: The PSP is not implemented on the PIC16F873/876; always maintain these bits clear.

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on:

POR,
BOR

Value on 
all other
resets

0Bh,8Bh,
10Bh,18Bh

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

0Dh PIR2 — — — — — — — CCP2IF ---- ---0 ---- ---0

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

8Dh PIE2 — — — — — — — CCP2IE ---- ---0 ---- ---0

87h TRISC PORTC Data Direction Register 1111 1111 1111 1111

11h TMR2 Timer2 module’s register 0000 0000 0000 0000

92h PR2 Timer2 module’s period register 1111 1111 1111 1111

12h T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 -000 0000

15h CCPR1L Capture/Compare/PWM register1 (LSB) xxxx xxxx uuuu uuuu

16h CCPR1H Capture/Compare/PWM register1 (MSB) xxxx xxxx uuuu uuuu

17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1M0 --00 0000 --00 0000

1Bh CCPR2L Capture/Compare/PWM register2 (LSB) xxxx xxxx uuuu uuuu

1Ch CCPR2H Capture/Compare/PWM register2 (MSB) xxxx xxxx uuuu uuuu

1Dh CCP2CON — — CCP2X CCP2Y CCP2M3 CCP2M2 CCP2M1 CCP2M0 --00 0000 --00 0000

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PWM and Timer2.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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Pulse Width Modulation Unit Timer2 Register

  1999 Microchip Technology Inc. DS30292B-page 55
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7.0 TIMER2 MODULE
Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module(s). The TMR2 reg-
ister is readable and writable, and is cleared on any
device reset.

The input clock (FOSC/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register PR2.
Timer2 increments from 00h 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 ini-
tialized to FFh upon reset.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR2ON
(T2CON<2>) to minimize power consumption.

Register 7-1 shows the Timer2 control register.

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

7.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs: 

• a write to the TMR2 register
• a write to the T2CON register
• any device reset (POR, MCLR reset, WDT reset 

or BOR)

TMR2 is not cleared when T2CON is written.

7.2 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
SSPort module, which optionally uses it to generate
shift clock.

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

Comparator

TMR2
Sets flag

TMR2 reg

output (1)

Reset

Postscaler

Prescaler

PR2 reg

2

FOSC/4

1:1 1:16

1:1, 1:4, 1:16

EQ

4

bit TMR2IF

Note 1: TMR2 register output can be software selected 
by the SSP module as a baud clock.

to

T2OUTPS3:
T2OUTPS0

T2CKPS1:
T2CKPS0

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7: Unimplemented: Read as '0'

bit 6-3: TOUTPS3:TOUTPS0: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale
•
•
•
1111 = 1:16 Postscale

bit 2: TMR2ON: Timer2 On bit
1 = Timer2 is on
0 = Timer2 is off

bit 1-0: T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits
00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16
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Configuring the PWM Timer2 Period

— PMW period = [(PR2)+1] × 4 × Tosc × (TMR2 prescale value)

— Desire to have high frequency (no pre- or post-

scalar)

— Set period so that six easily specified duty cycles can

be achieved.

� Hint: set counter to overflow with 5us period

— Set PR2 value appropriately.
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Configuring the PWM Duty Cycle

— PMW duty cycle = (CCPRL1:CCP1CON < 5 : 4 >) × Tosc × (TMR2

prescale value)

— Desire to have high frequency (no pre- or post-

scalar)

— Set duty cycle to be a fraction of period (e.g. 0, 1
5,

2
5, etc.)

— Set values in CCPRL1 and CCP1CON<5:4> to

match duty cycle.

— Measure result using oscilloscope without low-pass

filter.
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Configuring the PWM Step-by-step

1. Set the PWM register by writing to the PR2

register.

2. Set PWM duty cycle in CCPR1L and

CCP1CON < 5 : 4 >.

3. Make the CCP1 pin an output by clearing

TRISC<2> bit.

4. Set TMR2 prescale value.

5. Enable Timer2 by writing to T2CON

6. Configure the CCP1 module for PWM operation.
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Analog-to-Digital Conversion Overview

— Discretize analog voltages.

— Assign voltage range to digital value.

Figure 10-1 of Peatman book.
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Analog-to-Digital Conversion Overview

— Discretize analog voltages (between 0 - 5V).

— Develop relationship between analog and digital

values (10 bit A/D)

� Examples (max 10 bits = digital value 1023):

� digital value 1023 = 5V analog.

� digital value 0 = 0V analog.

� digital value 511 = 2.5V analog.

� digital value 205 = 1V analog.

— Assign voltage range to specific analog.

� 0V: Vin < 0.5

� 1V: 0.5 < Vin < 1.5

� 2V: 1.5 < Vin < 2.5

� 3V: 2.5 < Vin < 3.5

� 4V: 3.5 < Vin < 4.5

� 5V: 4.5 < Vin

— Check read digital value against predicted range.

— Determine if new value has been sent.
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Analog to Digital Converter ADCON0 Register

  1999 Microchip Technology Inc. DS30292B-page 111
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11.0 ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the
input into the converter. The converter then generates
a digital result of this analog level via successive
approximation. The A/D conversion of the analog input
signal results in a corresponding 10-bit digital number.
The A/D module has high and low voltage reference
input that is software selectable to some combination
of VDD, VSS, RA2 or RA3.

The A/D converter has a unique feature of being able to
operate while the device is in SLEEP mode. To operate
in sleep, the A/D clock must be derived from the A/D’s
internal RC oscillator.

The A/D module has four registers. These registers
are:

• A/D Result High Register (ADRESH)
• A/D Result Low Register (ADRESL)

• A/D Control Register0 (ADCON0)
• A/D Control Register1 (ADCON1)

The ADCON0 register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage refer-
ence) or as digital I/O.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023).

REGISTER 11-1: ADCON0 REGISTER (ADDRESS: 1Fh)        

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0

ADCS1 ADCS0 CHS2 CHS1 CHS0 GO/DONE — ADON R  = Readable bit
W  = Writable bit
U  = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7-6: ADCS1:ADCS0: A/D Conversion Clock Select bits
00 = FOSC/2
01 = FOSC/8
10 = FOSC/32
11 = FRC (clock derived from an RC oscillation)

bit  5-3: CHS2:CHS0: Analog Channel Select bits
000 = channel 0, (RA0/AN0)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)
101 = channel 5, (RE0/AN5)(1)

110 = channel 6, (RE1/AN6)(1)

111 = channel 7, (RE2/AN7)(1)

bit 2: GO/DONE: A/D Conversion Status bit
If ADON = 1
1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (This bit is automatically cleared by hardware when the A/D conversion is complete)

bit 1: Unimplemented: Read as '0'

bit 0: ADON: A/D On bit
1 = A/D converter module is operating
0 = A/D converter module is shutoff and consumes no operating current

Note 1: These channels are not available on the 28-pin devices.
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Analog to Digital Converter ADCON2 Register

PIC16F87X
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)           

 U-0 U-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

ADFM — — — PCFG3 PCFG2 PCFG1 PCFG0 R  = Readable bit
W  = Writable bit
U  = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7: ADFM: A/D Result format select
1 = Right Justified. 6 most significant bits of ADRESH are read as ‘0’.
0 = Left  Justified. 6 least significant bits of ADRESL are read as ‘0’.

bit 6-4: Unimplemented: Read as ’0’

bit 3-0: PCFG3:PCFG0: A/D Port Configuration Control bits 

 

 

A = Analog input 

D = Digital I/O 

Note 1: These channels are not available on the 28-pin devices.
2: This column indicates the number of analog channels available as A/D inputs and the numer of analog channels 

used as voltage reference inputs.

PCFG3:
PCFG0

AN7(1)

RE2
AN6(1)

RE1
AN5(1)

RE0
AN4
RA5

AN3
RA3

AN2
RA2

AN1
RA1

AN0
RA0

VREF+ VREF-
CHAN /
Refs(2)

0000 A A A A A A A A VDD VSS 8/0

0001 A A A A VREF+ A A A RA3 VSS 7/1

0010 D D D A A A A A VDD VSS 5/0

0011 D D D A VREF+ A A A RA3 VSS 4/1

0100 D D D D A D A A VDD VSS 3/0

0101 D D D D VREF+ D A A RA3 VSS 2/1

011x D D D D D D D D VDD VSS 0/0

1000 A A A A VREF+ VREF- A A RA3 RA2 6/2

1001 D D A A A A A A VDD VSS 6/0

1010 D D A A VREF+ A A A RA3 VSS 5/1

1011 D D A A VREF+ VREF- A A RA3 RA2 4/2

1100 D D D A VREF+ VREF- A A RA3 RA2 3/2

1101 D D D D VREF+ VREF- A A RA3 RA2 2/2

1110 D D D D D D D A VDD VSS 1/0

1111 D D D D VREF+ VREF- D A RA3 RA2 1/2
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Analog to Digital Converter Result Justification

PIC16F87X
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11.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits
wide. The A/D module gives the flexibility to left or right
justify the 10-bit result in the 16-bit result register. The
A/D Format Select bit (ADFM) controls this justifica-
tion. Figure 11-4 shows the operation of the A/D result
justification. The extra bits are loaded with ’0’s’. When
an A/D result will not overwrite these locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

11.5 A/D Operation During Sleep   

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCS0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed the GO/DONE bit will be cleared and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from

SLEEP. If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.    

11.6 Effects of a Reset   

A device reset forces all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted. 

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

FIGURE 11-4: A/D RESULT JUSTIFICATION      

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCS0 = 11). To allow the con-
version to occur during SLEEP, ensure the
SLEEP instruction immediately follows the
instruction that sets the GO/DONE bit.

10-Bit Result

ADRESH ADRESL

0000 00

ADFM = 0

02 1 0 77

10-bit Result

ADRESH ADRESL

10-bit Result

0000 00

7 0 7 6 5 0

ADFM = 1

Right Justified Left Justified
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Analog to Digital Converter Hardware Interface

PIC16F87X
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FIGURE 11-1: A/D BLOCK DIAGRAM        

11.1 A/D Acquisition Requirements    

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The
source impedance (RS) and the internal sampling
switch (RSS) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (RSS) impedance varies over the device voltage
(VDD), Figure 11-2. The maximum recommended
impedance for analog sources is 10 kΩ. As the
impedance is decreased, the acquisition time may be
decreased. After the analog input channel is selected
(changed), this acquisition must be done before the
conversion can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time, TACQ, see
the PICmicro™ Mid-Range Reference Manual
(DS33023).

(Input voltage)

VAIN

VREF+

(Reference
voltage)

VDD

PCFG3:PCFG0

CHS2:CHS0

RE2/AN7(1)

RE1/AN6(1)

RE0/AN5(1)

RA5/AN4

RA3/AN3/VREF+

RA2/AN2/VREF-

RA1/AN1

RA0/AN0

111

110

101

100

011

010

001

000

A/D
Converter

Note 1: Not available on 28-pin devices.

VREF-

(Reference
voltage)

VSS

PCFG3:PCFG0
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Analog-to-Digital Conversion Step-by-step

— Initialize A/D registers (ADCON0, ADCON1)

— Set Timer 0 to overflow every 512 us.

� A/D must wait a fixed amount of time before

starting next conversion.

— Perform Loop:

� Set ADCON0 bit to start conversion.

� Poll ADCON0 bit to see if conversion finished.

� Poll INTCON bit to see if Timer 0 overflow

occured.

� Clear Timer 0 interrupt

� Perform conversion

� Check if values matches previous.

� Send to CRT if new value.

— You can use interrupts if you choose.
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Assignment 4 Reading

Pulse-width Modulation:

— Peatman 114-119 (ignore first paragraph on 114).

— 16F877 data sheet 55-62

A/D conversion:

— Peatman - chapter 10

— 16F877 data sheet 47-49, 111-119
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Assignment 4 Summary

— Build primitive analog communication system.

— Keyboard sends character to PIC.

— Value assigned a ’digital’ voltage.

� ’r’ = 0V

� ’s’ = 1V

� ’t’ = 2V

� ’l’ = 3V

� ’e’ = 4V

� SPACE = 5V

— Value converted to analog, transmitted.

— Value received by second PIC

— Value converted back to ’digital’.

— Value converted from ’digital’ to associated

character.

— If value has changed from previous transmission

� Send new value to CRT

— For demo, your kit should work as a transmitter,

receiver, or both.
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