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Block Diagram

FIGURE 121: ADC BLOCK DIAGRAM
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Description

The Analog-to-Digital Converter (ADC) allows conversion of an
analog input signal to a 10-bit binary representation of that signal.
This device uses analog

— Inputs, which are multiplexed into a single sample and hold circuit.

— The output of the sample and hold is connected to the input of the
converter.

— The converter generates a 10-bit binary result via successive
approximation and stores the conversion result into the ADC result
registers (ADRESL and ADRESH).

— The ADC voltage reference is software selectable to be either internally
generated or externally supplied.

— The ADC can generate an interrupt upon completion of a conversion.
Interrupts can be used to wake-up the device from Sleep.



ADC Configuration

When configuring and using the ADC the
following functions must be considered:

Port configuration

Channel selection

ADC voltage reference selection
ADC conversion clock source
Interrupt control

Results formatting



ADC Configuration

« Port Configuration

— The ADC can be used to convert both analog and
digital signals.

— When converting analog signals, the 1/O pin should
be configured for analog by setting the associated
TRIS and ANSEL bits.

« Channel selection

— The CHS bits of the ADCONO register determine
which channel is connected to the sample and hold
circuit.

— When changing channels, a delay is required before
starting the next conversion.



ADC Configuration

ADC VOLTAGE REFERENCE

— The VCFG bits of the ADCONO register provide independent control of the
positive and negative voltage references.
» The positive voltage reference can be either VDD or an external voltage source.

» Likewise, the negative voltage reference can be either VSS or an external voltage
source.

CONVERSION CLOCK

— The source of the conversion clock is software selectable via the ADCS bits of
the ADCONT1 register. There are seven possible clock options:
« FOSC/2
FOSC/4
FOSC/8
FOSC/16
FOSC/32
FOSC/64
* FRC (dedicated internal oscillator)
— The time to complete one bit conversion is defined as TAD. One full 10-bit
conversion requires 11 TAD periods



Conversion Process

FIGURE 12-2: ANALOG-TO-DIGITAL CONVERSION Tao CYCLES
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Interrupts

 The ADC module allows for the ability to
generate an interrupt upon completion of
an Analog-to-Digital conversion.
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ne ADC interrupt flag is the ADIF bit in the
R1 register.

ne ADC interrupt enable is the ADIE bit

—in the PIE1 register.
— The ADIF bit must be cleared in software
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Result Formatting

0-bit A/D conversion result can be
ied in two formats, left justified or
ustified.

 The ADFM bit of the ADCONO register

controls the output format.

FIGURE 12-3: 10-BIT A'D CONVERSION RESULT FORMAT
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ADC Operation

« STARTING A CONVERSION

— To enable the ADC module, the ADON bit of the
ADCONO register must be setto a ‘1’.

— Setting the GO/DONE bit of the ADCONO register to a
1" will start the Analog-to-Digital conversion.

« COMPLETION OF A CONVERSION

* When the conversion is complete, the ADC
module will:
— Clear the GO/DONE bit
— Set the ADIF flag bit

— Update the ADRESH:ADRESL registers with new
conversion result



A/D Conversion Procedure

This is an example procedure for using the ADC to perform an Analog-to-Digital
conversion:
1. Configure Port:
Disable pin output driver (See TRIS register)
Configure pin as analog
2. Configure the ADC module:
Select ADC conversion clock
Configure voltage reference
Select ADC input channel
Select result format
Turn on ADC module
3. Configure ADC interrupt (optional):
Clear ADC interrupt flag
Enable ADC interrupt
Enable peripheral interrupt
Enable global interrupt(1)
4. Wait the required acquisition time
5. Start conversion by setting the GO/DONE bit.
6. Wait for ADC conversion to complete by one of
the following:
Polling the GO/DONE bit
Waiting for the ADC interrupt (interrupts
enabled)
7. Read ADC Result
8. Clear the ADC interrupt flag (required if interrupt
is enabled).



Code Snippet

EXAMPLE 121:  AD CONVERSION

iThls code block configures the ADC

ifor polling, Wwdd reference, Frc clochk
;jand AHO input.

i

jdomversion start & polling for complstion
i arae included.

i

BAHFEEL ADZGHL H

i N I B 01110000° ;ADC Fro clock

i L O ADZGHL H

BAHFEEL TRIZA ;

BEF TRISA 0O et RAD to lnpnt
BAHFEEL AHEEL H

ESF RHEEL,D j8et RAD to analog
BANFEEL ADHHO H

BHLE B10000001° ;Right justify,
BACUTIE ADHOGHD ;wdd vref, BWO0, on
CHLL SampleTime ;hoquisiton delay
BEF ADCOHD 30 jStart converslon
BETFEC ADeDCHD G0 iIs converslon dons?
ST -1 jHoO, test agaln
BANFLEL ADRESH H

o ADRESH W iR=ad upper 2 bits
|l S LELEL o REESULTHT jstore 1n SFR space
BAHFEEL ADREEL H

i LN O ADREEL ikead lower 2 blts
i LI o REESULTLe jetore 1n GFR space




REGISTER 12-1: ADCOND: A’'D CONTROL REGISTER D

R -0 R A0 R -0 R0 R A0 R a0 R -0 R A0
aDFM | wCF®1 | woFeD | cHSz | cHS1 | CHsO 0DONE AL
hit 7 bit 0
Legend:
F = Readable bit W= Wiritable bit U =Unimplemented bit, read as'0°'
1 ='alue at POR "' = Bit iz =t '0' = Bit iz cleared ¥ = Bit i= unknown
hit 7 ADFM: AT Conversion Fesult Format Select bit

1= Right justified
0= Left justified
hit & YCFG1: Yaoltage Reference kit
1="%REF-pin
0= %55
hit 5 YCFGO: Yaoltage Reference kit
1="%REF+ pin
0= %355
hit 4-2 CHS-2:0=: Analog Channel Seled bits
oo0 = 2An0
00l = ApA
010 = AR2
011 = 2R3
100 = 2N4
101 = £p5t)
110 = 2l
111 = ap7it]
bait 1 GOMDONE: A0 Conversion Status bit
1= &[0 canversion cycle in progress. Setting this bit gads an A0 conversion cyde.
Thiz kit iz autom atically deared by hardware when the 20 conversion has com pleted.
0= A0 converzion com pleted /not in progress
hit O ADOH: ADC Enable bit

1= 20 is enabled
0= AL iz dizabled and conzumes no opersting current




REGISTER 12-2: ADCON1: AD CONTROL REGISTER1

-0 Ra-0 FAty-0 A0 -0 u-0 -0 -0
— | apcsz | spcst | apcso | — | — — —
bit 7 bit 0
Legend:
F = Readable hit Wo="Writable bit U = Unim plemented kit, read as 0
-n = walue &t POR “1'=DBit iz et '0' = Bitis cleared x = Bit iz unknown
bit ¥ Unimplemented: Read a3 '0'
bit B-4 ADCS<2:0>: AD Conversion Clack Select hits
000 =Foscr2
001 =Fosci

010 =FOsCra2

x11 =FRC(clock derived from a dedicated internal oscillator = 300 kHZ max.)
100 =Foscid

101 =FOsCcME

110 =Foscid

bit 3-0 Unimplemented: Read sz '0'



REGISTER 3-1: ANSEL: AHALOG SELECT REGISTER
-1 Frit-1 RA-1 Frit-1 -1 Fi-1 Fri-1 Rriti-1
ANSTE] ANSEE] ARG S ANS4 ARS3 ANS2 ANS ANSO
hit ¥ kit 0
Legend:
F = Readahle kit W =Wyritable bit L= Unimplemented bit, read as '0°
-t =%alue at POR "1'=Bitis set ‘"= Bitis cleared ¥ = Bit is unknown

kit 7-0

MNote 1:

ANS<F:0> Analog Select hits

Analag select hetween analog ar digital function on pins AMN=T:0=, respectively.
1= Analog input. Pinis assigned as analog inputt )

o= Digital I, Pinis assigned to port or special function.

Setting a pin to ananalog input automatically disables the digital input circuitry, weak pulkuaps, and
interrupt-on-chande if available. The carresponding TRIS kit muost be set to Input mode in order to allow
external control of the voltage on the pin.

PICTEFY9T A PICIEFST TR ICTEFY4E only.




REGISTER 12-3: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =0

Foiy-x Ry Ry RN x R Y- RhY-x Ry Fiiy-x
ADRES9 | ADRESS | ADREST | ADRESE | ADRESS | ADRES4 | ADRES3 | ADRESZ
hit ¥ hit 0

Legend:

F = Readable hit W = Wirkitabl e bit U = Unimplemerted bit, read az "0

-n = ‘alue st POR "' = Bit iz ==t '0" = Bit iz cleared * = Bit iz unknown
hit ¥-0 ADRES<9: X ADC Result Register hits

Upper 8 hits of 104bit conversion result

REGISTER 124: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =0

Foiy-x Ry Ry AN x Ry RhY-x Ry iy
ADREZ1 | ADRESD | — | — | — ] — | — | —
bit ¥ hit O
Legend:
F = Readahble hit W = Writabl e bit U = Unimplemerted bit, read az "0
-n = ‘alue st POR "' = Bit iz ==t '0" = Bit iz cleared * = Bit iz unknown
bit 7-6 ADRES<1:0~ ADC Result Register bits

Lower 2 hits of 10-bit corversion result
kit 5-0 Reserved: 0o not us=e.




REGISTER 125: ADBESH: ADC RESULT REGISTER HIGH {ADRESH) ADFM =1

RN - R R - R R RN R R A
— | - | - | = | — | — | ADREs® | ADRESS

hit 7 bit 0
Legend:
F = Readahble hit W= Witable hit U = Unimplemented bit, read as '0°
-n = alue at POR "M'=Bit iz =zet '0" = Bit i= cleared ¥ = Bit iz unknown
hit 7-2 Reserved: Do not use.
hit 1-0 ADRES<9:&~; A0 Rezull Register hitz

Upper 2 bitz of 104kit corwersion result

REGISTER 12 6: ADBRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =1

R - R RAMNx R - R Ry -
ADREST | ADRES6 | #DRESS | #DRES4 | ADRES3 | ADRES2 | #DRES1 | ADRESO
hit ¥ bit O

Legend:

F = Readable kit W= Witable bit J = Unimplemented bit, read as '0°

-n = Yalue st POR "' =Bit iz zat '0" = Bit is cleared x = Bit iz unknown
hit 7-0 ADRES<T: 0= ADC Result Register hitz

Lot 8 hits of 1040 corversion result




FIGURE 12 5:

ADC TRANSFER FUNCTION
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TABLE 12-2: SUMMARY OF ASSOCIATED ADC REGISTERS
Name Bit 7 Bit & Eit 5 Eit 4 Bit 2 Eit 2 Eit 1 Eit 0 P”";E"TEB%"R E}::;fr::
zets

AOCOMD ADOFM WCFG WCF GO CHS2 CH%E1 CHS0 GO/O0ONE A0ON 0000 0000 o000 o000
AOCOMT — AOCS2 ADCE] AOCED — — — — -000 ---- -000 ----
AMSEL AMNET AN AMES AMNEd AMEZ AMEZ AMEL AMED 1111 1111 1111 1111
ADRESH | A'D Result Register High Byte KKK MRk pa pam
AORESL | AD Result Register Low Byte KKK KKK 1 A
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000k o000 000k
LCOCOMN LCOEM SLPEN WERR | WLCOEM C51 50 Lhd LI 1 LA LIXD ool 0011 oool 0011
LCOSED SEF SES SES SEd SE3 SE2 SE1 SH o000 0000 o000 oood
LCOSE S5E14 5E14 5E13 5E12 SEi1 SE1D SE4 SE& 0000 0000 o000 o000
LCOSENA™ | sE23 SEXZ SEx SEXD SE19 SE12 SE17 SElf 0000 0000 0000 0000
PIE1 EEIE ADIE RCIE THIE S55PIE CCP1IE TMRZIE TWR1IE 0000 0000 oooo o000
PIR1 EEIF ADIF RCIF THIF 55PIF CCP1IF TMWEZIF TMRTIF o000 0000 o000 0000
PORTA RA7 FuE Ra8 R Rt RAz Fuad Fua KKEKX KKHEKX pa pam
PORTH RB? RHE RBS RB4 FB3 RBZ RB1 RBEO KKKX KKK 1m1un wnm
PORTE RE? RETLi RE: RE4 REZ REX REI1 RELD KKEKX KKHEKX pa pam
TRISA TRISAF TRIS A6 TRI5A5 TRISA4 | TRISAS TRISA2 TRISA TRISA0 1111 1111 1111 1111
TRISB TRISB? TRI5 BG TRI5BS TRISB4 | TRISB3 TRI5BZ TRISB1 TRI5BO 1111 ---- 1111 ----
TRISE TRISEF TRIS B TRISES TRISE4 TRISE2 TRISER TRISE1 TRISED 1111 1111 1111 1111
Legerd: x = unknown, w= unchanged , —= unimplemented read a='0'. Shaded c=lls are not used for ADC module.




ADC Lab

EET 250



Objective

» Become familiar with ADC operation within
PIC16917
— Digitize number of different inputs
— On board pot, Thermometer Chip, Photocell
— Verify transfer function of converter using Pot
— Build a light switch example

 Note ADC function cannot be simulated—
all debug with occur with PICKIT2



To Do

Open ADC Folder and launch ADC.MCP
Examine ADC Code using Text Editor

Explain settings in TRISA, TRISD and ANSEL

— What is PORTA RAO configured as?

— What is PORTD configured as?

Examine ADCON1 and ADCONO

— What is Output format for ADRESH and ADRESL?
— What is the conversion clock setting?

— What is Channel selection?

— What is the Voltage reference?

Build code

Select Debugger -> PICKIT2

Program , and RUN

Vary pot and note change of LED with pot settings
What do the pot setting represent?



Experiment 1 Hardware
44 pin demo board

Pot wiper is wired to RAO

Ends of pot are wired form +5V
to GND

Place voltage meter to
measure voltage to pin RAOQ to
ground

Vary pot setting from fully
Counter clock wise position to
fully clock wise position
making sure to achieve
voltages required by table (
next slide)

For each voltage also record
LED output

Plot LED output versus voltage
to verify transfer function




Experiment 1 Table

Voltage at RAO
+5v
+4.5V
4.25V
4.00V
3.75V
3.50V
3.25V
3.00V
2.75V
2.50V
225V
2.00V
1.75V
1.50V
1.25V
1.00V
75V
50V
25V
oV

LED READING

Plot results using
10 squares per
inch graph paper
Led reading
versus voltage
Verify that plot
matches
published
transfer function



Experiment 2 Thermometer

TO-92
Plastic Package

+W END
LJ i
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FIGURE 1. Basic Fahrenheit Temperature Sensor
{+5" to +300°F)

To DO:

Features

m Calibrated directly in degrees Fahrenhsit
® Linear +10.0 mV/"F scale factor

® 1.0°F accuracy guaranteed (at + 77F)
® Rated for full =50° to + 300°F range

W Suitable for ramote applications

B Low costl due to wafer-level trimming

m Operatas from 5 to 30 volls

B Less than 80 pA curent drain

® Low self-heating, 0.18°F in still air

B Nonlinearity only +=0.5°F typical

B Low-impedance output, 0.411 for 1 mA load

Wire the sensor to the RA1 of the 44 pin DEMO Board
Use prototype board and three jumper +5V (VDD) , GND, and signal out

Build, debugger -> PICKIT2, program part and run
verify operation by examining LED output while touching sensor

1
2
3. Use adcthermo.mcp lab
4
5



Experiment 2 Thermometer

« Measure room temperature.
« Using the following formula

A/D output each bit represents = +5V/1024 or .00488 volts or
approx .005 volts/bit

Thermometer is .010 volts/ degree F

« Let LED reading settle and then Capture LED output 8
bits —this should be room temperature

« Take LED output as binary count ( it is multiplied) by 2.
This should each binary value for temperature

« Covert to decimal
« What is the reading? Does it make sense?

* Repeat the above process touching the sensor ( for body
temperature)— What is the reading?. Does it make
sense”?



Experiment 3 Photocell

Separate handout will
be supplied *
Interfacing a
Photocell with PIC”

Follow instructions In
that handout

Photocell Is also a
iInear output device

Use adcphoto.mcp

* GND

e 2



