SULEYMAN DEMIREL UNIVERSITY
ENGINEERING FACULTY

CIRCUIT TECHNOLOGIES

LABORATORY WORKS
DESCRIPTIONS AND TEST EXAMPLES

COMPILERS Dr. M. Ertugrul, Dr. L. Kiziyeva, MSc. R. Suliyev

the ul‘li\.'crsili)‘J o
Suleyman Den:ire

hrary



A . - "f
Ii
lw
|
YIIK 004.3 (075.8) ||
BBK 32.973.202. 373 CONTENTS
K38 | .
|
§ eveveereererrereb s s et ena 2-4
YTBepxIeHo n peoneHnoaaHo Yuensiv Coerom YHHBepcHTeTa uMeny Cyaeiimana 1. Preface and preliminaries............... .................................. 5.8
Hextupeas, mpotokof] Ne 1 ot 01.09.2010 2. Lab Work 1 ..oveciieeiiieniiinniiieccnenens e 0-12
| 3 LADWORK D v S 13-16
| 4. Labwork 3 ....cooeiiiinenniiniiiieenins e 17_3(33
o T e— 6 TabWork S 2426
: SpTyrpyn Meaukumax 6. LabWOr S v | vessereressiessssrintassssesasssnasetasitoss -
Pacim Cyaes 7. LAbWOIK 6 o e 27-30
8. Lab work 7 A 31-34
% LADWOLk B s 35-38
| L0.L8b WOHK D vt 3942
e i e 43-46
‘; 2.LabWOK AL vt 47-50
K Kusuepa JLA., BpTyrpy:n M. Cymues P, Tpoekruposanne UHGPOBEIX cHeTey. 13.Lab work 12 ....cccvvvmnvinnnnienninienes eeresueresessessessessettenneseseeneeraes 51-54
JlabopatopHere padoty (Onucanus u 00pasubl TecTopgx 3aj1anul). Anmarer, 201 1-61 C. 14.Lab work 13 ...cccoovviniinniinnninninnnes o 55.57
| 15.Lab WOrk 14 .o e ses st 58
;’ 16.Lteratire ...cooocveenermeeeeeeeeieneeecnenes |
ISBN 9965-792-50~X;
|
l
|

{

ISBN 9965-792.50.X |

© Vuusepcurer UMeHH
Cyneitmang Hemupens, 201



PREFACE

Laboratory wor ‘
¢ orks on the course “CIRCUIT TEC
i - o CHNOLOGIES™
provision of 1 . e T NOLOGIES™ are worke 1
e o Ioniore deep understanding of basic digital circuits’ Opcmtio]: Ti ved out ﬁ)l
as logic g rart e e b ation. They cover such
sdders ﬂip-ﬂo:ag %?tes fzode converters. decoders, encoders, multiplexers demanitinlexces
ity ps. fllc_xbaleused to improve students’ investigation skills - UIHPIEXTES:
process of lab works™ perfor e o
. _ o mance students n IMprov oo &l
synthesis of digital circuits. investi S must tmprove their skills of IS ¢
- Worl*?g Scli;llli:ll{g investigate modes of their operation. The i11113011'111ta”313t/51:t-at;g,
t’s work csina Tiac . art ¢
lab works student S Lesan System application for the schemes® prepar fon. D he
RS T ents must understand the functionality of the circuit d- i
perates in full correspondence with its theoretic uits deepl
to provide hands-on reinforcement of the theoreti

Performance of lab works provides
mount electronic scl

Ny —— y and to be sure that it
4 scription. Lab works can be very helpful
cal knowledge.

resence S
presence and development the students' skills to

11CS tO [I'Edt lv\’i[f] S .“(1 i 12 HS at |l (3\f(ili
- . 1C “LS, mea uri 1 I (S
; ! - = nSU umet ¢

them. Througho
- ghout the Iz e i
proficiency at usi 1e labs, the standard integrated circuits are used ' 1
Y atusing the terminology and data sheets of the [C 1sed to provide students
.

To perfor ork 2 i
perform lab works the following power supply scheme is used
sed:

i ate their readings
n of chips and how to treat with
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L C e
S0 Hz 2 : ’
220V:12.63 4-IN3001diodes | | goouF v T
transformer Or 1-1A bridge ')q".lj' 0.01 F
rectifier N K

—

o IF provides presence of 5V dc
-

oltage 1s not dangerous for the hum
to safety rules.

as output voltage at ege

. h worki '
an life, so laboratory inst king place. Such value of

allation has ful| correspondence

PRELIMINARIES 1.
RESISTORS' COLORED CODES.

Codes may have a view of colored strips or dots. Each color has got its own definite
meaning (see table). Strips put to on¢ of the resistor’s terminal and are situated from left to
right. If the size of the resistor doesn’t allow us to place strips in such a way the first strip of
each resistor is made wider than others. Resistors of low accuracy (0.1%-10%) are marked
with 5 colored strips. The first three are resistance in Ohms, the forth — multiplier, the fifth —
accuracy. If resistors are marked with 4 colored strips the first two are resistance in Ohms, the
third — multiplier, the forth -accuracy. If a resistor has got 3 colored strips it means that the
first two strips are shown value of resistance in Ohms, the third one is multiplier.

Suwip’s color Nominal resistance, Ohm Multiplier | Tolerance, %
Firststrip | Second strip | Third strip | Forth strip Fifth strip

Silver | - - - 0.01 +10
Golden - - - 0.1 £5
Black - 0 - 1 - i
Brown | l 1 10 +] ‘
Red 2 2 2 li 2 ‘l
Orange 3 3 3 10° -
Yellow 4 4 4 10° -
Green 5 5 5 10’ +0.5 |
Blue 6 6 6 10° 025 |
Violet 7 7 7 10° +0.1
Grﬂy 8 3 8 10\ -

| White 9 9 9 10° -

o oo ©
be EC 0o MJ
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PRELIMINARIES 2.
MEASUREMENTS with DIGITAL MULTIMETER
Digital multimeter is a multifunctional Instrument

Cca '
n;pan_:ltance. DC and AC voltage, DC and AC current short-cn
-, 1-1 -~ -’ v 5 7 5 - : ) ; i
sistor’s base, emitter and collector, anode and cathode for dioc

It _can measure resistance

cutt. It can help us to defint

le.

Process of measurement,

?efore the work it needs to check if the instrument read
measuremelln of resistance™ it needs to connect letal

Th_e sound signal will appear to inform us about *eis g

sultab-]e for measurement. This mode 1s us duf 5'10”

elem'ic f:it'cuit. In other positions of the pointz d e

on the display without contact between the leacrii(nm

y to work. For this purpose in the mode
ea.ds (_range of measurement is 200 Q)
cireuit, It means that the instrument i
: 'ching short-circuit somewhere in the
measurement of resistance”) we can see (

1. Measurement of resistance,

Set the FUNCT 1
et acms; the]gi\?‘sxxlllc]1 to the position “measuremen( of resistance”
s RﬁD resistor under measurement. Connect the BLAé F feaf
o RED test lead to the V/Q jack. After checki ] etle
C e, 2 C et ~ A 1 - . " ;
i Q. If resistance of resistor under measure <
asurement

= 1 =v. I €S l.a c¢ Hldt.l m ¢ S I g ]
g ang e [ 1 ._; n 1 A

and connect the tes!
fi ad to the COM jack
-[.ne. range of Hit‘asuremem.'Fof
er [|1,';S].l,:!gher* the readings will be !
S range, we have got its value o

2. Measure ;
ment of DC voltage,

ISetdthe FUNCTION switcl
cads across the source or |
jack and the RED test

¢ le ] -
Range for DCV-200mVv- 1000y Far nect the BLACK test lead to the cor

R : 1ecki i
P R e or DCV: lf]-’Olari{y % Ckmg define range of nwﬂsm-emel?.,
IL:}I]J?-QCH range. If measurino em ) S Wrong, indications will be with Si€”
N ) ¥ =] ¢ L | o
e R &€ Comparing measuring Pﬂ‘”amdd r
g | asuring range, you should switch
ac R i s OO
; y. If measuring parameter 1 E?ref‘r
ment of the same value in dif'° th

110 the position *

measuyy,
| asurement of DC vol [
ement, Co, :

Liack. Afier ¢

2 5
age” and connect the €

ase of meagy,

result ig 5 '
1s 1,505 Vq be different 5

after decj : after dee - o :
neeils E:‘C‘;‘a] POInt); range 100y O'] decimg] point); ran " ;'XamIJIC. i V=1.5V: range = . i
' 100se the B UL o B 20V the . e,
€ the range, whjoy, (one digijy afte.g "0V-the resulc js 1.51V( WO " Tt
3. Defi FOTTEsponds to e " decima| point). To increase accura®?
. e “]iti(jl v . aSuri 5 . . 3 O
1 of P=-junctioy resist "8 Parameter
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In spite )
of the f
c; act that ¢ -
measureme A it ig pec
_ Nt of pec; > Tesis .
switch 2 Shecir?]fles'gl'anc@" e \;;t'?]me’ We can’t w“ch
o - H fee ' 1 se <TH 5 i S
DQSFUOH for ‘\’0]['1(??31“0”. Where co See.] On the IS ]P‘-‘-‘jltlon of the FUNC TION or the
bias, we o Vention of the Py in this cage, We must US¢ o the

casyr
Casuremen W

can see - HOC
| C IOUCh p[‘]] d“)de

display. It is e djm? the display, 1 it ig f S 0f the g dls Situated. Test leads zuer o™
test lead in hj €S resistare, S forward ode by tect [eade e have 4
Adin this cage i - IStance gng it | Wa"d. 133, we oq Y test leads. Ifwe h ]l e of ﬂ[}
> Selnition op N see some definite VAU "RE
e 1€ d; ) ~thod€:
€ If the diode is | giode s anode and catho¢
-ED one, it can light

LABORATORY WORK # 1.
DIODE APPLICATIONS

Aims: investigate properties of diodes and LEDs. get skills of the scheme mounting. Compare
experimental results with theoretical foundations about diodes.

PREPARATION TO LAB WORK.
Learn the information about diodes and LEDs.
Show semiconductor diode i-v-characteristic.
Consider experiments’ schemes and draw them with application of Scheme Design
Svster. Fill in the tables theoretically.
4 Answer the questions below in written form.
4.1 What is a semiconductor diode?
42  What is diode’s forward/reverse bias?
43 What is diode’s cathode/anode?
44 How can you define cathode and anode for real diode?
4.5 Explain a semiconductor diode’s behavior according to its i-v-characteristic.
4.6 Whatis LED?
4.7 Explain how to define the value of resistance for any resistor.
4.8 Explain how to measure voltage with multimeter.

W -

LAB WORK PERFORMANCE.

Demonstrate presence of your home preparation for lab work to your instructor.

1.

2. Pass test of 10 questions.

3. Get a permission to begin the work.

4 Mount the schemes of experiment [A on the breadboard and perform them.

5 Make a conclusion about functionality of the schemes. Compare your results with
theoretical ones.

6. Demonstrate your results to your instructor. It your results are correct you may dismount

your scheme, if no — find the mistake.
7. Repeat steps 4 to 6 for experiment 1B,
8. Be ready to answer your instructor’s questions in process of work.
Complete your work, dismount your schemes, clean your working place.
10. Answer your instructor’s final questions, obtain your mark.

11. Ask your instructor’s permission to leave.

s



.

either GND { .
TEDs or VCC based on the following table, fill in the blanks. Write ON or OFF f
. . ¥ (i3
i 1. Voltages Vi, V. Vy in the scheme below equal to respectively.

; 5 T e , e e ey
| Vee A A >c « A A ® 3 LEDO o T T ‘ 45V :
: bE) Lﬂﬁm : | 0 "o LA R _;§ AN ’ j ' \ ; A&V q
L o) P W Eg‘;—"' Pl f +5V _____.N__ ,
T T T e e . — ‘7, N H
‘ ' Dl o D, D2 v 10xQ v ‘
INPUT OUTPUT - | o ; | 3 o
i TED o INPUT | OUTPUT . : ] I —P— i
ONOFE | ome A | LEDO | Vout INPUT OUTPLT __ > 10x0 !
i ou — i X D g
: 5 s ,F ,(Vﬂ) ; ON/OFF | (V) A LED 0 Vout ! 5k 10xQ 10%0 5 i
2 oV 44 7.7 o0 |1] 5V 5 437 ON/OFF (V) ‘ = |
oy Al 2] ov ol |1 SV 77 : = = B = = = =
= 0 2 oV - WD# ‘ i : i
L D : .
‘ A 43V.0.0 B.0.43V,0 C.43V.43V,0 D.0,0,0 E.43V.0.43V

Experiment 1B. D i l

. Do the simil i - . .
tlar things for the followin g circuits. 2. How many states has the switch got?
e A1 B2 C.3 D4 ES5
I A T P
AA : PA e T T - , . . .
: ; g 3. What can you say about state of diodes 1, 2, 3 in the picture?

Nl j i ‘ | : - . “:
‘ ? ! ; D Iq :‘ | N
.t ! i B Vout RO AR ! | 5V ;
Bl L e Y207 [?Dio ,h | : ‘ = _—M— ‘ ;
A e D .——.“.» ! ‘ ’
T S ’ . " :
' , Da '
| | o . ) 10xQ . !
i : ! \' B} = . i

INPUTS OUTPUTS
A B LEDO | Vout (V) INPUTS OUTPUTS f Dl '
1 OV jov T A _[B LEDO - : " skn 10x0 10xQ 10x0 P |
2 [0V |5V ]9 1[0V Tov Yout (V) | | | |
3 |5V oV ’)/é‘g 'L ov 5V o !/) f»lyg@ | = = T = = = =
4[5V [5v 251 BV Tov et : ' |
Y. “ —— | A A 2 L e e O e e e |
ﬂ ' @ —‘US\V_J SV \_~,,~: :,5@ 7%) A. reverse, forward, reverse B. reverse, forward, forward J

et C. forward, reverse, forward D. Reverse, reverse, forward

E. forward, forward. reverse

4. The second strip to obtain resistance 560 Q must be
A.blue B. Green C. Brown D. Yellow E. red

5 Value of resistance is 9.6 kQ. It means that the first three surips on the resistance case (in

whole the case has got 4 strips) are:
A. white, blue, red B. gray. brown, black  C. Black, brown. green

D. brown, black, brown E. brown, black, red

6. Analyze the information. Fill in the gaps.
Anode voltage is +5V, cathode V is +3V. The diode is . Anode voltage is -5V, cathode

V is -3V. The diode 15 :
A.ON.ON B.OFF,OFF C.ON,OFF D. OFF, ON E. all answers are wrong

7. Forward bias means that for diode

A. anode voltage is more positive than its cathode one

B. anode voltage is equal to or is more negative than its cathode one

. anode voltage is positive  D. anode voltage is negative E. all answers are Wrong



8. For the circuit below if V=5V Ve=0V Dy is

T — Diis___ . andLED, LABORATORY WORK # 2.
A. open, closed, ON  B. open, o
o = : .open, ON  C. close
D. closed, open, ON  E. open, open, OFF osed, closed, OFF REALIZATION OF LOGIC GATES WITH TRANSISTORS.
A L T S o Aims: define what logic gates are realized schematically, learn the gates’ properties. Compare
- N0t (Vour R AN | experimental results with theoretical foundations about logic gates.
‘B o W]I Improve skills of the schemes’ preparation.

__ANAGGT

T e T PREPARATION TO LAB WORK.

Learn the information about transistors.

Show bipolar transistor’s characteristics.

3 Consider experiments’ schemes and draw them with application of Scheme Design
30 mA Svstem. Analyze what gates are realized on the schemes’ basis. Fill in the tables
theoretically.

4 Answer the questions below in written form.

C BEQE ]Cﬂ! i if resis 1 1 }
9 . a . a]te 6 C.Il ‘ ()il,lgp yp red LED 1f resistor for 1ts lll]litﬂtiOl] is equal to 330 O

A 10mA B.15mA (.20 mA D.25mA E

s I =

1(). i Ir i F i —
For the cireuit below define current th[’OUg]] diode ifR 2kQ

O T 4.1 What is a bipolar transistor?

Vour | 47 What are names of a bipolar transistor’s electrodes?
A.5m/ 43 How to define situation of a bipolar transistor’s electrodes?
SV - > B.4.5m/ 44  What are conditions to have a bipolar transistor ON(OFF)?
T\i | C.43m/ 4.5 What types of bipolar transistors do you know?
ol ! D.2.15 m/ 4.6 What are typical silicon transistor’s parameters?
e B e E. 0.86 n/ 47  What modes of a bipolar transistor’s operation do you know?

LAB WORK PERFORMANCE.

1. Demonstrate presence of your home preparation for lab work to your instructor.

2. Pass test of 10 questions.

3. Get a permission to begin the work.

4 Mount the first scheme of experiment 2 on the breadboard and perform it.

5 Make a conclusion about functionality of the scheme. Compare your results with

theoretical ones.

6. Demonstrate your results to your instructor. If your results are correct you may
dismount your scheme, if no — find the mistake.

7. Repeat steps 4 to 6 for the second and third schemes of experiment 2.

8. Be ready to answer your instructor’s questions in process of work.

9. Complete your work, dismount vour schemes. clean your working place.

10. Answer your instructor’s final questions, obtain your mark.

11. Ask your instructor’s permission o leave.

F cotprint

TO-92

8 9



Experiment 2, Realize the following circu

Ie-i]til;)er GND or VCC based on the following ta:ll;loen fa'll'ljl:eadboard' Connecting A, and B inputs i TEST QUESTIONS
EDs. ; fill in the blanks. Write ON or OFF for | e the circuit below if Va=0 Va=0 transistor To cansistor T | LEDo i
For the circuit below if V4=0 Vp=0 transistor 1¢ 1§ , transistor Ty is , LEDy is
A.ON, ON, ON B. ON, ON. OFF C. OFF,ON, OFF
D. OFF, OFF, ON E. OFF, OFF, OFF
; - S
| |
|
i '
i
} ;
;
A 5T Te m—\ | |
; Vout OUTPUT e e o
1 \% ov \J\ y A S -
eIl our— B _|LED : . : :
; 0\\; SV ol A TS L joV Tov | e Vout | 2 Fill in the gaps in the text: to twn on an NPN transistor, a voltage is applied to the
0 ;V ov | 0,33, ; oV _[sv T, } _When transistor is turned on, its collector-to-emitter becomes a
2V Syh| M 3 22’,‘. ov | o T — : A. negative, base, short  B: positive, base, short ~ C. negative, emitter, open
This is W é G SV | ] D. positive, emitter, short E. positive, emitter, open
............... ate :
This i e ] '
Sa.. .l wln. .. Gate : 3. How many states has the switch got?

A.l B2 C3 D4ES5

—_ A 4, Bipolar transistor has:
‘ A. 1 p-n-junction B.2 p-n-junctions C.3 p-n-junctions
D.1, or 2, or 3 p-n-junctions  E. any number of p-n-junctions

5. The second strip to obtain resistance 120 Q must be o
A. white B. Green C. Brown D. Yellow E. red

6. What statement is wrong?
A. (X+YYXA+Z)=X+YZ B. X(Y+Z)=XY+XZ C. X+XY=X
D. (XY)=(X+Y)" E. X(X+Y)=X

7. The truth table for XOR gate is:

S A B C D E

INPUTS Xy |F x|y |F x|y |F X|y |F x |y |F
- A 0010 01010 001! 010! 01010
: gt,’ ol1]o0 o111 o1 |1 0f1]0 ol11]1
3 [sv 11010 11011 11011 1 {010 11011
4 |5V 111 L1111 1 {110 1 {110 L {10
Thisis ...... =1

B i )
10 11




8. For the circuit below if V4=0 Vg=
o . elow if V4=0 V=5V transistor T is , transistor T is
A.ON, ON, ON B

s s . ON, ON, OFF
D. OFF, OFF. ON E. OFF, OFF, OFF - OFF.ON, OFF

e

9. The truth table for NAND gate is:

h B
X|y [F X)I?F ¢ D

o To TG XTIy F] Xy TF] e

e X

0110 g??LOITTT Y |F

Toto] e PHIT oo e

111 011 ErereiA AR

LT[0 1710 -rﬁEZiil_Jl 0T

1 {1 ]o

—L— 17 |

10. For the circuit below ;
transistorT, is = | owiry
A.ON, ON, ON

D. OFF, OFF, ON

vece

a=5V V=0 transistor Tois transistor T
, 1stor T, is

B. ON, OFF, OFF

— _ECF F, OFF » OFF c. OFF,ON, OFF

vee i

RI (0K

, LED,

Aims: define what logic gates are realized schematically, le
experime

o N -

=

ISR DI

6.
7.
8. Beready to an

9.
10. Answer your instructor’s

LABORATORY WORK # 3.

LOGIC GATES.

arn the gates’ properties. Compare

ntal results with theoretical foundations about logic gates.

PREPARATION TO LAB WORK.
Learn the information about logic gates and integrated circuits (1C).
Show truth table of AND, OR, NOT, NAND, NOR, XOR, XNOR, buffer gates.
Consider experiments’ schemes and draw them with application of Scheme Design
System. Analyze what gates are realized on the schemes’ basis.
Design XNOR gate for the experiment 3D on the basis of schemes in experiment 3A, 3B,
3¢ Draw the XNOR scheme with application of Scheme Design System.
Answer the questions below in written form.
5.1 What logical operations do you know?
5.2 Show the algebraic expression of logical operation NOT (AND. OR and so on).
5.3 How many magnitudes has the logic value got?
5.4 What is integrated circuit (IC)?
5.5 What types of IC’s do you know?
5.6 What scales of IC’s integration do you know?
5.7 How many functions of 2 variables do you know?
5 8 Show the difference between complement and dual functions.
5.0 What function is called odd (even)?
510 What IC digital logic families do you know?
5.11 What is positive (negative) logic?
5.12 What are typical voltage levels for TTL, ECL, CMOS families?
513 What is fan-out, power dissipation, propagation delay, noise margin
5.14 Compare different IC digital logic families from point of view their typical

special characteristics.

LAB WORK PERFORMANCE.

Demonstrate presence of your home preparation for lab work to your instructor.

Pass test of 10 questions.

Get a permission to begin the work.
Mount the scheme of experiment 3A on the breadboard and perform it.
Make a conclusion about functionality of the scheme. Compare your results with

theoretical ones.

Demonstrate your results to your
your scheme, if no - find the mistake.

Repeat steps 4 to 6 for experiment 3B, 3C, 3D.
swer your instructor’s questions in process of work.
nount your schemes, clean your working place.
final questions, obtain your mark.

instructor. If your results are correct you may dismount

Complete your work, dist

11. Ask your instructor’s permission to leave.

13



Experiment 3A. Realize the followin

£l . N . . i i B X S = 7[11
; 'Ing circuit on a breadboard. Do - th ‘peri C. Realize the following circuit on a b eadboard. Do not forget to connect
f 74 . ; ™ : - Do not forget to connect 7 Experiment 3C. Realize the fo a : ITEACO! 0 Hot S
‘C\J«’CC %i;::;p mﬂmi?] (OY) and 14“_91?1 to VCC (+5V). Connecting X-input to either GNDI pinlz)f 7400 chip to GND (0V) and 14" pin to VCC (=5V). Connecting ,\tmput to either GND
' on the Tollowing table, fill 1&;"5@@51{_5&@1’_{9_@_\[ or OFF for LEDs 51- VCC based on the following table. fill in the blanks. Write ON or OFF for LEDs.

Ve c >
[ UID
/ \ I y 0
6 I 12 7400
10 o
As a result, this truth table belongs to a e
& .\_ _ o - - -
I INPUTS OUTPUTS
Xperiment 3B, Reali : e A - F(V
either GND or VCC'i LZZézeofOIlﬁwmg clreult on a breadboard. Connecting X ot X L LFDI~ LEDZ L_ED3 W &)
LEDs, and a v " the following table, fijf i, ¢ 8 A, and ¥ inpuis i 0V 0V B et —— '
. and a voltage value for F. ; 1 the blanks. Write ON o OFF f 5 oV v 7. 71 7
3 5V oV Dl oY
4 sV 5V

As a result this truth table belongs to @ .....occoeviiiirionininieinnn

Experiment 3D. Design XNQR gate on the same scheme basis. Draw the XNOR scheme
: with application of Scheme Design System.

INPUTS OUTPUTS
X Y LED1 LED2 LED3 F V)
I 0V 0V ~ '
- OUTPUTS +T =
— D3 | FO) — 3 | sV oV
oy f
; : i‘*“‘*f—’/ As a result this truth table belongs t0 @ .ovvvvneiriiee
As a result this try, table belongs 1o 4 ——=1 .

15



TEST QUESTIONS
L F‘L{mction # = corresponds to function AND of 3 variables
; : z F | F [ T
: : 0 0 0 0 4 C
0 ] [ 0 0 | (1) 5
: | 0 0 0 ] 3
1 ; (1) (1) I T 8
1 0 1 ] l [ [
1 I ] l 1 0
! | 0 L1 1 T3 : ;
Al B.2 — l —_Tﬁ____h 0 0
. 2 C.3 D4 [ Ej — 1 1 [ 1]

2. The truth table for XOR gate is;
A :

B ;
XIYIF| [X][Y X - D _
4 F X1y = E
0 F
o?g%OOLO'%{-WwFI
ool e R o] e
o Lot T T o l0] e
ThTel [T77e] o]
3.A small-scale inteoraf: o ' L]0
A. thousan?i‘;ao?meg] %101[-3 (SS]I ())deViCe contains
§ -rroml0to 1000 C‘—t—i_‘ gates in a sin T :
: asingle chip.

D. From 10 to 100 More than 10q

E. less than 10

4.(XY)" is algebraic expression of

A.XOR B.XNOR NOR D NAN%lncrien.
, : E.AND
5. NOR is dual ¢ l
al to A.XOR B. XNOR ¢ NOR
3 . ’ D.‘
6. OR is complement 1 A.XOR B.XNOR NAND E. AND
, ‘ C.No
;‘Ab““l-e" produces the functi ¥ BN B AND
-complement B dual o~ 10n,
SI ual / C, transfer D, inhibition E. inm]
. Inverter ca _ , , - Mplicatjo;
n havc_____ mput(s). /A1 Ry ]
9. For the gate pe] l' - “3 D
ow fu P 1 4 E. A i
Al i ction F is correspo -l
L0l T o > !
011 1]0]7 0 .
1

Dual ciple g
wma{ns valid if tlye
remains v

4 tates that every
P alid if the Uil:i:::(‘l‘s s ol
- a o1 s Ors di [
educible from i pmu(l' s and identjt
changed, ates of Boole

D. .deducible from the postul
mierchanged, -

E. deducible from the posty

algebraic ex
¥ elementg

pression
are changeq,

y clemcnt‘ i
5are miey
ltuchangcd.

an a]gebl_

aremaims valid
S valid if
Ates of Boolean gy the operatorg ang identity ¢]
' algebra repg; Y elements are
ains valid ; S
’ . id if ]
ates of B 1€ operator
» O Boolean ators and idepy
algebra ¢ didentity elemens are
g A Vv eleme al
aremaing valid if the ments a
_ perators are
16 are changed.

Aims: investigate 1-digit and 2-digit s
of code conversion for the device. a

LABORATORY WORK # 4.

SEVEN-SEGMENT DISPLAYS

even-segment displays operation, understand the process
nd make a comparison between | and 2 digit seven-

segment displays.

W o —

PREPARATION TO LAB WORK.
Learn the information about seven-segment displays
Consider scheme of experiment 4A and draw it using Scheme Design System.
Answer the questions below in written form.
3.1 What is an order to count pins of a chip?
3.2 What is a code conversion?
313 What is a BCD-to-seven-segment decoder?
3.4 What is the way to obtain #6 (or 2, or3 and so on) on the display?
35 Show the situation of segments from a to g on the display.
3.6 Ifwe apply +5V to segments band ¢ we cansee #____on the display.
3.7 How many pins has the chip of seven-segment display got?
38 What shall we do with pins #3. 5. 8?
319 Show seven-segment display internal structure with LEDs.
3 10 What is another name of a seven-segment display?
311 What is the difference between conversion and coding of a decimal number?
312 Show the differences between 1-and 2-digit seven-segment display.

LAB WORK PERFORMANCE.

1. Demonstrate presence of your home preparation for lab work to your instructor.
2. Pass test of 10 questions.
3. Get a permission to begin the work.
4. Mount the scheme of experiment 4A on the breadboard and perform it.
5 Make a conclusion about functionality of the scheme. Compare your results with

theoretical ones.
Demonstrate your results to your instructor. If your results are correct you may

0.
dismount your scheme, if no — find the mistake.

7 Mount the scheme of experiment 4B on the bread board. Use 2-digit seven-segment
display of common cathode type.

¢ Find which pin corresponds to appropriate segment, and fill in the table.

and 8 for experiment 4C. Use another type of seven-segment display.
your instructor’s questions in process of work.

11. Complete your work. dismount your scheme, and clean your working place.

12. Answer your instructor’s final questions, obtain your mark.

13. Ask your instructor’s permission to leave.

9. Repeat steps 7
10. Be ready to answer

the university

Suleyman Demirel
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Experiment 4A. Realize the following circuit on
Ve, Vf

Experiment 4B, Uge 2-digit seven-
14 are connected to GND. Define w
picture. Fill in the table,

voltag

Va Vb

1 5V 5V

2 0V 5V

3 5V 5V

4 5V 5V

5 ov 5V

6 5V %

VD) 0V %

8 5V 5V

9 5V 5V

10 3V 5V

| 11 5V i
12 [ov
a3y [ov

segment djs
hich pin coy
showing the
€. applied to pin | and so on. Us

€ resistors

voltage for the nun

pPlay. Sity
responds

of 330(220)

Q

-l
Lgment, show them ”],t
, §
ned. For example, Vi ¥
£ to avoig the LEDs burning-

he following table, fill in the blanks.

a breadboard. Connecting Va, Vb, Ve, |
and Vg inputs to either GND or VCC based on ¢

Y il

Experiment 4C. Use another type

i 1 able.
appropriate connections and fill in the tabl

' . Make
of 2-disit seven segment display (common anode)

|
|
\

|
|

|
|
L

P —

17
LE\

\

Ale it on the breadboard. Pins 13 ¥
0 which

- /‘.

N

Al

GNP

T = | V #
7 \T = V” \ 16 \'r[f 18

rood i 7 V"' \'7;'_\' VQ \'Ill.‘-‘ 1 \ [} ! IS

#l V| Va1 V; Vy \' Vs | Va i =

i | 21

{ 2 GQ’?\

I 89

o | 41

K e I | 52

_.X‘:_____ Vf |_\T_g M 6 .

5V 5V _a\f __g—/ 7 .

oV 0V BB E5) i

% 5V L 32 9 i
Y >V |«
4 L SV | 3
o _l\i____ 5V -
: oV Tov >
Y ISV s
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TEST QUESTIONS

1. What fr o
fragment corresponds to definition of the Gray code?
ay e’

A |
x |y [F| [x ,;ﬁ/\,F . . E
010 =t [x [YTF] [y [F] T
0,0 010 1!0 | — X |y |F
0 [0 1 o (01070 [oToTo] TR
o1 ] o [o] [ooT1] Torgd P2
0 |1 /1 T”O 0 [T T_O—I:J 0
| 110 —— v L]0
Liofo] O0ifn] Ofeh

. ) . .
2. A code converter is a circuit that
A. makes the severa] sv
‘B. makes the two systes

C. makes :
the two systems compatible even thoy l
gh

“D. makes the &y
. e SVetente ;
maJ'e?t[ | VO systems compatible even th
' Xes lhe several Svstems compatib] Oug}

stems compatible
ns compatible

each useg 3 different
1 each uses g
¢ even thoug]

" binary code
i different codes
1 : Pl T . ac ” . :
3. D:Lm(i]na] 3 will be represented in é 4 2 _i 1uses a different binary code!
0111 /B.O101 C.0110 D, 0100 éo?g&;

4. What f ‘

* aCt " 18 4 = x

g bm 18, as a rule, more important for .
- umber of gates B. Types of F{he cireuity

e gates

D nun d ‘
5 er of levels of . |
b vels of 1mplel 1entati N o - ’
{ T on D f Vv | onec
/ Js NOI‘I@ 0 abo € ment;
1 ntioned

5. In biquinar '
y code decimal 2
A.0100100 B. 0010(')1“‘51S

50 6 32);

C. 010010

‘ D. 19

A.L101, 0001001 |
AEA1100, 00010010

cimal 12 ig
. foes m
B. 1101, ”Umofefff{”g it in BCD jg

D. 1100, 01107700

;‘ db[e - ¥

system is adopted tssage. Show
: the an
A-00L BLOL c110 po, Bt orrons 110 3 0ad part

9. Binary combin

ation of decim

code. al 5 i
¢ n EXCCS’ A |
A.2 B.3 i 5 =3 code Mean ; o
C' 4 S dec - 1 /!
D. 6 E g Imal fof 84'2'
10, Decimal 9 B o -
W I will be ren
A.0l11 B Iepresented iy 5
_.OIO] (‘0]10 D.—,‘i.]l,ozdl %Odeas V0T e
' BT
? 8%.\ oo
o : ?(;
ST T I 3
o1t LS9 e

LABORATORY WORK # 5.

FOUR-BIT BINARY PARALLEL ADDER.

Aims: investigate 4-bit binary parallel adder operation; make an addition according to the task.
Compare the results of the addition with ones. made by theoretical way.

W b —

PREPARATION TO LAB WORK.
Learn the information about adders.
Draw look-ahead carry generator scheme with application of Scheme Design System.
Consider experiment’s scheme and analyze its operation. Draw it using Scheme Design

System.
allel adder on the basis of 7483 chip with application

Draw the scheme of 8-bit biary par
of Scheme Design System. It will be the scheme for experiment 5B.
Answer the questions below in written form.
51  What is a half-(full-) adder?
57  Show the truth table for half-(full-) adder.
53 Show the algebraic expressions for sum and carry for half-(full-) adder.
5.4  What is a binary parallel adder?
5.5 What is a serial adder?
56 How many adders are needed to construct 7-bit parallel adder?
57 How many bits have typical full-adders ICs got?
59 How to connect IC’s full-adders if one package is not enough?
59  What is a look-ahead carry generator?
510 What functions can look-ahead carry generator produce?
LAB WORK PERFORMANCE.
|, Demonstrate presence of your home preparation for lab work to your instructor.
2 Pass test of 10 questions.
3. Get a permission fo begin the work.
4 Mount the scheme of experiment 5A on the breadboard and perform it.
5. Make a conclusion about functionality of the scheme. Compare your results with

theoretical ones.
6. Demonstrate your results to your instructor. If your results are correct you may dismount

your scheme, if no - find the mistake.
7. Repeat steps 4 to 6 for experiment 5B.
8. Be ready to answer youl instructor’s questions in process of work.
9. Complete your work. dismount your schemes. clean your working place.
10. Answer your instructor’s final questions, obtain your mark.
11. Ask your instructor’s permission to leave.



Experiment 5A. Realiz {

: i iha & e [hef “ i o T 1
?:rher GND (for 0) or VCC (fo(; 10)W“1.: Ve fhe
5 of 7483 to VCC and pin

Vit .
a breadboard. Connecting A and B inputs!

based on the followi
; 1 2] 1
I2 to GND. Write ON or OF:gﬂt)?b[l,%gil " the blanks. Connect]

’\
T
i
330
A
4
B

Numbers for addition

Al [ A2 | A3 | A4 | BI .
{ B2 [ B3 [ By In
1 | " L1 L2 lltS
<2 L I0|LL 1

EEEEANNIEEern T i : LA FIINEIIAL

: N Lt

i ! i
I

Experiment 5B. Do the same tl

00101100 and 11000109 e lings for your own ¢

1100 a "euit for §.p,
1d 11001 10, Or 8-bit addition, Add numbers

%

TEST QUESTIONS

of a half-adder.

1. Name the inputs and outputs
C.Cin Yo AcoBo  D.Cou Yo AoBo.

A. AG.BU. Cim SU \]3) f'\[;.Bﬂ. Cuui- .\:('
E- El! ."\(;.B{,

2. The first strip to obtain resistance 220 Q must be

A. white B. Green C. Brown D. Yellow @ red
3. What statement is wrong?

A (XHYYXZ=X+YZ B. X(Y+Z)=XY+XZ

D, (X+Y)=XY" () X(X-Y)=X+Y

C. X+XY=X

4. A Boolean function is an expression, formed with
A. binary numbers
B. binary variables
(. binary variables and operators
. binary variables, the two binary operators OR
parentheses. and equal sign.
E. binary variables, the binary oper

and AND. the unary operator NOT,

ators OR, AND, and NOT, parentheses, and equal sign.

5. 7483 1s
A. 3#8 decoder
p VA 4-bit full adder

B. 4-bit magnitude comparator C. Code converter

E. priority encoder

6. What factor is, as a rule, more important for the circuit?
V¥, number of gates B. Types of gates C. Propagation delay
D. number of levels of implementation D. None of above mentioned

7 Serial binary adder consists of
A n full adders, connected in cascade, where n-number of digits for addition

B. n half adders, connected in cascade, where n-number of digits for addition
. n full adders and a storage device, where n-number of digits for addition
D. n half adders and a storage device, where p-number of digits for addition

E. one full adder and a storage device

circuit. that subtracts bits and produces their

% A half-subtractor isa
difference.
A sequential: three
B. sequential: two
\Z. combinational; two
D. combinational: three

E. sequential or combinational; three

1001 and 1010. Result is

9. Make addition of binary numbers:
D. 11001 E. 10101

A, 10011 B.1001  C.1100

10. To construct 6-bit parallel adder we must usc cascade of such full-adders 1C s as
A, two 2-bit and onc |-bit  B.one 2-bit and one 3-bit .one 4-bit and one 1-bit

D. five 1-bit E.none of above mentioned, because 5-bit parallel adder IC exists itself

|3
LS



Aims: investigate BCD adder oper
results of the addition with ones, m

o

LABORATORY WORK # 6.
BCD ADDER.

ation, make an addition according to the task. Compare
ade by theoretical way.

PREPARATION TO LAR WORK,

Learn the information about BCD adder and
Draw block diagram of a BCD adder

compare this scheme with a scheme of eXperiment #6.

Answer the questions below in written form.
What is a decimal adder?

What is a BCD adder?

Forw

LI Lo L
a1 —

combinational logjc,
with applicatio

hat purpose do 3 external gates eXist in the scheme of BCD adder?

LAB WORK PERFOR)/IANCE.

Demonstrate presence of
Pass test of 10 questions,
Get a permission to begin the work.

Mount the scheme of eXperiment 6 ¢
5. Make a conclusion aboyt function

T

your home Preparation for ap v

n the breadboard an

ork to your instructor.

d perform it

: &th of the _ < W
theoretical ones, ¢ scheme. Compare your results

6. Demonstrate your results ¢

. - 0 your instryc
dismount your scheme, if no — fi

nd the mistake.

s final questions, o

10. Ask your instructor’s permission to Jeaye

tor. |

tain you

n of Scheme Design System!|

1
£ your results ape correct you !

your working place.
I mark,

1 i,
2-1 take 7408, pins 1.2-
ircul i «d. For 2-input AND 7 2
B 2.4.5-inputs. pins 3,0-outputs. Fill in the

GND. Show ONs or OFFs for LEDs.

i calize th ]
xperiment 6. Rea ' ke e
§1p1um pin 3 output. For 2-mput OR take 7432, 1

s, ut. For 2
tables. Connect pin 5 of 7

Tasks for addition:

483 1o VCCand pin 12 -t0

Outputs of basic adder

o] Tnputs of basic adder ___ Lo [ Lio [ Lis | Lis
| _optalls | ; | Ls | Ls ( 7 M?‘ e, l Cue 1:;{;!—1
] off | o4 &4 | ¢ ' pn | ﬁé
5+9 gy e B L on |, /L] On
[ | o m,ﬂ( I
_Z'_i‘ﬁ____ (fjﬂﬁ o il |
111 |
43 |

[ Outputs of the circuit
Inputs of correction adder i‘ ] = =
ptions ny qu—\ o N ”

e y | ot | n) GF
—.:_‘9_"" oo | o | 6% OLQ.
) ) Ot ] ot Sﬁfgi
7+8 N I e
443
e
Conclusion:

=2
wn



TEST QUESTIONS
g 1. The(c):ontelng of register when we enter 249 in BCD i
; [ U | 0 0 T L
g 1 0
: i g (1) J ; ; 1 ; 8 | 0 0 1
D fo 0 0 [o 1o O\ILE\ 0 o
E [0 0 i ; O T—TT—%L o
‘ 0o TJo i _T“T‘"O——L :
| o Jo |1 |

2. A small-scale i -2

§ g1 E; ]f ‘ntgglFizﬁllllg StSI)lgevice contains
' : 01000 C. More ——_ gates in a single chi

: than 100 D ingle chip.

) Fr
3. Number of functions of n variables ¢ om 10 to 100 7/ less than

52 ; an be determj .
A 2 B. o™ . cmuned accordin

D45 g to the formula

E. 23n

4: A half-subtractor is a
difference.
A.sequential; three

D. combinational; three

circuit, that
; subtracts :
— _ bitsand produces theil |

t/-COmbin

I; three

B. Sequential; two

E.se . .
quential or combinatipny ational: two

5. What is the result of the follow
. 00]1001010010101
0111 0000 0] [0

AA011 1001 1001 10
D. 0100 0000 0000 101 |

ing BCD addition?

B. 0100 0009 0000 0001

E. 0
0110000 009 1gy; - 9011 1001 1001 0001

i Add in octal: 5414326
967 R
B. 867 1067 D. 947 E. 9
: . 948

7. Full adder for
¢ s
A. the sum of two bite " but half-addey g
Orms

its, .... tl
ﬂ1e sum of twg bits and :
1€ sum of fyq ; I)FCN/‘

g. gle sum of two bitg, .
- the sum of two bite i
185 e f B e
D. the sum of two bits and a ile.Sllm L ey
1€ sum of two bitg and a p-fﬂl‘)_/,- A

i. Add in hex: A8D3+3CA9
. D56D S6E
-D56E (. D46D D. B3R
9. A Boolean funeg; N i -
. an fanction g . )
A. binary numbers e sl formed wi
E. binary variableg o
. binary variap| l

: atldbles gy '

binary variables, [;1(:: itlpel mEOFS

Parentheses. ang e

nal“y Opel'Eltor NOT

g NOTJ p

10. Equation for cary

\{‘/(‘3:("1*‘]’ i g WUt of the g

drenthe
=G+p, 565, and equal sigh

Iage Dof loo_k-ahead e
1 ‘th]‘i‘ij]

cond gt
=+

‘1 -
arry generatol. is

C=Gtpc,

Aims: investigate operatior

1
2.
3

= L

1.
2
-9
4.
3

6.

7.

o

9.
10. Ask your instructor’s

LABORATORY WORK # 7.
MAGNITUDE COMPARATOR.

1 of the magnitude comparator as a MSI circuit.
PREPARATION TO LAB WORK.

Learn the information about magnitude comparator.
Fill in the table for experiment theoretically.

Answer the questions below in written form.
4.1. What is magnitude comparator?

4.2. How many output signals may exist for magnitude comparator simultaneously and

why?
4.3. Why A<B. A>B inputs of the first 74
4.4, Why A=B input of the first 7483 must be HI
45 What are outputs of the first 7485 if num

001001017
1.6. Show the scheme which is
bit binary number B (use Scheme Design System).

83 must be grounded?
GH?
bers for comparison are 00110111 and

suitable to define if 4-bit binary number A is equal to the 4-

LAR WORK PERFORMANCE.

Demonstrate presence of your home preparation for lab work to your instructor.

Pass test of 10 questions.
1ec work.

Get a permission to begin tl
iment 7 on the breadboard and perform it.

Mount the scheme of expetl
Make a conclusion about functionality of the scheme. Compare your results with

theoretical ones.
Demonstrate your results to

it no — find the mistake.

instructor’s questions in process of work.

lean your working place.

your instructor. If your results are correct you may dismount

your scheme,

Be ready to answer your
Complete your work, dismount your schemes, ¢

Answer your instructor’s final questions, obtain your mark.
permission to leave.



Experiment 7. Prepare the circuit on the breadboard. A
TEST QUESTIONS

bel
ow. Fill in the gaps. Write down ON o OFF for L]ZD pply the signals according to thet

S.

PO e R PR o T ——ee . 1. The truth table for AND gate is:
—5— A0 i ekl ! \ =
oA e r T | A B C D E__
! 4 7 i AL e | L [ Xy |F Ix |y |F x |y |F| X vlF [x |y |F|
" s i p s o : ’ : . ‘
B, e 2 B~ A - [oJolo]| lo]0}o0 01| [0]0]! 00 [0 |
B, g B, T ! Lo - o fo] lol1 |t 0 11 0l1 10 0 L[l
Saeirl S B ot iR | \—'\’\/;-”—‘“I’: 1 {0 |0 1ol 110 ]! 11010 110 |1
] A<B Anp ot SCRES S 330 | T
N3 AB aeR—2_ i A app ] L | R o[ [fjo 1 [1]o 1t lo
'"iT T (a5 ‘-i‘—-—-—————:‘___ : B A>B D AN |
= 7483 b 1 A=B CE A i~
‘ S 330 o3 pru.al voltage for IC TTL logic family for negative logic is for HIGH - D V., for LOW-
R s T Lo ‘s ( ;‘ V. A.0.2,3.5 B.3.5.0.2 C 5 0 D.0.5 \E/0,3.5
R e T i o
e >l I 3. Power dissipation 1s
# A. the power consumed by the gate
T N (&) the power consumed by the gate. w hich must be available from the power supply
L lov n\‘r C. the power consumed by the gate, which may be available from the power supply
S 5 E—WWWT 3 outputs | D. the power emitted by the gate
== oW [ ov | ov o —— L, | Ls } E. the power emitted by the gate, w hich may be available for the gates of the next level
3 |ov|ov '"(Rj—___f\’__ OV ov | afflodd [am!| |
4 [ov]|sy VIV [ov [ov Tov T adl7 S
5V — W ' 485 is
= e — oy oV P e S Q@ @f/f D | 4 7 8518
5 |lov]sv Ealy ov | ov o L : ; . .
> | Y [V oV W‘TL (Vo |[o[énl | A. 3*8 decoder @4-1}11: magnitude comparator  C. Code converter
SV |5V ——— 12V |0V | ov ' | D. D flip-fl E. priority encoder
T ) — ] 0) g : . D thp-tiop . prioriry encoact
ENEIE; VT v T Tov ot et
——— O] & | 5 — is
5V sy | - E 3. The circuit below Is
7485isa U =100 Lo =
Conclusion, sl | | }
CHiey | l N

. ban we

A combinational  B. sequential  C. combinational, because it hasn’t any flip-flops

{ D)sequential, because it has a feedback path
| 1[7/5 squential, because it has a feedback path between output and mnput

corresponds to function NOR of 3 variables.

6. Function #
.——-——-X Y Z Fy F- F; F. | Fs 5
| 0 0 0 0 0 0 0 T
0 0 1 0 0 [ 1 o
0 | _#_ﬁ_‘() 0 0 | 1 1 0 !‘
0| | | | 1 | ] | 0|
1 o | O 0 | [ 0
7 0 s [ | 0 | 0
* : N I L | 0 |
K1l B2 L3 D. 4 E)5
29
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E g

8. For 4-bit magnitude com
(x=AiBi+A"B")).
A, A:zB‘g'l' XA B+ X2X1A0B',
A 2B‘2+ X2AY B+ XaX1A% By
A%B st X3A.B )+ X3X2A B+ x;
D. A’;B;+ X3A"Bat x3%,A" .
E. all answers are wrong-

9. What statement is correct?
A. Tabulation method is not'ap
B. Number of different functj
C. NQT is a binary operator
4-bit magnitude comparat

E. Decoder with enabl
€ can be used as myls;
ultiplexer

10. To answer the

question if two 4-p; bis
enough to use oitbin 1S
Y humbers are €qual each ircul
other for the cir uit

4XNOR gy
@XNOR gates

A. 4XOR gates

g. gggR gates and one AND gate
. OR gates and one 4-input OR gate

C.NOR D.NAND

XgX]AoB‘o
1B+ X3X2X;A By

plicable for functi
i0
0ns of two variableg

function.
E. AND

parator if A>B function

must be realized

ns of 4 Variables
IS equal to §.

gates and one 4-input AND gat¢

LABORATORY WORK # 8.

DECODER AND DEMULTIPLEXER.

Aims: investigate operation of the 2%4 decoder with enable as a decoder and as a

demultiplexer.
PREPARATION TO LAB WORK.

1. Learn the information about decoder and demultiplexer.

2. Consider the scheme of experiment 8A and define the results theoretically. Draw the
scheme using Scheme Design System.

3. Construct 3*8 decoder using 2 decoder/demultiplexer ICs (74139) and an inverter for
experiment 8B. Draw it using Scheme Design System.

4. Answer the question below in written form.
4.1. What is a decoder?
4.2. What is a DUX?
4.3. Show the principal scheme of 2*4 decoder with application of Scheme Design System.
4.4. What is enable input for a decoder?
4.5. Decoder with an enable input can work as
4.6. Compare decoder and encoder.
4.7. Compare DUX and MUX.
4.8. Show the scheme of 2*4 decoder on the basis of NOR gates (use Scheme Design

System).
LAB WORK PERFORMANCE.

1. Demonstrate presence ot your home preparation for lab work to your instructor.

2. Pass test of 10 questions.

3. Get a permission to begin the work.

4. Mount the scheme of experiment 8A on the breadboard and perform it. Fill in table #1.

5 Make a conclusion about functionality of the scheme. Compare your results with
theoretical ones.

6. Demonstrate your results to your instructor. If your results are correct you may dismount
your scheme, if no — find the mistake.

7. Repeat steps 4-6 for the experiment 8B.

8. Demonstrate your results to your instructor. If your results are correct you may dismount
vour scheme, if no— find the mistake. o

9 iBe ready to answer your instructor’s questions i process of work.

10. Complete your work,
11. Answer your instructors
12. Ask your instructor’s perm

dismount your schemes, clean your working place.
final questions, obtain your mark.
ission to leave.
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Experi ' ' lreul
periment 8A. Realize the circuit below on the breadboard

. 5 UIA
1 D I )

[
g.{?.ﬂ: U3A '; _i_-_-’l.i\i
')r LS04 = 1_:{ ’I “”
, 74LS10 LED 4
LED ;= . _um
1 —_—\ é R3 AR I
e I
m/ 330 ED . ‘
3B
Y k Sy 4 L 9 UiIC
et 11i ~ A
b K [ _“____B\(/ I
&) . 4810 o LED 4
LED [, == | U2A \
e L& P 2 R *a I
{{‘{‘-‘ﬂ {./' h\} T4LS10 a0 LED 7 l 1
LS04
A
LED | ==
— - —_— A
= ;LED INPUTS [ Tab¥
D] 7 e | PUT
—O\—-,-ﬁ—rLEDA LED3 | LED4 [L.ED3 LEIS)6 LED7
0 s |
DR e - i
I I e
a result, this truth tap|e belongs to a ____J-——*:
o d

_Experlment 8B. Construct 3+

inverter 8 usi
verter. Mount the scheme on oy o & 2 decoder/demy

a breadboard and fill the ¢

INPUTS
(12 ]

L3

e O

iy

ltiplexer ICs (74 dar
able below. -5 (74139) 21

Tﬂl’lal

TEST QUESTIONS

1. A decoder is a combinatioal circuit that

A. converts binary information from n input lines to a
B. has 2" (or less) unique input lines and n output lines

(. selects binary information from one of many input lines and directit to a single output line
D. receives information on a single line and transmits this information on one of 2" possible

output lines
E. converts binary information from n input lines to m output lines

maximum of 2" unique output lines

2. Output of 1*4 demultiplexer is D,. What are selection lines?

A. Dl] ﬁ/ o1 C.10 D.1l  E.any of them

3. What signals for XYZ inputs are applied if active output is Dg?

i by A0, 0,

| — ! B. 0.1,

' e | C. 1.0,

& [ . Dy w0, 1,

| E. 0,0,
3 sl T, SRR \ P2

] ==

o component.

D. VLSI E. SSTor MSI

4 Decoderis ___——

A SSI B.MSI ¢. LSI

e
[Ve)

—_— 0 O — O



5. What function F; is implemented with a decoder and external gate?

6. What statement is correct?
A. A decoder can be realiz
B. A decoder can be used
C. A decoder can be used
~D. A 3-t0-8 line decoder ¢
E. A 3-t0-8 line decoder ¢

ed on the basis of OR
as a MUX.

as a data selector.
an be used for
an be used for

gates.

a binary-to-BCD conversion,
a binary-to-getq] conversion.
7. What input signals must be

Siitoni® applied to WXYZ for the circuit below if Dy is generated 8
1tput’

8. Fill in the gaps.
If we use NAND
Output wil| pe b

A. HIGH, HIGH, Low
D.Low, LOW, HigH

gates for decoder the outputs wil[ pe active.

a r one
at the moment, others will he ¢ i It means that only
‘ 2 . LOW :
E. all answerg are wrong - HIGH, HIGH
9. DUX Sometimes is calleq

g. code Converter B data selector W/ dat
. decoder E. al| answers gre correct

a distributey

AO.IThe scheme in question 3 jg
- 1-0f-§ deC()dm- B/3 _,‘%___i
\ - 2-10-8 line dep
B.C are Cotrect decoder

C. binary-to-
E.AB,C are wrong Yoo

al decoder

LABORATORY WORK #9.
ENCODER.
inary der.
A investicate oneration of the octal-to-binary encoc
Aims: invesugate ongt
PREPARATION TO LAB WORK.

1 1t ¢ S fieoretically. Draw the
1 earn the infornatic: about encod and define the resulis theoretically
) X ) g

s Cexpertment GA
sider the scheme ot expet e
il Desten Svstem. . < and draw the scheme
e ) > using Sthflﬂr." iJ:;-,\'lE‘n u,b”‘ : ~oder l.]';i!‘»}.[ ()R f__f'd[".:- and dl'f’l
i Ml herae of octal-to-bmary encodc g
tement the schanac « 2
3. Tmplemen

¥ et - 1 ')‘
) 1 l i \\’i” ii.'it.‘ |hk_‘ “,L'h{‘ﬂh.‘ f\)!' Eh“ C\DLI ument )
C; 1 C;‘;w'-v ; I s £ € n !:)
i \ 1! [i O Of Q‘HC!H‘C DCleH DY S
with ..]'3}) LS4 8 £V -

helow in written lorn.
a auection beiow I
4, Answei the quesiton .
4.1. What ‘s an eacode sder? lain why Do 1s not connected
o w3 is a prionty ancoder inary and explon w :
420 hatis a [Jl-lL\l !_ ¥ }'  Trarme Oirocla]_to_b“vmly andc Cxp
. - the Pl’ii‘_Clpa SOt H
4.3. Show the principal
with any ¢ OR guuf{\- bz for this scheme?
; 7 Jiscrepaincy may b
4.4. What s

LAB WORK PERFORMANCE.

i -4 o po ~ ]--
. -~ ork to your mstiucto
B -home p:'ej)ﬂi'ﬂnon for lao W rk Yy
})IIC“"CHUC of _\Dl.ll

> ctrate

1. Demont s

P - auestions. . o o
2. Pass test Of, iO, 1 to begin the work. {board and perform ir. Fill in the table. A
2. Getapermission i e seriment QA on the breadbot heme. Compare your results with
4 Mouiit the schemc_o‘ R/-\1i)ovt functionaiity of the scheme. )

' -« a conclusion abou
;. N]alg_b a <

theoretical ones.

(e your resu
strate your 1e
by DEmel: no — find the mistake.

e coirect v 1ay dismount
instructor. If your results are correct you may

our instructoi.
lts to your Ins

your scheme, if

or experiment 9B. b ool
steps 4-0 for expe AR S—— :
. Repea 587 swer your instructor’s question c!elan vour working piace.
3 De ready (o Lm? vork. dismount your schemes, 3
‘omplete your work.
9, Complete )

S i g Tl&l’k.
S 1 S obtam }J'Olli L
ur }Iyqtn[“l{)r’S 1’1113] C[UE. {1ons.,
gwel your il
]D AI'I. Wwel B

- i tﬂ. ‘ ave.
. SK \ )] ! S S

(8]
(¥, ]



Experiment 9A. Realize the fi i '
. Jen ollowing circui g

= ' ng t on a breadboar i
[hgtCEi;}ze:C;iems S"%ijlowuﬁ [gble, fill in the blanks. WritLO E(1;1\1 EIOI(])I;:IS{; ]g IE)O-D-‘ S
e acg\,{-‘s_LBI\;}}:;;g]?IG[H on this input forces all oulgilts l;:(]):):[')cl?cmenil?‘e;
(HIGH ve-L, : output: this o ' e
inact ) < SHE : .

ive (HIGH) and EI is LOW; GS is active-LOW grcfup fi”g]n‘i?zbu%ow I“.’he” all inputs are

S1gne put: this ou

I—O\V i e g 2 : .
whenever any of the inputs are active (LOW) and E1 is LOW tput pin goes

LED] aa

o o
<
>
Eaflesftdfe=
SOV e ) S e D
(%)
,. = -
Lo .
oy B *

D, R S
By o W LEDy A
Dl 12
B N X
b, ———=—

4 H EO -
MIsi N

I
_INPUTS SRR
: ' ouT

[Erl ]:‘t‘ D;‘ D' D. :
R e S " DT [By [or oo —g——\___m{l"_S_
2 14 15 15 x_Ix [x |5 {3 [x T trtaat I[P
3 |18 ls 5 210 19 15 T_—_?“———-_L 0« I F
e X X I | e A ]
4 10 |x . \ X X . X Tﬁ‘”‘&-zl;: i
X X Ix Tx T 5 T p—F— | |
B S O O o e B B
0 X X —— 5] 5 =S S -
7 10 X X 40 15 18 151 < s
X |x Ix o |5 1= T2 5 T =
3 10 Ix |x s [5 5 5 —— —
R s B e 0 |5 |5 15 To—+—1—_ > + |
210 1x 071575 _s*‘—r——;ﬁi____ﬂ:“——i—-—q‘iﬁ_
[0 1575 1515 15 15+ [ br
215 |5 |5 e
e e Al e

E‘ i 0-
= in

it on the breadboard. Fill j o
oard. Fill in the table below. Comp 3 Engodct using OR

gates and mount

[ 4

"‘“T-;—D—-D—Lﬂ_{)NiUTS Me[%e table ab

i L1 1 . 1 c r

I . i ; - D. D: D; | Db. n OUT‘PUTS anove.

I _O'*IT—"————O h_o 0 0 _—“h\FB\ ‘
S 5 10 1o o T ——

s 15 5o Tt to o ——
— -5 10 oo oo o —Ft—
— 0 s o o oo —"— [
et 0o To To g —r"a [
- 1o o o s oo s Totet—1 1 T
L EBLWIRE T T
I O O O T e e S I OO e _
) T‘W{)—iﬁ-—i__o TEO——__“‘—\R-_M___

RO A N et N Ry

oD s s s e ——
‘ Ls ] o ]

Conclusion. ME\K—_—:—J_——_—_‘
—‘—___—‘—_

TEST QUESTIONS

I._An encoder is a combinational circuit that
B converts binary information from n imput lin
o a . . ¥ .
= has 2" (or less) unique input lines and n output lines
C. selects binary information from one of many input line
a single line and transmits this informa

es to a maximum of 2" unique output lines

s and direct it to a single output line

D. receives information on tion on one of 2* possible
output lines

E. converts binary information from n input lines to m output lines

216Dy is active input outputs XYZ will be

Do — ” Alll

D : B. 100

| C.101

Dy L D.011
Y EAI01

D ]

Ds

| J— Z

D

3.74139 i
A, decoder
B. DUX
C. MUX
\Dual 2-to-4 line decoder
E. triple 3-input NAND gate

4. DUX g : -
X sometimes is called C%fﬂ distributor

A code converter B. data selector
D. decoder E. all answers ar¢ correct
. - —NN°
. oeen if sclection lINES AB=00"
3. What output of 1%4 demultiplexer will be chosen if sele

37



6. For the circuit below if EI=5V., D,=0. Ds=0 the state of L to Ls will be:

LEDI ppa
B H “"
LED2 pp
| . B —{j
w 330
Dy PR <
b. By B | ]I
D, »vg Ci:'
Dy i S e
b, = 7 ; I
D- 4 : 7 i
E g FO 1S <t
s ™ 3 I

%N,ON,ON,ON,ON B. OFF,OFF,0FF.0
C. ON.ON.ON.OFF,OFF  D. OFF.OFF, ON ’011\\11 "811\\11
E. OFF, ON,ON,ON, OFF TR

7. For the circuit in question 6 if EI=0, D toD

s =5 .
A.ON,ONON.ON,OFF B.OFF.OFF OFF c;/NﬂE)elx?tate b to Ls will be
C. ON.ON.ON.OFF,OFF  D. OFF.OFF, ON.ON.G
E. OFF, ON,ON,ON, OFF TERON,

8. For the cirquiF in question 6 enable input is active-
outputs to their inactive state.

é\' IE%VIYI rggc\;r LOW ~ B.LOW, LOW, HIGH
'HIGH.LOW,HIGH D, HIGH, HIGH Loy,
HIGH, HIGH, LOW E. Low, 16
, HIGH, HIGH

— A on this input forces all

9. For priority encoder we have oof i i

; : got tput lines D,. D. .
case output signal will be corresponded to . P and Dyactive simultaneously. In such
A-Di B.Ds €Dy D.DiorD; E.D,orp,

10. For the circuit in question 6 out
EO is ON. It means that
A. the chip is disabled

C. number 7 is encodered
E. all answers are wrong

put signals are: L, ig ON,L,is ON, L. is ON, GS is OFF
, Ly ,GS is ’

B. any input signal is absent
D. number 0 ig encodered

38

LABORATORY WORK # 10.

MULTIPLEXER.

Aims: investigate operation of the 8*1 multiplexer.

PREPARATION TO LAB WORK.

1. Learn the information multiplexer . e
. Co ‘ 1 lts theoretically. Draw
2. Consider the scheme of experiment 10A and define the resu
csveme using Scheme DD Syste;n (SDS')-I xer with 2 8*1 multiplexers and an OR gate.
3. Construct and draw (using SDS) 16*1 multiple’

This will be the scheme for experimcnt~ 10B

4. Answer the question below in written form.
4.1. What is a MUX? ,
42, A MUX’s anothername 1§ ____—
+.3. Enable input of a MUX is called “alize?
4.4, How many functions can a MI'JX rea lz-et: e
4.5. AMUX can be used as a DUX. T.me o a.;
4.6, What is a role of a MUX's selection lines:

? Why?

K PERFORMANCE.

b work to your instructor.

LAB WOR

ation for 1a

S repar
; Demonstrate presence of your home p Pt
- Pass test of 10 questions. . |
s . i rork. - it. Fill in the table.
ih (et a permission to begin tl}e“irllOA on the breadboard and pglfolr;l':r; your results with
. SC +f experimen : heme. (ompa
s Mount the scheme o lf « functionality of the s¢
- Make a conclusion abot smount

di
_ osults are correct you may
theoretical ones. our instructor: If your results &

Demonstrate your results to Y

A istake.
your scheme. if no - find the mista

i 10B.
Repeat steps 4-6 for cxpenment :
oy e tructor S

Be ready to answer your ins our
Complete your work, d,sx110u111‘ yestions. 0
. Answer your instructor’s tinal qu

issi leave.
. Ask your instructot’s permission to

wol‘k.

. process of

clean your work

~

questions

schemes,
btain your mark-

—_— \O ¢
= .



Experiment 10A. Realiz oard
A. e the following circui Conne
ek ; 1g clrcuit on a breadboard. C ing GND o
VCC based on the following table, fill in the blanks (X—don‘ta—] c;u'e cno 15[11 IU-]\,7 o S o
i nditions). Write ON or

B ; S iy LS))
qor—“—'m i ] A J:
qlc%F y A !
SR A e e Rl
Ly e %
4 L ———“T‘ i |
|k H] AAALL_ |
1, e
130 E L {': |
j‘sng ,.‘J'[;;l'"_._"
330
L.z I
\ <2
\.!::
= e
E £ T S N e L S S |
Input
I“ ]] ]” 3 p -
2 L L |G |, [ JE |5, s S o
l N ) | o |Z | Z’
2 0_[SVISVI0 [V ]sv e e L LT T
0 [sv]sv]o [5v (s Tt W
3 0 Isvisv SVIsVio [s5vIio [o T .
2 Osvwgwsvo 5\/000 e
5 0 |5V Isvig ? V10 |sVio o e
6 ERE SVISVIo [5Vio 1z LoV =
7 |5V 0 |5V ][5V e
AR E 0 [5V]o0 == =5 |
3 o ;Vgg(J SVI5VIi0 15vg A LA
: I ELEE g 5V Isvio [5vg ;:/[ AR !
10 5Vio [0 |0 Tty 0 0“‘—“‘5V o T
11 svio o |0 v [0 0'__“0 “‘0 M
12 s5viio o o DAL 2 “——0 N :
13 5Vio o 1o T o0 ‘“*—SV ”-—0 .
14 S5Vio [o |o T [0 g"‘"_‘sv ___SV _‘—i"?
L o 010 [5v]svig 210 10
E ot 5V {0
16 svio To To SV ISV 10 [3v =y "
17 s5VvIio o T T—_—H‘_*‘*}/-L r
; P VIV T
AT 5V |5V i
18 ) [0 o [0 [3vTs s XX | “——*—1 —2
T ; SV 5V sy X
0 [0 |0 [53 X 1X | ]
SV |5V | 5y X | x = T
OV [ X X
bt 1 & £

Experiment 10B. ¢

- . Construct and s

:meét?fﬁne how should inputs 1 '_1;0.1"“ o
the table below, whicl i

and output of the Cil'CL;it ( Z'L ]

S 15 [1 12 :

be (.‘0111 multiplexer with 2 g
nected so th
S - art :
shows the relation bem%; . ;’:foulpu
Igura

i n;gltipl;xers and an OR
! of the circuit (Z) would
on of selection lines (S)

Conclusion.

40

‘] ' ,A multiplexer is a combinati
g‘/":o”\'t‘l_"lh binary intormation 1
C: TI\LS[\ LO! ‘.IC?S.S') u.mque‘m]m[
D "thi\.— \ _I_HJ‘I) mr:?rm;m .
g L.\VlilfUl'l!Llilon on a s
2 nes

E. converts binary information

Strobe is
A cnable input of decoder

. CNE & 3 . ;
5 wable input of multiplexer

~. disable i . ‘
sable input of muluplexer

(11 M 2=

R
3. Whe- . ) o ) .
: _hd[ will the output signal of 4#] multiplexer be1

on from one of many inp
1gle line and (ransimits t

TEST QUESTIONS

onal circuit that
vom n input lines 10 a maximum o

lines and n output lines
ut lines an
his information on

from n input Ii

B. disable mpul of decoder
D. disable mput of demultiplexer

5, S=117

f selection lines

il

{};!‘ 41 Ao
L5 Mux ¥ ? {i
Sl A

4w .
hat are selection lines of 47

E. any of them

. i a il
| multplexer if output signal Y I}

ST & 00
R B. 01
Ry C. 10

+ B MUx: L D1l

o 1 P B Sn E. any of them

hat function is implemett

D
ed with multiplexer:

, s
ith multiplexet:

‘S' F(AB.C.D)= £(2,5.6,7.10.

l(-' F(A,B,C,D)= (0.] 3.4,7.14)
D FAB.C.D)= 5(0.1.348:13)
v FAB.CD)= <(0.1.3.4.8.9-15)
= F(AB.C.D)= £(0.1.3. 7.14.15)

41

£2" ynique output lines

J direct it to a single output line
one of 2" possible



7. Decoder is component.
A.SSI B.MSI C.LSI D. VLSI E.

SSI or MSI

8. For the circuit below if selection lines S251S¢=011 the output Z will be if S$,S,S,=100

Z will be , 1£ $351S0=001, Z will be .

o e

: L4 5 330 :
; —— 1) A, /\/\—»_ :
i l_i_g I z ] ‘II' i

i b4 ”&/\/V‘Hﬁﬁ I
. ‘ LI
: So 81 8, LR 0 |
; Ll g
] l—-‘2— 1~
ll AN A :
: o 5 B !
* C :
: 33 0 z 3‘LE |
i 330 7151
i 339
f
~

| p A

N
: M

A LLO B.01,1 C.LI,1 D.O,l,OWE.»l

9. For the circuit in question 8 the output Z is equal to

ta, ty and ts, ts and ts.

b &t b3t t: ts t7 t3 to G tor
i

'S
So LF L
'Sy ‘
A.0,1,1 B.0,1,0 C. lj]:l~— D.0,0.1

[

AR

]
i
!
Al
i
!
1
!

,0.1

for periods of time between t and

E. 1,0,]

10. Whatfuncnon is implemented with multiplexer?

4
i
j

A.F(A,B,C.D)= 2(0,1,3,4,5,8,15)
B.F(A,B,C,D)= 2(0,1,3,4,7.14)
C.F(A,B,C,D)= 2(0,1,3,4,8.15)
D. F(AB,c,D)= 2(0,1,3,4,8.9.15)

E.F ‘
F(AB,C,D)= 2(0,1,3,5,7,14,15)

LABORATORY WORK #11.

D- FLIP-FLOP.

Aims: investigate operation of the D-flip-ilop.

PREPARATION TO LAB WORK.

1. Learn the information about flip-tlops. Draw the

Consider the scheme of experiment | l/_\ and d
- Draw the D-flip-flop implemented with N <
the experiment 11B. .
4. Answer the question below in written form.
4.1. What circuit is called sequential?
4.2, What sequential circuit is called sync
4.3, What sequential circuit is called async
4.4, What is a master-clock gencrator? 1 circuits?
4.5, What circuits are called clocked sequential circuits:
4.6. What is a flip-tlop? 9
4.7 What types of flip-flops do you kngw.
4.8. Show truth tables for all types ofﬂlp-ﬂops-ﬂ. flops and describe t
4.9. Show the typical schemes of RS, D. T. JK-flip
(Use Scheme Design System).
4.10. What is a master-slave ﬂiP‘ﬂ(,)p? - flip-flop?
4.11. What is setup time and hold tune for ﬂhp- -ﬂi)l;s
4.12. Show excitation tables for all types of 1opu kno»;"-’
4.13. What types of ﬂip-ﬂOpS‘ triggering doy

LAB WORK PERFOR

efine the results theoretically.

o

hronous?
hronous”?

heir operation.

MANCE.

instructor.
reparation for lab work to your instru

¢ functiona ity

;- Demonstrate presence of your home p
- Pass test of 10 questions. el ble
> : o . it. Fill in the table.
i' Get a permission to begin ﬂ}e wﬂ\i A onthe preadboard and péf::;gre your results with
*. Mount the scheme of experimien f the scheme.
5. lity ©

Make a conclusion abou rrect you may dismount

, | are cO
theoretical ones. our results

¢ instructor. 16

Demonstrate your results to you ke
your scheme, if no - find the mlstlal B. e work
7. Repeat steps 4-6 for SXpe}-m‘lel‘lt *s'questiO“S in process of g place.
8. Re ready to answer your instructor  chemes. clean youl l:VO &
9. ¢ £ di nt your ¢ : - mark.
’ Complete your work, dlint;(;l;l q{;estions’ obtain your!

0. Answer your instructor

s rmission to 16aVE:
. Ask your instructor’s petmission

43



Experi'ment IIA. Realize the following circuit on a bre
and SD inputs to either GND or VCC based on the followin
or OFF for LEDs.

* be careful at that Stage!

iise;;l on Fhe above truth table, it is a
. clock input, ..., is the output, and
.......................... and CD is

Experiment 11
. « Mount the D-Fl;
breadboard. Compare reg e D-Flip-

Conclusion.

44

' - INPUTS
D [CLK ]| CD | § | OUTPUTS
— ; AU gg _LL\:LW LED4 | LEDS | LEDS.
2 | ov | 5V | 5V [ 5v ET
S oV i 0V 5V 5V ] S _—_—‘-‘{L____//
4 5V | 0V 5V v 1 T ] ESnn
> SV <} sV | sv | T————1 [ [
E SV o [ v swv] —T——1 | = 1
T ISVl ow [ov ] sv] —T——+t 1 | 1 -
8 [sv]ow [sv] v ——+—+—— 1 | [+
= SV ov 5V Y -__h_—___—___‘————___"i:____/
- ‘?V ov 5V 3V \—\_\——“__L._/
11; SVIovV I ov [ svy T———1 | + [ =& -
5V | 0V | 5V ﬁ/‘—"—*—*%______
13 | 5V | ov | 5v | ov ————__,_H________ﬂ———%—_ii | e
4 | SV [ v [ 5V | 5y _*_*“‘———————_‘_——_“il;;:j
5V . T T
7oV o v T sv——t— 1 ——
by OV | ov [ 5v o e—— S =1
B oV [ o [ v | sv—F——1] % [ r |
20 | OV 5V 5V 3 —————\__\h———- -
£ oV Y% IV Y% _‘—"———____________—'*_‘— R
2 i Y ov 5V h_*“--——__________“‘_—“T._/
23 * Y% ov 0V 0V *———__________—‘___——-____M_
B o o w1 ]
Loy o ] ]

adboard. Connecting D, CLK, CD.
g table, fill in the blanks. Write ON

(=

|
[
- UKk

D ireniing, is the input, .....-
g output. SD ig

ates on the

TEST QUESTIONS

ainty if set and reset inputs have value | at the same time.

“‘—‘——_____‘*__._‘_____;—'_‘
AL0.O). 7 B, 10200

L ip-lop gives us uncert ,
T a = i K E.T
A. RS and clocked RS B.RS or clocked RS C.D D
2. This is characteristic table of flip-flop.
Q)

ARS  B.ClockedRS  C.D D. JK ET
chiuuinn table of flip-flop.
QU Queb |
0 | o0 | ¢ X
0 R X
“‘—L_T_L 0 l \’___- - |

| X 0
ARS 1 == D.JK T
A-RS B ClockedRS C.D DIk E
4 What state sequence for QU1 is correet”

J K Q-1
0 1 0 |
0 1] ]
— T__—U— —_qlﬁ— 1.0
l i l i 1.0 D. Q. arl B, B

C. Q. 0.

input(s

. , ).
- Set-dominate flip-flop has Lot £ ot

5
Al B.2 C.lord B 3

5. D fj Aeteristic equation 18 s
D‘ﬂﬂp characteristic equie —_— ﬂ)({_&l)_‘D

AL QUi+ =DQ B. Q(tr1)=D+Q LR

D Qe+ =D'Q E. Q(t+1)=D

al circuitis
ate of the circulf

A state equation of the sequent!
f the circutt

- an expression to describe nex! st o
- AN expression to deseribe present state ¢
- a Boolean function that spe¢
~a Boolean function that specifies
= @ Boolean function that :.pcciﬁcs t

ifions |
i alce the next state equn} to ll
’ = L
he present gtate equai Lo

esent state cgn
state condit!
M ditions that !

ons thatm

the present g
he next state con

zRw N e Wrels- ]

: 1 tale Wil
\R‘Fﬁ-(_)i\; many options Lgfgjﬂi‘,‘i—lg—"’
~——___ Presentstaflc -
M* 'EF;-‘__-_’___
— 0 .

T |
\l“ t—_—{-{_;-—_—’_’__‘_l
e —— 1
S "

S R

EES



9. hat 18 i

i
: X |
| | ; A. A+X
Y ?
) >—7—A§>— > o2 ¢ X
. cp[ ——- bxoY
- _crl D. X®Y
A .SeFtor the circuit below X=1,B=1,Y= . j £ XOYOA
: B. reset C. ::o ,Y=1,C=1. What will b
mplement . No ch e the next state for the fli
< ange E. none ¢ flip-flop?
B
Y
A
C

LABORATORY WORK #12.

N COUNTERS.
Ims: investigate :
igate the operations of switch tail ring counter and ripple counter.
PREPARATION TO LAB WORK.

o

LS

o -

‘(/‘l

O '90 .\]

Le’“’ 2 g ~
ar the information about {li

Prep:
pare logic di:
with an ‘nglx. diagram of 4-stage switch-tail ring
COH\“(] plication of Scheme Des ?
strug i ‘
and drq\t} a 4-.b11 asynchronous ripple ¢
Answe(r ]lt with application of Scheme
the question below in writ

p-tlops, registers and counters.
ign System. This circuit
ounter Wi
Design System.
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Aims: investigate operation of the devi

LABORATORY WORK # 13.

UP/DOWN COUNTER, DRIVER, and SEVEN SEGMENT DISPLAY.

ce. improving students’ design and analytical skills.

PREPARATION TO LAB WORK.

1. Learn the informaton about counter and seven-segment drive.
7 Consider scheme of experiment 13 and prepare functionally equal scheme with application
of comimon anode display ‘use Scheme Design System).
3. Fill in table #1 tiworetically.

4, Configure the circuit so that 1t w
4. Answer the questions in writing form:
A. Explain 7447 arinciple of opcration.
B. Explain 74192 principle of operation.

-ould count down. Fill in table #2.

LAB WORK PERFORMANCE.

_Demonstrate presence of vour home preparation for jab work to your instructor.
_Pass test of 10 questions.

. Get a permission to begin the work.

_Monnt vour schemes of the experiments ont

“Make a conclusion about functionality of the scheme.
6. Demonstrate your results to your instructor. If your results are correct vou may dismount

your scheme. if no — find the mistake.
7. Be ready to answer your instructor’s questions in process of work.
hemes, clean your working place.

8. Complete your work. dismount your ¢
9. Answer your instructor’s final questions, obtain your mark.

10. Ask your instructor’s penmission to leave.

he breadboard and fill in tables#1 and #2.

o e Y -
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SE‘;Y:’FRU\{EI\'T ’13. Realize the foll
tich (SW), fill in the blanks on the following table

owing circuit on a breadboard.

W W L2 i K :
P % ' ; ¢
3[ ,.Hs:_:? :gfzg /'i’? cEpZ iz —T%’;
o -;—.__._“‘ loss e jt A N
- P
T;izéjﬁ.
SEES
‘_"—_-/
SW e
LED A
I | Press, Release . LE&E LED0 : T
g llzress’ Re]ease \.\— DISPLAY /
ress, Release D B
4 | Press, Release \\:
_2\ II:TCSS, Release |  — ———— —
10| Press, Release | ]
L Pl'ess, ReleaSe \:\ /
L Pl'CSS, ReleaSe \\'\ ‘—/
[0 b Refosee T——— 1 —
—2 | I'ress. Release | s
\ _/
T
| SW TEnT— /)
(1| Press. Release LED3  TLED: Tyen— Tab !
e LED? DT Tip— s
2 [ Press. Releage ———— ———LED0 [ DISPLAY
—L Pl'CSS’ Re]ease _\_\\ ;__//
| 4| Press, Release X\X\“__/
S TPress Roleas S i e R By
T PreSS, ReleaSe _\\\\_v’/
W Press, Release \\\\J
W e |
\\xx\—_—/
\ “—/
-\-

By pressing and releasing the |

TEST QUESTIONS

1. If anode of each LED of the seven-segment display is connected to the 5-V supply the chip
isa display. It is an active-___, because it takes a to illuminate a segment.
A.common-anode, LOW, LOW B. common-cathode, LOW, LOW

C. common-anode, HIGH, HIGH D. common-cathode, HIGH, HIGH

E. common-anode. HIGH, LOW

3 To have #9 on one-digit seven segment display it needs to illuminate segments.
D.c,d,e f, g E.a,b,c,def

A.a,c,d, e f. g B.a,c,d, e, f C.ab,cfg

3. The circuit below can’t count .
None E. It is not a counter

A.up B.down C.up and down D.

e e T T [

| |

| %

f |

| |

© countyalses \

|

: ;

4. 7447 is o

A. 3*8 decoder B. 4-bit magnitude comparator C. pnonty encoder

D. D flip-flop E. BCD-to-seven-segment decoder/driver

5. Master-reset input is the input
A. to initialize the states of all tli :
B. to initialize the states of all ﬂlp;l
change the states of all flip-flops in the system .
D. Tf clear all flip-flops asynchronously E. to set all flip-flops asynchronously

p-flops in the system

flops in the system, when clock pulse will appear C. to

ovide the normal device’s operation

6. Enable input is the input
¢ the circuit sensitive

A. to make a device active
C. to control the circuit operation
it active

E. to have part of the circu

B. to pr
D. to mak

7. 74192 is C. a BCD decade counter

A. up/down counter
ade up/down counter

B. a BCD counter
E. a register

D. a BCD dec

8 The terminal count up (TCu) and terminal Co‘mtt?%wn (TCd) of 74193 are normally .
; . T s t is reached.

f\“;'{gﬁ’i;ﬁ“" t; ‘{‘8‘{’5“39’3‘ E.—fn&u.nl;‘“ D, LOW, 15 E.LOW, maximum



9. What
can you say about state of diodes ]_ 2. 3 inth
» 45 D 1N the picture? f
picture’’ _;;; LABORATORY WORK # 14.

r——

———
i ——
' —
“"‘\_‘

15V e j
T - BIDIRECTIONAL SHIFT REGISTER.

Aims: investigate operation of the registers, improving students’ design and analytical skills.

b By
o % 10x0 . 5 PREPARATION TO LAB WORK.
4 : ‘
‘ i I. Learn the information about registers.
= 10k0 Ds ; 2. Draw tl'1e circuit (using Scheme Design System) for 4-bit bidirectional shift register.
B connecting outputs of the register to LEDs as shown in experiment 14A.
—— : = L L i 3. Fill in table theoretically.
A. teverse, forwarg e : : 4. Construct the circuit (using Scheme Design System) for 8-bit bidirectional shift regidter on
C. forward, rou rd, reverge B. e e R : the basis of experiment 14A. Use the resulting scheme in experiment 14B.
E fOrWard. . erse, forward . Rﬂerse’ forwarg forme ; 5. Answer the questions in writing form:
- Torward, reverge - NEVerse, reverg torward j 5.1. What is register?
10. Paralle] 1o e, forward 5 5.2. What types of registers do you know?
clock oad input jg used t : 5.3. Explain parallel-in serial-out register.
0 Chano , . . . ~ .
A inpats o ge the counter 5.4. Explain 7447 principle of operation.
» Output ; re . he 5.5 Explain 74192 principle of operation
output, input B inputs, outpyrg ~— regardless of the conditions " 5. Expla princip peration

C. outpys_:
put
S, Input D. outputs. input
S. 1puts LAB WORK PERFORMANCE.

Demonstrate presence of your home preparation for lab work to your instructor.
Pass test of 10 questions.

Get a permission to begin the work.
Mount your schemes of the experiment 14A on the breadboard and fill in table.

Make a conclusion about functionality of the scheme.
Demonstrate your results to your instructor. If your results are correct you may dismount

your scheme. if no— find the mistake.

Repeat steps 4-6 for experiment 14B.
uestions in process of work.

Be ready to answer your instructor’s q
Complete your work, dismount your schemes, clean your working place.
final questions, obtain your mark.

on to leave.

SV R W

0 90 =

10. Answer your instructor’s
11. Ask your instructor’s permisst
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I?XPERIME;\’T 14A. Im
following table.

Qo S
a L_J‘E:\,u_g?
as 113 3320

plement the following circyj
owing circuit on a breadboard and fill in the blanks on the |

Q3 12 [13
SLO : R3
KA Gty ‘ ﬁ
CLKO—— = ;gléx M
70
% 0— w1 ~a y
81 O L 74154 5
T,
SR |SL ''<a Toi
1 0 0 MWW Table #l
2 1 0 0] ¢ ——{LED3 WLEI
2 0o T o —— | LED2 [LED
3 e e
O e Y R o
e —
—_ o i
— 1 Y 10 ] —
7 10 t \'JL t T T
8 T I ——
e e
9 1 ¢ 0 A
S it D I ) T
Q\
\J\_—J

EXPERIMENT 148, Im
bidirectional shift registers

Conclusion.

plement the circui

e

.
P
—c—

TEST QUESTIONS

1. The transfer a new information into register is called of register.

A.triggering B.Loading C.Set D.Reset E. none of above mentioned

2. Loading of register is done in parallel if

A. the bits of the register are loaded simultaneously

B. all the bits of the register are loaded simultaneously

C. all the bits of the register are loaded simultaneously with a clock pulse

D. all the bits of the register are loaded simultaneously with a single clock pulse
E. the bits of the register are loaded simultaneously with a single clock pulse

3. How many control signals has bidirectional shift register with parallel load got?
A2 B.3 c4 D.5 E.6

01. The register is shifted 6 times to the

4. The content of a 4-bit shift register is initially 11
ontent of the register after the first shift?

right, with the serial input being 101101. What is the ¢
A.0101 B.1100 C.1110 D. 1101 E. 1010

5. What types of operation bidirectional shift register with parallel load has?
A. shift right, parallel load B. shift left, parallel load

C. shift right, shift left, parallel load  D.C omplement, no change
E. shift right, shift left, parallel load, no change

ch type of register, when
tent to the next flip-flop
¢ to the next flip-flop, when a clock pulse occurs

flip-flop, when a clock pulse occurs, but the

6. Feedback shift register is su
A. each flip-flop transfers its con
B. cach flip-flop transfers its conten
C. each flip-flop transfers its content to the next .
next state of the first flip-flop(for MSD) is some function of the present state of other flip-flops
D. each flip-flop transfers its content to the next flip-flop. when a clock pulse occurs, but the
next state of the first flip-flop(for LSD) is some function of the present state of other flip-flops

E. each flip-flop transfers its content to the next flip-flop, when a clock pulse occurs, but the

next state of the last flip-flop(for LSD) is some function of the present state of other flip-flops
hnson counter has got 3 flip-flops, we can have sequence of timing signals.

7.1fJo
C.5 D.6 E.9

A3 B. 4

. For what purpose is buffer used? '
; . vice to which the buffer 18 connected

A. to reduce loading of the de whi . '
B. to improve characteristics of the circuit C.to dec_rease propagation delay
. P E. all aforementioned answers are wrong

D. to increase propagation delay
its CP input goes from 1 to 0 to the time the

_ns delay from the time .
. ¥ frequency the counter can operate at reliably?

aximum

;u?ll\tfli}?lzcomp]giﬁz MHz C.8.33 MHz D.10MHz E. 12.5 MHz
| ' ' AgAy A A ;
10. The circuit below is a mod- counter. }
Al B.2 c.3 D.4 b o
Joad e ctearet :

ﬁ'vCP ;

Q: K3 LK) ;

0 1 0 ;
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