Lab 4: Digital Electronics
BMEn 2151 “Introductory Medical Device Prototyping”
Prof. Steven S. Saliterman
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Exercise 4.1: Hantek 2D72 Function Generator Square Wave

Voltage Offset

Objective: Convert the Hantek function generator square wave output to something useful
for CMOS digital circuitry. Always review the circuit schematic before doing an exercise.

Multisim Simulation, Schematic, and PCB

xscl
XFG1
PV T Vi R2 Ext Trig
+ com — %5\{ (?_::
? §1 kQ “ 5 i
-
Ealr o A
D1 R1 P Q1
AN \&>2N2222A 8
1N4001G 5.6kQ
< >
Hantek 2D72 Function Generator = Circuit output (A) is a TL (W[ Tme Channel & Channel B T
Output (B) of -2.5t0 2.5 VDC square wave 0-5VDC |2 &% :920ms  ssosemv 2500V
T2T1 24.053ms 4915V 5.000V Save Ext. trigger
— TlmEbalse Channlelt\ channlam Trigger
aveforms Scale: | 10 ms/Div Scale: |5 V/Div Scale: |5 V/Div Edge: [F]% ms Ext
5‘;’;;;;”5/\/\’ X pos. Oiv): |0 ¥ pos. Oiv): [ 1 ¥ pos.(Div): [ L level: [T [V
Frequency: [ e add|[B/a|[am| [ac][ o ac o - Mormal || Auto | None
Duty cyde: |50 %
Amplitude: 2.5 Vp
Offset: 0 v . .
—— These settings simulate the Hantek 2D72 output
e of -2.5 to 2.5 VDC. (Vp is Peak = 2.5, Vpp = 5¥DC)

4 Cammon

+3V

Output is a square wave
R29 of 0 to 5 VDC

T51

Square wave input from Hantek 2D72
function generator is -2.5 to 2.5 VDC.
It cannot be offset to 0 to 5 VDC.

T49 D7 R?28
Red 1N4001 5
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2N2222(TO 92)

T50
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Ei

GND

Note: Test points T49 & TP51 are now purple.
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Hantek 2D72
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Wave Offset 0 o °|:|°

IN4001
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Note:

Test point colors are
important. The
photographs are correct.
The schematics may
have notes referencing
an updated color.

R28
5.6k

Prof. Steven S. Saliterman Labs should be done under supervision.
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FG input @8TP49 TPSOEEIGND TP, R29 Fo outout §

Hantek 2072Nuas FE

FG Square .':_"'A:f - e

Wave Offset oot -6k Gr

Discussion

Integrated circuit families have different supply voltages. For the CMOS circuits here we are
using 5VDC. Input voltages ranging from 3.5 to 5VDC are recognized as HIGH (or logical
state 1) while input voltages of 0 to 1.5VDC are considered LOW (or logical state 0). We will
also be using clock pulses that are square waves of 0 to 5VDC.

The Hantek 2D72 has a voltage ceiling of + and/or - 2.5 volts. In contrast, a typical bench
function generator (below) will have a greater voltage swing. To compensate for the
negative swing, an “offset” voltage is applied for digital logic. The figure below shows typical
settings for a square wave from a bench function generator. Note the signal is -2.5VDC to
2.5VDC (5VDC peak to peak). Adding an offset of 2.5VDC will bring the range to 0 to 5VDC.

Note: Since the Hantek 2D72 cannot generate 0-5VDC, this circuit will take its square wave
and offset the voltage for you. Use this circuit’s output at TP51 later for the needed input at
TP41 and TP47, or anytime you need it the prototyping area.

Construction
With the power supply off, solder the necessary components to the PCB to complete the
circuit. Remember that the transistor has a socket.

Prof. Steven S. Saliterman Labs should be done under supervision.
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Task
1. Select Channel and use the function keys to set both probes to DC coupling (input).

2. Start by applying a 20 Hz, 2.0 volt square wave with no offset from the Hantek 2D72
function generator — red lead to TP49, and the black ground to TP50.

3. Attach scope probe 1 to the output TP51 (you may select any green GND lead for the
black alligator clip), and attach scope probe 2 to the input TP49 (you will need to grab onto
the function generator red min-grabber). Select Auto. You should see the following tracings:

AUTO

RN R RN R R R R NN NN NN RN RN

_ 500% | CH2 » 0,000n Time 20.00m:

Notice Auto has selected channel 1 to be 5.0 volts per division and channel 2 to be 2 volts
per division (lower left). The input signal (channel 2) is about +/- 2.0VDC, while the output
(channel 1) is about a half a volt to 5VDC, and suitable for CMOS circuits. Be sure you
understand how this circuit works.

Lab Workbook
1. Take a photograph of your scope display.

Circuit Not Working?

Be sure you have turned your power supply back on. Confirm that you have the correct
frequency (20 Hz not 1 kHz) and voltage (shown above) on the Hantek frequency generator.
If necessary connect the frequency generator directly to a scope probe and measure.

Prof. Steven S. Saliterman Labs should be done under supervision.
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Exercise 4.2: The 74HC00 NAND Gate & Transistor Driven
LED

Objective: Deduce the logic table of an AND logic gate created from two NAND gates, and
drive an LED using a transistor.

Multisim Simulation, Schematic, and PCB

vce £9
T 5.0V "4
S1
. fro-02
——o—™° * Net effect is an AND. EBC
Key = Space R2
10kQ U1A U2A Q1
}EH)ZNSQ(M
s2 = 74HCOON_4V  74HCOON_4V
' 1 NAND  Wired as an Inverter R1
Key = Space R3 g 330Q
c1 10kQ NAND Logic table
——0.1pF Anode \‘LED1
= h 4
_ 0 0 1 Cathode b
1 0 1 —
0 1 1
1 1 0

The CMOS output can drive other CMOS chip inputs directly, but generally requires the use
a transistor to handle higher currents, such as a relay or motor.

Connection Diagram Logic Diagram —
Pin Assignments for DIP, SOIC, SOP and TSSOP A :D D D .
Vic Be AL YA B3 M Y3 '

iu 13 |12 |n 10 Is Is

Li0Max. NOT SOLDERED

O
e o
o o

1 2 3 4 (] 7

Al B1 Y1 A2 B2 Y2 GND

Top View

Image courtesy of Fairchild Semiconductor

Prof. Steven S. Saliterman Labs should be done under supervision.
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Two MAND gates are used to create a two input AND logic circuit. ¢

| L
Determine the logic table for the AND circuit. B
1 SW1 o The 5'wil-:hes provide "0" input when off., and "1" when pressed. E

U4
SN74HCOON R 2N2222
: 9
Q@ @)
2N3904(TO-92) Lo O
I D .':'
Lo

=

R22
330

002H¥L #N

o0o0000
O00000O0
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el PSS S

1 Sw2 2 —i— |:|
GND

LED2 OUTisa "0" O
+ Y. .
C11j‘:|: L\E‘D—TH—Emmji IN is a "1"
g [ | Pecoupine Capcior & o 74HCOO NAND Gates with _
74HC00 NAND Gate with Transistor Driven LED | Transistor Driven LED e ot s it

Note: There is a misprint on your printed circuit board (V2.1) — it should say “AND”, not OR.

| Two NAND gates are used to create a two input AND logic circuit. ¢
‘Determine the logic table for the AND circuit.
The switches provide "0" input when off, and “1" when pressed.

_swi C15 .1 uf E i
a s 2N2222

2.

000H+L +N

.
»
o
=
(=}
x

0UT is @ "0"

IN is a "1"-

74HCOO NAND Gates WIth O
Transistor Driven LED retintr

Construction

Solder the necessary components to complete the circuit above. The switch bases are not

square, and the pins should easily fit into the holes. Note the polarity of the LED. Carefully
insert the IC into its socket observing the location of pin 1. Peak under the IC and see if any
leads are crimpled. If so, use the green IC remover, straighten the pin and reinsert the IC.

Task & Lab Workbook

1. Draw the logic table for an AND gate (like what was done for the NAND logic table
above), the result of wiring two NAND gates as shown. For help, look up AND gates on the
web.

Prof. Steven S. Saliterman Labs should be done under supervision.
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Circuit Not Working?
Double check the orientation of the LED and 74HCO00. Check under the 74HCOO0 (between
the chip and socket, and the socket and board) for a bent lead. Finally, try a new IC.

Prof. Steven S. Saliterman Labs should be done under supervision.



Exercise 4.3 Switch Contact Debouncer

Objective: Create a clean digital pulse from a noisy mechanical contact switch.

Multisim Simulation, Schematic, and PCB
VCC
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Ext Trig

Page 8
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Note: Circuit shows a normally closed button.
Simulate this by holding the button down, then
momentarily lifting your finger to create the input

pulse.
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GND

Note: Test points T38 & TP39 are now purple.

SW3

i

A10¢¢ £¢d

02 _°0

Enter

in L¥0* 6D

Prof. Steven S. Saliterman
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Labs should be done under supervision.
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Oscilloscope:
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-
(’!<
o
5 )
i
2

L 8

Schenit* Trigger

- i 1 | |

- 4 B I ‘
T v Capacitor: .047 uf

Switch Contact Debouncer (Code = 473)

N LyO' 6D

Construction

Solder the necessary components to complete the circuit above. Be sure all IC socket pins
are present and soldered. Carefully insert the 74HC14 Schmitt trigger chip.

Task

1. Rather than using Auto, you will set up the scope parameters manually. Enable both
scope probes and set both for DC coupling.

2. Set channels 1 and 2 to 5.00V/division (x-axis). To do this, press Channel, then F1 until
you are on channel 1. Next press the right or left arrow key on the keypad to change the
number on the lower left to 5.00V/division. Do the same for channel 2.

3. Next change the time base to 50ms/division (y-axis). To do this press Time, and then the
up or down arrows until the 50.00ms appears in the lower right display.

4. If the probe traces are overlapping you will need to reposition them on the screen. The
tiny arrows of the left of the display show the ground reference (zero potential). Press
Channel and select channel 1 with the function keys. Press and hold the up arrow on the
keypad to move the ground reference up two grid units. Do the same for channel 2, but
hold the down arrow to lower the ground reference two grid units. Your display should like
the one below (button is not pressed):

AUTO

Ground References,

cHi = 500v [ERE= 500V

Prof. Steven S. Saliterman Labs should be done under supervision.
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5. Connect your scope probe 1 to TP38, and probe 2 to TP39 (remembering to attach the
alligator clips to TP40 or any other green test point - GND).

6. Remove the Max/Min/Freq display from the screen by pressing Menu, and finding the
Monitor item. Select, and in the submenu, select disable.

7. Press and hold the button down. Momentarily lift your finger to send several pulses of
variable duration. Observe the momentary display of the debounced button pulse (channel
1) and the input to the Schmitt trigger (channel 2). Send pulses in rapid succession to begin
with. It takes several random button presses to appreciate what is happening.

Lab Workbook

1. See if you can capture a photograph of a button pulse (release) event and the output

similar to below:
Start of Output Pulse End of Output Pulse

Schmitt Trigger Threshold ........ '

CH1 = 500V

Start of Button Pulse| End of Button Pulse

2. Why is the output pulse inverted?
3. Why is the duration of the output pulse less than the button pulse (time released)?

Discussion

The C9 and R23 time constant (charging the capacitor) smooths out the mechanical noise.
The Schmitt trigger uses a threshold to detect the rising ramp voltage, switching quickly and
creating a clean square wave. In the next module you will see how to synchronize this pulse
this with a system clock. You will jumper the output at TP38 to the input of the One-and-
only One Clock Synchronized Pulse at TP42.

Prof. Steven S. Saliterman Labs should be done under supervision.
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Exercise 4.4: One-and-only One Clock Synchronized Pulse

Objective: This exercise introduces the concept of synchronized and clock driven circuitry.
Using a clock allows multiple chips to carry out their operation in tandem, independent of
the time it might take for information to propagate along a chain of integrated circuits. This
eliminates “settling time” and improves the chances of relevant data being present at the
input of a chip when called for. This exercise uses the output of the previous Switch Contact

Debouncer circuit (Exercise 4.3) and clock output from the Astable Multivibrator (Exercise
3.11)

Multisim Simulation, Schematic, and Trainer Board

Study the Multisim circuit below closely. A virtual logic analyzer has been incorporated so
that the timing of the clock, debounced pushbutton and synchronized pulse (the “one and
only one”) can be visualized. You can accomplish this with your oscilloscopes, but only two
channels at a time. This timing relationship is shown in the display that follows the circuit.
This circuit uses a 74HC14 Schmitt trigger for debouncing a push button (previous exercise)
and 74HC74 flip flops. When the button is momentarily released, you not only get a single
pulse, but the pulse is synchronized to the clock, and lasts only one clock cycle.

Clock Input
Set the function generator for a 5 volt square u4 ¥s01
wave, offset of 2.5 valts, at 100 hertz, I

vee vee 20Hz ExTg
5.0v 5.0v ®
. B =
L. P
f l—', U1A il :-LI L

Cc4 R2 4
0.1F I $220k0 o

1

2 1 1Q 12
S1 U3A e
—— L T 2 2 > 1oLK 19 = LL Ll zowe -2¢
_ 7414“ 1CLE ~2CLR
Key = Space c3 A Tl -
—.05uF T
1 | T4HCTAN_4V 74HCT4N_4V
Push Button Debounce One and Only One Clock Synchronized Pulse
T e m—
Timebase Chamnel A Crannel B FrE—— -
Logic Analyzer-XLAL | :‘:’.nkﬁnﬁf vk:.n::...‘:: :‘:::1:"01\ (:t 'rllla'
Time (s) [7i] | (e[| [ac @ |[oE] a0 |[oE] Srge Momal o Hone
234.500m 262.500m 276.500m 304.500m
Clock —
® I3 I

3 | —— 7 1

Button || = /
Synchronized 7| |
pulse

TOP VIEW

g T74HC14 Hex Schmitt Trigger

lock rigger H
T1 W@ 234500ms D001 :::Inckstiv 7 = ConneCt pln 14 tO plUS 5 VOltS,
[ Reset | 234500ms 0001 e () @ T .
e Tooms [t | Bremel ©) Quelfier Q) quakfier (1 and pin 7 to ground.

Prof. Steven S. Saliterman Labs should be done under supervision.
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T41 +5V T44

Red T Red Oscilloscope:
1 1 Clock Input
| ll 1 10 O "‘hcmnel 1
Clock (5 VDC S W ) /
Frgfn I(:urlction g:z;(aratoarVE) Clock Output TP41 'Q} O O
uUs
Mﬁﬁ? One-and-Only One Debounced O g ClOCk OUt
T42 U%rp vec 4 T45 Input % Channel 2
Red Red ey P
B P10, 2RDf3 a2 @ O IO QP45
—diiso 2cpfd ~ O O one & Only One
Debounced Momentary 1Q 25D é_O_ ] out yt
Pushbutton Input 10 2Q *-J (® O
From TP 39 GND  2Q §’*| c17 C17 1 uf
Auf ™S Jdu
Green Green
oo [0 O
5 |
1 t 1
= Decoupling Capacitor One & Only One
GND GND

_ Clock Synchronized Pulse
One-and-0Only-One Clock Synchronized Pulse

Note: Test points T41, 42, 44, 45 are now purple.

Lighting <

‘Oscilloscope: an LED

Channel 1
@Tm

Clock Out

Channel 2

Clock Input
1
TP41 g

Debounced
Input

P42 @

v g Osclloscope

[
L
]
=
N
I
N

T
O
~
R

O y One
- Clock Synchronized Pulse

Binary Flip Flop Counter

V1. R1 Copyright 2021

Interconnecting modules

Construction

You constructed a button debouncer in the previous exercise. Now assemble the
components to complete the one-and-only one synchronized pulse circuit above. Be sure all
IC socket pins are present and soldered. Insert the IC carefully so as not to bend leads
underneath.

Task

1. Connect a clock to pin TP41 — use a two-sided mini-grabber lead and jumper from TP35,
the Astable Multivibrator. Use another two-side mini-grabber, and jumper the output of the
contact debouncer TP38 to the input on the one and only one TP42. (You need not worry
about the GND leads here —they are connected internally.)

2. Manually set both scope probes to DC coupling and 5V/division. Put scope probe 1 on
TP44 and scope probe 2 to TP45 (connecting the ground alligator clips to TP46 — GND, or

Prof. Steven S. Saliterman Labs should be done under supervision.
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any other nearby green test pin). Momentarily press the button and you should see a pulse
similar to the display below. Adjust the Time base manually if necessary. Try several button

presses of variable duration.

AUTO

..
|

EE RN RN R RN NN RN NN}

CH1 = 500V | — 500v 0 T+ 0000ns 7 Time 50,00m

Lab Workbook

1. See if you can photograph the one-and-only one pulse and clock signal together.
You will use this output as an input to the Binary Counter (Exercise 4.5) next.

Discussion

The displays below contrast the previous switch contact debouncer pulse relative to the clock
(TP38 and TP44); and with the one & only one pulse relative to the clock (TP45 and TP44). On
the left, the duration is determined by how long the button is pressed. While the pulse is a
clean square wave, it is not synchronized with the clock. Notice that oscilloscope triggering is
set on the clock. On the right you can see that the pulse is exactly one clock cycle in duration

and timed with the clock (as above).

Hantek obsoswzs [N

=1

et

Prof. Steven S. Saliterman Labs should be done under supervision.
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Exercise 4.5: Four Bit Binary Counter with Buffer Drivers

Objective: To demonstrate asynchronous counting with CMOS flip flops, and driving LEDS
with a CMOS hex buffer, the 4049. You will be using the previous two modules for input to
the counter.

Multisim Simulation, Schematic, and PCB

R4 R3 R2 R1
330Q 330Q 330Q 330Q
LED4 LED3 LED2 LED1
N N
c1 343 R ‘;4 E
0.1pF
I (Tk1n] usc U3B U3A
= 4049BP_5V 4049BP_5V 4049BP_5V f E 4049BP_5V
5.0v
vcc
(W) l’l l o l’t JJ o
~1PR ~2PR ~1PR ~2PR
20Hz = Y} 10 p2 =E 20 P21 2 1ip 10 p—1 22 12p 20 (2
3 oy 1CLE ~10 kE 1lepy 201K ~20 ki 3 hoicix ~12 Ll 201K 20 fb—
~1CLR ~2CLR ~1CLR ~2CLR
RS o T;a T1 T;a
100kQ
= T4HCTAN_a\ TAHCTAN_4V TAHCTAN_4V TAHCT74N_4V
U1A .
u1B U2A U2B
s1
R6
—Y oo -
1kQ =
Key = Space
Connection Diagram
Pin Assignments for DIP, SOIC, SOP and TSSOP CheRY
vic ClR2 b clke PRz 02 B2 - -
|1-1 13 12 11 |1n [ 8 |'E |'5 4 I 12 I |"' :
CLA PR
>0k 0 1] a
] 0 ck @
'— PR ‘ CLR ? ?
7 12 3 2 B 3 |7 1 lz 3 4 5 ls 7 |s
LRI ol CLK1 PR1 o o GND vop G6=A A H=E B 1=t ¢ Vss
0P VIEW Top View

Images courtesy of Fairchild Semiconductor

Prof. Steven S. Saliterman Labs should be done under supervision.
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Binary Counter with Flip Flops

Note: Test point T47 is now purple.

Binary Place: 8's , 4's | 2's e.g. 1001 BlnarerIaceias g+ Vs eg 1001 |
Function Gen (TP51) equals 9 Function Gen (TPS1) = # . »
or One & Only One or One & Oﬂly One e / :
Input (TP45) LED3 LED4 LED5  LED6 Input (TP45) LED3 LED4 LEDS

TP47
TP48

H00L +24

6+¥0% 6N

O
O
O
O
O
O
O
O

Construction
Solder the necessary components to complete the circuit above. Be sure all IC sockets pins
are present and soldered. Insert the ICs carefully so as not to bend leads underneath.

Task & Lab Workbook

Verify (yes or no) seeing each of the following scenarios using three different inputs at TP47
(1-3):

1. Interconnect the Contact Debouncer output TP38 to the One and only One input TP42
with a two-sided mini grabber jumper. With a second jumper, interconnect the Astable

Prof. Steven S. Saliterman Labs should be done under supervision.
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Multivibrator output TP35 to the One and Only One clock input TP41. With a third jumper
interconnect the One-and-only-One output TP45 to the Binary Counter input TP47. Reset
the counter. The counter should advance in binary each time you press the push button on
the Contact Debouncer module. Troubleshoot before proceeding. Now, take a picture of the
binary number 1010 (LEDs left to right, ON-OFF-ON-OFF). This is the same as a decimal ten.

2. Remove the previous jumpers. Jumper the Astable Multivibrator output TP35 directly to
the Binary Counter input TP47. The counter should start counting up at 20 hertz. (The
counter restarts itself when it overflows.)

3. Now remove the previous jumper. Connect your Hantek 2D72 function generator leads to
the Hantek 2D72 Function Generator Square Wave Voltage Offset module inputs TP49 &
TP50. Jumper the Offset module output TP51 to the Binary Counter input TP47. You should
now be able to vary the count rate by changing the frequency of a square wave on the
function generator of the Hantek 2D72. (Start with a 20 Hz square wave.)

(Review Exercise 4.1: Hantek 2D72 Function Generator Square Wave Voltage Offset to

understand why you do not directly connect the Hantek 2D72 function generator output to
the Binary Counter.)

Prof. Steven S. Saliterman Labs should be done under supervision.
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Exercise 4.6: Trainer Board Breadboard Area Familiarization

This module on the PCB allows for placing a circuit you design, inclusive of typical
breadboard columns and rows, and test points. The rows contain +5, +/-12 VDC and GDN
rail (bus) already wired internally. Unlike a typical breadboard, here you solder in the
components after you have confirmed your circuit works with a “jumper wire” style
breadboard. Test point colors may be chosen based on the type of signal and your

preference (gray is shown below).

+5v _BOOTH2Y

I

GND'IDOOO000000000000 _—12V
Breadboard Area

Task & Lab Workbook
1. 1 did this (Yes/No):

T [aH2v

)
Breqdboard Areo

2. Take a photograph of the front and back of your Analog & Digital Lab Trainer Board to

finish the job!

3. You may use this breadboard area for senor or actuator projects.

End of Digital Electronics Lab

Prof. Steven S. Saliterman

Labs should be done under supervision.
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A-1 Analog & Digital Lab Trainer Board
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