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DAY 3 : Understanding Analog to Digital Converters
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• Turn on your system sound to hear the streaming presentation.

• If you have technical problems, click “Help” or submit a question asking for 
assistance.

• Participate in ‘Group Chat’ by maximizing the chat widget in your dock.

• Submit questions for the lecturer using the Q&A widget. They will follow-up 
after the lecture portion concludes.
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Don Wilcher
Visit ‘Lecturer Profile’ in your console for more details.



Sponsored By

4

Agenda:

• What is an Analog to Digital Converter
• The PCF8951 Analog to Digital Converter
• Lab: A 3VDC Voltmeter
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• A circuit that converts continuous  analog voltage to  a 2-state digital 
signal

• The digital output value or frequency of the converter is always 
proportional to the analog input value.

• The weight of the output word is proportional to the analog input 
level

• The digital output lines of the converter are combined to form a 
parallel output word.

• Greater conversion resolution can be obtained by increasing the 
number of output lines or bits of the converter.

What is an Analog to Digital Converter?
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What is an Analog to Digital Converter?...

A typical Analog to Digital Converter (ADC) or Device 

Weight of the output word is proportional to analog input level 
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Question 1

The digital output value or frequency of an ADC is always_______ to 
the analog input value.
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What is an Analog to Digital Converter?...

The ADC Electronic Symbol 
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What is an Analog to Digital Converter?...
Determining the ADC Voltage of an Analog Signal Analysis Equations

Equation 1: Step Size Voltage = Vsupply/ADC Bit size

Equation 2: Vout = Weighted Value x Step Size Voltage

Equation 3: ADC Bit size = 2^n, where n = number of bits

Example: 
Determine the Step Size Voltage and of an 8Bit ADC with a supply voltage of 5VDC. Also, calculate 
the output voltage at Bit 2 of the ADC.

ADC Bit size = 2^n
ADC Bit size = 2^8 = 256

Step Size Voltage = Vsupply/ADC Bit size
=  5VDC/ 256
= 0.0195V or 19.5mV
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What is an Analog to Digital Converter?...
Determining the ADC Voltage of an Analog Signal Analysis Equations…

Equation 2: Vout = Weighted Value x Step Size Voltage

Equation 4: Weight Value = 2^n where n = Bit position
At Bit position 2:

Weighted Value = 2^n
= 2^ 2
= 4

Vout = Weighted Value x Step Size Value
=  4 x 0.0195V
=  0.078V
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What is an Analog to Digital Converter?...

Ball, S. (2001). Analog to Digital Converters. Retrieved from https://www.eetimes.com/analog-to-digital-converters/# 
Source:
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Question 2

Using the ADC signal analysis equation procedure shown on slide 9, 
determine the step size voltage with a 3.3VDC supply.
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What is an Analog to Digital Converter?...

• Another type of ADC device
• Converts an analog input signal and converts it to a series of output pulses.
• The rate of the digital output pulses generated are proportional to the 

analog input voltage level.
• The digital output frequency of the V/F converter is proportional to the 

analog input voltage level.
• Although the industry refers to the serial output device as V/F converter 

and not an ADC, it is an ADC.

Voltage to Frequency (V/F) Converter
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter

The rate of the digital output pulses generated are 
proportional to the analog input voltage level.
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter

http://www.farnell.com/datasheets/32473.pdf
Source:

http://www.farnell.com/datasheets/32473.pdf
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter

Partial 
Datasheet
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter:

http://www.farnell.com/datasheets/32473.pdf
Source:

Example:
Determine the output frequency (fout) for the TC9400 V/F Converter with the following circuit parameters.

Rin = 1MΩ
Vin = 5VDC
Cref = 180pF
Vref = 5VDC

Solution:
fout = Vin / (RinCrefVref)

= 5VDC / (1MΩ x180pF x 5VDC)
= 5.56KHz

http://www.farnell.com/datasheets/32473.pdf
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PCF8951 Analog to Digital Converter

Source:

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf
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PCF8951 Analog to Digital Converter…

Source:

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf
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Question 3

Determine fout for a TC9400 V/F converter using the following 
circuit parameters.
Rin = 1MΩ
Vin = 3VDC
Cref = 100pF
Vref = 2.5VDC



Sponsored By

21

PCF8951 Analog to Digital Converter…

Source:

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf

IC Pinout Module

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf
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Lab Project: A 3VDC Voltmeter
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Big IDEAS:

1. Learners will be able to wire a measuring device using a few off the shelf 
components .

2. Learners will be able to build a sensing device using Physical Computing 
concepts.

3. Learners will be able to make small changes to the code for 
personalization. 

Lab Project: A 3VDC Voltmeter
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Lab Project: A 3VDC Voltmeter…

3VDC Voltmeter Block Diagram
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Lab Project: A 3VDC Voltmeter…

Major Components
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Lab Project: A 3VDC Voltmeter…
Electrical Wiring Diagram
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Lab Project: A 3VDC Voltmeter…

Electronic Circuit 
Schematic Diagram
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Circuit Breadboard Complete
Lab Project: A 3VDC Voltmeter…
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Question 4

Besides using a potentiometer to interact with the PCF8951 ADC, 
name another sensory component.
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Processing Code
Lab Project: A 3VDC Voltmeter…
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Lab Project: A 3VDC Voltmeter…

Processing Code…
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Lab Project: A 3VDC Voltmeter…
Project Build Complete
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Lab Project: A 3VDC Voltmeter…
Output of 3VDC Voltmeter

Demo

https://youtu.be/1m5-Sm0U5n0

https://youtu.be/1m5-Sm0U5n0
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Light Detection 
Circuit

Bonus Lab Project: A Light Meter

10KΩ Potentiometer 
replaced with a light 

detection circuit
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Photocell 10KΩ Resistor

Bonus Lab Project: A Light Meter
Modified Circuit Breadboard 

Demo

https://youtu.be/2-MOiO9nGEk

https://youtu.be/2-MOiO9nGEk
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Question 5

In reviewing the Processing code for the 3VDC Voltmeter, write 
down the equation that calculates the voltage.
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Thank you for attending
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Please consider the resources below:
• Analog to Digital Converters

Ball, S. (2001). Analog to Digital Converters. Retrieved from https://www.eetimes.com/analog-to-
digital-converters/# 

• Physical Computing
O’Sullivan, D., & Igoe, T. (2004). Physical computing: Sensing and controlling the physical world with 

computers. Boston, MA: Thompson.
• Telecom Semiconductor TC9400 Datasheet

• Freenove Ultimate Starter Kit for Raspberry Pi
http://www.freenove.com/tutorial.html

http://www.farnell.com/datasheets/32473.pdf

http://www.freenove.com/tutorial.html
http://www.farnell.com/datasheets/32473.pdf


Thank You
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