TECH 3233
Lab #5
Analog to Digital Converters

Ver 2.0

In this experiment we will use the built in ADC Converter to read a Potentiometer display ADC out, and
the Voltage on Input pin.

Note: Make sure your read the ENTIRE LAB HANDOUT before starting the project Important information
on setting the project to use printf is included that must be done while starting the project)

The registers associated with the ADC in the Atmel 328P are as follows:

ADMUX - ADC Multiplexer Selection Register

Bit T B 5 4 3 2 1 o
(0x7C) [REFST T REFSO | ADLAR | - | MUX3 | MUX2 | MUX1 | MUX0 ]| ADMUX
Read\Write W RN R R RAW R RAW RAW
Initial Value ] 0 1] ] 0 ] i] o

* Bit 7:6 — REFS[1:0]: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 24-2. If these bits are changed during a
conversion, the change will not go in effect until this conversion is complete (ADIF in ADCSRA is set). The
internal voltage reference options may not be used if an external reference voltage is being applied to the AREF

pin.

Table 24-3. Voltage Reference Selections for ADC
REFS1 REFS0 Voltage Reference Selection

0 0 AREF, Intemal V _; tumed off

0 1 AV . with external capacitor at AREF pin

1 0 Reserved

1 1 Intemal 1.1V Voltage Reference with external capacitor at AREF pin

« BiIt5-ADLAR: ADC Left Adjust Result

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data Register. Write one to
ADLAR to left adjust the result. Otherwise, the result is right adjusted. Changing the ADLAR bit will affect the
ADC Data Register immediately, regardless of any ongoing conversions. For a complete description of this bit,
see "ADCL and ADCH — The ADC Data Register” on page 259.

* Bit 4 - Reserved
This bit is an unused bit in the ATmega48A/PA/SBA/PA/MBBA/PA/328/P, and will always read as zero.

« Bits 3:0 = MUX[3:0]: Analog Channel Selection Bits
The value of these bits selects which analog inputs are connected to the ADC. See Table 24-4 for details. If

these bits are changed during a conversion, the change will not go in effect until this conversion is complete
(ADIF in ADCSRA is set).




For channels ADCO-ADC7 make MUX3..MUXO equal to the channel number. Beyond the value 0b0111
(chn 7) they are as follows:

1000 ADCS!"

1001 (reserved)
1010 (reserved)
1011 (reserved)
1100 (reserved)
1101 (reserved)
1110 1.1V (Vag)
1111 0V (GND)

Mote: 1. For Temperature Sensaor.

ADCSRA - ADC Control and Status Register A

Bit 7 § 5 4 3 2 1 0
(Ox7A) [ _ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPS1 | ADPSO | ADCSRA
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

+ Bit7 - ADEN: ADC Enable

Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the ADC off while a
conversion is in progress, will terminate this conversion.

* Bit6 - ADSC: ADC Start Conversion

In Single Conversion mode, write this bit to one to start each conversion. In Free Running mode, write this bit to
one to start the first conversion. The first conversion after ADSC has been written after the ADC has been
enabled, or if ADSC is written at the same time as the ADC is enabled, will take 25 ADC clock cycles instead of
the normal 13. This first conversion performs initialization of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is complete, it returns to
zero. Writing zero to this bit has no effect.

+ Bit 5 - ADATE: ADC Auto Trigger Enable
When this bit is written to one, Auto Triggering of the ADC is enabled. The ADC will start a conversion on a

positive edge of the selected trigger signal. The trigger source is selected by setting the ADC Trigger Select bits,
ADTS in ADCSRB.



+ Bit4 - ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated. The ADC Conversion

Complete Interrupt is executed if the ADIE bit and the I-bit in SREG are set. ADIF is cleared by hardware when
executing the comresponding interrupt handling vector. Alternatively, ADIF is cleared by writing a logical one to

the flag. Beware that if doing a Read-Modify-Write on ADCSRA, a pending interrupt can be disabled. This also
applies if the SBI and CBI instructions are used.

* Bit 3 — ADIE: ADC Interrupt Enable
When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Complete Interrupt is activated.

+ Bits 2:0 - ADPS[2:0]: ADC Prescaler Select Bits
These bits determine the division factor between the system clock frequency and the input clock to the ADC.

Table 24-5. ADC Prescaler Selections

ADPS2 ADPS1 ADPSO0 Division Factor

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

The ADC 10bit answer will be found in ADCL and ADCH registers (since 10 bits cannot fit in one 8 bit
register). The ADLAR register defines the alignment (MSB in ADCH Bit 7, when ADLAR =1 OR MSB in
ADCH BIT 1 when ADLAR=0) as shown below:

ADCH ADCL

ADLAR=0 - T -1 [ [ - ] apco [ apcs ADC7 | Apce [ Abcs [ Abca [ Abc3 [ Apc2 | Abci [ ADco

ADLAR=1 ADCo | Aapcs | apc7 | Abce | ADcs | Abca | Abcs [ Apc2 ADC1 | ADCO | [

Note that in Atmel Studio, the above ADCH and ADCL are combined in a 16bit register named ADC (not

in Atmel documentation, found via the iom328p.h file)

There are two other registers associated with the ADC. They are ADCSRB which controls when the ADC
conversion is started (not needed for this lab — leave as free running), and DIDRO which turns of the

ability to use a bit as a digital input pin as well as ADC. See Atmel documentation for more info on these

registers.

Lastly, although not mentioned in the textbook, you do need to turn off the Power Reduction Mode for

the ADC (reg PRR bit PRADC = 0). If left in power reduction mode, the ADC registers will not update
and the ADC will not operate.



PRR - Power Reduction Register

Bit 7 ] ] 4 3 2 1 0
(Ox64) I PRTWI | PRTIM2 | PRTIMO - PRTIM1 | PRSPl | PRUSARTO | PRADC I PRR
Readfrite R R G R RAW RAW RAW =
Initial Value 0 0 1] D 0 0 0 0

Atmel studio seems to write a 1 to all the bits in PRR, so you must write a 0 to the bits associated with
the hardware you wish to use. REMEMBER THIS FOR FUTURE LABS!

Write to this register RIGHT AFTER the atmel_start_init(); line. Writing before it will have no effect, to

other hardware control registers before turning on the hardware with the PRR register will have NO
effect!

A few other notes:

1. Since we are using an Arduino board with a 16MHz clock on board, and the successive
approximation ADC cannot be clocked faster than 200K, we can only use the /128 pre-scaler for
the clock.

2. We will use AV for our Reference Voltage (this is 5v on the Arduino board)

To wire the Potentiometer (Pot), we wire it as a voltage divider (with the wiper arm of the Pot to the
ADC pin (AD3) and the other wires go to +5V and GND
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Write a program that will read an ADC input connected to the circuit (above) and display ADC out, and
Voltage out every half second.

You should be able to figure out the formula for calculating the Voltage out (given the number of bits
of the ADC and the Ve = 5V).

The output should be in comma delimited format (#,#<cr><lIf>).

Since we want to print out the ADC value and Voltage, we will be using PRINTF for the first time.



To set up ATMEL studio to use printf, start the project as you did in LAB3 procedure Step 1, but in
addition to selecting the ATmega328-PU, you will need to add the USART. To do this: Find Drivers (1
below) and use the scroll bar (2) to find USART(3), in the box next to it (4), put in a value of 1.

_Atmel | START + X EehEhi -

Atmel START What'sNew | Help
CREATE NEW PROJECT @
= RS e T I . 2 cegangg [ (=B T80T LB L T ] e
T FILTERS RESULTS
~ USART (1) X
B HARDWARE ce m
‘ 328 | @S’mwaH Oswnwoﬂyboards Oswnwcﬂydevces
SEARCH FOR SOFTWARE
‘ Name Architecture Package Pins Flash SRAM @
ATmega328-PU AVR PDIP28 28 32 KB 2KB
= MIDDLEWARE ® ATmega328-MMH AVR QFN28 28 32KB 2KB
+ Audio and Voice Click ATmega328-AU AVR TQFP32 32 32KB 2KB
+ Bootloader - ATmega328-MU AVR QFN32 32 32KB 2KB
P ATmega328P-PU AVR PDIP28 28 32KB 2KB
© prIvERs -] 1 f
a3pap FDIP28 28 32 KB 2KB
= = o R <m 22PSeroll Baf'(Beroll to
ATmegaBigicttm of listR QFN32 32 32KB 2KB
Timer e (0
r ATmega328P-MN AVR FN32 32 32 KB 2KB
USART ¢ 3 4 $ 1 B Q -
WDT e |0

Then hit “Create Project”.

You should have:

Atmel | START + X REREERT -

Atmel | START armegazs

MY SOFTWARE COMPONENTS @

€ Add software component o

| USART_O |

What's New | Help

MY PROJECT <)

B GENERATE PROJECT

Change the CPU clock speed to 16MHz as you have in the past, but now also click on USART_0 and scroll
down to find:



PROTOCOL CONFIGURATION

Printf support: |:|

And put a check in the box (no other changes are required). Now hit “Generate Project”.

This will allow you to use printf in your program.

Since the voltage will be a floating point number, you MUST tell the compiler to enable the floating
point printf (this is NOT included by default to save memory space).

To add floating point capabilities you need to do the following (from
https://startingelectronics.org/articles/atmel-AVR-8-bit/print-float-atmel-studio-7/)

In Atmel Studio 7 on the top menu, click Project - <project name> Properties... to bring up the
properties page for the currently open project. The image below shows the menu in Atmel
Studio 7 for a project named print_float_mega_2560.

E print_float_rmega_25360 - AtmelStudio

File  Edit View | Project | Build Debug Tools Help
S M oM | EH ASFwizard

£ Set as StartUp Project

y print_float_mega_2560 Properties... Alt+F7

Click Toolchain in the page at the left of the project properties page and then General under the
AVR/GNU Linker item as shown in the image below. Finally check the Use vprintf library(-WI,-
u,vfprintf).

print_float_mega_2560 - AtmelStudio
File Edit View Project Build Debug Tools  Help

ae e le- Q. | <o Debug - |

Build
Configuration: | Active (Debug) ~ Platform: | Active (AVR) ~
Build Events

Configuration Manager...

Device

Tool 4 dgﬁéGhUlﬁommﬂ [AVR/GNU Linker = General
Jenera
Components ) jcutputmﬂ [] Do not use standard start files (-nostartfiles)
Advanced “ \ﬁf\_;ffRthU C Compiler ] Do not use default libraries (-nodefaultlibs)
o General
[ Preprocessor [] Ne startup or default libs {-nostdlib)
§ Symbols [ Omit all symbel information (-Wi.-s)
= Directories ) ]
5 Optimization [ Link statically (-W.-static)
& Debugging Generate MAP file (-W1,-Map)
jWarnmgs .
[ Miscllancous €)1 Use vprintf lisrary(-W1 -u fprintf)
4 (2] AVR/GNU Linker
& Libraries
j(}pt\m(zatlon
EfMemory Settings
_ & Miscellaneous



https://startingelectronics.org/articles/atmel-AVR-8-bit/print-float-atmel-studio-7/

Now click Miscellaneous under the AVR/GNU Linker item and add the following in the Other
Linker Flags box as shown in the following image.

-Iprintf_fIt

E print_float_mega_2560 - AtmelStudio
File Edit View Project Build Debug Tools Help
P M G| |e - -Q .|| | - Debug M=

prnoatmege 2550+ < LA

Build

e

Configuration: | Active (Debug) ~ Platform: | Active (AVR) ~
Build Events

Configuration Manager...

Device

Tool 4 [2] AVR/GNU Common AVR/GNU Linker = Miscellaneous
& General
Components & OutputFiles Other Linker Flags: @ -lprintf_fit
4 [Z] AVR/GNU C Compiler

Advanced = General

& Preprocessor

jS}fmeIs

E& Directories

Z’Dptimization

jDebugging

& Warnings

& Miscellaneous
4 [Z] AVR/GNU Linker
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& Libraries
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e Viscelaneou 1
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Save the changes to the linker options (Ctrl + S) and then rebuild the project. Projects that use
sprintf and printf type functions should now be able to print floating point numbers to strings or
standard output.

Since no “Screen” is attached to the Arduino, we use the same USB / COM port used to send programs
to the board to send messages to a dumb terminal program on the PC. To open this, use the windows
search bar to search for “putty” and click on the program found. You should get the following window:

Category:
a . S_essiun Basic options for your PuTTY session
B T= Ifoglg\ng Specify the destination you want to connect to
H ?mKI:'hnard Senal line Speed
el o600
; *- Features Connection type: |
&- Window (O Raw (O Tehet (@) Serial
Appearance Load, save or delete a stored session
- Behaviour
Translation Saved Sessions
|| | i Selection | I
i e Colours "
i Default Settings Load
[=)- Connection tech-uofm info =
| -~ Data v
- Praxy
- Telnet Delete
- Rlogin
- S5H
- Seral Close window on ext:
O Mways (O MNever @ Only on clean exit
About Help Open Cancel




Select Serial (1) and then change COM1 to whatever Com port the Arduino is on (same port as the setup
for sending code).

NOTE: If you need to change your program and resend it to the Arduino, you will need to CLOSE PUTTY
before you send, or you will get an error that says something about the port in use when you try to send
the code to the board)

Once you have collected data for a while, copy and paste all data (right click on Putty’s title bar and
select “Copy all to clipboard”, paste the data into Notepad (or notepad++) and save as a .csv file.
Insert that into the root directory of your project file before zipping (this will act as your demo) and
submit your fully commented code via electronic submission for full credit.




