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Webinar Logistics

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.
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Agenda:

* What is an Analog to Digital Converter
 The PCF8951 Analog to Digital Converter
* Lab: A 3VDC Voltmeter
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What is an Analog to Digital Converter?

e Acircuit that converts continuous analog voltage to a 2-state digital
signal

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

e 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.

e Greater conversion resolution can be obtained by increasing the
number of output lines or bits of the converter.
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What is an Analog to Digital Converter?...

A typical Analog to Digital Converter (ADC) or Device

Analog Input / O DO
W‘J O O b1 Parallel

ADC Circuit O D2 Digital
or —(Q D3 Output
Device . Word

/a'ODn

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

ADC

IN Converter c
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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 Woltage = 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 = 28 = 256

Step Size Woltage = Vsupply/ADC Bit size
= 5VDC/ 256
=0.0195V or 19.5mV 9
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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 Woltage

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

10
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What is an Analog to Digital Converter?...

5V/256 = 0.0195V or 19.5mV

Sponsored By

Our 8-bit converter represents the analog input as a digital word. The most significant bit of this word
indicates whether the input voltage is greater than half the reference (2.5V, with a 5V reference). Each

succeeding bit represents half the range of the previous bit.

Table 1 Example conversion, on an 8-bit ADC

Bit: Bit 7 Bite Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Volts: 2.5 1.25 0.625 0.3125 0.156 0.078 0.0329 0.0195
Output Value: 0 0 1 0 1 1 0 0

Table 1 illustrates this point. Adding the voltages corresponding to each set bit in 0010 1100, we get:

e am= = na *

.625 +.156 +.078 =.859 volts

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

11
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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.

12
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter

e Another type of ADC device

e 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.

13
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter

Analog Input /
AN
V/F O

Converter Serial Digital Output

4

The rate of the digital output pulses generated are
proportional to the analog input voltage level.

14
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What is an Analog to Digital Converter?...
Voltage to Frequency (V/F) Converter

v* = 8V TO 15V (FIXED)

L 4 10k

2% o E
f
GAIN ! ouT
ADJUST H\ 10K
10
VRer fout2
OFFSET =
ADJUST " TC9400
Ry
1ML
ViN O—ANN—e N
ov=10% 1 4 g

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

- 15
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What is an Analog to Digital Converter?...

Voltage to Frequency (V/F) Converter
<~ ielCom

TC9400
Semiconductor, Inc. TC9401

TC9402
VOLTAGE-TO-FREQUENCY/FREQUENCY-TO-VOLTAGE CONVERTERS

FEATURES GENERAL DESCRIPTION
Voltage-to-Frequency The TC9400/TC9401/TC402 are low-cost voltage-to-
P ° B Choice of Guaranteed Linearity: frequency (V/F) converters utilizing Iqw power CMOS
a rtla TCo401 ... o poi%  technology. The converters accept a variable analog input

TC9400 .. 0.05%  Signaland generate an output pulse train whose frequency
“oogy IS linearly proportional to the input voltage.

Data S h eet DCTEJQ:E;? kHz {F.N} or 1Hz to 1I'JDkHz {WF) The devices can also be used as highly-accurate fre-

: Low Power Dissipation .. . 27mW Typ quency-to-voltage (F/\V/) converters, accepting virtually any
B Single/Dual Supply Operatlon i!'lput frequency waveform and providing a linearly-propor-
+8Vio+15Vor+aVio+7.5v  ional voltage output . ,
B Gain Temperature Stability ......... + 25 ppm/°C Typ. A comple_te VI orFiV system only requires the addition
B Programmable Scale Factor of two capacitors, three resistors, and reference voltage.
Frequency-to-Voltage ORDERING INFORMATION
W Operation... e ..DC to 100kHz Linearity Temperature
B Choice of Guaranteed Llnearlty Part No. (VIF) Package Range
TC9401.. TCO400COD 0.05%  14-Pin 0°C to +70°C
TC9400.. S0IC (Narrow)
TC9402..... TCO400CPD 0.05%  14-Pin 0°C to +70°C
u Programmable Sca e Factor Blastic DIE
APPLICATIONS TCO9400EJD  0.05% ::tgrp —40°C to +85°C
B P Data Acquisition TC9401CPD  0.01% 14-Pin 0°C to +70°C
B 13-Bit Analog-to-Digital Converters Plastic DIP
B Analog Data Transmission and Recording TCO401EJD 0.01% 14-Pin —40°C to +85°C
B Phase-Locked Loops CerDIP
B Frequency Meters/Tachometer TCO402CPD  0.25% 14-Pin 0°C to +70°C
B Motor Control Plastic DIP
B FM Demodulation TCO40ZEJD 0.25%  14-Pin —40°C to +85°C 16

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

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

Ril’l = 1MQ v* = 8v TO 15V (FIXED)

Vin =5VDC ‘

Cref = 180pF as = 10K2
Vref = 5VDC GAIN_ 2 1;'“; fout

7
VREF four’2

Solution: — <
fout = Vin / (RinCrefVref) ADJUST Tcs400
= 5VDC / (IMQ x180pF x 5VDC) )
Vin 0—WN N

= 5.56KHz ov-10V

Source: W“ﬂ% J {

= = = 17

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

y
1. General description M

The PCF8591 is a single-chip, single-supply low-power 8-bit CMOS data acquisition
device with four analog inputs, one analog output and a serial 12C-bus interface. Three
address pins AD, A1 and A2 are used for programming the hardware address, allowing
the use of up to eight devices connected to the I2C-bus without additional hardware.
Address, control and data to and from the device are transferred serially via the two-line
bidirectional I°C-bus.

The functions of the device include analog input multiplexing, on-chip track and hold
function, 8-bit analog-to-digital conversion and an 8-bit digital-to-analog conversion. The
maximum conversion rate is given by the maximum speed of the [2C-bus.

Source:

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf 18



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

CEC Continuing 2
Education Sponsored By | ‘q- Fl‘- q ’
Center ‘nscrnoncs & 8

PCF8951 Analog to Digital Converter...

2. Features and benefits &

Single power supply

Operating supply voltage 25V to 6.0 V

Low standby current

Serial input and output via 12C-bus

I2C address selection by 3 hardware address pins
Max sampling rate given by |2C-bus speed

4 analog inputs configurable as single ended or differential inputs
Auto-incremented channel selection

Analog voltage range from Ve to Vg

On-chip track and hold circuit

B-bit successive approximation A/D conversion
Multiplying DAC with one analog output.

Source:

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

19
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Question 3 : :

o
——
—

Determine fout for a TC9400 V/F converter using the following
circuit parameters.

Rin = 1MQ
Vin = 3VDC
Cref = 100pF

Vref = 2.5VDC

20
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PCF8951 Analog to Digital Converter...

AV 4
VA \
3. Applications
B Supply monitoring IC Pinout Module
B Reference setting
B Analog control loops T o E"-"I:H:l e
AIN1[Z] [15] AOUT O PCF8591
ANz [3 14] Vrer
AlN3 [ 4 13| AGND
PCFE8591P
AD[S 12] EXT
G 11| 08C
AL 10/SEL ~ FREENOVE *~
Vs [B] 9] sDA O

Source:

https://www.nxp.com/docs/en/data-sheet/PCF8591.pdf 21
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Lab Project: A 3VDC Voltmeter
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, Lab Project: A 3VDC Voltmeter
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.

23
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Lab Project: A 3VDC Voltmeter...
3VDC Voltmeter Block Diagram

3VDC Voltmeter Software

Input Voltage / ADC
0 { corvertIRLT O Raspberry Pi 4 ‘ HDMI Monitor

\

24
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Lab Project: A 3VDC Voltmeter...

Major Components

ADC module : PCF8591 Resistor 10k x2

) O

PCF8591

O
[T TET—

O 00000

O

O
O
O
O
O
O

FREENOVE

™

C

25
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Electrical Wiring Diagram

Hardware connection
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Lab Project: A 3VDC Voltmeter...
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e am= = na *

Schematic diagram
. ° . iV B3 B § o 3.av 5V
10k Ok
Electronic Circuit BV Sa— 3 [spa TXDO |8
2.15CL1 RXDO 10
. . ' Ll GPIO4 GPI018 |2~
SChematIC Dlagram w AllGrio17 GP1023 16
= A131GPI027 GP1024 |18
T 121GPI022 GPI1025 |8
! 19 1mosi CEO |24
Al - 21IMIs0 CE1 25
s nd——]| 234SCLK SCLO |28~
B T 2L 1SDAD GPI012 |82~
& sl 15 29 1GPIO5 GPI016 |38
e Fraenove G _3.1_ GPIOB GPIOEU _&B_
Vs sDA -231GPI013 GPI021 |40
-35-3 s GPIO19
GP1026 Raspberry Pi
— GPIO Extension Shield
GND
i
— 27
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Question 4

Besides using a potentiometer to interact with the PCF8951 ADC,
name another sensory component.

29
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Lab Project: A 3VDC Voltmeter...
Processing Code

import processing. 10.%;

Create a object of class ADCDevice
ADCDevice adc = new ADCDevice() ;
void setup() {

size (640, );

if (adc. detectI2C( )|

adc = new PCF8591 (0x18) ;

} else if (adc. detectI2C( )) A

adc = new ADS7830( };

else {

WL = O Ul ok W e

[
=
[

println(“Not found ADC Module!”):

st
H

System exit (-1);

et
e 3
[a——

[
e
—

30



Continuing

L ’/'-.. I~} - 4 >
Education Sponsored By ' w )
Center accraoucs &) _

Lab Project: A 3VDC Voltmeter...

15 | void draw() {

16 int adcValue = adc. analogRead(0) ; Read the ADC value of channel 0
17 float volt = adcValue#3. 3/ : calculate the voltage

18 backeground (255) :

19 titleAndSiteInfo() :

20

21 fill(o);

29 textAligzn (CENTER) ; set the text centered PrOCESSing COde...

23 textSize(30);

24 text ("ADC: “+nf(adcValue, 3, 0), width / 2, height/2+30);
25 textSize(40) ; set text size

26 text("Voltage: “+nf(volt, 0, 2)+"V", width / 2, height/2);
27 }

98 void titleAndSiteInfo()
29 f111(0) ;

30 textAlign (CENTER) ; set the text centered

31 textSize(10) ; set text size

32 text ("ADC", width / 2, ) title

33 textSize(16) ;

34 text ("www. freenove. com”, width / 2, height - 20): site 31

25 }
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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
Voltage: 1.88V
ADC: 145

33

https://youtu.be/Tm5-SmOUSN0
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Bonus Lab Project: A Light Meter

10KQ Potentiometer 3.3V
replaced with a light
detection circuit

R1
10KQ
Light Detection
. . 3.3V
Circuit ® AINO
\\ PCF8951
PC1 §
Photocell
GND

V v 34
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Bonus Lab Project: A Light Meter
Modified Circuit Breadboard

Photocell 10KQ Resistor

------------------

Demo

https://youtu.be/2-MOIO9INGEK | * * * [ RN

---------

35
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Question 5 : :

o
——
—

In reviewing the Processing code for the 3VDC Voltmeter, write
down the equation that calculates the voltage.

36
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Thank you for attending

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.

e Telecom Semiconductor TC9400 Datasheet
http://www.farnell.com/datasheets/32473.pdf

* Freenove Ultimate Starter Kit for Raspberry Pi

http://www.freenove.com/tutorial.html

37


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

Continuing
‘ E‘ Education
Center

Thank You
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