Demo 12 - ADC Study with Variable Reference
|

Introduction:

This demo gives you an idea about internal on-chip ADC in 10 bit mode with variable reference. A
2 line by 16 characters LCD is used to display the digital value of the input analog voltage.

Hardware:

A 2 line by 16 characters LCD is used to display the 10 bit digital value read from the ADC. A
variable reference voltage is used to give either 3V or 5V to Vref pin of the micon. Another
variable analog voltage source is used to give a variable analog voltage to channel 8 of ADC from
0 to 3V or 0 to 5V.

Port lines P12 and P13 are used to control LCD and connected to RS and E pins of LCD. The
R/W pin of LCD is connected to ground to select always write operation. The port lines P14 to
P17 are connected to upper data bus D4 to D7 of LCD to send both data and command.

The first variable analog voltage source with the name “AVREF SETTING” is used to give variable
reference voltage to Vref pin.

The second variable analog voltage source with the name “VOLTAGE SOURCE" is used to give
variable voltage to input of ADC at the channel 8.
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Circuit:
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Connections:

Demo 12 - ADC Study with Variable Reference
|

1. Connect port lines P12 and P13 to RS and E pins of LCD. Connect “GND” to R/W pin of
LCD. Connect port lines P14 to P17 to D4 to D7 of LCD.

2. Connect the variable analog voltage reference (AVREF) to Vref pin of micon.

3. Connect the output of the variable analog voltage source (ANALOG O/P) to channel 8 (port

line P10) of micon.

Functional Description:

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a

capacitive coupling amplifier. The analog inputs share the pins with P10 to P13. Therefore, when

using these pins, make sure the corresponding port direction bits are set to “0” (input mode).

When not using the A/D converter, set the VCUT bit to “0” (Vref unconnected), so that no current

will flow from the VREF pin into the resistor ladder, helping to reduce the power consumption of

the chip. The result of A/D conversion is stored in the AD register. Performance of the A/D

converter is tabulated below:

Item

Performance

AD Conversion Method

Successive approximation (with capacitive coupling amplifier)

Analog Input Yaltagel 1)

0 to Wref

Operating Clock ¢ADE21

4.2V < AVCC = 5.5V 1,12 14
2TV = AVCC = 4.2V 12 14

Resolution

8 bit or 10 bit is selectable

Absolute Accuracy

AVCIC = Vref= &YW

« &-bit resolution £2 LSE
= 10-bit resolution +3 LSB
AVCC =VWref=33V

= A-bit resolution £2 LSE
= 10-bit resolution +5 LSB

Operating Mode

One-shot and repeat modes(3)

Analog Input Pin

4 pins (ANE to AM11)

AD Conversion Start Condition

= Software trigger
Set the ADST bit in the ADCOMNO register to 1" (A-D conversion
starts)

» Captura
Timer £ interrupt request is generated while the ADST bitis set to “1

Conversion Rate Per Pin

«Without sample and hold function

8-bit resolution: 49440 cyeles, 10-bit resolution: 594A0 cycles
«With sample and hold function

8-bit resolution: 28440 cycles, 10-bit resclution: 334640 cycles

Notes: (1) Does not depend on use of sample and hold function. (2) The frequency of @AD must be
10 MHz or less. When Vcc is less than 4.2V, gAD must be fAD/2 or less by dividing fAD. Without

sample and hold function, the @AD frequency should be 250 kHz or more. With the sample and hold
function, the @AD frequency should be 1 MHz or more. (3) In repeat mode, only 8-bit mode can be used.

Block Diagram of ADC:
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AD Conwersion Rate Selaction

CHa0=1
RINGfast ———@ CKE1=1
; J—l
CKS0=0
CK30=0
WCUT=0
:-R'ISSG—;;‘ET Resistor Ladder
WREF

-

r =

Successive Comversion Regisier

AOCAP=0
Software Trigger T
Trigger
Timar £ ——a I_;
Interrupt Request ADCAP=1 XL | v
A T Decoder
comparator
-, .l W
WIN
I| Dats Bus 5
AESELD=0
AOGSELD=A
P1_0jaNs —{-CHile CLO- 10,
P1_1iANS Q—— =

P1_20AN 10 Q— o2 o CHISTITD
Pi_3EN 11 O—f=H2 o CHO=1TIb

CH o TH2, CKS0: Bits in ADCCONO register
CKS1, ViCUT: Bits in ADCOM1 register
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One-shot Mode:

In one-shot mode, the input voltage on one selected pin is data converted once. The specifica-
tions of one-shot mode are listed below:

Itarn Specification
Function The input voltage on one selected pin by the CHZ2 to CHO bits is A/D
converted once
Start Condition «'When the ADCAP bit is set to 0" (softwars trigger),

sat the ADST bit to “1" (A-D conversion starts)
«When the ADCAP bit is set to “17 (capture),
Timer £ interrupt request is generated while the ADST bit is set to =17

Stop Condition « AJD conversion completes (ADST bit is set to *07)
+ Set the ADST bit to “0°

Interrupt Request AJD corwversion completes

Genaration Timing

Input Pin Select one of ANS to AMNT1

Reading of A/D Conversion |Read AD registar

Result

Repeat Mode:

In repeat mode, the input voltage on one selected pin is data converted repeatedly. The specifi-
cations of repeat mode are listed below:

Item Spedfication
Function The Input voltage on one pin selected by CH2 to CHO and ADGSELD bits
is A/D converted repeatedly
Start Condition =+ When the ADCAP bit is set to “07 (software tigger)

Set the ADST bit to *17 (A-D conversion starts)
=Whan the ADCAP bit is sat to *17 (captura)
Timer Z interrupt request is generated while the ADST bit is st to “1”

Stop Condition Set the ADST bit to 07
Intermupt Request Mot generated

Genaration Timing

Input Pin Select one of ANS o AMNT
Reading of A/D Conversion |Read AD registar

Result
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Sample and Hold:

If the SMP bit in the ADCONZ2 register is set to “1” (with sample-and-hold), the conversion speed
per pinis increased to 28 GAD cycles for 8-bit resolution or 33 JAD cycles for 10-bit resolution.
Sample and-hold is effective in all operation modes. Select whether or not to use the sample-
and-hold function before starting A/D conversion. When performing the A/D conversion, charge
the comparator capacitor inside the microcomputer. The A/D conversion timing diagram is shown

below:

Sample & Hold
Disablad Conversion time at the 1st bit at the 2nd bit
ot ik ™
Sampling Tme Comparisan |Samplng Time| Comparison |Samping Time| Comparison
o AD cycle Time 250 A cycls Time 250 Al oyde Time

* Repzat unlil conversion ends

e o o o o e e e e e e e e
Sample & Hold .
Enabled » Convarsion time at the 1st bit 'E‘*”he' 2nd bit
Sampling Time Comparison | Comparison | Comparison | Comparison
4o AD cycle Time Time Time Time
L * Rep=al urill corvsrsion snds

Registers Used:

PD1 - Port 1 Direction Register
ADCONO -ADC Control register 0
ADCON1 -ADC Control register 1
ADCON2 -ADC Control register 2
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Port Direction Register:

BT bS5 b b4 b2 b2 I b

Symbol Address After Resst
FO1 O0E2Zh 00h
FO3 ODETh ]
PO O0EA R 00h
Bit Syl Ei Marre Funetion R
FOi_0 Port A Crection Bit O Input mode R
FOL 1 [Fort F1 L¥echzn Bil {Functions as an nput port) =
FIi 2 [Fort B2 Lrechon BN 1: Cutput mode T
P03 |Fort Ie L ecton B {Functions as an cutput port) [zt
FOi_ 4  |Port Fid Crection Bit R
FOi_5  |Port Fi& Crection Bit R
FOi_ &  |Port R Crection Bit R
FI 7 [Fort B Lrechon BN T

MNOTES ©

1. Neothing i assigned to the POA_0 to POA_2 and PDA_E Lits in the PO3 register.
Whenwriing 1o the PO3_0 4o PO3_2 and POG_G bits |, wrie “07 {input mods). When read, its content is *07.

2. Mething is assigned to the PO4_0to POY_4, POY_G and POY_T bils in the PCY register.
Whenwriing o the FO4_0 4o POY_4, FOM_& and POY_T Lits n the P04 register, wrie 507 {input mede). When read,
ts content is 0T,

PD1 is set to H'FC to select the port lines P12 to P17 as output lines to control the LCD.

AD Control Register 0:

ET be bS b4 B3 B3 b4 BD

LHL Syrmbal Addrzss After Resat
ADCOMD ] CO000X
Biit Syrmbol Bit Mame Function R
Anakzg Input An S=lect e bl b0 ;
0 i 100: ANA R
101: AN -
o 110:AN1D R
111: AN
CH2 Ciher than above : Do not set R
Mo AD Cp=ration Mede Select |0 On-shot mode R
v Bt 1: Repeat mode *
AL Input Group S=lect B |0 Disabled B
ADGSELD 1: Enabled (AMS b2 ANI1) R
ADCAP AL Lonversion Automatie U Starts in softw are irigger [ADST bit) R
’ Start Bit 1: Starts in capture (Requests Timer Z intsrrupt) *
AJD Conversion Start Flag |0 Disabes A/D corversion .
ADST 1: Starls A/D conversion R
Frequency Select B 0 [When CESTin ADCCRT regster = 0]
0: Select f4
" 1: Select f2 .
CKsD [When CKS1in ADCOMI register = 1] R
0: Select 14
1: fRIMNG-fast

MOTES :
1. i the ADCOMO register is rew ritten during AD conversion, the conv ersion result i ndeterminats.

2. CHO to CH2 bits are enabled when the ADGSELD bit is sat 10 *17. After satling the ADGSELD bit to *1°, write to the
CHD b CH2 bits.

3. When ¢ hanging A/D operatio mode, st the analog input pin again.
4. Set AD fraquancy to 10MHz or below.
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The register ADCONOQO is loaded with the data H’84 to select one shot mode, channel 8 and clock
as fad/2

AD Control Register 1:

bT b bs b4 b3 B3 b B0

oo Q99 symbal Address After Reset
ADCDNT DO0Th 0oh
Elit Syrmbal Bit Name Funztion R
— Reserved Bt St bo "0
(b2-b) R
BT0-bit Mode Select Be< |U B-bit rmade
BITS 1: 10-bit mode R
K Frequency Select Bit 1 Refer to a deseription of the CKS0 bitin the B
ADCOND register function
. VTl Gonnect T Vet not connected
WouT 1: Wref connected R
— Reserved Bt Sat bo 07
{B6-bT) R

MOTES :
1. i the ADCON1 register is rew ritten during AD eonversion, the conversion resul is indeterminats.
2. Setthe BITS bit to “07 { B-bit mode) in repeat mode.
3. When the VCUT bit i setbo “17(connected) from “07° (not connected), wait for 1ps or more before starting
AD conversion.

The data H'28 is moved to ADCONL1 register to select 10 bit mode and external Vref.

AD Control Register 2:

bT b b B b3 b3 b1 bD

opoqo Symbal Address After Resat

ADCONZ 000dh Cdh
Bit Symbal Eit Hame Funation R
NP AID Convers ion Method S=lect Bit 0 : Wihout sample and hold AW
v 1 Wih sample and hold '
— Resarved Bi Satto “07 !
{b3-b) R

— Mothng s assigned. When write, set o0,

(b7-bd)  |When read, its content is °0°. -

MOTES :
1. When the ADCONZ register is rew ritten during A/D conversion, the corversion resul is indeterminate.

The register ADCONZ2 is initialized with the data H'01 to enable sample and hold function.
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Software Description:

ADC channel 8 is used to convert the given analog voltage and the generated digital value is
displayed on the LCD.

After reset, the LCD is configured in 4 bit mode and ADC is initialized in one shot mode with 10
bits and also sample and hold function enabled. Afterwards the program will read the input
analog voltage from channel 8 of ADC and display the results on LCD. After waiting for small

delay the process is repeated from reading channel 8 of ADC.

We can study the ADC in two possibilities. One is with 5V reference and other one is with 3V
reference as discussed below:

Case 1:

Keeping the reference voltage at 5.00V, the ADC generates a digital equivalent range from H’000
to H'3FF for the input variation of 0 to 5V.

The Voltage sensitivity is 4.88mV per bit. (5V/1024)

Case 2:

When the reference, Vref, is made equal to 3.00V, the digital output value for the input range of
0 to 3.00V is H'000 to H'3FF.

The Voltage sensitivity is 2.92mV per bit. (3V/1024)
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The files used in this module are listed below:

Files Description
Main file for this module, will read
Demol2.C and display the equivalent digital
data for the input analog woltage.
LCD routines to initialize LCD,
R8C1A1B_FE_LCD_4Bit.C cursor on/off, display a message
etc.
. Declarations of functions in
R8C1A1B_FE_LCD_ 4Bit.H
BCIA1B_FE_LCD 4Bit R8C1A1B_FE_LCD 4Bit.C

The functions in the file “Demo012.C” and short descriptions are listed below:

Reads the digital data from channel 8 of ADC
. and displays the results on LCD.
main
Input: None.
Output : None.
Selects the external crystal oscillator as clock
MCUlnitialize source for the CPU and other peripherals.
Input: None.
Output : None.
Initializes the ADC in one shot mode with
sample and hold function and 10 bit
InitializeADC mode.Channel 8 is also selected.
Input: None.
Output : None.
Reads the 8th channel and returns the 10 bit
ReadADC dlglta! value.
Input: None.
Output : Digital value.

FRONTLINE

ELECTRONICS
www.MightyMicons.com




Demo 12 - ADC Study with Variable Reference
|

The functions in the file “R8C1A1B_FE_LCD_4Bit.C” and short descriptions are listed below:

Functions Description

DisplayLCD

Displays a message (16 Characters) on
LCD on the given line number.
Input: Line number and message string.
Output : None.

DisplayLCD2Digit

Displays the given 2 digit number on
LCD at given location.
Input: Line number, character position
and data.
Output : None.

CursorON

Makes the cursor visible on LCD.
Input: None.
Output : None.

CursorOFF

Hides the cursor.
Input: None.
Output : None.

InitializeLCD

Initializes the I/O lines used by LCD and
LCD in 4 bit mode. Clears the LCD.
Input: None.

Output : None.

WriteDataLCD

Write a data byte to LCD.
Input: Data Byte.
Output : None.

WriteCommandLCD

Write a command byte to LCD.
Input: Command Byte.
Output : None.
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Program Flow:

=
!

Initialize ADC to get a
single sample with 10 bit
resolution and sample
hold function.
Select channel 8.

Y

Set port 1 as output port.
Initialize LCD in 4 bit
mode and clear LCD.

Read the channel 0 of
ADC and display it on
LCD as shown below.
*** ADC Demo ***

Ch:8 Value:112
W ait for small delay.

Execute Demo:

After reset, the program will read and display the digital value of the analog voltage given at
channel 8 on LCD as shown below:

x % % ADC Derro * % %

Ch: 8 val ue: 112 *

Study 1:
Set the reference (Vref) as 5.00V. The converted digital value for the input analog variation of
0 to 5V will be H'000 to H'3FF.

Study 2:
With the reference, Vref, as 3.00V the converted digital value meant for analog variation of 0 to
3V will H'000 to H'3FF.
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Use Topview Simulator to Verify the Design.

Open the project Demo12 in the R8C/Tiny System Simulator using Open Project option from

Project menu. The project window opens up along with the Demo12.c file. Use Build option

from Build menu to compile the project. An output window captures the compiler ouput.

Use Project -> Download Project from main menu to download the .mot file into the simulator’s

memory for simulation.

ANGO - RBC/Tiny System Simulator,
fle Froject Memory Wiew Run Buid BreskPoint SingleStep Window Help

ik P Pl P 4| 2| | | e e | ] e
3 Proie [ -

g = [=]x] &lpeme =R
= [8) Demo1z i/ / -~
= 53 C sourcs Files 2 /7 Study of ADC with varisble external Reference. -
Dematz.c 34 e
- 4 /7 2 Lines X 16 Characters LCD is used to display the digital data -
5 /% of channel 8. *
Hesp.c 5 s+ o
Initsct.c ERr +
Intpra.c 8 /7 Case 1 i
Resetpra.c 9 g e o
RECLAIB_FE_LCD_4Bit.c 10 /7 Set the Vref to 5.00v. The digital value of O to SV will -
11 /* 000K to 3FFH. *
12 /7 Voltage sensitivity will 4.88mV. (5¥/1024) -
13/ *
14 /¥ Case 2 */
15 /F e * 0
16 /7 Set the Vref to 3.00v. The digital value of O to 3V will -
17 /* O00H to 3FFH. *
18 /7 Voltage sensitivity will 2.92mV¥. (3¥/1024) -
18 s *
20 /% LCD Connection:- ~
21/ e *
2z /* RS - P12 =/
23 /¢ RU - GHD *
24 /* E - P13 =/
25 /¢ D4 - P14 *
26 /* D5 - P15 =/
27 /% D6 - P16 *
28 /* D7 - P17 =/
28 /¥ *
30 /7 Frontline Electronics Pvt Ltd., India. -/
31 /% wuw. MigheyNicons.com */
3z / /
33
34  #include "sfr_rS8ciilE.h"
35 #include "RSCLALE FE_LCD_4Bit.h"
36 v
< | >
E Output [ E
CODE 0000942(0034EH) Bvte(s) ~
The walus of option functicm sslect register is FFH 3
<< Linking Completed 5>
Converting to S Record(MOT) Format
Load Module Converter f{lms20) for R8C/Tiny, M16C/60 Series Version 4.01.01.000
Copyright (C) 2005. Renssas Technology Corp
znd Renssas Solutions Corp.. ALl Rights Reserved
<< Convertion Completed >»
<< Building Completed >>
! -
< >
Ready REF211B4 Mo Breakpoint Set MYC:1661170243 n-Chip Low Speed/8

Do the settings to the LCD modules as shown. Connect LCD control and data lines to port

lines P12 to P17.
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LED Configuration g‘
[¥ Enable LCD Module
Selection
LE[_) 117 Interface Type [rata Bus 'width Back Light
1Line % 16Characters
El Characters
dLines ¥ T6Characters * Parallsl B Bits " Dff
4Lines ¥ 20Characters ~ & on
Part Line Selection Summary:
i ; RS - Pl_2
Control Lines: Part lines BV — 0 Tevel
FEB 43210 EEM —51_4
Potl OO OO DES — P15
~ e DB6E - P1_&
Porl 3 DB? - P17

Port4 € € -

Fixed Levels
Dizconnect al

Ok LCancel

Open I/O Window and connect the variable analog voltage source to P10(AN8) by setting “Analog”
option in input level setting. Set Vref to 5V using “Analog Reference(Vref) Setting”.
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Port 1
Input Levels
P70 ~lmefo ~|PEf0 ] Pafs | P3ft =Pzt ] P11 =] PLO [Analc x|
Output Levels
Part 3
Input Levels
Paz [0 > pas [0 =l paa 1 =lpaa ]t =]
Output Levels
Part 4
Input Levels
pa7 0 >l pag [0 | pas 1~ pa2 [0 =
Output Levels
Clack/Interupt Inputs
Analog Inputs
AME Yolkage =1.00%
| |
s o s s s s D Ve o s ——————— .
| |
£ — < — :
Analog Reference [Vief] Setting
Wolkage = 5,00V
T ST TP P PSP ST PTSS PSP PYUPUPTPPUOIORY )

Then open the LCD window and arranage the LCD window and I/O window as shown below.
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(@) SANGO - REC/Tiny System Simulator
Fle Project Memory Yiew Run Build EreakPoirk SingleStep Window Help

Bt 1 P P P = = 2 W0 ] o o P =| 7@

B LCD - 2 Lines X 16 Characters

E Input/Output Levels

~Part 1
nput Level
P17 |0 x| F1E [0 x| F15 |0 x| P14 |0 x| F13 |0 x| F1.2 |0 - P11 0 v| P10 |Analc ¥
Output L
‘ P1.7=0 P1E=0 F15=0 Pl.4=1 P13=0 F1.2=1 F11=0 F1.0=1 ‘
[~ Port
[pLk Level
P37 |0 hd P35 |0 >l P34 |0 ~| P33 jo hd ‘
Output Level
‘ P37-0 P35=1 F3.4=0 P33=1 ‘
~Port 4
Input Levek
‘P4TD'F‘4EU‘P4EDv pgz [0 = ‘
Dutput Levelk
‘ P47 =00 PdE=1 P45=0 P42=0 ‘
~ Clock/Intenupt Inpa
INT10/CNTS INTT1/ENT
INTO R0 e INT3 £ TEIN KID | K | K2 | KI3
- Analog Input
AN Vollage = 250 ANE Yoltage = 0,00Y
Waltage = 0,00 Yoltage = 0,00
- Analog Reference [Vref] Setting
Voltage =5.00Y
Executing From OC39EH. ., RSF21164 Mo Breakpoint Set M/C:4942723 External Clockf2

Down load the program using Download Project command in Project menu.
Run the program using Go command in Run menu. The message,

hk % % ADC Den-D * % %
Ch: 8 Vval ue: 01FF *

will be displayed in LCD.

You can change the analog input voltage to AN8 and also the Vref using 1/0 Window.
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