Digital Logic Design Lab

Dr. Sulieman Bani-Ahmad



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 2 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Table of Contents
TADIE OF CONTENES ...ttt b e s bt s bt s ae e et e et e e bt e s bt e s bt e satesabeea bt eabe e beesneesmeeenneenseeseens 3
[Lab 1]. Familiarization; PIaying With EWB 5.12.......cccciiiiiiiieie et et e e eritee e e s itee e e ette e e s eaba e e e enbaeeeennbeeeeenreeesensens 7
Introduction to Electronics WOrKDenCh.........co.o it 7
Using Electronics Workbench fOr DESIN ....ciuiiii ittt sttt e e st e e s sbae e e s sbeeeessntaeessnseeessans 7
GENEIAI EWB FUNCHIONS. ..ottt ettt ettt ettt ettt be e e st e e bt e e sabeesabee e sabeesabeesneeesabeeesneeesabeesaneeesabeesanes 8
1] o I I T PO PO P U UUPPTOUPRTOPRRTIONt 10
Task 1: Name the basic t00IbOXES Of EWB.........ooiiiiiiieieeieeete ettt st st sb e e s 10
Task 2: Basic buttons in EWB tOOIDOXES ....cc.eeiuiiiiiiiieieeeese ettt st st st sb e s s 11
TaSK 3 EWB TOOIDAI ...ttt ettt b e sttt et et e s bt e sae e sab e s a bt e bt e b e e bt e sbeesaeesaseenbeesbeesaeesanesane 11
Task 4: Simple circuit; Playing WIth EWB ........cooiiiiiiiiiiiee ettt ettt ettt e sttt e e s sttt e e e sbee e e e sbaeeeesseaeessansaeeesnns 11
Task 5: Simple circuit; two inverters connected SErially......cuuiiieciiiiiiciiie e 13
Task 6: Simple circuit; a clock source With @ red Probe ..........ee it atee e 13
Task 7: Simple circuit; a clock source with two red Probes ........cc.ueie et 14
TASK B2 EVWB IMIEINU ...ttt ettt ettt sttt sttt et e s bt e s at e s at e et e e beeebeesaeesabesa bt eab e e bt e bt e sbeeeaeeeateenbeesbeesaeesanenane 14
[Lab 2]. Basic logic Gates (AND, OR, aNd NOT ZAtES)....cccueiiiieriieeeiieesiieeeiieeestteestreesreesteeessaeesbeeenseeessseesssseesasenans 15
(0] oY [=Tot 41V PRSPPI 15
AND AN NAND ZAtES .. uutiiiiiiiiieiiiieeeiitite e sttt e e sttt e e e st teeessbeeeeesbteeesaasteeesaaseeeasaaseeeesaastesessssteeessassesessnsseeessnseeesanss 15
(O] [T I V0 ]2 = o USSP 15
[N 1 1 - | (= 16
1] oI I T OO O OO P OO T P USTUPRRPRRRPPR 16
Task 1: The AND @Nd NAND SateS...uciiiciiiiiiciiiieiiiiiee ettt e sttt e e s sttee e sstteeessabteeeesabteeesasteeassssaeessastasessasseeessnsseseesnns 16
Task 2: The AND-NOT COMDBINALTION ..couveiiiiiiiiiiieie ettt s st esr e sre e seeesane e 17
Task 3: The OR @N0 NOR Bat@S....uuiiiiiiiiiie ittt ettt ettt e st e e st e e s et e e e s e sbteeeesbteeesasteeaesnseaeeesasteeessnstaeessnssaseennns 18
Task 4: The NOR-NOT COMDBINATION ..couttiiiiiiiiiiiei ettt ettt sttt sttt e bt e sbe e s bt e st e et e enbeesbeesaeesanesaee 19
Task 5: Finding the truth table of a gate using the l0giC CONVEITEN .........oooeuiiii i 19
Task 6: Finding the truth table of a gate using the 10giC CONVEITEr .........ocoouviiiiciiie e 20
Task 7: Finding the truth table of a three input gate using the logic converter .........coccevvcieiiecvie e, 21
Task 8: Finding the truth table of a given circuit using the logic converter.........cccccevvcviieicciee e, 22
[Lab 3]. Digital logic circuits analysis and converting Boolean expressions to digital circuits..........cccoceeeeviveeennnee. 24
(@] 0T =Tt 1Y T3P UESS 24
1] o I I PO P RSP UPTOTPROPRPIO 25
Task 1: Converting Boolean expressions iNtO CICUILS........c.uuiiiiiiei it e e e e e e e e s e s nrre e e e e e e e eeeannns 25
Task 2: Converting Boolean expressions iNtO CIFCUILS .......iiiciiiiiiciieeicieee e ccieee ettt e e e vre e e s esare e e e snee e e e ssnraeeeenns 25

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 3 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Task 3: Digital logic circuit analysis — Finding the Boolean expression of a given circuit ........cccccocvveeviiieeiiciiieeenns 26
Task 4: Digital logic circuit analysis — Finding the Boolean expression of a given Circuit ........cccccoeeecciveeeee e, 27
Task 5: Logic circuits With MUILIPIE OULPULS.....ciiiiiiie et e e st e e s s ate e e s ssneaeeeeans 28
Task 6*: Finding the Boolean expression of a given circuit using the logic converter .........cccoceevevevceeecieeccvee e, 29
Task 7*: Converting Boolean expressions to circuits using the logic converter .........ccocceveceeeieciiee e 29
[Lab 4]. Boolean algebra and Simplification of Boolean expressions = |.......cccccccieeiieciee e 30
(0] oY [=Tot 41V SRR 30
DeMorgan’s Theory — BACKEIOUNG .........ueiiiiiiiiiiiiie ettt estiee ettt e et e e et e e s satee e s e abee e s ssbeeeessnbeeessnnseeesansseeessnnsens 30
Yoo 2 TeTe] [T T Y1 =0 o] - ISR SRI 30
BOOIEAN LAWS ...ttt ettt ettt ettt ettt et e st e et e s a e e e bt e e s a b e e s bt e e hte e e b et e sabee e be e e bt e e e beeeeabeesbeeenbeesbaeenareeaas 30
Simplifying Boolean [0ZIC FUNCLIONS ......cciiiiiiee ettt e e e tee e e et e e e e esabee e e e eabaeeeeenbeeeeennsees 32
1] oI I T T OO OSSO PTUPPRO PP 33
LI I S R O T ol U T = o =Y V2] RNt 33
LI S A O T LoV T - o =1 V2] PR 34
Task 3: SImplifying BOOIEaN fUNCLIONS ....ciiiiiiiii ittt et e et e e e st re e e e s bte e e e sbteeeesntaeeesntaeeeanns 35
Task 4: SImplifying BOOIEAN FUNCLIONS ....ciiiiiiiiiiciiiee ettt et e sttt e e e st te e e e s bte e e e sbteeeesntaeeesneaeeennns 36
Task 5: Simplifying Boolean functions in EWB using the [0giC CONVEITEr ........coocciiieieiiiieeeeee e 37
Task 6: Simplifying Boolean functions in EWB using the I0giC CONVEITEr ........ccocciiiiicciiiecceee e 38
[Lab 5]. DeMorgan’s Theory and the UNIVErsal Gates ........ccueeiiciiieiiciiieicciee et estee e sere et e e e e svaee s 39
(0] oJ[=Tot 4 1YL= PSPPI 39
2 ol <= o TU 1o o USRS 39
Implement any gate With NAND ZateS ONIY.......ooo it e e e stre e e e e b te e e e ba e e e eeasseeeeannaeeens 39
Implement any gate With NOR ZateS ONIY ...c..eiiiiieie ettt e e et e e e e aba e e e eraaaeeeeasaeeesannaeeens 40

o (U TNV 1 (=Y A = (=TSSP 40
Building Circuits using NAND and NOR ate5 ONIY....ccccuiiiiiiiiiiiiiiiiec ettt ree e s e e e e s sabe e e e s abae e e e nanes 41
Example: Building Circuits using NAND ZateS ONIY ....ciiicuiiiiiiiiiiecciiee ettt e e e sere e e sar e e s esasreeesseaeeees 41
Example: Building Circuits using NOR gates ONIY.......ccoocuiiiiiiiiiiicciiee et et e e e s esaae e e ssnaaeee s 42
1] o I I P TP UPTTOTRROPRRPIO 42
Task 1: The Universal NAND Zate........uiiiiiiiiiieciiiieee e eecctttte e e e e s ese e e e e e e s e s sasbeaeeeeeeseesanntaaseeeeesessassstasneeesssnnnnnns 42
Task 2: The UnIVersal NOR Sate ....ccccuuiiiiiiee ettt e e eeetttee e e e e s e et tee e e e e e s e e s s beaeeeeeessesannseaeeeeeeseasssstasneeaessnsnnnns 43
Task 3: Implementing circuits using NAND gates ONIY.....ccoccuiiiiiiiiii et arae e e 44
Task 3: Implementing circuits using NOR Zates ONIY ......cciiiiiiiiiiiiie ettt e e s sate e e e s nraeeeeaes 45
Task 4: Implementing circuits using NAND gates ONIY.....ccoccuiiiiiiiii e et snra e e e 46
Task 5: Implementing circuits using NAND ates ONlY.........uuiiiiiiii i e e e e e 47
[Lab 6]. Simplification of BooIean @XPresSioNs = [l ........cccuiiiieciiie ettt e et e e e e tae e e e eta e e e e sabaeeaeenaeeaas 48

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 4 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

(0] oY [=Tot 41V RPN 48
2 o] <=4 o TU 1o o PP 48
1] o I I O T PO PSP O PSP UUPPTOUPRTOPRRPION 48
Task 1: Simplifying two-input Bool€an fUNCLIONS........ccuuiiiieiiie et e e s naae e eaes 48
Task 2: Simplifying three-input Boolean fUNCLIONS ........eeiiiiiiiee et s e e e s ntaeeeeaes 49
Task 3: Simplifying four-input Boolean fUNCLIONS ........c.uiiiiiiiiee et s e e e e s ntaeeeeans 50
[Lab 7]. The Story of Minterms and MaXteIMS.......ccoccuiiiiieiiee e eciee et e e e etre e e etae e e e ebte e e eeabteeseeabaeeeesnreeeeennsens 53
L8] o [=Tot 41V PSPPI 53
2 o] <=4 o TU 1o o U PSTPRP 53
LA TASKS .ttt eette ettt et ettt sttt e s et e h bt et e s be e e e bt e e bt e e e a b e e e bae e e b e e e bee e htee e beeesabeeebaeeanbeesbeeenareaa 55
Task 1: Three-input BOOIEAN FUNCLIONS .....cccuiiei ittt e e e et e e e e e tte e e e ebteeeeebteeeeestaeeesntaneenans 55
Task 2: Three-input BOOIEAN FUNCLIONS .....cccviiii ittt ettt e et e e e et e e e e e tte e e e e bteeeeebteeeeeasteeeesntanaeanns 56
Task 3: FOur-input Boolean fUNCLIONS .......cocuiiii ittt e et e e et e e e e e tte e e e ebbe e e e ebteaeesntaeaesntanaeanns 57
Task 4: Four-input Boolean fUNCLIONS ......ciiciiiii ettt et e e st e e e s bt e e e e sbeeeeesntaeeesntaeeeanns 57
Task 5: SIimplifying 4-variable fUNCLIONS. ........uiii i e e st e e e s bre e e s sentaeeeeans 58
Task 6: Simplifying 4-variable fUNCLIONS: SOP .........oiiiiiiee et e e st e e e s sate e e e ssnteeesseneaeeeeans 59
Task 7: Simplifying 4-variable fUNCLIONS: POS .........ooi ittt ettt e ettt e e e et te e e e e ata e e e s sate e e s sntaeaesntaneeeans 60
[Lab 8]. XOR and XNOR gates: Basics and APPliCAtioNS ........eeeeciiiieiiieee et e e e e e e e 61
(0] oJ[=Tot 4 1YL= PSPPI 61
2 o] = o TU 1o o U PSPPSR 61
] oI I T TSP STUPPOPRPR 62
Task 1: XOR bUilt from DasiC ateS....cccuiiiieeiiiie ettt e ettt e e ee e e e e bt e e e e e bteeeeebteeeesastaseesastaeaeanstasaeanns 62
TASK 2: XINOR GALE ..ceeieuieeieeitee ittt ettt ettt ettt et e s bt s at e e at e et e e beesbeesaeesabeeab e et e e bee bt e saeesabeeabeeabeesbeesaeesanenane 63
Task 3: 3-INPUL XOR GATE ....uviiiiiiiieceeiiie ettt ettt e e e et te e e e ettt e e e e et aeeeesbteeeeebtaeaeebeaeeeassssaesssasaesastasassastasassastanaeanss 64
Task 4: Half 0@ CIMCUIT...cveirreerieiie ettt st st e r e s e s e et e et e e b e e sbeeseeesanesane 64
Task 5: Implementing HA CircuUit USING EWB .....cccuviiiiiiiiee ittt ettt et e e st e e s s ata e e e ssnte e e e sntaeessnsaeeennns 65
Task 6: Implementing FA CirCUit USING EWB......ccccuviiiiiiiiee ettt ee sttt e e e tte e e s esvte e e e sbtaee e sateeessntaeeesnsaeaennns 65
Task 7: Implementing a 4-bit parallel adder USING 4 FA’S .......ooo ittt et e et e e e tte e e e seataeaeeans 66
Task 8: Implementing a 4-bit parallel sUbTracter USING 4 FA’S ........oo oo cciiee ettt et e ectre e e e e eatae e e 67
Task 9: Implementing a 4-bit iNCreMeENter USING 4 FA'S........uuiii ittt ettt e ettt e e et e e e s ste e e e eeatee e e sensaeaeeaes 67
Task 10: Implementing a 4-bit decrementer USING 4 FA’S ......oiiiiciiie ettt e ettt e e s evte e e e s sate e e s ssntae e s ssnraeeeeans 68
[Lab 9]. Building logic Circuits USING MUHRIPIEXEIS ..cciueiiiii ittt e e e e e sbre e e e bre e e e sbre e e e earees 69
(0] oJ[=Tot 41V PSPPI 69
2ol €= oYU T o SR 69
4 Channel MultipleXer USING LOGIC GateS .....ccccuuiiiieeii ittt e e e e ettt e e e e e e et rer e e e e e e e s abtb e e e e e e e e e ennbsaaeeeeeseeennnsrnnnes 69

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 5 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Drawing MUILIPIEXEIS IN EWWB: ..o ettt e ettt e e ettt e e e e ata e e e eataeeesataeeeeasaeeeensaeeeeasssaeesnnssneesansnneenn 70
Multiplexers can be used to synthesize [08IiC fUNCLIONS ....coivcuiiiiiiiiiii e e 71
Task 1: Implementing single-output CIrCUItS USING MUXES ... .uviiiicriiiiiiiiieeiicieeeeeeiteee sttt e e s srreeesssree e e s ssnreeesssneaeeesans 73
Task 2: Implementing single-output CIrCUItS USING MUXES .....uviiiicuiiiiiiiiieeircieeeeectieee et e e s sereee e e ssrte e e s ssnteeesssneaeessnns 74
Task 3: Implementing single-output CIrCUItS USING MUXES .......ceiecuiiieiiiiieeceiieeeeecieeeeestreeeeetteeeeesrteeeesenreeeessnsaeeeanns 75
Task 4: Problems with verbal desCription .........oocviii i et e e e e et e e e e ebae e e e snteeeeeaes 76
[Lab 10].  Building digital logic Circuits USING DECOUEIS ......eeiiciiieeectieee ettt e e et e e e e bee e e e eate e e e srteeeesntaeaeeans 78
L8] o [=Tot 41V PSPPI 78

2 o] <=4 o TU 1o o U PSTPRP 78
Logic FUNCtions Realized With DECOUEIS: ....cccuuiiiiiiiiieecciiee ettt et e et e e s st re e s ssabbe e e eataeeesasaeeesansaeees 78
Drawing Decoders USING EVWB:.........uiii ettt e ettt e e ettt e e e et e e e e e ateeeesataeeesasaeeeeansaeeeeansseeeeansseeesansaneens 79

1] oI I T T OO OSSO PTUPPRO PP 82
Task 1: Implementing 3-variable Boolean expressions using 3-8 d@COET ........cccvveeeeiiieeieiiiee et eree e 82
Task 2: Implementing multiple 3-variable Boolean expressions using 3-8 decoder .........cccovveeeeeeieiiciirieeeeeeeeeeennns 82
Task 3: Problems with verbal desCription .........oicuiiii i e e e e e sbre e e s sneaeeeeans 83
Task 4: Problems with verbal desCription .........oiuiiii i e et e e e s ebre e e s seneneeeeaes 84
[Lab 11].  SeqUENTIAl CIFCUITS?? .uuiii i ecciie ettt et eeett e e e et e e e e ettt e e e e e bteeeesbeaeeeeaseaeaeanstseesanstasasastaseesssanassnssenananns 86
(0] oY [=Tot 4 1YL= USRI 86

2 ol ¢={ o TU 1o o U PRP 86
1] o Tt PO Y o T 1= T o | ol TP PUPPR 87
F N oY o Y= gL Dt 31 R L Y =Y o LSRRI 87

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 6 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

[Lab 1]. Familiarization; Playing with EWB 5.12

Introduction to Electronics Workbench

Electronics Workbench is an electronics and digital logic lab inside a computer, modeled after a real
electronics workbench. It is a design tool that provides you with components & instruments to create
“virtual” board-level designs:

— No actual breadboards, components, or instruments needed.

— Click-and-drag schematic editing.

— It offers mixed analog & digital simulation and graphical waveform analysis.

— Circuit behavior simulated realistically.

— Results displayed on multimeter, oscilloscope, bode plotter, logic analyzer, etc.

= Electronics Workbench
Fil= Edit Circuit  Analyziz Window  Help

S5 T R TP e e T
Ei v ([T ] ol SEIELT

F Sources

= D@ el = ““I@I .
| S| e
|

Kl | o[/
|F|ead_l,l | |Tem|:u: 27 | A

The main GUI interface of EWB

Using Electronics Workbench for Design

You may use EWB to:
1- Explore ideas and test preliminary circuits.
2- Refine circuits to full layout (If circuit requires parts of a previous design)
3- Export files in format used by PCB (Printed Circuit Board) layout packages as move from design to

production.
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General EWB Functions

Selecting

— To move a component or instrument need to select it selected item highlights: components red, wires

thicken
— Clicking to Select
To select single item, click on it.
To select additional items, press CTRL+ click.
— Selecting All
Choose Edit/Select All.
— Dragging to Select

Place pointer above & to side of group of items. Press & hold mouse button & drag downward diagonally.
Release mouse button when rectangle encloses everything desired.

— Deselecting

To deselect single item, press CTRL+click.

To deselect all selected items, click on empty spot in window.

Setting Labels, Wiring

Setting Labels, Values, Models & Reference IDs,

— To set labels, values (for simple components) & models (for complex components), select component and
choose Circuit/Component Properties, choose desired tab, make any changes, and click OK.
— Can also invoke Circuit/Component Properties box by double-clicking on component.
* Notes:

The Circuit/Component Properties box contains a number of tabs; depending on which component is
selected an analog component has either a value or a model, not both.

Wiring Components

— Point to a component’s terminal so it highlights; press & hold mouse button, and drag so a wire appears
drag wire to a terminal on another component or to an instrument connection, when terminal on second

component or instrument highlights, release mouse button

Inserting, Connecting, Editing

Inserting Components

— To insert component into existing circuit, place it on top of wire; it will automatically be inserted if there is
room.

Connecting Wires
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— If drag a wire from a component’s terminal to another wire, a connector is automatically created when
you release mouse button.
— Note: a connector button also appears in the Basic toolbar (to insert connectors into an existing circuit).

Deleting Wires

— To delete a wire, select it & choose Edit/Delete
— Alternatively, disconnect wire by selecting one end of it & moving it to an open spot on circuit window.

Changing Wire Color

— To change a wire’s color, double-click it & choose Schematic Options tab; click the Color button &

choose a new color.

Straightening a Wire

—move wire itself.

— move component to which wire is attached.

— press ALT and move component to which wire is attached.

— select component and press appropriate arrow key to align it.

— If two wires cross in a way that makes them hard to follow, select one & drag it to new location
*Note:
— the way a wire is routed sometimes depends on terminal from which wire was dragged; try

disconnecting routed wire & then rewire from the opposite terminal.

Instruments
B Instruments E3
/= 3

— Using an Instrument Icon

To display the Instruments toolbar, click the Instruments button on the Parts Bin toolbar.

To place an instrument on the circuit window, drag the desired button from the Instruments toolbar to the
window. To attach an instrument to a circuit, point to a terminal on its icon so it highlights and drag a wire
to a component. To remove an instrument icon, select it & choose Edit/Delete

— Opening an Instrument

Double-click the instrument’s icon to see its controls
- To selection options, click buttons on the controls

- To change values or units, click the up/down arrows.
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Simulation

e

Click the power switch to turn power on. Click switch again to turn power off. (Note: Turning off power

— Turning on Power

erases data & instrument traces.

Lab Tasks

Task 1: Name the basic toolboxes of EWB

File Edit Circuit Analysis Window Help

D /WS 4|Bl] <als|slin] 4] Qe o 2
B [Fle 28] T[%]¥][> @D TN =

Al

2

2]

Untitled
El Instruments |El
— =
1] Indicators =]
m|@| e 0008
' &7 Logic Gates =] |
Do | 0| 2| D 22| | | 4+
AHD | OR | MAWND)| MOR | MOT | XOR | XHOR | BUF
PN | RN | | | | | N |
[ B Basic =]
- [l [[38] 2|—|=leed] ¥
w|e3(e] [ 4ol mm[5E]
[ B Sources =]

+—|=|D|®|®| 8o|ae|ac|ud
& B SS|D|S| 3

e | va | |

Sl ol

&
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Task 2: Basic buttons in EWB toolboxes

B Instrurments | 2= |

ooooooooo
=3 | | e e | D ik
=] =0 oo L= L=l

B Indicators [ =7 |

@ @ ¢ |BE0EB

B Logic Gates | 22 |

1 1>
D> 9| 22| O | 2| 4 | 9 [ 32 > 1
{>}

AND | OR |NAND| MOR | NOT | ¥OR | XNOR| BUF

PN | P | N | N N | N | N | P

(T Basic =
| 4 |~[3E] B|=|-=]ed|w] Z
| R || o3| mm e

[ B] Sources =) ‘ ﬂﬁ @WDD Hz'50%
~|=[D|@|@)] solpolas]ss] #[4|@)
|| &S| 00| BS| ekl =

e B

Task 3 EWB Toolbar

ﬁ Electronics Workbench EI@
File Edit Circuit Analysis Window Help
D285 &|w(e wal]sid] @ Qafw -] 2| mo

B Flele|s| ¥EF om| BOv| =

Task 4: Simple circuit; playing with EWB
In the following circuit
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E Electrenics Workbench

E e =)
File Edit Circuit Analysis Window Help - - _
D= & |mel | g qlafet =] ¢ o]
B [F e ¥[F[E][c B [FD0v 5
Untitled
1] Logic Gates £3 i
e Do || 2| | 2| 4 | 2| 4]
@
A Indicators 23
D= g|@| e e EDEE -
L
— B Sources £2
~|=|0| @6 solsclsolss] ##|®
@D S|S0 B|e|o/kfE
Ready 130z Temp: 27

Draw the following circuit. After that make the following changes
- Connect the output of the converter to the red probe
- Connect the Vcc line to the input of the inverter

- Start simulating the circuit

State your observation down:
Observation:

- In the same circuit above, stop the simulation and connect the ground to the input of the inverter.

State your observation down:
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+Yer

Observation:

Task 5: Simple circuit; two inverters connected serially

Repeat Task 2 of this report and state down your observations.

+W e

Task 6: Simple circuit; a clock source with a red probe

Draw the following circuit and simulate it. Write down your observations. Notice that the clock (from
Sources toolbox) frequency is 2 Hz.

O

@

Note: You can change the default values of the clock by doing mouse right clicking on the clock and click
on the “Component Properties ...” as shown below:
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@ Clock Properties @
Label Value |Faut | Display |
Frequency [F): Hz |::
Component Properties... Duty eycle [0 |50 F: %
Cut Yoltage [V]: 5 W |:,
Copy
Delete
Rotate
Flip Vertical
Flip Horizontal

— OK | Cancel

Task 7: Simple circuit; a clock source with two red probes

Draw the following circuit and simulate it. Write down your observations. Notice that the clock frequency is

?%9

@

Task 8: EWB Menu

Name the following icons and state down their functions

@

<
I¥]
[]

.|+ ‘—|

i
=

%
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[Lab 2]. Basiclogic Gates (AND, OR, and NOT gates)

Objectives

1- To study and understand the 3 basic gates.

2- Implement the basic gate in EWB.

3- The study the specifications of every gate when connected it with one input constant and the other is
variable.

AND and NAND gates

This gate gives high output (1) if all the inputs are 1’s. otherwise the output will be low (0).

Its Boolean algebra representation is: C=A.B
And it’s truth table and schema as following:

A

-~ C
E
-—l_:

A
0
0
1

oo

Rl ojolol()

1 1

The NAND gate works opposite to the AND gate. Its Boolean algebra representation is: C=(A.B)’
And it’s truth table and schema as following:

A

-~ C
E
-—'_:

R lo|lo|>
R Ol |loll
I @)

OR and NOR gates

This circuit will give high output (1) if any input is high (2).

Its Boolean algebra representation is: C=A+B
and 1t’s truth table and schema as following:
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A

T

ool

Rk lolo>

Sl E=@®)

1

The NOR gate works opposite to the OR gate. Its Boolean algebra representation is: C=(A+B)’
And it’s truth table and schema as following:

A

T

A B C
0 0 1
0 1 0
1 0 0
1 1 0
NOT gate
This is the simplest gate it just inverts the input, if the input is high the output will be low and conversely.
So B=A’
A B
. D: *
A
0 1
1
Lab Tasks

Task 1: The AND and NAND gates

In EWB, draw the following two circuits and fill the truth table below
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Task 2: The AND-NOT combination

In EWB, draw the following circuit and fill the truth table
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+
<
i
1

-

T %Q

+
i
Ll

-

(AB)’

e =I=1h S
Rlo|lr|o|lm

Task 3: The OR and NOR gates

In EWB, draw the following two circuits and fill the truth table below

+
=
1
Ll

-

+
<
I
sl

A+B (A+BY’

i

I—‘I—‘OO>
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+
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I
el

-

+
=
1
1

-

Task 4: The NOR-NOT combination

+
<
."1
il

-

+
<
i
1

-

((A+B)’)’

S E==1pS
Rlo|k|o|m

Task 5: Finding the truth table of a gate using the logic converter

The logic converter can be found in the Instruments toolbox. It can be used to derive a truth table from a

circuit schematic:
1. Attach the input terminals of the logic converter to up to eight input points in the circuit.

2. Connect the single output of the circuit to the output terminal on the logic converter icon.
3. Click the Circuit to Truth Table "= = T8l | pytton.

The truth table for the circuit appears in the logic converter's display.
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In the following circuit, we will be examining the AND gate. The two inputs of the gate are attached the A
and B inputs of the logic converter. The circuit output C is connected to Out line of the logic converter.

] Logic Converter E3
OOOoO000 ut (&
A B C DEF G H
- Conwersions
J I —+ 1ot
Tl =+  AB

j Alp
| |

After clicking on the Truth Table === 8l | button of the logic converter, the logic converter tries
all possible combinations of the circuit input and derives its truth table.

&1 Logic Converter E3
L L lelelelelele Out =
A B CDEF G H
oo (=] [u] j Conversions
[a iy § o 1 a
N ¢ = - Tom |
101 — AlB |
1o IFNF AR |
Al —+ 101 |
Al -+ T |
j 4B -+ NaND |

Task 6: Finding the truth table of a gate using the logic converter

Repeat what you did in task 5 for the NOR gate. Show your connections in the circuit below.
A B A+B (A+B)’

R, OO

RO |IO

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 20 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

= EILDQIC CDH‘.‘EI’tEr 23
OoOOO0O00 out (%
A B CDEF G H
- Conwersions
L ] = —+ 101

:D:" . 101 —+ AlB

L
AlB =
j Al HAND

Task 7: Finding the truth table of a three input gate using the logic converter

Repeat what you did in task 5 for a three-input AND gate. Show your connections in the circuit below.
Note: you can obtain a three-input AND gate by drawing a regular two-input AND gate and then changing
its Number of Inputs property as shown next.

D 2-Input AND Gate Properties @

Label | Models | Faut | Display MNumber of Inputs |

2
3
4
5
B
7
g

DK | Cancel
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O 0000000 =

1 -

X Logic Conwverter &3
Q2000000 Out
A B CDETFTGH
- Conversions

J = - 1ol |

101 —* AlB |

Tolr SIPF AB |

Al —+ T1of1 |

Al —+ T |

M A8 -+  NAND |

|

A C

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Task 8: Finding the truth table of a given circuit using the logic converter

Find the truth table of the following circuit:

I

o|lo|o|lo|o|>

RlO|Oolo|ol@

ol | |lo|lol)

o|lr|Oo|r|o|T
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RlRrRr R R R R R ololo
S = =1 E=1k=1T S =N =
R |o|lo|lrrlolo|lr o
=R == = =
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[Lab 3]. Digital logic circuits analysis and converting Boolean

expressions to digital circuits

Objectives

e To learn how to directly convert a Boolean expression to circuit.
e To learn how to analyze a given digital logic circuit by finding the Boolean expression that

represents the circuit

e To learn how to analyze a given digital logic circuit by finding the truth table that represents the

Ly 2

circuit.

Example:

Z=A+B.C

The above function is implemented in the following digital logic Circuit
A
.
B
.
C

-

[y
—

Now after drawing the circuit above using EWB we find that its truth table is as shown below ( notice that
logic 1 means connect the input to the Vcc line, and logic 0 means connecting the input to the ground)

A |B C Z
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
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Lab Tasks

Task 1: Converting Boolean expressions into circuits

Convert the following Boolean expression to a circuit, draw the circuit on EWB and simulate it to fill-in its
truth table shown below.
X=Y+Z2.Y

Draw the circuit in the space below

by
]
H
]
i
]

Now, fill-in the truth table of the circuit you drawn

Y Z X
0 0
0 1
1 0
1 1

Task 2: Converting Boolean expressions into circuits

Convert the following Boolean expression to a circuit, draw the circuit on EWB and simulate it to fill-in its
truth table shown below.
D=(A.B)+(C’.A)
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Il =l E=1=] =)
Rl Rlolo|lkrirlolom
Rlo|r|olr|lolr|o|ln

Task 3: Digital logic circuit analysis - Finding the Boolean expression of a given circuit

Find the Boolean expression of the following circuit, draw the circuit on EWB and simulate it to fill-in its
truth table shown below.

W =

B .

. _Di

Note: the logic converter tool from EWB to fill-in the following table. For that, you need to connect the A,
B and C inputs of the logic converter to X, Y and Z lines, respectively. Further, you need to connect the
‘out’ line of the logic converter to W. As shown in the following diagram
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S 4= LB

1|
l;l; 0000 l;

(X Logic Converter £X
L 1 1 lelelelele Oat &
4 B C D EF G H
[mm ] [ R } i j Conwversions
ool o o 1 1
25| 21 9 3 = -+ 7ol |
cos| 1o o1 : ol —+ AR
coel 11 ¢ : ———
#B —+ 101 |
AlB =
ML —  NAND |
A B C +A B C+AB C +AB C+ABL +ABC

PRk ~|lololo|lo
Plr|lo|lo|lkr|rlolo|<

Rlolkr|lo|lrlolk|lo|lN

Task 4: Digital logic circuit analysis - Finding the Boolean expression of a given circuit

Find the Boolean expression of the following circuit,

D=
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[ —
—|—D= B .
_—y

Draw the circuit on EWB and simulate it to fill-in its truth table shown below (use logic converter please).

A B C D

PR RPRPPOO OO
P RPIOOIRrF,IOOo

P OO oo

Task 5: Logic circuits with multiple outputs

Find the Boolean expression of the outputs of the following circuit,
D=

E=

.

LN °
L

Draw the circuit on EWB and simulate it to fill-in its truth table shown below (use logic converter please).
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Note: You need to use the logic converter two times, once for the output D, and another time for the second
output E.

P RPRPRPPOOIOO
P PO ORI Kk OO
P ORI O OFr O

Task 6*: Finding the Boolean expression of a given circuit using the logic converter

Draw the following circuit on EWB and then find its Boolean expression using the logic converter.

Task 7*: Converting Boolean expressions to circuits using the logic converter

Use the logic converter to realize the following circuit using suitable logic gates:
AB'C (BD + CDE) + AC'
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[Lab 4]. Boolean algebra and Simplification of Boolean expressions - I

Objectives

Object
1- To study DeMorgan’s theory and implemented it.

2- Learn how to simplify Boolean logic equations using DeMorgan’s theory.

DeMorgan’s Theory - Background

Augustus De Morgan (27 June 1806 — 18 March 1871) was a British mathematician and

logician. He formulated De Morgan's laws.

In simple words, DeMorgan’s Theory is used to convert
AND/NAND gates to OR/NOR ones, and presented OR/NOR
gates by AND/NAND gates by these 2-laws:

A+B=(A". By

A.B=(A+B)

Basics of Boolean algebra

Boolean Postulates

Pl: X=0orX=1
P2:0.0=0
P3:1+1=1
P4:0+0=0
P5:1.1
P6:1.0
P7:1+0=0

Boolean Laws

T1 : Commutative Law
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@QA+B=B+A
() AB=BA

T2 : Associate Law
@(A+B)+C=A+B+C)
(b)) (AB)C=A(BC)

T3 : Distributive Law
@AB+C)=AB+AC
(b)A+(BC)=(A+B)(A+C)

T4 : Identity Law
@QA+A=A
(b)AA=A

T5:
(a) AR +4F=4
(b) (A+B)A+E) = A

T6 : Redundance Law
@A+AB=A
(b)A(A+B)=A

T7:
@0+A=A
(b)OA=0
T8 :
@1+A=1
(b)1A=A
T9:
() A +4=1
(b) A4=0
T10:

() A+ AB=4+3B
(b) A(A +B) =45

T11 : De Morgan's Theorem
(a) (A+5B)= AR
(b) (AB)= A+R
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Simplifying Boolean logic functions

Given the following circuit
A —e
B
C

) >

oY

The Boolean expression that represents the above circuit is as follows

A+BC

A+BC

e Dt% Q0 = A+BC + AB
So-E- A\
A

n m =

AR L4BC + LB

o

AR

We can simplify the above Boolean expression as follows
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A + BC + AB
l Breaking longest bar

(X + BC) (AB

) =
Applying identity A = A
l wﬂerever double bars of
_equal length are found
(A + BC) (AB)

l Distributive property

AAB + BCAB
Applying identity AA. = A
to left term; applying identity
AA = 0fo B and B in right

term
AB + 0
l Applying identity & + 0 = A
AB

This means that the above circuit can be replaced by the following one

§§:}Q=;@

Lab Tasks

Task 1: Circuit analysis

Find the Boolean expression that represents the outputs x and y shown in the following
circuit.
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L D—.

s

According to the circuit above find the equation of X and Y, then fill the truth table.

HHOO:D
| O | o @

What do you notice?

Task 2: Circuit analysis

Find the Boolean expression that represents the outputs x and y shown in the following

circuit.
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1 >

Lanll

P

-

According to the circuit above find the equation for X and Y, then fill the truth table.

R k| o o »
| O | ol W

What do you notice?

Task 3: Simplifying Boolean functions

Simplify the following Boolean expression
F(A,B)=(A.B)+ A’ (A+B)
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Draw the simplified and the original Boolean expression using EWB and make sure that they
are booth equivalent by filling-in the following truth table.
A B F (A, B) (original) | Y (Simplified)

0 0
0 1
1 0
1 1

Task 4: Simplifying Boolean functions

Simplify the following Boolean expression
F(A,B,C)=(A+C)+C(C.A’ +(B.A) +C
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Draw the simplified Boolean expression using EWB. Find out the truth table of the circuit.

Task 5: Simplifying Boolean functions in EWB using the logic converter

Simplify the following Boolean expression in EWB using the logic converter
F(A,B,C)=AB'C(BD +CD) + AC'
To do so, you need to enter the expression as shown below, and then click on the

following button & = st to extract the truth table of the expression.

Finally, click on the following button e =% &8 | that will generate the
simplified form of the equation.
To draw the circuit after simplification, you need to click on the following button

AR = = | this will realize the simplified expression using basic gates.

7 | Logic Converter @
L 1 1 1 JSlelele: ot (%
A B CDEF G H
- Conwersions
I —+ 1ot
101 —+ AlB

|

|
ToT SLT mB |
Al —rﬁ[?l
= |

|

] —
- 2B — HaND

Sl AW e DT A WO

[}

DOk RrrORrr00000000

I Qo000 a00a00
M pPprrrrr0a00000000
Al PRRERRERRROD000000

m
+ | P00k 000000

[u]
1
[a]
1
[a]
1
[a]
i
=]
i
=]
1
o
1
o
i
[

D prrr0000rrrr0000

Dy + AC |
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Task 6: Simplifying Boolean functions in EWB using the logic converter

Simplify the following Boolean expression in EWB using the logic converter
F (A B,C)=ABC+ABC+ABC+ABC
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[Lab 5]. DeMorgan’s Theory and the Universal Gates

Objectives

1- Practically show the correctness of DeMorgan’s Theory.
2
3
4
5
6
7

8- Two-level digital circuit implementations using other gates.

Show how to represent any gate using NAND gates only or NOR gates only.
Universal gates - NAND and NOR.
How to implement NOT, AND, and OR gate using NAND gates only.

How to implement NOT, AND, and OR gate using NOR gates only.

Equivalent gates.

Two-level digital circuit implementations using universal gates only.

Background

The NAND gate represents the complement of the AND operation. Its name is an abbreviation of NOT
AND. The graphic symbol for the NAND gate consists of an AND symbol with a bubble on the output,
denoting that a complement operation is performed on the output of the AND gate.

The NOR gate represents the complement of the OR operation. Its name is an abbreviation of NOT OR.
The graphic symbol for the NOR gate consists of an OR symbol with a bubble on the output, denoting that a
complement operation is performed on the output of the OR gate.

A universal gate is a gate which can implement any Boolean function without need to use any other gate
type. The NAND and NOR gates are universal gates.

In practice, this is advantageous since NAND and NOR gates are economical and easier to fabricate and are
the basic gates used in all IC digital logic families.

In fact, an AND gate is typically implemented as a NAND gate followed by an inverter not the other way

around!! Likewise, an OR gate is typically implemented as a NOR gate followed by an inverter not the
other way around!!

Implement any gate with NAND gates only

To build an inverter (NOT gate) using a NAND gate: All NAND input pins connect to the input signal A

gives an output A’.

An AND gate can be replaced by NAND gates as shown in the figure (The AND is replaced by a NAND

gate with its output complemented by a NAND gate inverter).

An OR gate can be replaced by NAND gates as shown in the figure (The OR gate is replaced by a NAND
gate with all its inputs complemented by NAND gate inverters).

The following figure shows all cases presented above
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Y

AND

Implement any gate with NOR gates only

To build an inverter (NOT gate) using a NOR gate: All NOR input pins connect to the input signal A gives
an output A’.

An OR gate can be replaced by NOR gates as shown in the figure (The OR is replaced by a NOR gate with
its output complemented by a NOR gate inverter)

An AND gate can be replaced by NOR gates as shown in the figure (The AND gate is replaced by a NOR
gate with all its inputs complemented by NOR gate inverters)

The following figure shows all cases presented above

A AtA-A

>.3_a
DE

Equivalent Gates

A NAND gate is equivalent to an inverted-input OR gate.
. (AB) A'+B=

A— A (ABY
> >_
B — B '

An AND gate is equivalent to an inverted-input NOR gate.
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A'+B'=
_ AB
A \ A AB
>
B ——/ B

A NOR gate is equivalent to an inverted-input AND gate.

. A'B'=
A D - > MY (A+B)

An OR gate is equivalent to an inverted-input NAND gate.

th'=
A AtS A —J A+B
>

Building Circuits using NAND and NOR gates only

Example: Building Circuits using NAND gates only

Implement the following function using AND, OR gates

F=XZ+YZ+XYZ

"
Y
Z
Re-implement the same function above using NAND gates only

[

wiw

X —

S —

QU6
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Example: Building Circuits using NOR gates only

Implement the following function using AND, OR gates
F=(X+2) (Y’+Z2) (X’+Y+Z)

v
F
z
x‘ 3_
Re-implement the same function above using NOR gates only
X

Z

Lab Tasks

Task 1: The Universal NAND gate

Use EWB to show that the following gates are equivalent
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Task 2: The Universal NOR gate

Use EWB to show that the following gates are equivalent
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Task 3: Implementing circuits using NAND gates only

Implement the following function using AND, OR gates
F=(A+B).C’+A’D

Re-implement the same function above using NAND gates only

Show, using EWB, that both circuits are equivalent
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Task 3: Implementing circuits using NOR gates only

Implement the following function using AND, OR gates
F=(A+B).C’+A’D

Re-implement the same function above using NOR gates only

Show, using EWB, that both circuits are equivalent
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Task 4: Implementing circuits using NAND gates only

Implement the following function using NAND gates (Use the logic converter in EWB)

F= AB(A+C'D)+A'C'B

To do so, you need to write the Boolean algebra expression to implement and the press the
AB_ - NaD | hytton in the logic converter as shown next

x| Logic Converter 23

] ]
leleleloleiole out (& Tv
A B CDEF G H
Conversions

J T —+ 1ot -

iojz  — 2B
Tol SLY'P AB
2B —+ 1ot
T R = b
j AlB —  HAND

ABCA+C'DI+A'C'E | m@p
L

The solution should look like as follows
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Task 5: Implementing circuits using NAND gates only

Implement the following function using NAND gates (Use the logic converter in EWB)
F=CA’+B(A’.C'+D)+A'CB’
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[Lab 6]. Simplification of Boolean expressions - 11

Objectives

1- Study K-maps with 2, 3 and 4 inputs.

2- Simplify Boolean logic equations by using K-maps.

Background

Check appendix #1 for details about k-maps.

Lab Tasks

Task 1: Simplifying two-input Boolean functions

Simplify the following Boolean expression using a k-map of size 2x2.
F(A,B)=(A.B)+ A’ (A+B)

0 1
0
1
A
:
B

Draw the simplified and the original Boolean expression using EWB and make sure that they
are booth equivalent by filling-in the following truth table.
A B F (A, B) (original) | Y (Simplified)
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= = O O
| O | O

Task 2: Simplifying three-input Boolean functions

Simplify the following Boolean expression
F(A,B,C)=(A+C’)+ C (C.A’ +(B.A) +C)

0 1
00
01
1
10
.
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Draw the simplified Boolean expression using EWB. Find out the truth table of the circuit.

© N o g & W N e

R | R P o o o o >
| | O O | | O ol W
R O k| O Rl O R o 0O

Task 3: Simplifying four-input Boolean functions

Simplify the following logic function using k-maps
F(A,B,C,D)=%(6,8,9,10, 11, 12, 13, 14)

Then draw the logic circuit that represents this function.
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L
L
L
L
L
Fill the truth table of the circuit above.
A B C D
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
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10
11
12
13
14
15
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[Lab 7]. The Story of Minterms and Maxterms

Objectives

Learn how implement logic functions using the standard forms: Sum of Products and Product of Sums.

Background

We can write expressions in many ways, but some ways are more useful than others
A sum of products (SOP) expression contains: Only OR (sum) operations at the “outermost” level and each
term that is summed must be a product of literals
The advantage is that any sum of products expression can be implemented using a three-level circuit
— literals and their complements at the first level
— AND gates at the second level
— asingle OR gate at the third level
Example:
f(x,y,z) =y’ +x’yz’ +xz

H ) >
=D

Notice that the NOT gates are implicit and that literals are reused.

A minterm is a special product of literals, in which each input variable appears exactly once.
A function with n variables has 2" minterms (since each variable can appear complemented or not)

Example:

A three-variable function, such as f(x,y,z), has 2% = 8 minterms:

Each minterm is true for exactly one combination of inputs:

Those minterms are: X’y’z’ X’y’z X’yz’ X'yz Xxy'zZ Xy'z Xxyz Xyz
A Minterm is true when:

Minterm When the minterm is True Minterm ID
X'y'z’ x=0, y=0, z=0 mO
X'y’'z x=0, y=0, z=1 ml
xX’yz’ x=0, y=1, z=0 m2
X'yz x=0, y=1, z=1 m3
Xy’'z’ x=1, y=0, z=0 m4
Xy'z x=1, y=0, z=1 m5
Xyz’ x=1, y=1, z=0 m6
Xyz x=1, y=1, z=1 m7

Sum of Minterms ( or Sum of Products)
Every function can be written as a sum of minterms, which is a special kind of sum of products form
The sum of minterms form for any function is unique
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If you have a truth table for a function, you can write a sum of minterms expression just by picking out the
rows of the table where the function output is 1.

Example

f=xXy'2 +x’y'z+x’yz’ + X’yz + xyz’
=m0 +ml +m2 +m3 +m6
=2m(0,1,2,3,6)

The dual idea: products of sums
A product of sums (POS) expression contains: Only AND (product) operations at the “outermost” level,
Each term must be a sum of literals.
Product of sums expressions can be implemented with three-level circuits
— literals and their complements at the first level
— OR gates at the first level
— asingle AND gate at the second level
» Compare this with sums of products

Example
fx,y,2) =y . (xX’+y+z’) . (x+2)

3 >

A maxterm is a sum of literals, in which each input variable appears exactly once.
A function with n variables has 2" maxterms

Example

A three-variable function f(x,y,z) has 8 maxterms

Each maxterm is false for exactly one combination of inputs:

Those materms are: x’+y’+z’ x’+y’+z x’+y+z’ xX’+tytz xt+ty'+z’ xty'+z xt+y+z’ X+y+z
Maxterm Is false when:

Maxterm When the maxterm is false Maxterm ID
X+y+z x=0, y=0, z=0 MO
xty+z x=0, y=0, z=1 M1
X+y +z x=0, y=1, z=0 M2
x+ty +27’° x=0, y=1, z=1 M3
X’ ty+z x=1, y=0, z=0 M4
X’ +ty+2z’ x=1, y=0, z=1 M5
X +y tz x=1, y=1, z=0 M6
X’+y +7’ x=1,y=1,z=1 M7

Every function can be written as a unique product of maxterms

If you have a truth table for a function, you can write a product of maxterms expression by picking out the
rows of the table where the function output is 0. (Be careful if you’re writing the actual literals!)
f=x"+ty+2).x’+y+2).x +y +2°)
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=M4. M5.M7 =TIM(4,5,7)

P=(x+y+2.(x+y+2)(x+y +2)(x+y +2)(x +y +2)
=MO0. M1. M2. M3. M6 =1IM(0,1,2,3,6)

Minterms and maxterms are related
Any minterm m; is the complement of the corresponding maxterm M;
For example, m4’ = M4 because (xy’z’)’ =x"+y+z

Minterm Shorthand Maxterm Shorthand
xy’z’ mO X+y+z MO
Xy’'z ml X+ty+7z M1
x'yz’ m?2 X+y +z M2
xX’yz m3 Xx+y +27° M3
xy’'z’ m4 X +ty+z M4
Xy’z m5 X +ty+27 M5
Xyz’ m6 X +y +z M6
Xyz m7 X +y +2z° M7

Converting between standard forms

We can convert a sum of minterms to a product of maxterms

* In general, just replace the minterms with maxterms, using maxterm numbers that don’t appear in the sum
of minterms:

* The same thing works for converting from a product of maxterms to a sum of minterms

Example
From before
f=3m(0,1,2,3,6)
and £ =Xm(4,5,7)
=m4 +m5+m7
complementing ()’ = (m4 + m5S + m7)’

sof =m4’. m5 . m7’ [ DeMorgan’s law ]
=M4.M5. M7
=1IM(4,5,7)

Lab Tasks

Task 1: Three-input Boolean functions

Given the following truth table of a three-input logic circuit

A B C F
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
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1 1 0 0
1 1 1 1
Write the above function in the two standard forms
F(A, B, C)=Z( )
F(A, B, C) =TII( )

Draw a circuit that implements the above logic function (use minterms only)

— >

U0 00 U

Draw a circuit that implements the above logic function (use maxterms only)

VARVIRRY

1o

Task 2: Three-input Boolean functions

Simplify (using k-maps) the function presented in Task 1 of this lab. Draw the simplified form of the
function on EWB. Use the Logic Converter of EWB to generate the truth table of the simplified circuit.

A B C F (simplified)
0 0 0
0 0 1
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=l
R R ol ok Kk
N E=lE =1 =

Task 3: Four-input Boolean functions

Draw the following logic function using EWB
F(A,B,C,D)=X(6,8,9, 10, 11, 12, 13, 14)

EASRVIRY)

)

)

)

)

)

Task 4: Four-input Boolean functions

Simplify (using k-maps) the function presented in Task 3 of this lab. Draw the simplified form of the
function on EWB. Use the Logic Converter of EWB to generate the truth table of the simplified circuit.

A B C D F
0 |0 0 0 0
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1 |0 0 0 1
2 |0 0 1 0
3 |0 0 1 1
4 10 1 0 0
5 |0 1 0 1
6 |0 1 1 0
7 |0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 |1 0 1 0
11 |1 0 1 1
12 |1 1 0 0
13 |1 1 0 1
14 |1 1 1 0
15 |1 1 1 1

Task 5: Simplifying 4-variable functions

Simplify and implement (using EWB) the following function
F(a, b, ¢, d) = (a’+b’+d’)(at+b’+c’)(a’+b+d’)(btc’+d’)

Draw you circuit below

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 58 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Task 6: Simplifying 4-variable functions: SOP

Draw a NAND logic diagram that implements the complement of the following function
F(A,B,C,D)=%(0,1,2,3,4,8,9,12)
Draw you circuit below

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 59 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Task 7: Simplifying 4-variable functions: POS

Draw a logic diagram that implements the following function
F(A,B,C,D)=T1I(0, 1, 2, 3,4, 8,9, 12)
Draw you circuit below
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[Lab 8]. XOR and XNOR gates: Basics and Applications

Objectives

To learn how to build XOR gates from basic gates
To learn how to build a Half Adder and a Full Adder using XOR gates.
To learn how to build a parallel adder, subtracter, incrementer and decrementer using full adders.

Background

The XOR gate (sometimes EOR gate, or EXOR gate) is a digital logic gate that implements an exclusive or;
that is, a true output (1) results if one, and only one, of the inputs to the gate is true (1). If both inputs are
false (0) or both are true (1), a false output (0) results. Next is the circuit representation of the XOR gate and
its truth table.

A
F -
B
F-=A& B

A B F1

0 0 0

0 1 1

1 0 1

1 1 0

Next is one way to build an XOR gate using NAND gates only

A }‘I_
}{jo-l_}g

B

The XOR logic gate can be used as a one-bit adder (or a Half-Adder; HA)that adds any two bits together to
output one bit (the sum) and another bit that represents the carry out. As shown below
Ae
Be

5

)<

The XOR logic gate can be used as a one-bit full adder that adds any three bits together to output one bit (the
sum) and another bit that represents the carry out. As shown below
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Inputs

A

b O b O = O = O

B

P, O O+, = O O

O

R P PO O O O

Outputs

COUt

R P, O +r O O O

o

(=5
o 0 Q
g—)

O O P Ok +k O W

0 5

Lab Tasks

Task 1: XOR built from basic gates

Draw using EWB the following circuits then fill their truth tables:

>
>

}

F1

i ==1p>

oo

) o
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10t

What do you notice?

Each one of the above circuits can be replaced with one single logic gate that gives the same truth table,
that’s the Exclusive OR Gate or XOR.

A
E -
B
F=A® B
A B F No. of 1's
0 0 0 Even
0 1 1 Odd
1 0 1 Odd
1 1 0 Even

Task 2: XNOR Gate

Draw using EWB the following circuit then fill its truth table:

——

i =l=1p>]
R ol o|0

The above circuit can be replaced with one single logic gate that gives the same truth table, that’s the
Exclusive NOR Gate or XNOR.

F

F-=A® B
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A B F No. of 1's
0 0 1 Odd
0 1 0 Even
1 0 0 Even
1 1 1 Odd

Task 3: 3-input XOR Gate

Draw using EWB a three-input XOR gate. Check the circuit using a Logic converter.

———

ADBGDC

i ==l l==1p>
R OR|IOIRIO|IrRrIOIO

R R OoO|IORFkrool@

Task 4: Half adder circuit

The following diagram represents the Half Adder ( HA is a Logic Circuit that performs 1-bit
binary addition). Given that P and Q are two 1-bit binary numbers, S is the 1-bit Sum of P
and Q, and C is the CARRY bit.

(a) Find out the Boolean functions S and C, and write them in the corresponding blanks.

(b) Draw using EWB the HA circuit then find its truth table by using the logic converter.

G il I S

H}}Dc -
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R L, OO0O|T

Rlolrloll

Task 5: Implementing HA circuit using EWB

Draw using EWB the HA circuit shown in the figure below then find its truth table by using
the logic converter, compare the truth table obtained with the one in Task5, what do you
notice?

o @M =)

-

i Digital 53
) . _
3 Bl
Half-Adder [y £ 52504 [ | F

& —— B [o—m@

==
k=l t=]e)

Task 6: Implementing FA circuit using EWB

Draw using EWB a full adder circuit; find out its truth table and Boolean functions.
o mim| &

w

& Digital £3

o | o e | ek .
mux | DEC | EMC | +—==| 123..| — | FF I:|i
PN | N || 3 |2 | - .—; .
Co
Cin P Q Sum | Cout
0 0 0
0 0 1
0 1 0
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A=
==l
==l

Task 7: Implementing a 4-bit parallel adder using 4 FA’s

Draw using EWB a 4-bit parallel adder circuit (the circuit below shows (6+3=9))
Note: you can find the decoded 7-segment under the “indicators” toolbar.

+Yc
L
* le
* re * |_nuE .
B
(o
L L L |7
* r® e I_“Uz .
B
|7 Co
. ré ¢
¢ I_'ﬁ'uz o
B
L L L I_ Ce
. R * I_“Us .
B
C
I — T A
L
» ——
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Task 8: Implementing a 4-bit parallel subtracter using 4 FA’s

Draw using EWB a 4-bit parallel adder circuit (the circuit below shows (b-6=5))

4-hit paralel subtracter

NV
ml

Y
_;U

~N %
1L

Task 9: Implementing a 4-bit incrementer using 4 FA’s

Draw using EWB a 4-bit incrementer circulit.
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Task 10: Implementing a 4-bit decrementer using 4 FA's

Draw using EWB a 4-bit decrementer Circuit.
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[Lab 9].

Building logic circuits using Multiplexers

Objectives

e To learn how to build combinational logic circuits using multiplexers.

Background

In a Combinational Logic Circuit, the output is dependant at all times on the combination of its
inputs. Some examples of a combinational circuit include Multiplexers, De-multiplexers, Encoders,

Decoders, Full and Half Adders etc.

B —— -
Multiple
Inputs 5 !
C —

Combinational
Logic Circuit

One or More

Outputs
- P

Qutput = flinput)

A Multiplexer is a combination of logic gates resulting into circuits with two or more inputs (data inputs)

and one output.

4 Channel Multiplexer using Logic Gates

The following circuit shows a 4x1 mux. Based on the binary value placed at the inputs “a” and “b”, what
will appear at the circuit output Q is one of the following values: A, B, C, or D.

Inverters
a —I> a”
=
b _@_ “AND" gate
. r'd
i —
B o
Ceo
=

“0OR" gate

The circuit above is implemented based on the following truth table.
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a

b

Q

Rk O|O

R O O

ooO|m>

Drawing Multiplexers in EWB:

Task: Draw the previous lab examples using EWB, follow the steps below to implement Multiplexers and

Decoders.
o

w

I

bl

M

el

|
w

1] Digital

e
BT

A0

Lic =

e

Tem

ool |{on
> @ » @

| 8 |

DEC

ENC

+—HE

[ |

Then choose 74151

-

Multiplexers

Generic 1-af-8 MUK

74139 [Dual 2-t0-4 Dec/DEMLUIK)
741580 [1-0f-16 Data Sel/MUK)
74151 [1-0f-8 Data Sel/MIUx)
74153 [Dual 4-h0-1 Data Sel/tU<]
757 (Quad 2+o-1 Data Sel/MIU

b

(1-of-8 Data Sel/MUX) from the list:

Lnz wioo e
S 1 Dp D4 -
=1 Dl DS
* D0 De
=y o7 &
& MJ #ﬁ 11
7 [5; ]3 in
E IGND 2
74151

You may also choose 74150 (1-of-16 Data Sel/Mux) as follows
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L E7 wiCC
S E&  Ef =
25 B9 =
* B4 Bl 2
= 1 EZ  Etl -
S ER  E1R 2
T El E13 8
2 1E0 E14

— 4 Elg e
10 -,w.- ﬁ 15
11 D E 14
12 ENI] [: 13

74150

NOTE: the “A” line in the multiplexer is the least significant bit, while “C” is the most significant bit.

Data selector/multiplexer truth table:

Select Strobe | Outputs
C|B|A|G W |Y

X | X | x |1 1 0

0 /0|00 D0' | DO
0|0|1]0 D1' | D1
0 [1(0|0 D2' | D2
0|1]1]0 D3' | D3
1 10(0 |0 D4' | D4
1101110 D5' | D5
111010 D6' | D6
1(11(110 D7 | D7

Multiplexers can be used to synthesize logic functions

4-to-1 MUX can realize any 3-variable function, 8-to-1 MUX can realize a 3-variable or 4-variable function,
in general 2"-to-1 MUX can realize an (n +1)-variable and n-variable function.

Example: realizing functions using Multiplexers
The function

F=A'BC+AB'+AC'

Can be implemented using an 8-1 mux as follows
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+4ce
[ 1] D3 wWOoo &
S e D4 B
e Y o
=] Y D? 12
= -,w.- ,-'l-, i1
5, P
E I GND C 2
4131
Example: realizing functions using Multiplexers
The function
F= A'C'+B'C'+C'D+ABCD'
Can be implemented using an 16-1 mux as follows
4L +¥ec
e A
S Fe  Eg HE
: 25 p9 (R
1 E4  Elo
e B 1
j E2  El? 1:
El E13
7 2 En F1d E
— £ 15 L
10 W A | 15
11 D E 14

o—=_ GNp i

Example: realizing a 4-variable function using 8-to-1Multiplexer
F(A, B, C, D) = A'B'C'D'+A'B'C'D+A'B'CD+A'BC'D'+AB'C'D'+ABC'D'+ABC'D+ABCD

Truth table;
A B c F
0 0 0 0 0 1 i}
1 0 0 0 1 1 F=1
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2 0 0 1 0 0 B
3 0 0 1 1 1 F=D
4 0 1 0 0 1 L,
5 0 1 0 1 0 F=D
6 0 1 1 0 0 _
7 0 1 1 1 0 F=0
8 1 0 0 0 1 .,
9 1 0 0 1 o | P
10 1 0 1 0 0 _
11 1 0 1 1 0 F=0
12 1 1 0 0 1 B
13 1 1 0 1 1 F=1
14 1 1 1 0 0 _
15 1 1 1 1 1 F=D
To implement this function using EWB, you draw the following circuit:
L ]
+Wir
i

Loz wioo P&

S D2 D4

! s

e L A <

“— Y D7 5 »

5 '|N.' #‘ 11

¥ E.r B 0
I —2GND  C 2

74151 —

Task 1: Implementing single-output circuits using muxes

Implement the following function using one 8x1 multiplexer
F(A, B, C,D) = AB'C'D'+A'B'C'D+A'B'CD+A'BC'D'+AB'C'D'+ABC'D'+ABC'D+ABCD

Note: this example has already been solved above. Just draw the circuit using EWB.
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Task 2: Implementing single-output circuits using muxes

Implement the following function using one 16x1 multiplexer

F(A, B, C,D) = A'C'B+AB'C'+B’C'D+ABCD’

WL
ES
ES

E10
E1l1
ElZ
E13
E14
E13
&
E
C

4
| 23
| 22
| =1

-

—
jua]

—
|

—
1T

—
n

—
=

—
un]

L E7
s
2 ES
* 1 E4
= 1 E3
1 EF
Al
= EQ
3 EX
01y
11 ]:]
2 1 GMD
7450
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Task 3: Implementing single-output circuits using muxes

Implement the following function using one 8x1 multiplexer
F(A, B, C, D) = A'C'B+AB'C'+B’C'D+ABCD'

A B C D F
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

L D3 woo e
S De D4 -
=1 05
D De E—
=y D7 &
[ ll'u‘.'ll |I.:.| 11
Fi E.-' E 0
EGND ¢ 2
74151
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Task 4: Problems with verbal description

Design a combinational circuit (using two 8-to-1 multiplexers) with three inputs, and one output to
implement the following function.

>

O O N O O | W N RO

[EEN
o

[EEY
[EEY

[EEN
N

[EEN
w

[EEN
iSN

I =l =l ===l =] ==
Pl R RO O OO R KRR R OO oo
R, O Ol P OOl kool ool O
R Ol R, Ol Ol R, Ol Ol Ol o, ol T
Rl OOl R, Ol R O R KR KR O Okl ok, o m

[EEN
(S
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LDz woo &
E D2 D4 2
R R
P Dg De
=y o7 =
=] '|w.- I'I:'I 11
K E.-' E 1]
= I GND 2
74151
L oz v
= D2 D4 2
=1 o5 R4
Do De E—
=y o7 e
[=] '|w.- I'I:'I 11
K E.-' E 1]
= I GND 2
74151
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[Lab 10]. Building digital logic circuits using Decoders

Objectives

e Tolearn how to build combinational logic circuits using decoders.

Background

In a Combinational Logic Circuit, the output is dependant at all times on the combination of its inputs.
Some examples of a combinational circuit include Multiplexers, De-multiplexers, Encoders, Decoders,
Full and Half Adders etc.

A Decoder is a circuit with two or more inputs and one or more outputs. Its basic function is to accept a
binary word (code) as an input and create a different binary word as an output.

A |B |D1|D2|D3|D4

O (0 ]J1 |0 |O |O
O (1 ]0 |1 |0 |O
1 (0 |JO |O |1 |0
1 (1 ]J0 |0 (0 |1
D.= 1 when AB =00
A —— 0=0 otherwise
2-to4 D =1 when AB =01
Line 1= 0 otherwise
Decoder D, =1 when AB =10
B —i =0 otherwise
D3=1 when AB =11
=0 otherwise
0
D0
(1) 0 0
A ’. ) D,
Binary 0 Decoded
Input 1 Qutput
(©) ] o
511> —D— "
1
—1D— 0

Logic Functions Realized with Decoders:

Example: F=A+B
=A(B+B )+B (A+A)
=AB + AB’ + AB’
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m,
m,
2-to-4
Line m, I—%} F
Decoder
m3

Drawing Decoders using EWB:

Click on the ‘é button on the toolbar, then drag a 741xx digital IC into your workspace. From the list,
select either 74138 (3-8 decoder) or 74154 (4-16 decoder) as shown next.

{ Ar4A
v

MIiED

T OlE QlEm =
w w w w w w

& Digital ICs 52

Tehuo | Teblooe | Tobdge | Tebdice | Pebehooe | oo

I | )

| P | PR | | -

, B

7412
413
413

7413
413
7413

B [Quad Bus BUFFER w/3-state Dut]
2 [Huad 2-n MAMD [S chmitt])

313 In NaAMD]

4 12 NAMD w/3-state Out

8 [3-to-8 Dec)

3 Dual 2-to-4 Dec/DEMLE

LA WOC R
E B Yo -
2C Y1 A
t Geat ve L
= GER 3 e
S Gl vd L
L y7 vg L
E I GMND vE 2
T35

74138 (3-8 decoder)

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 79 of 99



Digital logic design lab

Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

The 3-to-8 decoder truth table is shown next:

Select

®
[\
>,
®
=

2B’ | C

o
[EN
N

w

<
SN

ol

(2]

~

= R

Rk k|lolololo|x|x
Rl |olor|klolo|X X |m

PlOo|R|o|R|RP|P|o|X|X|>
R L R L =l R I Y
R L = R I R
R L = IR

R L = R R R L Y

1

= R L R LR

k= T NN N T T o g

e e e e e e T o

G
1
X
0
0
0
0
0
0
0
0
0

L |Olo|o|o|o|lo|o|o|x | X
S L R =R

x
X

X

others 1

Output corresponding to stored address 0; a

LOVEN [ gi]

B

n

agd

-4

o0

Kl

=]

—
—

a
[}
=
=
=

)

74154

74154 (4-16 decoder)

O | 24

f
1

2

3

4

5

£ G L
7

g

5

10

Example: drawing a 4-input function using 74154 (Sum of minterms)

Next is the function F(D, C, B, A)=2 0,7, 8, 10, 13, 15
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Lo weoo -2
= ]. ,ﬁ' 23
3 E E =t
4 3 [: 21
=] 4 D =]
£ 15 Ga L
L& Gl e
g :I,r 15 17
2B 14 &
10 9 13 15
11 ].D 18 14
£ GMD 1
74124

Example: drawing a 4-input function using 74154 (Product of maxterms)
Next is the function F(D, C, B, A)=11 11, 12, 13, 15

N0
Lo woo PR
2 1 ."—"'| 23
3 E E 22
4 3 [: =il
14 D
5 Ge :
j 7 15 i; L
B 14
I O B:
11 1[:' 18 14
2 gD 1 2
I 74154
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Lab Tasks

Task 1: Implementing 3-variable Boolean expressions using 3-8 decoder

Implement the following function using 3-8 decoders.
A

~No|g|hwWN|FR|O
==l =)=)
el =l i k=) =]1]vs]
=l =l =l =O)
oO|o|Oo|FR k| O™

The above function can be implemented as shown next. Redraw this circuit using EWB.

ANEC HNEC
. R
» = B '-,I,r[:l 15
Py 3 r 1 L| |_
[Ered = e T S N —
& El '-T.-'4 11 I_
Iy7 vy 2
o— 5 I GND Y& 2

Task 2: Implementing multiple 3-variable Boolean expressions using 3-8 decoder

Implement the following three functions using 3-8 decoders.

T
=
T]
N
T
w

o|lo|o|lo|>

il k=lk=]vs]

=l =I[@]

wiN |k |o
=l =)
=
ook
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Ok, O

RO O
[elieliell
RO O

~Nlo|lo|s
S i
==

Ly woo e
= B YO
= E- *._I,-'l 14
P Geat ve e
4 PR Y3 HFE—
=106l ¥4 -
L y7 s (o
S OND  YE 2
7438

Task 3: Problems with verbal description

Design a combinational circuit (using one 4-16 decoder) with four inputs, and one output to implement the
following function.

O O N0 W N RO

[EEN
o

[EEN
[EEN

[EN
N

[EEN
w

R R R R R PR ol ol o o o o o o>
R Rkl oolo okl krlkrlrl oo oo m
R Ol Ol R O Ol R OOkl o o O
ol |l ol o R ol r ol okl ol ol O
ol o | o | o R R R ol okl ol ol m

[N
SN
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15 1 1 1 1 1
‘— 0 wCC =
c 1 A p=ic]
3 = E 22
4 3 |: p=a |
] 4 T =]
= 5 GE.- 19
Fl E:' Gl.- 15
g 7 15 17
> B 14 =
10 5 13 15
11 1[:] 1E 14
—E4 GND 11 R
74124

Task 4: Problems with verbal description

Design a combinational circuit (using two 3-8 decoder) with four inputs, and one output to implement the

following function.

OO N0 |l W N RO

[EEN
o

[EEN
[EEN

[EEN
N

[EN
w

[N
SN

PR R R PP PR Ol o oo o ol oo >
R R R R oo ool kRl krlrlrlol o oo @

[EN
a1

Rl Ol Ol |k O Ol kRl Ol Ol k|l kool O

ROl R O O O OOl ool O

R OO R, Ok ORI K P OOk O, o m
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LA Woo e
E B Yo 2
210 v
P Geat ve e
“d PR Y3 e
c Gl Y4 -
1y7  v5 2
S OND YE 2
7438

LA Woo
=1 E =
=4 v A
T Gen vE B
=4 PR ¥3 FE—
! Y4 L
R
I -
7438

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 85 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

[Lab 11]. Sequential Circuits??

Objectives

e To learn how to build combinational logic circuits using decoders.

Background

+
@2 Hzr50%
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[Lab 12]. Appendices

Appendix #1: K-Maps

Karnaugh Maps, or K-maps, are used for many small digital logic design problems.

We will examine some Karnaugh Maps for two, three, and four variables.

For two-input logic circuits. The truth table of the circuit is mapped into a 2x2 k-map.

For three-input logic circuits. The truth table of the circuit is mapped into 4x2 or 2x4 k-maps.
For four-input logic circuits. The truth table of the circuit is mapped into a 4x4 k-map.

The ones (or zeros are grouped in twos, fours, or eights to do the simplification.

Notice that the binary numbers in the horizontal and vertical edges of the k-map are gray codes.

o
0
1
0
00
00 01 11 10
071
0
11 or 1
10
00 01 11 10
00
01
11
10

K-maps of 2x2, 2x4, 4x2 and 4x4 sizes

A | B | Output

B
ofo| « a0 1
Lo % 1|8
1{1] 3

unspecified logic
Mapping the truth table into a k-map of size 2x2
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00 01 11 10
ABCD ABCD
(@]
o 0 4 12 8 0000 - 0 1000 -8
0001 - 1 1001-9
A 3l 1 5 13 9 0010 - 2 1010-10
0011 -3 1011-11
Q
3 3 7 15 11 0100 - 4 1100 - 12
0101-5 1101-13
ol > 6 14 10 0110-6 1110- 14
0111-7 1111-15
A 4x4 k-map
BA 0o 01 11 10
DC

00 0 1 1| 0

1 1 J 1 1 L1 Gray code
T - by bit width
10 0 0 0 0
Grouping 1’s in a 4x4 k-map 2-bit 4-bit
The table appearing at the right side of this page shows the gray codes that we need for |, 0000
the K-maps of 2x2, 2x4, 4x2 and 4x4 sizes.
01 0001
11 0011
10 0010
Example (two-input circuites): 0110
Simplify the logic diagram below. o |0111
0101
5 ooo |0100
A_—\E_ out 011 1101
B | 010 1111
110 1110
Solution: (Figure below) 111 (1010
o Write the Boolean expression for the original logic diagram as shown below 1011
101
o Transfer the product terms to the Karnaugh map 1001
100
e Form groups of cells
e Write Boolean expression for groups 1000
o Draw simplified logic diagram
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Out= ZB + AB + 2B B0 1 B0 1 &
01 10 11

0 O,..l\
7 141 11
E B il 5—-@
B T /
2 _ Oout= & + B

AB out
E | !
n

A
B

o |1 A
1 )
out= B/

Above we, place the 1's in the K-map for each of the product terms, identify a group of two, then write a p-
term (product term) for the sole group as our simplified result.

OQut= ABC+ ABC+ABC+AEBC

C
00 01111

A
odif1 ]2 J{L’-‘
1

Out= A

Mapping the four product terms above yields a group of four covered by Boolean A’
Example (three-input circuits):

Out= ABC +ABC +ABC + ABC

C
ANOO 011110

o | [[]1]
1 1{1]
Out= C

Mapping the four p-terms yields a group of four, which is covered by one variable C.

Example (three-input circuits):
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e
- = o ]

o1 |1 L]
L L 11 |

Out= A +B
After mapping the six p-terms above, identify the upper group of four, pick up the lower two cells as a group
of four by sharing the two with two more from the other group. Covering these two with a group of four
gives a simpler result. Since there are two groups, there will be two p-terms in the Sum-of-Products
result A'+B

Example (three-input circuits):

Out= ABC + ABC

C
ANO0O 011110

D @
1
Out= BC

The two product terms above form one group of two and simplifies to BC
Example (three-input circuits):

Out= ABC + ABC + ABC + ABC

C
ANO0 011110

0 [1]1]
1

11 [1

Out= B

Mapping the four p-terms yields a single group of four, which is B

Example (three-input circuits):
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Mapping the four p-terms above yields a group of four. Visualize the group of four by rolling up the ends of
the map to form a cylinder, then the cells are adjacent. We normally mark the group of four as above left.
Out of the variables A, B, C, there is a common variable: C'. C'is a 0 over all four cells. Final result is C'.

Example (three-input circuits):
Out= ABC+ABC+ABC+ABC+ABC+ABC

Pﬁ:ﬂ 0111

=
[
=
]

|
|

o IR NI B e B &
l__ _:I___,.“F 'l.“‘J:‘ B
Out= & +C

Example (four-input circuits):

Oout= LBCD+ABCD+ARCD+ABCD+ABCD+ABCD+ABCD

CD
AB 00 01 1110

00 1\
01 ‘[ 1

11401 |1 \ 1 (1]
10 H‘;ij
\ \

Out= AE + CD

The above Boolean expression has seven product terms. They are mapped top to bottom and left to right on
the K-map above. For example, the first P-term A'B'CD is first row 3rd cell, corresponding to map

location A=0, B=0, C=1, D=1. The other product terms are placed in a similar manner. Encircling the largest
groups possible, two groups of four are shown above. The dashed horizontal group corresponds the the
simplified product term AB. The vertical group corresponds to Boolean CD. Since there are two groups,
there will be two product terms in the Sum-Of-Products result of Out=AB+CD.

Example (four-input circuits):
Fold up the corners of the map below like it is a napkin to make the four cells physically adjacent.
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Out= ABRCD+ABCD+ ABCD+ ABCD
CD
ApNDO 01 11140

G“Q.l\| 1';1 - AL
01 ] ]

1 a

e L

.
s ,

Out= BD

The four cells above are a group of four because they all have the Boolean variables B* and D* in common.
In other words, B=0 for the four cells, and D=0 for the four cells. The other variables (A, B) are 0 in some
cases, 1 in other cases with respect to the four corner cells. Thus, these variables (A, B) are not involved
with this group of four. This single group comes out of the map as one product term for the simplified
result: Out=B'C"

Example (four-input circuits):
For the K-map below, roll the top and bottom edges into a cylinder forming eight adjacent cells.
Out= ABCD + ABCD + ABCD + AECD
+ ABCD +ABCD + ABCD + AEBCD

HE]

cD
P’LB 00 D1 11 10!
00 1 |1 1,7

01| [J-4---
11 e B

F

10[/1f1]1]1)

! |
Out= B

The above group of eight has one Boolean variable in common: B=0. Therefore, the one group of eight is

covered by one p-term: B'. The original eight term Boolean expression simplifies to Out=B"

Example (four-input circuits):

The Boolean expression below has nine p-terms, three of which have three Booleans instead of four. The
difference is that while four Boolean variable product terms cover one cell, the three Boolean p-terms cover
a pair of cells each.
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C

AEN00 01 1110 PiE_DDD 01 1110
001 |1 |1 |1 00 1\1 |1 [L 4.
01 [T 1 I
111 1! el [ ] /
10 1f1]1]1 o[ 1f1[1}1y/

N /Out= BE + D
B
The six product terms of four Boolean variables map in the usual manner above as single cells. The three

Boolean variable terms (three each) map as cell pairs, which is shown above. Note that we are mapping p-
terms into the K-map, not pulling them out at this point.

For the simplification, we form two groups of eight. Cells in the corners are shared with both groups. This is

fine. In fact, this leads to a better solution than forming a group of eight and a group of four without sharing
any cells. Final Solution is Out=B'+D’

Example (four-input circuits):
Below we map the unsimplified Boolean expression to the Karnaugh map.

Cut= LBCD+ABCD+ABCD + ABCD

CD
ANPO, 01 1110
ooy | qT [
01
11 1

P
101

out= BCD + ABD + ABCD
Above, three of the cells form into a groups of two cells. A fourth cell cannot be combined with anything,

which often happens in "real world" problems. In this case, the Boolean p-term ABCD is unchanged in the
simplification process. Result: Out= B'C'D'+A'B'D'+ABCD

Example (four-input circuits):

Often times there is more than one minimum cost solution to a simplification problem. Such is the case
illustrated below.

Last updated on Monday, March 23,2015 By Dr. Sulieman Bani-Ahmad Page 93 of 99



Digital logic design lab Digital Logic Design Featuring EWB (Electronics Workbench V 5.12)

Out= AECD + ARECD+ AZECD + AEBCD
+ RECD 4+ AECD + AEBCD + AECD

ch CD
ACNUO0'01 11 10 ANDO0 01 1110

00 001D
01| " [W|A) o1l |C[D
11 \ym 11

w ——

10 1D

———"1

e

]
out= BEC CD + BCD + ACD
t B

al ol

+ A
out= A B + LBED + ABC + ABD

Both results above have four product terms of three Boolean variable each. Both are equally valid minimal
cost solutions. The difference in the final solution is due to how the cells are grouped as shown above. A
minimal cost solution is a valid logic design with the minimum number of gates with the minimum number

of inputs.

Example (four-input circuits):
Below we map the unsimplified Boolean equation as usual and form a group of four as a first simplification

step. It may not be obvious how to pick up the remaining cells.

out= ABCD + ABCD + ABCD
+ ABCD + RABCD + RBCD
+ LRBCD + ABCD + ABCD
CD CD CD
AENDO0 01 1110 PLB 00 01 1110 ApN00 01 1110
17

00 |[1]1)]a ooffi]1)r
o1{l{)a 01| (L)1)
1f{1f1 1 11] 111 |1

10 10

out= AC + AD + BC + BD

Pick up three more cells in a group of four, center above. There are still two cells remaining. the minimal
cost method to pick up those is to group them with neighboring cells as groups of four as at above right.

On a cautionary note, do not attempt to form groups of three. Groupings must be powers of 2, that is, 1, 2, 4,
8 ..
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Example (four-input circuits):

Below we have another example of two possible minimal cost solutions. Start by forming a couple of groups
of four after mapping the cells.

Out= LBCD+ABCD+ABCD+ABRCD+ABCD
+ALBCD + ABCD 4+ ABCD + ABCD

cD cD
AND00 01 1110  AXD00 01 1110
oof 1\ 1) o0f1\ J1
oyl L] i1 | o 1| i1 |
ni o | 11 1 D |

" 11 4 | 11 7
10 L\ J1 . hy] N

Out= CD + CD+ ABC \

out= CD + CD+ ABD

The two solutions depend on whether the single remaining cell is grouped with the first or the second group
of four as a group of two cells. That cell either comes out as either ABC" or ABD, your choice. Either way,
this cell is covered by either Boolean product term. Final results are shown above.

The biggest picture of all- Simplifying using K-maps, Boolean algebra.
Example (four-input circuits):

Below we have an example of a simplification using the Karnaugh map at left or Boolean algebra at right.
Plot C' on the map as the area of all cells covered by address C=0, the 8-cells on the left of the map. Then,

plot the single ABCD cell. That single cell forms a group of 2-cell as shown, which simplifies to P-
term ABD, for an end result of Out = C' + ABD.

out= C+ABCD Simplification by Beoolean
\ Blgebra
cD
ApN00 D1 11110
R —
001 11]‘ out= C+ABCD
01fi |1 \
11 |11 (fjl:b Applyingrule 2 + AB = A + B 10
1 —
10 1‘;\ 1’; \ the T + ABRCDterm
7 _
out= C + ABRD out= C + ABD
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Out= (R+B+C+D)(2A+B+C+D) (AR+B+C+D)(R+B+C+D)
(L+E+C+D) (A+BE+C+D)(EA+B+C+D)

CD CD

ANDO0 01 1110 APN00 01 11 10
00 { 1] aol1 1071 (o
01 ] 0 01 0|1 |0
11 0 111101 |1 |0
10 0 0 1001010

Then fill in the implied 1s in the remaining cells of the map above right.

N\CD

A0 01 11 10
00 1\0 J1 Vo
01| Lo |1 |o
ll\l Do
LO\LJ0 L 40

Out= CD + CD+ ABD

Example (four-input circuits — SOP and POS):

Let us revisit a previous problem involving an SOP minimization. Produce a Product-Of-Sums solution.
Compare the POS solution to the previous SOP.

gut= RBCD + ABCD 4+ BRBCD
+ EBEE + EBED + LBCD
+ ALBCD + ABCD + ABCD
CD CD CD

AEN00 01 11 10 Ap\00 01 1110 ApPND00 01 1110
00 (1 fix]]Ls 00 0 00 o
01 [GjlL 01 0 | o1 jo
11 fiz i1 11 0 11 {0
10 10{0 [o |o |o 10({@ 0 o |03

Oout= AC + AED + BC + BD out= (A+B) (C+D)
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