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Measuring Physical Quantities

CSEGUTA

e Digital computers use binary discrete values
— Os and 1s, ON OFF, Logic HIGH LOW, etc.

 In the physical world most everything Is
continuous (analog)

— voltage, current, temperature, pressure, acceleration,
location, etc.

 Need to convert these physical quantities into
electrical quantities



ADC
= Analog-to-Digital Conversion

e Converts analog data to digital data
—Analog Signal - Digital Value (number)
— Continuous =-2> Discrete

/N =




Sensors and Transducers

 Transducer often used interchangeably
with Sensor

e Transducers convert a physical guantity to
an electrical signal (voltage, current)

— Temperature
— Velocity

— Pressure

— Light




~Sensors with Analog Outputs

* Many sensors output analog (only) signals
where output is proportional to some kind of

measured physical quantity (temperature,
acceleration, etc.)

* Accuracy or precision of a sensor determines
how close the measured (and output) value is to
the “real world” value.

— What is the smallest unit that makes a difference In
the measurement

* In order to use the outputs of analog sensors
in calculations, their outputs have to be
digitized.



Example

CSE@UTA

@ MWW W Y
VEVIOVO RSAY E DO D8 (D4 (B80T A K

Weight = ??7? |bs.

."\-;v, 3
ko

Image Sources:
http://tutorialsmax.com/pic18f-interfacing-with-i2c-24c512-memory/
http://www.microdesignsinc.com/picbhook/gwikflash.html 6
https://www.tekscan.com/products-solutions/force-sensors/a401



http://tutorialsmax.com/pic18f-interfacing-with-i2c-24c512-memory/
http://www.microdesignsinc.com/picbook/qwikflash.html
https://www.tekscan.com/products-solutions/force-sensors/a401

Example

MMV e MY
VERTOVO FS AW R DOD D [0« 08 080T A K

Weight = 278 Ibs.

O—> ADC —» CPU }|—» Display

Weight -  Resistance -2 Discrete Number > LED “Matrix”
(voltage) (int, float, etc.)



Think of the ADC on your PIC
=m asyour personal Voltmeter

' VOLTGRAFT®

 20n " O\ |
VOLTCRAFT® | .-3850"




ADC Characteristics

Resolution
— usually expressed in “n-bits”

Conversion time

— how long it takes to convert from analog to digital
Voltage Reference

— what is the voltage range (min and max)

Linear vs. non-linear transfer
— equal step size vs. changing step size



8-bit ADC Block Diagram

Vref
/\ . Vin DO +H——» _H?] ‘ T o
\—" | Analog Input Binary S5
Data 0.50 V
Start Conversion Output 0.81V
D7 b— 1.25V
-+
n-bit Number of steps Step size (mV)
8 256 5/256 = 19.53
10 1,024 5/1,024 = 4.88
12 4,096 5/4,096 = 1.2
16 65,536 5/65,536 = 0.076

Notes: Ve =5V
Step size (resolution} is the smallest change that can be discerned by an ADC, 10



A/D Conversion

 The process of A/D conversion involves
— Band-limiting the analog signal

— Setting periodic sampling points at which the
continuous time analog signal is going to be
digitized

— Freezing the analog signal at the sampling

points so that the signal does not change for
the duration of conversion (sample and hold)

— Determining what digital value best represents
the analog signal level (quantizing)

11



#4 Example: Output of a Sensor

This is the superposition of two sine signals (two frequencies present)
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Example

Oversampling

If original signal was
indeed nicely limited,
oversampling will
result in more samples
than we need for
processing and
reconstruction (i.e.,
burden on our
calculations/ processor
time)

Shown here is 20
samples per second (a
sampling clock of 20Hz)
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Example: Undersampling

* Undersampling will
result loosing the
features of a signal.

 If we wanted to
reconstruct the signal
the reconstructed
signal (red) would not
look the same as the
original (black) signal

Amplitude

 Nyquist Rate

— Sample at twice the
rate of the signal’s
max frequency
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Hold after Sample

* We need CIrCUItry that Can Sampled Version of x(t) with T_=0.1s

“remember” (hold) the 2 n
analog voltage at the 1

T

1.5H

sampling time ol A

e The Ctrl signal in the 1 | B
. . v |
circuit below should have

0.5 O Y 1

the periodicity of the T
sampling rate and a duty | I AT e |||

Amplitude
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i W
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holding (charging time)
 Trade-offs of the holding .
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Image Sources:
http://www.st.com/

Figure 8. Sample and Hold timing and electrical diagram

| 1 i i 1 I i i I | I i |
¥ o U L I i i U L o I |
|
< 5amping | Hold Time "
Time
I
- | Conversion time -l
-
tap = 1fapc
Vc = Voltage developed
Sampling across capacitor.
Electrically operated _
Switch = Closed 4 Ve=Vin
Vin % Rapc |
VWA T T —* |
Charging —— Capc VO |
+ leakage curren |
— Vssa T~ | >
. -~ time
Hold and Conversion Capacﬁ?"" Samolng >
Electrically operated charged=ViN  time

ViN

| Switch = Open

hat Rapc

VWA

C

urrent

— Canc

— Vssa

Note: Please refer to product datasheet for Sample and Hold timing for ADC.

SAR = Successive Approximation Register block.
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Quantization

 Now that the signal is not changing for some
time (depending on the sampling period),
we need to determine what digital value
best represents the analog level.

 This will take some time, which should not
be more than the sampling period!

17



Quantization

CSE@UTA

 There are many methods to determine what
digital value best represents the analog level
— Direct-Conversion
— Integrating
— Delta-Encoded

« Many uCs use “Successive Approximation”
to do this, as our PIC18 does

18



Successive Approximation ADC

3-bit Example
Vrff- VTf+
DAC
\out
D2 D1 DO
Vin__ 4 ovinewvour P Final ADC Result
1: Vin > \out | g

SAR

19



3-bit Example

Successive Approximation ADC

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 —-3.2
DAC 110 2.4-2.8
\Vout 101 20-24
D2 D1 DO 100 1.6-2.0
011 1.2-1.6
010 0.8-1.2
D 001 04-0.8
. ) ~
Vin -l 0: Vin < Vout D 000 0.0-04
2.1V 1; Vin >
’ out SAR

20




A Successive Approximation ADC
3-bit Example

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 -3.2
DAC 110 2.4-2.8
\Vout _ 101 20-24
D2 D1 DO 100 1.6 -2.0
1.6V 011 1.2-1.6
010 0.8-1.2
D —— 001 0.4-0.8
: X ~
Vin -l 0: Vin < Vout 000 0.0-04
2.1V 1; Vin > Vout
21

SAR




A Successive Approximation ADC
3-bit Example

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 -3.2
DAC 110 2.4-2.8
\out _ 101 20-24
D2 D1 DO 100 1.6 -2.0
1.6V 011 1.2-1.6
010 0.8-1.2
D . — 001 04-08
' » D _
Vin -l 0: Vin < Vout 1 0 0 000 0.0-0.4
2.1V 1; Vin > Vout
22

SAR




A Successive Approximation ADC
3-bit Example

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 -3.2
DAC 110 2.4-2.8
\out _ 101 20-24
D2 D1 DO 100 1.6 -2.0
24V 011 1.2-1.6
010 0.8-1.2
D ) — 001 04-08
' » D _
Vin -l 0: Vin < Vout 1 1 0 000 0.0-0.4
2.1V 1; Vin > Vout
23

SAR




A Successive Approximation ADC
3-bit Example

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 —-3.2
DAC 110 24-2.8
\out _ 101 20-24
D2 D1 DO 100 1.6-2.0
24\ 011 1.2-1.6
010 0.8-1.2
001 04-0.8
Vin | .O »D L 0O 0 000 0.0-0.4
-»> 0: Vin < Vout 1 1 0
2.1V 1: Vin > Vout 1 0 O
24

SAR



A Successive Approximation ADC
3-bit Example

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 —-3.2
DAC 110 24-2.8
\Vout 101 20-24
D2 D1 DO 100 1.6-2.0
20V 011 1.2-1.6
010 0.8-1.2
001 04-0.8
Vin I .1 »D L 0O 0 000 0.0-0.4
-»> -+ 0: ViIn < \Vout 1 1 0
2.1V 1: Vin > Vout 1 0 O
1 0 1
25




A Successive Approximation ADC
3-bit Example

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 —-3.2
DAC 110 24-2.8
\Vout 101 20-24
D2 D1 DO 100 1.6-2.0
20V 011 1.2-1.6
010 0.8-1.2
001 04-0.8
Vin I .1 »D L 0O 0 000 0.0-0.4
-»> -+ 0: ViIn < \Vout 1 1 0
2.1V 1: Vin > Vout 1 0 O
1 0 1 :
Final ADC Result =101 (5
1 0 1 ; > )

SAR

26
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More Bits = More Accuracy

Vin 2.1V
>

3-bit
ADC

Final ADC Result = 101>

3-bit Voltage Window

Result (Step Size)
111 2.8 -3.2
110 2.4-2.8
101 20-24
100 1.6-2.0
011 1.2-1.6
010 08-1.2
001 0.4-0.8
000 0.0-04

27




ADC Characteristics

Resolution
— usually expressed in “n-bits”

Conversion time

— how long it takes to convert from analog to digital
Voltage Reference

— what is the voltage range (min and max)

Linear vs. non-linear transfer
— equal step size vs. changing step size

28



ADC Resolution

“n-bits” n can be any number
— usually 8 — 24

Resolution determines the quantization steps or
how precise/small each voltage window is

* Unchangeable by the programmer (fixed in PIC)
. Step Size = Txer L ru

2?1
n-bit Number of steps Step size (mV)
8 256 5/256 = 19.53
10 1,024 5/1,024 = 4.88
12 4,096 5/4.096 =1.2
16 65,536 5/65,536 = 0.076

Notes: Ve =5V

29
Step size (resolution} is the smallest change that can be discerned by an ADC.



ADC Resolution

3.2V

111

2.8V

110

2.4V

101
2.0V

100
16V
011
1.2V
010
0.8 V|-
001
0.4V

000

0.0V

O F N W & O1 OO N

V 3.2-0.0

Step Size = —ref—rel = = 0.4V /step 30

2n 23




ADC Can Only “Trap” an
Input Voltage in a Window

O F N W & O1 OO N

3.2V

111

2.8V

110
2.4V

101
2.0V

100

16V
011

1.2V

010

0.8 V]~

001
0.4V

000

0.0V

Step Size = —<£

EX: true voltage is 2.2V

—v 3.2 —0.0
o - 23

= 0.4V /step 31



ADC Can Only “Trap” an
Input Voltage in a Window

O F N W & O1 OO N

3.2V

111

2.8 V|-

110
2.4V

101
2.0V

100
1.6 V|-mm- g e oo
011
1.2 V|- ffmmmmmmmmmm e e e N N
010
0.8 V[-f--m-mmmmmmmm ke
001
0.4 V[ e

000

0.0V

Convert to
________________ S A N S

2.4V or 2.0V? =~

V 3.2-0.0

Step Size = —ref—rel = = 0.4V /step 32

2n 23




All we know Is the input voltage
IS between 2.0V and 2.4V

3.2V

111

2.8 V|-

110

2.4V

101
2.0V

100
1.6 V|-mm- g e oo
011
1.2 V|- ffmmmmmmmmmm e e e N N
010
0.8 V[-f--m-mmmmmmmm ke
001
0.4 V[ e

000

0.0V

Convert to
________________ S A N S

2.4V or 2.0V? =~

O F N W & O1 OO N

V 3.2-0.0

Step Size = ———wl= ——=—= 0.4V /step 33



ADC Conversion Time

A/D conversion takes a FIXED amount of time (PIC)

The analog part of the circuit needs to remember
the analog voltage at the exact time of the sampling
(usually done by charging a capacitor for a finite
amount of time)

Once that value is remembered, the ADC needs to
determine (quantize) what the corresponding digital
value to that voltage is. This is usually determined
by a quantization clock.

The conversion time has to be smaller than the
sampling time!

34



V. — Voltage Reference

We know that the resolution (n-bits) determines
how many guantization steps there are, thus
determining the relative scale

What determines the absolute scale though

— what voltage value represents O and what voltage
value represents 0b11111111 (for 8-bit resolution)?

Vs and V*  are used for that

ADC circuits usually have a default of V=V
and V* = V..

However most ADCs let you feed in analog
voltages representing V- ;and V*

35



V. (cont'd)

In general Vs could be any voltage but many
times it is required to be within [Vss, Vcc].

The PICs built-in ADCs do require that.

So, what's the step size of an 8-bit ADC where
V- =2V and V* _=3V?

ref ref

Step Size = Porer = ¥ er = 322 o 3.9mV /step

2" 28

What would happen if V- =-2V and V* =2V,
how would we want the values represented?

If we know all this, we can reconstruct the
voltage level in software.

36



Handling AD Result

CSE@UTA

e n-bit result (0 - 2"-1)
— 3-bit: 0 > 7 (000 > 111)
— 8-bit: 0 - 255 (0000 0000 - 1111 1111)
— 10-bit: 0 = 1023 (00 0000 0000 - 11 1111 1111)

37
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3-bit Example

Successive Approximation ADC

oV 3.2V 3-bit Voltage Window
Vref- Vref+ Result (Step Size)
1 1 111 2.8 —-3.2
DAC 110 24-2.8
\Vout 101 20-24
D2 D1 DO 100 1.6-2.0
20V 011 1.2-1.6
010 0.8-1.2
| 1 3 ; 001 04-0.8
i » D _
Vin -l 0: Vin < Vout 1 1 0 000 0.0-04
2.1V 1; Vin > Vout 1 0 0
1 0 1 Final ADC Result =101
1 0 1 . >

SAR

38




Handling AD Result

CSEGUTA

* n-bit result (0 > 2"-1)

— 3-bit: 0 = 7 (000 > 111)

— 8-bit: 0 = 255 (0000 0000 - 1111 1111)

— 10-bit: 0 - 1023 (00 0000 0000 = 11 1111 1111)

result . +

n_q (V ref V_'ref )] + V_'ref

| | /

“Percentage” Voltage Voltage Offset

or ratio Range (min value) -

» Voltage = |



Handling AD Result

e 8-bitresult (0 - 2"-1): 0 - 255 dec. range

result , +

n_1 (V ref V_'ref )] + V_'ref

| | /

“Percentage” \oltage Voltage Offset
or ratio Range (min value)

* Voltage = |

40



Handling AD Result = 198

e 8-bitresult (0 - 2"-1): 0 - 255 dec. range
e Voltage = [% *(4v —1v)| + 1v

result , +

n_1 (V ref V_'ref )] + V_'ref

| | /

“Percentage” Voltage Voltage Offset

or ratio Range (min value) i

* Voltage = |



Handling AD Result = 198

e 8-bitresult (0 - 2"-1): 0 - 255 dec. range

e Voltage =

e Voltage =

* Voltage = |

“Percentage”
or ratio Range

-198 _
E * (417 — 117)

+ 1v

0.7765 x (3v)]| + 1v

result , +

n_1 (V ref

| |

V_'ref)]+ V_'ref

/

Voltage Voltage Offset

min value
( ) 42



Handling AD Result = 198

e 8-bitresult (0 - 2"-1): 0 - 255 dec. range

e \oltage = :;—zi *(4v —1v)| + 1v

e Voltage = [0.7765 x (3v)]| + 1v
* Voltage = [2.329v] + 1v = 3.329 Volts

result , +

n_1 (V ref V_'ref )] + V_'ref

| | /

“Percentage” \oltage Voltage Offset
or ratio Range (min value)

* Voltage = |

43



Stand-alone ADCs

CSEGUTA

Parallel versus serial output:

— An n-bit parallel output ADC has n-pins to talk to a CPU unit in addition
to data ready and channel selection bits. Less CPU time, more data
pins.

— A serial output ADC has two pins to talk to the CPU, one for clock, the
other for data. More CPU time, few pins.

— Can be a combination, where (similarly to how we talk to the LCD) x-bits
at a time are sent out serially. Can balance CPU time and pins.

Number of analog input channels (i.e., how many sensor can be
connected). They can be multiplexed (one ADC) or parallel (many
ADCs inside).

Start and end of conversion signals. We need to tell the ADC
when to start conversion (indication of sampling) and it has to have
feedback on when the conversion is finished.

Thus there can be many pins in an ADC for communication and
ADC channels.

Most PIC microcontrollers have ADC peripherals built in. The
above will have an effect on these peripherals.
44



PIC18 ADC Peripheral

STACK,
PROGRAM |l —— FC
ROM Y RAM EEPROM
Program Data
Bus Bus Y
CRU ot l -
————————
Int t '
nterrup
Zantrol QsC Timers Farts cher
: Feripherals
Logic
FIMNG

45



PIC18 ADC

ADC can be found on most PIC18s as an integrated
peripheral. The on-chip ADC peripheral needs to be
programmed before use.

SFR registers are used for all communications between
the ADC peripheral and the CPU.

PIC18 ADCs are 10-bit successive approximation.
(Other microcontrollers have different precision and
architecture on chip ADCs).

Thus two 8-bit registers are needed to store result
— ADRESL and ADRESH

Up to 16 analog channels (8 for PIC18F452; ANO-AN7)
multiplexed to a single ADC.

Reference voltage can be fed in

Control registers used to set-up and start conversion.
46
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8 Analog Channels

MCLR/N PP
— BAOANG

—b RA1/ANT
—) FA2AN2NREF-
—) 0 AL ANINBEF+

RA4/TOCK]

e RAS/AN4/SS/LVDIN
m—) RE0/RD/ANS
e L E 1 /W R/ANG
——p RE2/CS/ANT

OSC1/CLKI
OSC2/CLKO/RAB
RCOM1OS0O/M1CKI
RC1/T10SI/CCP2*
RC2/CCP1

RC3/SCK/SCL
RDO/PSPO

—1 Y 4
-] 2 70
- ] 4 97
-—[]5 36
— 6 35
-l—l-E? 14
—gs § B 33
-|—|-|:Q E E 72
-—[10 o o 31
VDD — & [] 11 O O 0
Vss .12 F T 29
— =13 28
-—[1 14 27
- [] 15 25
- | 16 25
- 117 24
- [| 18 29
-—= 119 22
020 21

RD1/PSP1

] -<— RB7/PGD
] < RBB/PGC

[ ] -—= RBS5/PGM

| | =— RB4

| «— RB3/CCP2*
] «—= RB2/INTZ
[ ] =—= RB1/INTH

[ ] =—= RBO/INTO

| | =— VoD

[ | «— /35

[ | =—= RD7/PSP7

| | =— RDE/PSP6
| -— RDS5/PSP5

] «—» RD4/PSP4

] =—= RC7/RX/DT
] «— RCG/MTX/CK
] «— RCH/SDO

| | =— RC4/SDI/SDA
] «—= RD3I/PSP3

[ ] —» RD2/PSP2

47



CSE@UTA

"A PIC18 ADC Channel Selection

* These channels are implemented only on the PIC18F4X2 devices.

FIGURE 17-1: A/D BLOCK DIAGRAM
CHS<2:0=
: 111 :
, O T . ANT*
: 110 :
' 0 : ANG*
: 101 :
N : ANS*
: 100 :
Vain E : AN4
(Input Voltage) : NG 011 ¢ o g AN3
: 010 |
10-bit R — | ANZ
Gnﬁ%ner ! !
1 ool
| -—o\c T AN
PCFG<3:0> | |
| ooo
L vee S Lo o2 <] Ano
'_ _ e — 1 {'}_._—I_
| | VREF+ Lo ot
| HEfEfEﬂGEl : :
Voltage ! o
| | vmer L |
) N 1 1 !
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8 Analog Channels (8 Inputs)
== Only 1 AD Conversion at a time

CHS<2:0
O — LIl
O MCLR/VPP ——=[] 1
- ) m— RADAND —— ]2 110
—p QAT/ANT <[] 3
Q m— RAZ/AN2/VAEF- =[] 4
e RAY/ANI/VREF+ =— =[] 5 Vi
RA4/TOCKI «— [ 6 (Input Voltage) | il 7
" m—p RAG/AN4/SS/LVDIN <«—[] 7 o ) AU NCS D
== REO/RD/AN5 =—=[] 8 Vi LN o0 ! ¢
—) BE1WR/ANG =-—[] 0 PCFG<3:0> oo |
-~ ey RE2/CS/AN7 <—[] 10 o . R
| VDD — 1 11 ;' _I VREF+ 0,/6
Vss . []12 | Gotage ™ | B
| | vmer- Lo
Lo _1 : !

%



8 Analog Channels (8 Inputs)
=~ Only 1 AD Conversion at a time

O O - MCLRAVPP —=[] 1 U | vourcRAFT®

¢ = RAYANZVAEF- = » []

—) HAJ/ANIVREF+ <[]
Q RA4TOCK]! «—-s []

— HAS/AN4/SS/LVDIN <—s[]

FUNCTION SET/RESET DCN/AC(ie

=] @ N &= W

—b REORD/ANS <8 & [

——> REIWRANG <0 5 5 F B SRR

e RE2/CS/ANT =—[] 10 00 00 | (EEENCTEL Pty
VoD ——= [ 11 73§ =
VSS o — - \toae

OSCH/CLKI — | | 13
OSC2/CLKO/RAE <[] 14
RCO/T10SO/TICKI =[] 15
RC1/T10SI/CCP2" =[] 16
RC2/CCP1 =[] 17 [
RC3/SCK/SCL =—[] 18 e

YOUI" own RDO/PSP0 «—= [] 10 § vourcRarre +-3850'

RD1/PSP1 =—[] 20

personal Voltmeter



8 Analog Channels (8 Inputs)
=~ Only 1 AD Conversion at a time

C

VOLTCRAFT™

Mo

O O . MCLR/VFPP —= [

> RAVAND —=[]

b RAT/ANT —o—

‘ — RAZ/AN2/VREF- -— ]
— RAIANINVREF+ w—[]
Q RAATOCK! «—s [

— HAEMNME&"JDIN - [
P REO0/RD/ANS <-—[]

e RE1/WR/ANG <—[]

FUNCTION SET/RESET DCN/AC(ie

Wow DOWN I
Kemeo o B
a hFE

TEWP

\ TE

=] @3 N =

18F442
18F452

ey AE2/CS/ANT =— ] 10 o
VoD — ] 11 () .
VSS e — =

OSCA/CLKI — = | | 13
OSC2/ICLKO/RA6 =[] 14
RCO/T1OSOMICKl =[] 15
RC1/T10SICCP2" «— =[] 16
RC2/CCP1 =[] 17 [
RCA/SCK/SCL <[] 18 = L__ .

Your own RDO/PSP0 «— [] 10 | voircrarT™ | e
RD1/PSP1 <[] 20
personal Voltmeter




8 Analog Channels (8 Inputs)
=~ Only 1 AD Conversion at a time

O O MCLRVPP — []

1
- 0
e FAT/ANT ~—[] 3

‘ m— RAZAN2VREF- -] 4
5

&

VOLTCRAFT™

Q RA4/TOCK] «——s ]

— HAEfﬂNdﬁﬁiﬁJD|N g | F@ 525551' D%Cumm
» RE0/RD/ANS -

Wow DOWN ze_ o
K FREQ \
4 hFE

TEWP

\ TE

|
[
¥,

18F44
18F45

ey RE1/WR/ANG =—=[] O
ey REZ2/CS/AN7 =—[] 10
VDD —= [] 11

Vss —

OSC1/CLKI —» | | 13
OSC2/CLKO/RAE -—[] 14
RCO/T10SO/TICKI =[] 15
RC1/TIOSIICCP2" ——=[] 16
RC2/CCP1 =—[] 17 I

RC3/SCK/SCL =—[] 18 S —

Your own RDO/PSP0 «— [] 10 | vourcaarT® | ssso;
RD1/PSP1 <[] 20
personal Voltmeter

(o) )
AE

 TEMP

-y
=
-y

L™

\ (RODM)
LOGIC




8 Analog Channels (8 Inputs)
=~ Only 1 AD Conversion at a time

VOLTCRAFT™

O O . MCLR/VFPP —= [

- > RAVAND —=[]
m— RAT/ANT =—[]
‘ m— RAZ/AN2/VAEF- +— ]
— RAIANINVREF+ w—[]
Q RA4/TOCK] «—s ]
m— HAS/ANA/SS/LVDIN -— ]

—— HE{ij__D’fANE' - [ up DOWN St
- ' e @ ol
= RE1/WR/ANG O K_'E:] |

— HEEFEJ{ANT M = ‘::(_(wnﬂ
™ |

VOD — ] 11 ‘i 6) .

VSS  cf—- | [ i

FUNCTION SET/RESET DCN/AC(ie

D0 = N & W =

OSC1/CLKl — | | 13
OSC2/CLKO/RAE =—1[7 14
RCO/T1OSO/MICK]I =——] 15
RC1/T10SI/CCP2" =[] 16

HCE‘IIGG P1 e E 1? ' I”"m“::::m 500V
RC3/SCK/SCL =-—[] 18 |29 e mA H R

Your own RDO/PSP0 «— [] 10 | vourcaarT® | ssso;
RD1/PSP1 <[] 20
personal Voltmeter




SFRs Used to “Control” the
ADC Module

RAM
FileReg

PROGRAM |l — PC

ROk 1

FProgram Data
Bus Bus
CPU | o Y
1 I
———————
Y

Interrupt
Control Q50 Timers Forts cher
' Feripherals
Logic

EEPROM




Data Memory Map

00h|  Access RAM
FFh GPR
00h
GPR
FFh
00h
GPR
FFh
00h
GPR
FFh
GPR
00h
GPR
FFh
= Unused
™ Read'00h" ™
00h Unused
FFh SFR

EFFh
FOOh

F7Fh
F80h

FFFh

PIC18 ADC has 4 SFRs

TABLE 4-1:
Address

FFFh
FFER
FFDh
FFCh
FFBh
FFAR
FFoh
FF8h
FF7h
FF6h
FF5h
FF4n
FFan
FF2h
FF1h
FFOh
FEFh
FEER
FEDh
FECh
FEBN
FEAR
FEOh
FEBh
FE7h
FE6h
FESh
FE4h
FE3h
FE2h
FE1h
FEON

SPECIAL FUNCTION REGISTER MAP
Name Address Name Address
TOSU FDFh INDF2'® FBFh
TOSH FDEh | POSTINC23) FBEh
TOSL FDDh | POSTDEC2) FBDh
STKPTR FDCh | PREINC2P FBCh
PCLATU FDBh | PLUSW2(3) FBBh
PCLATH FDAh FSR2H FBAh
PCL FDOh FSR2L FBOh
TBLPTRU FD8h STATUS FB8h
TBLPTRH FD7h TMROH FB7h
TBLPTRL FD6h TMROL FB6h
TABLAT FD5h TOCON FB5h
PRODH FD4h — FB4h
PRODL FD3h 0SCCON FB3h
INTCON FD2h LVDCON FB2h
INTCONZ FD1h | WDTCON FB1h
INTCON3 FDOh RCON FBOh
INDFO®! FCFh TMR1H FAFh
POSTINCO® FCEh TMRIL FAER
POSTDECOW! FCDh T1CON FADR
PREINCO®) FCCh TMR2 FACh
PLUSWOR) FCBh PR2 FABh
FSROH FCAh T2CON FAAR
FSROL FCOh SSPBUF FASh
WREG FC8h SSPADD FABh
INDF13 FC7h SSPSTAT FA7h
POSTINC1®) FC6h SSPCON1 FABh
POSTDEC1® FC5h | SSPCONZ FASh
PREINC 1 FC4h ADRESH FA4h
PLUSW1®) FC3n ADRESL FA3h
FSR1H FC2h ADCONO FAZh
FSRIL FC1h ADCON1 FA1h
BSR FCon — FAORh

MName

CCPR1H

CCPRI1L

CCP1CON

CCPR2H

CCPR2L

CCP2CON

TMR3H

TMR3L

T3CON

SPERG

RCREG

TXREG

TXSTA

RCSTA

EEADR

EEDATA

EECONZ2

EECON1

IPR2

PIR2

PIE2

Address
FAFh
FOEh
FoDh
FaCh
FaBh
F9AR
Foah
Fo8h
Fa7h
Fa6h
Fash
Fo4h
Fo3h
Fo2h
Fo1h
Fa0h
FBFh
F8Eh
F&Dh
F&8Ch
F8Bh
FB8AhR
F89h
F88h
F87h
F86h
F85h
FB4h
F83h
FB2h
FE1h
FB0h

Name

IPR1

PIR1

PIET

TRISE®

TRISD@

TRISC

TRISB

TRISA

PORTE®

PORTD®@

PORTC

PORTE

PORTA

[95




PIC18 ADC has 4 SFRs

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 Register 0 (ADCONO)

* A/D Control Register 1 (ADCON1)
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ADRESH/L AD Result i1s 10-bit
(0 —1023)

Vref- Vref+

10-bit DAC

D9...D2 D1 DO

Sampling
Switch
55 Res o -
© < 1k | Rss | Vin

———————

—

+ 0; Vin < Vout D Final ADC Result

T I ZIS _ C%ILEAKAGZ\N—:—P:4 i v SAR T0-1023

L_:___i 5 pF T ' : ! +500 nA l /
l

A ADRESH:ADRESL

57




ADRESH/L

AD Result is 10-bit

(0 — 1023)

e Ex: AD Result

FIGURE 17-4:

A/D RESULT JUSTIFICATION

1011100101 binary
10 11100101 binary

741 decimal

7

+ 10-bit Result
DM — 1011100101 ADEMI = 0

A

2107

0

ocoooo 10{11100101

A A
ADRESH ADHESL
-\.brr'_
10-bit Result

Hight Justified

e

7

0765

0

10111001/01 o000 00

y 8 g
ADEESH ADBESL

——
10-bit Result

Left Justified
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117-1:  ADCONO REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0

D C ONO ADCS1 | ADCS0 | CHs2 | CHS1 | CHso |GODONE| — | ADON
A bit 7 bit 0

bit7-6  ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCONT ADC'_OND Clock Conversion
<ADCS2> |[<ADCS1:ADCS0>
0 00 Fosci2
Fosc/8
Choose the speed of g LI
- > 0 11 FRC (clock derived from the internal A/D RC oscillator)
the AD Conversion 1 50 [Fosord
1 01 Fosc/16
1 10 Fosc/é4
1 11 FAC (clock derived from the internal A/D RC oscillator)

bit 5-3  CHS2:CHSO0: Analog Channel Select bits
000 = channel 0, (ANO)

WhICh analOg 001 =channel 1, (AN1)
010 = channel 2, (AN2)

(

(
channel to convert =—— o11=chamnels, )

(

(

100 = channel 4, (AN4)
101 = channel 5, (ANS)
110 = channel 6, (ANG)
111 =channel 7, (AN7)

STA RT the actu al Note: The PIC18F2X2 devices do not implement the full 8 A/D channels; the unimplemented
selections are reserved. Do not select any unimplemented channel.
ADC process

bit 2 GO/DONE: A/D Conversion Status bit
e When ADON = 1:

(fl n al Ste p) 1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
0 = A/D conversion not in progress

Tu rn on or Lt Power bit 1 Unimplemented: Read as '0'

bit 0 ADON: A/D On bit 59

UpH the ADC mOdule wmmpp 1 = A/D converter module is powered up

0 = A/D converter module is shut-off and consumes no operating current




ADCON1

ADC result right or
left justified

TER 17-2:

bit 7

Choose the speed of /

the AD Conversion

Pick from this table,
which analog pins
are AN or DIG and

what Vrefs you want

bit 5-4
bit 3-0

ﬁ

ADCON1 REGISTER

RW-0 RW-0 U-0 U-0 R/W-0 RAW-0 R/W-0 RW-0
ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGOD
bit 7 bit O
ADFM: A/D Result Format Select bit
1 = Right justified. Six (6) Most Significant bits of ADRESH are read as '0'.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as '0'.
ADCS2: A/D Conversion Clock Select bit (ADCON1 bits in bold)
ADCONA ADCONOD Clock C )
<ADCS2> | <ADCS1:ADCS0> OCK Lonversion
o 00 Fosci2
0 0l Fosc/g8
0 10 Fosc/32
] 11 Frc (clock derived from the internal A/D RC oscillator)
1 0o Foscid
1 0l Fosci16
1 10 Fosc/ed
1 11 FRc (clock derived from the internal A/D RC oscillator)
Unimplemented: Read as '0'
PCFG3:PCFGO: A/D Port Configuration Control bits
PCFG
<3:0> ANT | ANG& | AN5 | AN4 AN3 ANZ AN1 | ANO | VRer+ | VREF C/R
0000 A A A A A A A A VDD Vss 8/0
0001 A A A A VREF+ A A A AN3 Vss 7/
o010 D D D A A A A A VoD Vss 5/0
0011 D D D A VREF+ A A A AN3Z Vas 471
0100 D D D D A D A A VoD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 271
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ VREF- A A AN3 AN2 B/2
1001 D D A A A A A A VoD Vss 6/0
1010 D D A A VREF+ A A A AN3 Vss 571
1011 D D A A VREF+ VREF- A A AN3 ANZ2 472
1100 D D D A VREF+ VREF- A A ANZ ANZ2 /2
1101 D D D D VREF+ VREF- A A AN3 ANZ2 2/2
1110 D D D D D D D A VoD Vssﬁn 1/0
1111 | D D D D | Vmes+ | VRes- | D A ANz | ANDY 1,2
A = Analog input D = Digital 'O

C/R = # of analog input channels / # of A/D voltage references



ADC Time

CSE@UTA

Acquisition Time +  Conversion Time

Vref- Vref+
b
10-bit DAC

Vout

D9...D2 D1 DO

VDD
Sampling
Switch
_______ VT =0.6V bl o _ ..

: : . j/—l; . M ‘ Vi I 0; Vin < Vout D Final ADC Result
\ | ! ! 1; Vin > Vout Y

| e | L ' SAR 0-1023

! ! | LEAKAGE —

' _m_ o VT =06V +500 nA T /

—0--0 X -0 -
& J’A’O time
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PIC18 A/D Acquisition Time

The A/D acquisition time is essentially the time required for the hold

capacitor to charge. Typical value of 5-15us.
Newer PICs have specific control for Tacq (determined in TADS)
FIGURE 17-2: ANALOG INPUT MODEL
VbD
Sampling
Switch
Vr=06v L ______,
Rc<lk ' SS Rsg !
W W*Wj
VT = 0.6V LLFES(T?](;E —— CHOLD = 120 pF
IVSS
Legend: CPIN = input capacitance
VT = threshold voltage 23:
| LEAKAGE = leakage current at the pin due to VoD 4V _|
various junctions av_|
Ric = interconnect resistance 2V
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC) -
56 7 8910 11

Sampling Switch (kQ)
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PIC18 A/D Acquisition Time

CSE@UTA

TAcQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coetficient
= TAMP + TC + TCOFF

TACQ = TAMP + Tc + TCOFF

Temperature coefficient is only required for temperatures > 25°C.
TacQ = 2 us+Tc + [(Temp — 25°C)(0.05 us/°C)]

TcC = -CHOLD (RiC + Rss + RS) In(1/2048)
-120 pF (1 kQ + 7 kQ + 2.5 kQ) In(0.0004883)
-120 pF (10.5 k€2) In(0.0004883)
-1.26 us (-7.6246)
0.61 us

TACQ = 2us+9.61 us+[(50°C —25°C)(0.05 us/°C)]
11.61 us +1.25 us
12.86 us 03




CSE@UTA

PIC18 A/D Conversion Time

Tap IS the conversion time per bit, i.e., the clock at which

the successive approximation runs plus overhead

In addition to the 10 Tao cycles for conversion we need two

more Tab cycles. Thus the PIC18 takes a total conversion

time of 12 Taos.
However, a single Tap has to be at least 1.6pus!

Tao is determined by the conversion clock (from the Fq¢.)

bit7-6  ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCOM1
<ADCS2>

ADCONO
<ADCS1:ADCS0>

Clock Conversion

0

00

Fosc/2

01

Fosc/8

10

Fosc/32

11

FRC (clock derived from the internal A/D RC oscillator)

00

Fosc/4

01

Fosc/16

10

Fosc/64

HlElFEo]lolo

11

FRC (clock derived from the internal A/D RC oscillator)
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CSE@UTA

Total ADC Time

Acquisition Time + Conversl

Sampling
Switch

7\ VT =0.6V
Ric < 1k

| LEAKAGE
+ 500 nA

on Time

vTi‘- vrlef+
Vout 10-bit DAC
D9...D2 D1 DO
N R AR
i 0; Vin < Vour | D

Final ADC Result
—
0-1023

/

1; Vin > Vout

A SAR

TACQ =

2 us +9.61 s + [(50°C — 25°C)(0.05 us/°C)]
11.61 us + 1.25 us
12.86 us

FOSC/8 "

£ 17-3: A/D CONVERSION Tap CYCLES

Tcy - Tap Tap1 Tap2 Tap3 Tap4 Tap5 Tap6 Tap7 TAD8 Tap9 TAD10 Tapid
Tbglb8lb7lb6|b5|b4lb3|b2lb1Ib{) bO
Conversion Starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit

:




Fosc has to be “Cut Down”

Slow Enough for the ADC

RAM
STACK FileReg
PROGRAM |l — FC
ROM i EEPROM
Pragram Data .
Bus Bus Y =
CPU | g L . -
I N
r
[
"‘ ]
Interrupt ~ Other
Control O5C Timers )
Logic Feripherals
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Setting the ADC'’s
Clock Speed

Fosc = 10MHz

Tosc = TomAz 10 P° T 0.1ps
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CSE@UTA

Setting the ADC'’s
Clock Speed

Fosc = 10MHz

Tosc = TomAz 10 P° T 0.1ps

Note: Foge/X = X*Toge
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Setting the ADC'’s
Clock Speed

1 1

Note: Foge/X = X*Toge

Need: a single T,y to be at least 1.6 us
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Setting the ADC’s
Clock Speed

1 1

Note: Foge/X = X*Toge

Need: a single T,y to be at least 1.6 us
1*Toge =01lps<lopsX
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Setting the ADC’s
Clock Speed

1 1

Note: Foge/X = X*Toge
Need: a single T,y to be at least 1.6 us

1*Tose =0.1pus<1.6pus X
2*Tose =02ps<1.6pusX

71



CSE@UTA

Setting the ADC'’s
Clock Speed

Fosc = 10MHz

Note: Foge/X = X*Toge

Need: a single T,y to be at least 1.6 us

1*T
2% T
45T

OSC

OSC

OSC

= 0.1
= 0.2
=0.4

T =
OSC " 10 MHz

1s< 1.6
1s< 1.6

1s< 1.6

1S X
1S X

1S X

— 1 —
=7 us = 0.1 us
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CSE@UTA

Setting the ADC'’s
Clock Speed

Fosc = 10MHz

Note: Foge/X = X*Toge

Need: a single T,y to be at least 1.6 us

1=
2%
4 %]

8* ]

OSC

OSC

OSC

OSC

= 0.1
= 0.2
=0.4
= 0.8

T =
OSC " 10 MHz

1s< 1.6
1s< 1.6
1s< 1.6

1s< 1.6

1S X
1S X
1S X

1S X

— 1 —
=7 us = 0.1 us
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CSE@UTA

Setting the ADC'’s
Clock Speed

Fosc = 10MHz

Note: Foge/X = X*Toge

Need: a single T,y to be at least 1.6 us

* T

1 OSC
* T

2 OSC

* T
4 OSC

8* Tosc

= 0.1
= 0.2
=0.4
= 0.8
=1.6

T =
OSC " 10 MHz

1S < 1.6
1S < 1.6
1S < 1.6
1S < 1.6

1s=1.6

1S X
1S X
1S X
1S X

IS v

— 1 —
=7 us = 0.1 us
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Top 1.6us Minimum

—  FIGURE 17-3: A/D CONVERSION Tap CYCLES

Tcy - TAD TaD1 TAD2 Tap3 Tap4 Tap5 Tap6 Tap7 Tabp8 Tap9 TAD10 Tapid

Tbg'bs'w'bs'bs'm'bs'bz'm'bﬂ'bo

Conversion Starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit i

Next Q4: ADRESH/ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

TABLE 17-1: TaD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency

Operation ADCS2:ADCSO0 PIC18FXX2 PIC18LFXX2

2 Tosc 000 1.25 MHz 666 kHz

4 Tosc 100 2.50 MHz 1.33 MHz

8 Tosc 001 5.00 MHz 2.67 MHz

——) 16 TOSC 101 10.00 MHz 5.33 MHz
32 Tosc 010 20.00 MHz 10.67 MHz
64 Tosc 110 40.00 MHz 21.33 MHz

RC 011 — —




CSE@UTA

Total ADC Time

Acquisition Time + Conversl

Sampling
Switch

7\ VT =0.6V
Ric < 1k

| LEAKAGE
+ 500 nA

on Time

vTi‘- vrlef+
Vout 10-bit DAC
D9...D2 D1 DO
N R AR
i 0; Vin < Vour | D

Final ADC Result
—
0-1023

/

1; Vin > Vout

A SAR

TACQ =

2 us +9.61 s + [(50°C — 25°C)(0.05 us/°C)]
11.61 us + 1.25 us
12.86 us

FOSC/8 "

£ 17-3: A/D CONVERSION Tap CYCLES

Tcy - Tap Tap1 Tap2 Tap3 Tap4 Tap5 Tap6 Tap7 TAD8 Tap9 TAD10 Tapid
Tbglb8lb7lb6|b5|b4lb3|b2lb1Ib{) bO
Conversion Starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit

:




Sampling Frequency

* Note, that we have only described a single
conversion

 If periodical conversion needs to be set up, the GO
nit has to be turned on periodically and data

oroduced (ADRESH, ADRESL) has to be read
periodically o

H.,-f"T I [

* This can be done by: ""!’ul--‘!"'oﬂa ime
— Calculating timing (i.e., NOP instructions after DONE)
— Using timer peripherals (not covered yet)
— Proper interrupt processing "




#14 Steps When Using the PIC18 ADC

CSE@UTA

1. Configure the A/D module:
» Configure analog pins, voltage reference and
digital /0 (ADCON1)
Select A/D input channel (ADCONO)
Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
e Clear ADIF bit
« Set ADIE bit
« Set GIE bit
Wait the required acquisition time.
Start conversion:
» Set GO/DONE bit (ADCONO)
5. Wait for A/D conversion to complete, by either:
* Polling for the GO/DONE bit to be cleared OR
e Waiting for the A/D interrupt
6. Read A/D Result registers (ADRESH/ADRESL);
e clear bit ADIF if required.

7. For next conversion, go to step 1 or step 2 as required.

* The A/D conversion time per bit is defined as TAD. A minimum wait of 2 TAD is required
before next acquisition starts.

W
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”n Programming the PIC18 ADC

unsigned char adLow = 0;

unsigned char adHigh = 0;

int fullAD = 0;

TRISADbIts. TRISAO = 1; //AO is an input

ADCONO = 0b01000001:; //FOSC/16, channel 0, A/D module turned ON
ADCON1 =0b11001110; //right justified (FOSC/16) ANO=analog

while(1)

{

//[Delay >= TACQ //Datasheet pg. 185
ADCONObits.GO =1,

while(ADCONObits.DONE ==1) ;

adLow = ADRESL;

adHigh = ADRESH,;

//combine into a single 10-bit number
DELAY(250); /I set your sampling rate (in ms)

AVpp

10k
POT T

P

PIC18F
PORTC

RADAND

PORTD
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CSE@UTA

ANO as Analog Input

MCLR/N PP
— BAOANG

RA1/AN1
RAZ2/ANZ2/VREF-

RA/ANINVEBEFR+
RA4/TOCK]
RAS/AN4/SS/LVDIN
REO/RD/ANS
RE1/WR/ANG
RE2/CS/ANT

VDD

\Vss

QSC1/CLKI
OSC2/CLKO/RAB
RCO/T10SO/T1CK]
RC1/T10Sl/CCP2*
RC2/CCP1
RC3/SCK/SCL
RDO/PSPO
RD1/PSP1

— g1
-] 2 70
- ] 4 97
-—[]5 36
— 6 35
-l—l-E? 14
—gs § B 33
-|—|-|:Q E E 72
-—[10 o o 31
—0O1" & o 3
——=g1i2 F § 2
— =13 28
-—[1 14 27
- [] 15 25
- | 16 25
- 117 24
- [| 18 29
-— [] 19 22
- [ 20 21

] -<— RB7/PGD
] < RBB/PGC

[ ] -—= RBS5/PGM

| | =— RB4

| «— RB3/CCP2*
] «—= RB2/INTZ
[ ] =—= RB1/INTH

[ ] =—= RBO/INTO

| | =— VoD

[ | «— /35

[ | =—= RD7/PSP7

| | =— RDE/PSP6
| -— RDS5/PSP5

] «—» RD4/PSP4

] =—= RC7/RX/DT
] «— RCG/MTX/CK
] «— RCH/SDO

| | =— RC4/SDI/SDA
] «—= RD3I/PSP3

[ ] —» RD2/PSP2
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117-1:  ADCONO REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0
ADCS1 | ADCSO | CHS2 | CHS1 | CHso |GOMDONE| — | ADON
bit 7 bit 0
CSE@UTA bit7-6  ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold)
ADCONt ADCONO Clock Conversion
<ADCS2> | <ADCS1:ADCS0=
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
— 1 01 Fosci16
1 10 Foscied
1 11 FRC (clock derived from the internal A/D RC oscillator)

bit 5-3  CHS2:CHSO0: Analog Channel Select bits
—— 000 = channel 0, (ANO)

001 =channel 1, (AN1)
010 =channel 2, (AN2)
011 =channel 3, (AN3)
100 =channel 4, (AN4)
101 = channel 5, (AN5)
110 =channel 6, (ANG6)

111 =channel 7, (AN7)

Note: The PIC18F2X2 devices do not implement the full 8 A/D channels; the unimplemented
selections are reserved. Do not select any unimplemented channel.

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

bit 1 Unimplemented: Read as '0'

bit 0 ADON: A/D On bit

—) 1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current




TER 17-22 ADCON1 REGISTER

RMW-0 RW-0 U-0 U-0 RW-0 R/W-0 RAN-0 RMW-0
ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit O
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six {6) Most Significant bits of ADRESH are read as 0.
o = Left justified. Six (6) Least Significant bits of ADRESL are read as '0'.
bit 6 ADCS2: A/D Conversion Clock Select bit (ADCON1 bits in bold)
ADCONA1 ADCOND Clock C )
<ADCS2> | <ADCS1:ADCS0> ock Lonversion
o 00 Fosc/2
0 0l Fosc/8
0 10 Fosc/32
o 11 Frc (clock derived from the internal A/D RC oscillator)
1 oo Fosc/d
1 ol Fosc/16
1 10 Fosc/e4
1 11 FRc (clock derived from the internal A/D RC oscillator)
bit 5-4  Unimplemented: Read as '0
bit 3-0 PCFG3:PCFGO: A/'D Port Configuration Control bits
PCFG
<3:0> ANT | AN6 | AN5 | AN4 AN3 AN2 AN1 | AND | VRer+ | VREF- C/R
o000 A A A A A A A A Voo A= 8/0
0001 A A A A VREF+ A A A AN3 A= 771
o010 D D D A A A A A Voo A= 5/0
0011 D D D A VREF+ A A A AN3 Ves 441
0100 D D D D A D A A VoD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 2/1
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ WREF- A A AN3 ANZ2 B/2
1001 D D A A A A A A Voo Vss 6/0
1010 D D A A VREF+ A A A AN3 A= 5/1
1011 D D A A VREF+ VREF- A A AN3 ANZ2 412
1100 D D D A VREF+ VREF- A A AN3 ANZ2 3/2
1101 D D D D VREF+ VREF- A A AN3 ANZ2 2/2
1110 D D D D D D D A Voo A= 1/0
1111 D D D D VREF+ VREF- D A AN3 ANZ 1/2

A = Analog input D = Digital 'O
C/R = # of analog input channels / # of A/D voltage references
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ADCON1

TER 17-2: ADCON1 REGISTER

R/W-0 R/W-0 -0 -0 R/W-0 R/W-0 RW-0 R/W-0
ADFM ADCS2 — — PCFG3 PCFGZ2 | PCFGT PCFGO
bit 7 bit O

bit 7 ADFM: A/D Result Format Select bit

—) 1 = Hight justified. Six (&) Most Significant bits of ADRESH are read as '0".

0 = Left justified. Six (&) Least Significant bits of ADRESL are read as 0.

bit & ADCS2: A/D Conversion Clock Select bit (ADCON1 bits in bold)

ADCONT ADCONO Clock Conversion
<ADCS2> | </ADCS1:ADCS0=
0 00 Fosc/2
0 01 Fosc/a
0 10 Fosc/32
0 11 FRc (clock derived from the internal A/D RC oscillator)
1 00 Fosc/d
— 1 01 Fosc/16
1 10 Fosc/éd
1 11 FrC (clock derived from the internal A/D RC oscillator)
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Format of A/D Result

FIGURE 17-4:

A/D RESULT JUSTIFICATION

-

ADFM =1

A

10-bit Result

2107

0000 00 |

L

v
ADRESH

.
ADRESL

v
10-bit Result

Right Justified

ADFM =0

e

O07EE

0

0000 00

A

~
ADRESH

Ty
10-bit Result

\
ADRESL

Left Jusfified
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ADCON1 We Want

/? VIIiD VSIS
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits 1 1 1

PCFG

<3:0> ANT | AN6 | AN5 | AN4 AN3 AN2 AN1 | AND | VRer+ | VRer- | C/R
0000 A A A A A A A A VoD Vss 8/0
0001 A A A A VREF+ A A A AN3 Vss i1
0010 D D D A A A A A VoD Vss 5/0
0011 D D D A VREF+ A A A AN3 Vss 471
0100 D D D D A D A A VoD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 2/1
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ VREF- A A AN3 AN2 6/2
1001 D D A A A A A A VoD Vss 6/0
1010 D D A A VREF+ A A A AN3 Vss 5/1
1011 D D A A VREF+ VREF- A A AN3 AN2 472
1100 D D D A VREF+ VREF- A A AN3 AN2 3/2
1101 D D D D VREF+ VREF- A A AN3 ANZ2 212
1110 D D D D D D D A VoD Vss 1/0
1111 D D D D VREF+ VREF- D A AN3 AN2 1/2

A = Analog input D = Digital O
C/R = # of analog input channels / # of A/D voltage references
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ADCON1

We Want
A VDD VSS

bit 3-0

PCFG3:PCFGO: A/D Port Configuration Control bits

1

1

1

PCFG
<3: 0>

ANT

ANS

AN3

AN2

AN1

ANOD

VREF+

VREF-

aooo

VoD

0010

VoD

0100

VoD

"0 | D | 0 | D | D | D | D | D | A Voo | Vss | /0

A = Analog input D = Digital /O

C/R = # of analog input channels / # of A/D voltage references
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Which AN Channels should be
Analog (input) or Digital (1/0)?

MCLRB/VPP
W e— 0 A0/ANO

RA1/AN1
BRA2/AN2/VREF-
RAYANINREF+
BA4/TOCK]

» RAS/AN4/SS/LVDIN
REQ/RD/ANS
RE1/WR/ANG

AA— == RE2/CS/ANT

4 = VDD
Vss

OSC1/CLKI
OSC2/CLKO/RAGE
RCOMT10SOMACKI
RC1/T10SI/ICCP2"
RC2/CCP1
RC3/SCK/SCL
RDO/PSPO
RD1/PSP1

O

—=[] 1 Il\\_‘/ll Al
- >3 3g
-—[]5 36
—=[]6 35
—gs § 5 2
-—-[g E E 12
=010 & e 31
—O1n o O 2
— =[] 12 E o 29
—~[]13 28
-—[ 14 27
-—[] 15 26
— [] 19 22
=[] 20 21

1 <—= RB7/PGD
] < RBG/PGC

[ | =—= RB5/PGM
[ ] =—— RAB4

] «—» RB3/CCPZ2"
] «— RB2/NT2
[ [ =—= RB1/INT1

[ | =—= RBO/ANTO
[] =— VDD

| +— Vss

[ | =—= RD7/PSP7Y

| | «+—= RDG6/PSP6
] «+— RD5/PSP5

T «—» RD4/PSP4
] «—» RC7/RX/DT
] «——» RCB/TX/CK
] <«—» RC5/SDO

] «<— RC4/SDISD?
| «—= RD3/PSP3

[ | =— RD2/PSP2
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ADCON1 We Want

A VDD VSS
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits 1 1 l
FPCFG
<3:0> ANT | ANG | ANS | AN4 AN3 AN2 AN1 AND | VREF+ VREF- C/R
oooo A A A A A A A A VoD Vas B/0
Qo0 D D D A A A A A VoD Wag RO
0100 D D D D A D A A VoD Vas 3/0

A = Analog input D = Digital O 88
C/R = # of analog input channels / # of A/D voltage references
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”n Programming the PIC18 ADC

unsigned char adLow = 0;

unsigned char adHigh = 0;

int fullAD = 0;

TRISADbIts. TRISAO = 1; //AO is an input

ADCONO = 0b01000001:; //FOSC/16, channel 0, A/D module turned ON
ADCON1 =0b11001110; //right justified (FOSC/16) ANO=analog

while(1)

{

//[Delay >= TACQ //Datasheet pg. 185
ADCONObits.GO =1,

while(ADCONObits.DONE ==1) ;

adLow = ADRESL;

adHigh = ADRESH,;

//combine into a single 10-bit number
DELAY(250); /I set your sampling rate (in ms)

AVpp

10k
POT T

P

PIC18F
PORTC

RADAND

PORTD
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Questions?
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