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LAB 2 TUTORIAL
FUNCTION IMPLEMENTATION AND MINIMIZATION

OVERVIEW

B I this tutorial we will build on the circuit implemented in Lab 1 to:

1. Design, build and test a logic function F1 using the Karnaugh map method. We are
required to use only NAND gates (4012BP_5V components) and inverters
(4009BCP_5V components).

F1=(2,7,09, 12, 13, 14, 15).
2. The inputs to F1 are the outputs of the counter from the Lab1 circuit QO0, Q1, Q2, Q3.

3. We are required to use an LED with a resistor in series to show the output F1 for all
conditions. (i.e. The net F1 should be 1 for values of Q3, Q2, Q1, Q0 corresponding
to2,7,9, 12, 13, 14, and 15; and 0 otherwise.



MOUSA AL-QAWASMI
BME 328 — DIGITAL SYSTEMS (FALL 2020)

PRE-LAB

® Truth table Sor 2_inpuf NAND .

Y:r p

A
1
”D (
L \ ")
I

—-0-~-0®

@ (nverter USINg a.input NAND.

T_] A__EDD_Y

Vo : Al Y ‘
] i b —— _
A o 10 = 0 =]z A Y=z A .
Lo % A

B 2-input NAMD Vsing 2-1nput NANDS.

]

= " B) C = (AB) C
Y = ASC (AB) :
not (NAND)
NAND .
¥ Y




MOUSA AL-QAWASMI

BME 328 — DIGITAL SYSTEMS (FALL 2020)

@ 2-input OR using 2- input NANDS,

Y= A+B.
- Ne Mor9an —__—-:-'
? = Y: A+B —_ = A:B
5———‘—-‘
NAND .
;
. Y= A+B
B =
B

z: F(AB)Y= (A+B)ARB
Using one 2-/aput OR, one 2-input AND, ond

®

one 2-1NPY4 NAND -

A DA-fB
g 2= (A+B) AR .
A

B —

@ Using anly NANDS.

2= CA#B) A8 -

—
—

TRk (A+8) + AB

-

Z2E = (A+B) AB =

= (A+B) « 43 = A«B # AB

— — ' _.a s — ot
=(A+B).(A+B):A[4+AB+BA+§7§
: AR 4182



BME 328 — DIGITAL SYSTEMS (FALL 2020)

@ @ Con finued .
2a AB BA
eyt

NAND  NAND

L ml

i 2
NAND

® Trofh Fable Y= A8 « B8 « A wor 8
A B I Ly xog Gofe.
0o © o 4
I
? ; t s =)~ Y.
(O | o

< Z = AE-*JB - SvmoFProducl‘s.

MOUSA AL-QAWASMI




BME 328 — DIGITAL SYSTEMS (FALL 2020)

k- Map.

9192 Q‘G;o &y fi e
. 9]

ol
NQ |
o |\

Simplifitd Logic E%u-{',‘on:
Fl- QJQZ"’ Q36|Qo+ QzQ‘QO‘*@—Q—?Qlé—Q

and inveriers

J* -'

@ Convert to NAND ( We Con OniyUsel-nput Navoshn this lab).

F = E: = Q3§+ Qsar Qo + §21801Q0 + 03 9 9, Qo

o &52 8 03‘5!@0 . @201Q0' @@;le
.__H \__v____l L——y— L v "

g o NAND NAND NAND .
o 2
NAND .
Qo —Po— ?_? 2 ¥ Mofe Sure
Q) —po— @ You conpec f
' — &v Unused amAND

Pi—fpo— Qs Q3 — inPut Pins tosv.
Qs —Do— @3 %"—D" &

MOUSA AL-QAWASMI




MOUSA AL-QAWASMI
BME 328 — DIGITAL SYSTEMS (FALL 2020)

Add tienal Informa Fiop:

Use the fo/[ow:'ng Components fo lmplement
in NI Moltisim 14-2 .

@ For [nver Use 4oo9BCP-5V.

— 4ooJBCP- 5V

@ For NAND Gafes Use 40J2 BP_ 5v.
.NEI

lA— ;
|8 }—,Y
(C

ID'J_

24 g

2B

D

20D J YOIZBP-.5V .,




MOUSA AL-QAWASMI

BME 328 — DIGITAL SYSTEMS (FALL 2020)

PROCEDURE

1. Schematic Design

H Please follow the following instructions to construct the circuit shown in Figure 1:
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Create a new folder “Lab2” in your “BME328” folder.

Open NI Multisim 14.2.

From Multisim open your lab 1 design “Lab1.ms14”.

Save a copy of “Lab1.ms14” as “Lab2.ms14” in your “Lab2” folder.
Modify “Lab2.ms14” as illustrated in Figure 1.
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2. Simulations

H Before we simulate, we need to label the nets that we wish to simulate. To label a net:
1. Double click on each of the wires highlighted in Figure 2.

2. Then change the “Preferred net name” field as illustrated in Figure 4 (i.e Vout555,
etc...)

Save your design.
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H To simulate the design:
1. Click on “Simulate” located at the top left of your Multisim window.
2. Then click on “Analyses and Simulation.”
3. Follow steps 1 to 7 outlined in Figure 3 and Figure 4.

4. Compare your results to Figure 5.
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