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1. Revision History

Title Digital Lab Manual
Date Created January, 2018
Maintained By Dr.Khader Mohammed
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1 Khader Mohammad* | All Experiments Oct., 2017-Feb Done
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Rana Algaisi
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This time was estimated based on previous semesters. Also, we tested the new experiments using the new
equipment’s to get the exact time needed.

Experiment Number Expected Time (Hours)
Expl. 1.5
Exp2. 25
Exp3. 25
Exp4. 2.0
EXPp5. 25
EXPp6. 2.0
Exp7. 2.0
Exp8. 25
Exp?9. 25
Exp10. 25
Expll. 25
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1.  Experiment No.1 - Combinational Logic Circuits

1.1 OBJECTIVES

1. To become familiar with AND, OR, NOT, NAND, NOR, XOR operations and their
implementation.

To construct NOT, AND, OR and XOR gates using NAND gates.

To become familiar with concept of Truth table.

To implement different Boolean function using NAND gate only.

To learn techniques of solution of logic design problems.

To become familiar with minimization techniques and with use of Karnaugh maps.
To construct AOI gate with basic gates.

Nooakown

1.2 EQUIPMENT REQUIRED

1. IT-3000 Basic Electricity Circuit Lab
2. 1T-3002 Basic Gates.

1.3 LABORATORY REGULATIONS AND SAFETY RULES
The following Regulations and Safety Rules must be observed in the laboratory:
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15.
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It is the duty of all concerned who use any electrical laboratory to take all reasonable
steps to safeguard the HEALTH and SAFETY of themselves and all other users and
visitors.

. Be sure that all equipment is properly working before using them for laboratory exercises.

Any defective equipment must be reported immediately to the Lab. Instructors or Lab.
Technical Staff.

. Students are allowed to use only the equipment provided in the experiment manual or

equipment used for senior project laboratory.

. Power supply terminals connected to any circuit are only energized with the presence of

the Instructor or Lab. Staff.

. Students should keep a safe distance from the circuit breakers, electric circuits or any

moving parts during the experiment.

. Avoid any part of your body to be connected to the energized circuit and ground.
. Switch off the equipment and disconnect the power supplies from the circuit before

leaving the laboratory.
Observe cleanliness and proper laboratory housekeeping of the equipment and other
related accessories.
Double check your circuit connections before switching “ON” the power supply.
. Make sure that the last connection to be made in your circuit is the power supply and
first thing to be disconnected is also the power supply.
Equipment should not be removed, transferred to any location without permission from
the laboratory staff.
Software installation in any computer laboratory is not allowed without the permission
from the Laboratory Staff.
Computer games are strictly prohibited in the computer laboratory.
Students are not allowed to use any equipment without proper orientation and actual
hands on equipment operation.
Smoking and drinking in the laboratory are not permitted.
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1.4PROCEDURE
1.4.1 NOR Gate Circuit

1. Set module 1T-3002 and locate block NOR gate (Fig. 1.1). Connect +5V of module IT-3002
to the +5V output of fixed power supply.

Fig. 1.1 IT-3003 NOR Gate Block

A

Fig. 1.2 NOR gate used as NOT gate

2. Connect inputs A, B to Data Switches SWO0, SW1 and output F1 to Logic Indicator L1. Set
SWO to “0”, observe states of F1 at SW1=“0” and SW1=“1".

When SW1="0". F1=
When SW1="1", F1=

Does the circuit act as a NOT gate? (as shown in Fig. 1.2)

3. Insert a connection clip between A and B as shown in Fig. 1.3 below. Connect A to SWO
and F1 to L1. What is the state of F1 when SW0=0 and SW0=1?
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When SW0="0", F1=
When SW0="1", F1=

Does the circuit act as a NOT gate?

Fig. 1.3 NOR gate used as NOT gate

4. Use U6 to construct a buffer shown on the left side of Fig. 1.4. Insert connection clips between
A~B, F1~Al, A1~B1. Connect inputs A to SWO and output F3 to L1. What is the state of F3
when SW0=0 and SW0=1?

When SWO0="0", F3 =
When SW0="1", F3 =

Does the circuit act as a buffer?

so—{J o] wo—ors

Fig. 1.4 NOR gate used as Buffer

5. Use U6 to construct an OR gate shown on the right side of Fig. 1.5. Insert connection clips
between F1~Al and A1~B1. Connect inputs A to SWO0, B to SW1 and output F3 to L1. Follow
the input sequences shown below and record the output states in Table 1.1.

yaDIDS

Fig. 1.5 NOR gate used as OR gate
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SWI(B) | SWO(A) F3
0 0
0 l
1 0
I |
Table 1.1

6. Insert connection clips according to the Fig. 1.6. The circuit will act as an AND gate.

(1) Connect A to SWO0, D to SW1, F1to Al; F2to Bl and F3 to L1.
(2) Follow the input sequences given below; record the output states in Table 1.2.

Fig. 1.6 NOR gate used as AND gate

SWI(D) SWO(A) F3
0 0
0 ]
1 0
1 ]
Table 1.2
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1.4.2 NAND Gate Circuit

The symbol of a NAND gate is shown in Fig. 1.7. The Boolean expression for a NAND gate is
F= (AB)’; in De Morgan's theorem, (AB)' = A' + B".

When A=B, F= (AB)'=A". When B=1, F= (AB)'= (A-1)'=A". Like the NOR, gates, NAND gates
can be used to construct just about any basic logic gates. We will attempt to construct various
basic gates in this experiment by connecting NAND gates in different ways.

A o—]
=

Y

B O—
Fig. 1.7 Symbol of NAND gate

1. Set module IT-3002 and locate block NAND gate. Insert connection clips according to
Fig. 1.8 (a), using U4 to construct the NOT gate as shown on left side of Fig. 1.8 (b).

F1

1

[uDP—O
F2

A2
sl F4

F3 B2
0 p—O

o 5

0_

8u
g

(a) Wiring diagram (KL-26001 block b)
ii1” -
A " m

(@) NOT gate constructed with NAND gate

Fig.1.8 NOT gate constructed with NAND gate

2. Connect input A to Al and Data Switch SW1 and output F2 to Logic Indicator L1.

Observe the output states.
When SW1=“0", F2=
When SW1=“1", F2=

Does the circuit act as a NOT gate?
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3. Connect input A to +5V("1") and remove the connection clip between A and Al to
create the NOT gate shown on the right side of Fig. 1.2.2 (b). Connections remain the
same. Observe the output states.
When SW1=“0", F2=
When SW1=“1", F2=

4. Remove connection clips and insert them again according to Fig. 1.9 (a) to construct
the AND gate shown in Fig. 1.9 (b). Connect A to SW1, Al to SW2 and F4 to L1.

Does the circuit act as an AND gate?

A

(0.0,

.y
U4 "

: g

S0 5

(a) Wiring diagram (KL-26001 block b)
AC F2
WS {{up-ors
A1€

(b) Equivalent to an AND gate
Fig. 1.9 AND gate constructed with NAND gates

5. Follow the input sequences given below and record the outputs in Table 1.3.Does the
circuit act as a NOT gate?

SW2(A1) | swiAa) | F4
0 0
0 1
1 0
1 1
Table 1.3
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6. Insert connection clips according to Fig. 1.10 (a) to construct the circuit of Fig. 1.10
(b). Connect A to Al and SW1; F2 to A2; D to B1 and SW2; F3 to B2; F4 to L1.

A

0,0,

U4

F
. A2

F4
U4

]

U4

o

Al
B1
Z_ F3 B2

0,0,

(2) Wring diagram (KL-26001 block b)

(b) Equivalent to an OR gate
Fig 1.10 OR gate constructed with NAND gates.

7. Follow the input sequences in Table 1.4 and record the outputs. Does the circuit act as an
OR gate (F=A+B)>.

SW2(D) | SW1(A) F4
0 0
0 1
1 0
1 1
Table 1.4.

10
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1.4.3 XOR Gate Circuit

The symbol of an XOR gate is shown in Fig. 1.11. The output F is equal to A ®‘ B=AB + AB'.
XOR gates canbeconstructed using NOT, OR, AND, NOR orNAND gates or by using four
NAND gates, as shown in Fig. 1.12 (a) and (b).

sl D

Fig. 1.11 Symbol of XOR gate

AO—I—‘ A O_T_
I F [ L= T Der
8o sol |

(a) Constructed with basic gates (b) Constructed with NAND gates

Fig. 1.12 XOR gate circuits

Since F =A'B+AB', when B=0, F =A" -0+A-0' = A-1 =1 and the circuit act as buffer. When B=1,
F=A"-1+A-1'=A"-1=A’ the circuit act as an inverter. In other words, the input state of an
XOR gate determines whether it will act as a buffer or an inverter. In this experiment, we will
use basic logic gates to construct XOR gates and study the relationship between the inputs and
outputs.

(A) Constructing XOR gate with NAND gate (Module 1T-3002 block NAND gates)

11
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1. Insert connection clips according to Fig. 1.13 (a) to construct the circuit of Fig. 1.13 (b).

Connect inputs A to SW1, D to SW2, outputs F1to L1, F2to L2, F3to L3 and F4 to LA4.

A

u4

F1 _L
o

" [

2. Follow the input sequences for A and D in Table 1.5 and record the outputs.

U4

=
(

u4
F2
F3
u4
a)

AZ

B2

F1

U4

F3

U4 F4

(b) Equivalent Circuit

Fig. 1.13 XOR gate Using NAND gates

F4

Das

3. Determine the Boolean expression for F1, F2, F3 and F4.

INPUT OUTPUT
D A Fl F2 F3 F4
0 0
0 1
1 0
1 1
Table 1.5

(B) Constructing XOR Gate with Basic Gate (Module 1T-3002 block Comparatorl)

1. Insert connection clips according to Fig. 1.14 (a) to construct the equivalent circuit of Fig.

1.14 (b).

12
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2. Connect inputs A, B to SW1, SW2 outputs F1, F2, F3to L1, L2, L3.

n
O
Al
F6
FT
uz2
C BE1
B

(b) Equivalent Circuit

Fig. 1.14 XOR gate Using Basic gates

3. Follow the input sequences for A and B in Table 1.6 and record the outputs.

INPUT OUTPUT
SW2(B) | SWI(A) F1 F2 3
0 0
0 |
I 0
1 1

Table 1.6

1.4.4 AOI Gate Circuits

AND-OR-INVERTER (AOI) gates consist of two AND gates, one OR gate and one INVERTER
(NOT) gate. The symbol of an AOI gate is shown in Fig. 1.15. The Boolean expression for the

output F is:

13
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1)

A O—
B O—

C O—
D 0—

Fig. 1.15 AOI gate

By De Morgan's theorem, Eq. (1) can be converted to:
F= (A'+B’) (C'+D")

Eq. (1) is also referred to as "Sum of Products".
Eq. (2) is also referred to as "Product of Sums".
Basically, the A-Q-1 gate is a "Sum of Products" logic combination.

PROCEDURE

1. Use Ul and U2 on block Comparator 1 of module 1T-3002, shown in Fig. 1.16 (a), to
construct the A-O-I gate of Fig. 1.16 (b). Fig. 1.16 (c) is the equivalent A-O-I circuit.

A
O
A C u1
F6 - F1 F3 Uz F4
F2
A O
B1 u1 )‘—CI>_
o .
B
F5
(a) Wiring diagram
A O

A1 O—

B1

1

i b—|>0—0 F4
F3

i

B

2

(b) Actual circuit

14
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A

A1
F4

B1 O= F3
B O—

(c)Equivalent circuit

Fig. 1.16: AOI circuit.

2. Connect inputs A, Al, B, B1 to Date Switches SW0, SW1, SW2 and SW3 respectively.
Connect outputs F3, F4 to Logic Indicators L1 and L2.
3. Set BxBlto “0”, follow the input sequences for A, Al in Table 1.7 and record the

outputs.
Al A F3 F4
0 0
0 1
1 0
1 1
Table 1.7

Does F3 act as an AND gate between A and A1?
4. WhenBxBl is “0”, does F3 act as an AND gate between A and A1? ( F3=AxAl)

5. WhenA1xA is “0”, follow the input sequences for B, B1 in Table 1.8 and record the

outputs.
Bl B F3 F4
0 0
0 1
1 0
1 1

Table 1.8

Does F3 act as an AND gate between B and B1?

6. WhenAxAl is “0”, does F3 act as an AND gate between B and B1?
Does F3 equal toAxA1+BxB1?

15
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1-5 Logic problem

1.

Given the logic system is shown in Fig. 1.17; output of the system F is in”1”’state in
each of the following condition

C and D are in the “1” state.

A, B and D are in the “1” state, C is in "0" state.

B and D are in the "1" state A and C are in "0" state.

C and B are in the “1” state A and D are in “0” state.

C is in the “1” state A, B and D are in the “0” state. Complete the truth table of the
above logic system.

B_’ _»F

Fig. 1.17 Block diagram

Write the Boolean equation as canonical sum.
Minimize the expression that you obtained using laws of Boolean algebra. Write dawn
reduced equation.
Draw the Karnaugh map of logic problem and indicate columns and rows circle the sub-
cubes and write down the equation that you obtained is the equation identical to the one
that you obtained in paragraph C.
5. Implements the reduced expression that
you obtained in the previous paragraph using
NAND gates only.

1.6 Post-lab:

Please solve the following problems. If a report is required, include the solutions
in the report. Otherwise, submit the solutions separately.

1.

2.

w

Draw the logic diagram showing the implementation of the following Boolean equation
using “AND” gates F = AB (CA).

Draw the logic diagram of the following Boolean equations

a. F2= (A+B) (CD+A)

b. F3= (ABC+D) C

Implement the OR operation using AND, NOT gate.

Implement the AND gate using OR, NOT gate. Draw the logic diagram used in both
cases and write Boolean equation.

Prove that the equality operation F1 =AB+A’B’ is the inverse of exclusive OR operation
F2=AB’+A’B (use Demorgarn’s theorem).

Suggest a logic diagram which will give a NAND gate with four inputs using two input
NAND gates, Implement suggested network.

Show how is it possible to reduce Boolean expressions by means of karnaugh map
F1=A'BCD + ABCD' + ABCD' + ABCD'

F2=A'B'C'D'+ AB'CD'+ A'B'CD'+ A'BC'D'

Implement the minimal expressions using NAND gates.

16
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2.  Experiment No. 2 - Comparators, Adders and Subtractors

1.1 Objectives

To understand the construction and operating principle of digital comparators.
To construct comparators with basic gates and IC.

To implement half- and full adders using basic logic gates and IC.

To understand the theory of complements.

To construct half- and full- subtractor circuits.

aokrwnE

1.2 Apparatus

1. IT-3000 Basic Circuit Lab.
2. 1T-3002 Basic Gates Circuit.
3. 1T-3003 Adder/Subtractor circuits

1.3 Prelab
Prepare all sections and work out all the required designs.

17
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1.4 Theory
1.4.1. Comparator Circuit

At least two numbers are required to perform any comparison. The simplest form of the

comparator has two inputs. If the two inputs are called A and B, there are three possible
outputs: A>B, A=B, an d A<B. Fig 2.1 shows the schematic andsymbol of a simple

.

comparator.
(@) Logic Diagram

P O—ﬁ
— A>B
L © A=B
—O A<B
= O———}

(b) Circuit symbol

Fig2.1: Comparator

In actual applications 4-bit comparators are used most often. In a 4-bit comparator, each bit
represents 2°,2%, 22and2®. Comparison will start from the most significant bit (23), if input
A is greater than input B at the 2° bit, the “A>B” output will be in high state. Fig 2.2 shows
the schematic and symbol of 4 bit comparator

B3 A3 B2 A2 B1 A1
|
L] l | | 1 l
LB3A3—83AF~B3 [%BZAZ‘:BQI\2<B2 A1>B1f A1=B1 A1 <;l | AC>B0O AC=80 AO<BOJ

, ! i '
i k P A<B
. — o %Dﬂ

) " o — A=B

: — =, ————

i

_D—]& L1 Oo— % on

18
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(@) Constructed with four 1-bit Comparators

19
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G-bit

— A=
A=8
E_'""' A

I

B3 B2 B1 B0

.[
|

(b) Circuit Symbol

Fig 2.2: 4-bit Comparator

1.4.2. Half- and Full- Adder Circuits

Digital computers perform a variety of information processing tasks. Among the functions
encountered are the various arithmetic operations. The most basic arithmetic operation is the
addition of two binary digits. Combinational circuit that performs the addition of two bits is
called a half adder. One that performs the addition of three bits (two significant bits and
previous carry) is a full adder. The names if the circuits stem from the fact that two half

adders can be employed to implement a full adder.

1 <+— Previous Carry
1 1 0 +— Augend
&1 + 1 0 <«— Addend
10 100
Carry J T— Sum Carry ! t_sum
Half-adder Operation Full-adder Operation
n o—y 7
B o— - A L S
H.A
c B c
(a) Half-adder
H.A ‘_—_r—_z>-£ a s
- e B _ Fa
ci e s < c
(b) Full-adder

Fig 2.3: Half — and full- adders

20




1.4.3. Half- and Full-Subtractor Circuits

Binary subtraction is usually performed by using 2’s complement. Two steps are required to
obtain 2’s complement. First, the subtrahend is inverted to 1’s complement, i.e. a “1” to a
“0” and a “0” to a “1”. Secondly, a “1” is added to the least significant bit of the subtrahend

in 1’s complement.

A half-subtractor performs the task if subtraction 1-bit at a time regardless of whether the
minuend is greater or less than the subtrahend. “Borrow” from previous subtraction is not

taken into consideration.
T
) OF
B 0——

Fig 2.4: Half-Subtractor

The full-subtractor has to consider borrow(s) from previous stages.

FIG 2.5: Full-Subtractor

21



1.5 Procedure
1.5.1. Comparator Circuits
A. Constructing Comparator with Basic Logic Gates

Use Module 1T-3002 block Comparator 1:

1. Insert connection clips according to Fig. 2.6 (a). U1, U2 and U3 will be used to
construct the 1-bit comparator shown in Fig. 2.6 (b).

A

O

A1

F6 U2 - F3 U2 F4
F7 U1
F2
U2
1 u1

ul

O

& T

(a) Wiring diagram (IT-3002 Comparator 1 block)

A O '
_ } ) »—O0 F5 (A=B)
7
E F2 (A<B)
B O

(b) Logic Diagram
Fig 2.6: 1-bit comparator
2. The inputs are triggered by high state voltage. Connect inputs A and B to Data Switch

SW1 and SW2. The outputs are triggered by low state voltage. Connect outputs F1, F2,
F5 to Logic Indicators L1, L2 and L3 respectively.



3. Follow the input sequences in Table 2.1. Measure and record the outputs.

INPUTS OUTPUTS
B A F1 F2 =
(SW2) (SwW1) (L1) (L2) (L3)
0 0 |A=B -
0 1 A>B
1 0 A<B
1 1 A=B
Table 2.1

(B) Constructing Comparator with TTL IC

1. Block (Comparator 2) of module 1T-3002 will be used in this section. U5 is a 74LS85

4-bit Comparator IC.
15T uT 12T 10T

Al A3 A2 a1 a0 | AB

o— ——0
A=B 3 6 A=B
A<B 2 ; A<B
o—-= 0

83 B2 1 BO
1 ul 11l 9l
Fig 2.7: 1T-3002 block Comparator 2

2. Connect input A<B to SW1, A=B to SW2, A>B to SW3. The inputs A1~A4 and
B1~B4 of the 74L.S85 also connected to the BCD rotary switch.

3. Set comparing inputs A1~A4=As, B1~B4=Bs and As=Bsfrom rotary switch, follow
cascading inputs sequences in Table 2.2 and record the outputs

23



INPUT OoOuUTPUT
B A=B A<B A=B A=B A<B

[ . =1 =1

Table 2.2

4. Set SW3 to “0”; SW2 to “1”; SWI to “0”. Observe and record the outputs under
the following conditions:

(1) As >Bs

(2) As=Bs

(3) As<Bs

Design a three-bit comparator (using the basic comparator) and hand it out to your

TA. (Pre Lab)

1.5.2. Half- and Full-Adder Circuits
A. Constructing Half- and Full-Adders with Basic logic Gates

Hand out, Design, Boolean function, and truth table of half- and full-adder to
vour TA. (Pre Lab)

Use Module 1T-3003 block Half-Adder:

1. Insert connection clips according to Fig 2.8, using U5 and U6 to
assemble the half-adder circuit of Fig. 2.9. Connect +5V of module IT-
3003 to the +5V output of fixed power supply.

u4 FO

B: F2 A2
® Fa
|ue }J=—0O
= F5
O T
D
©,
O
E

Fig 2.8: Wiring Diagram (1T-3003 Half Adder block)

24
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Fig 2.9: Half-Adder Circuit

2. Connect inputs A, B to Date Switches SW0, SW1 and connect outputs F1, F2 to
logic indicator L1 and L2. Follow the input sequences for A and B in Table 2.3 and
record the output states.

INPUTS OUTPUTS
sSwWi1 (B) SWO (A) |CARRY (F1) SUM (F2)
Le] o]
(8] 1
1 o]
1 1
Table 2.3

3. Reassemble the circuit according to Fig. 2.10 (a) toconstruct the full-adder circuit
shown in Fig. 2.10 (b).

4. Connect A, B, C to SW1. SW2 and SW3. A and B are augends while C is the
previous carry. Connect F3to L1, F5to L2. Follow the input sequences in Table 2.4
and record output states.

u4 FO
A1
G 2, F3
- :JE us
F2 A2
8 Fa
e
c
]
M e
O a3
2 17D Fo
O
£
(a)
A O
BO = F3
_ﬂ_ uve
— "i T ——i
(b)

Fig 2.10: Full-Adder Circuit

25



INPUTS OoOuUTPUTS
SW3 (CO) Sww2 (B) SVW1 (A) | CARRY (F3) SUM (FS)

o dd 0000
«ada 002400
~0=2020=-20

Table 2.4
B. Constructing 4-Bit Full-Adder with IC

1. U9 on block Full-Adder of module 1T-3003 is used as a 4-bit adder. Connect
input Y5 to SWO, so the XOR gates U8, which are connected to YO~Y3, will
act as buffers. Connect input X0~X3 (addends), YO ~Y3 (augends) to DIP
switches DIP2.0~2.3 and DIP1.0~1.3 respectively. Connect F1, 20, X1, X2,
>3 to L1~L5. Follow input sequences in Table 2.5 and set SWO0 to “0’; record
F1 and X in binary numbers.

X = X3X2X1X0
Y =Y3Y2Y1Y0
T =X3323130

e icaes o) N

(mMsB)

X3 X2

i
A4 A3 A2 A1 B4 B3 B2 B1
8 cout us cin P2 O
x3

15 |2 |6 |9
;y
O—Gl o

Gl O

F11 <>

+ I1 3 8 I10 16 |4 7 11

A4 A3 A2 A1 B4 B3 B2 B1

13

O— Cout u12 Cin 1.

4 33 32 1
gs £ g g
(MmsB) (LsSB)

Fig 2.11: Wiring Diagram (IT-3003 Full-Adder block)
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C. Constructing BCD Adder

1. The circuit shown in Fig. 2.12 will act as a BCD code adder.

(msB)

X3 X2 X1 X0 us
10

LT

(MSB) (LSB)
Y3 Y2 Y1 YO

uUs us lUB

(LSB) ' h

16 |4 7 i1

A4 A3 A2 A1 B4 B3 B2 B1
F1 Y4
14 Cout us Cin 13
I4 33 1
15 |2 e |Jo
4
F2 (u11]
o @ F10
F8
@ U11 >F11 ’> <>
N
Fo
. R I+ Iz Is lio 16 Ja |7 |11
A4 A3 A2 A1 B4 B3 B2 B1
O—cout u12 Cin j‘:’
34 33 I2 39
J;SJ; Ct £
F7 F6 F5 F4
(MsSB) (LSB)
Fig 2.12
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INPUT OUTPUT
Yi|v2]vyir[vo|[x3|[xXx2|[xX1|[Xo|=3]z=2] %1 | =0 ]|FI(CARRY)
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 0 0 0 0 ] 1 0
0 0 0 0 ] 0 0 1
0 0 0 0 1 1 1 1
0 0 0 | 0 0 1 1
0 0 0 1 0 1 1 0
0 0 0 1 1 0 0 0
0 0 1 1 0 1 1 0
0 1 0 0 1 0 0 0
0 1 0 0 1 1 1 1
1 0 0 0 0 1 1 1
1 0 0 1 1 0 0 1
1 0 1 0 1 0 1 1

Table 2.5




2. Connect inputs X0~X3 to DIP 1.0~1.3; YO~Y3 to DIP 2.0~2.3; Y5 to “0”. U9 and U12 are
741L.S83 look-ahead 4-bit BCD adders, connect outputs F8~F11 to the inputs of the 7-Segment
display SEG-1. Connect F1, F2 to Logic Indicators L4 and L5. Connect outputs F4~F7 of U12
to another 7-Segment display SEG-3 and F3 to L10.

3. F8~F11 are the sum of X0~X3 added to YO~Y3 while F1 is the carry. Follow the input
sequences for X0~X3 and YO~Y3 in Table 2.6 and record the output states.

INPUT OUTPUT (U9) LAST (U12)
N3 |X2(X|X0[Y3|Y2|YL|YO|Fl|FIl|FIO|F9|FR|F2|F3|F7|Fb|F5|F4
ojofo|jofj0o|[0]0|0
LI I O O I O I R I | l
0|01 L{o] 1 0|0
ojofr|jofjol0o]|1l |0
ojofr|jofj1r|oj]o|fao
0|01 101 I |0
o1 {o|jofjo|l0]|1 |0
o1 {ojofo]1 0]l
o1 (o]0 f0]1 I |0
o1 (o] 1|{0]1 I |0
0|1 (1L ]of0]l | |
0|11 1 L fo|l0]a0
0|11 1 L o]0 |1
Lfojojo)p1rjofo]l
L0001 L o]0 |1
lfojprjo|1rjof1]an
Lfojpprjo)p1jofl |
Lfojprjo| 1| 1|{oj]ao
o]l 1 I |1 I |0
1 1|1 1 I |1 | |

Table 2.6

1.5.3. Half- and Full Subtractor Circuits.
A. Constructing Half-/Full Subtractors with basic logic Gates.

Design the Logic Diagram, Boolean function, and truth table of a half- and full-
Subtractor.(Pre lab)

Use Module 1T-3003 block Half-Adder:

1. Insert connection clips according to Fig. 2.13.
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2. Connect inputs A~C to Data Switches SW0~SW?2 outputs F2 to Logic Indicator L1; F1 to
L2; F3 to L3; F5 to L4. When C=0 the circuit is a half-subtractor. F1 is the borrow output;
F2 is the difference and F5=F2; F4=0; F3=F1. When C=1 the circuit is a full-subtractor. F3
is the borrow output and F5 is the difference output.

U4 FO
Al
+0

A
SR
B
(¥
o,
DO ) us g
o,
E

Fig 2.13: Wiring Diagram (Half-Subtractor)

3. Follow the input sequences in Table 2.7 and record output states.

Inputs Outputs
C A B Fl 2 F3 F5
0 0 1
0 0 0
0 1 1
0 1 0
1 0 0
1 0 1
1 1 0
| 1 1
Table 2.7
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B. Constructing 4-Bit Full-Subtractor with IC

Use Module 1T-3003 block Full Adder (Fig. 2.14):

(MSB) (LSB)
Y3 Y2 YI Yo

(MSB) (LSB)
X1 X0

LOl

A4 A3 A2 Al B4 B3 B2 BI
F1 Y4
O-+cout ug cin F24-O
4 I3 I

a At I3 I8 lio J1e s |7 |1

A4 A3 A2 A1 B4 B3 B2 B1
O—cout U1z Cin 1‘3
J4 33 32 31
15 2 f6 |o

FT F6 F5 F4
(MSB) (LSB)

Fig 2.14

2. Connect inputs X3~X0 (minuend) to DIP Switch 1.3~1.0; Y3~YO (subtrahend) to DIP
2.3~DIP2.0; Y5 to SWO0. Connect outputs F1 to L4; F11~F8 to L3~L0. To execute the subtract
operation, set SWO to “1” (or Cin of U9=1). Follow the input sequences below and record the
output states in Table 2.8.

INPUT OUTPUT
X3 X2 X1 X0 Y3 Y2 Y1 Y0 Fl F11 | F10 | F9 F&
0 1 0 0 0 | 0 0
0 1 0 0 0 0 1 1
1 0 0 0 0 0 1 1
1 0 0 0 0 0 0 1
1 0 0 1 1 0 0 0
1 0 0 1 0 1 1 1
1 0 1 0 0 1 1 0
1 0 1 1] 1] 1 0 1
1 0 1 1 1 0 1 0
| 1 | 1 1 0 1 0
Table 2.8
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1.6  Problem: Building Comparator Circuit

A 4-input, 3-output circuit that compares 2-bit unsigned numbers and output a ‘1 on one of three
output lines according to whether the first number is greater than, equal to, or less than the other
number. You can only use two 4x1 multiplexers.
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BIRZEIT UNIVERSITY
Faculty of Engineering and Technology

Department of Electrical and Computer Engineering

ENCS 211

Digital Electronics and Computer Organization Lab

3. Experiment No. 3 - Encoders, Decoders, Multiplexers
and Demultiplexers

3.10BJECTIVES
« TounderstandtheoperatingprinciplesofEncoders/Decoders
« TounderstandtheoperatingprinciplesofMultiplexers/Demultiplexers
« ToconstructencodersanddecodersusingbasicgatesandIC.
» ToconstructmultiplexersanddemultiplexersusingbasicgatesandIC

3.2EQUIPMENTREQUIRED
1. IT-3000 BasicElectricityCircuitLab.
2.1T-3004 Encoder/Decoder Circuits.
3.1T-3005 Multiplexer/Demultiplexer Circuits.

3.3LABORATORY REGULATIONS AND SAFETY RULES
The following Regulations and Safety Rules must be observed in the laboratory:

1. Itisthe duty of all concerned who use any electrical laboratory to take all reasonable
steps to safeguard the HEALTH and SAFETY of themselves and all other users and

visitors.

2. Be sure that all equipment is properly working before using them for laboratory
exercises. Any defective equipment must be reported immediately to the Lab.

Instructors or Lab. Technical Staff.

3. Students are allowed to use only the equipment provided in the experiment manual

or equipment used for senior project laboratory.
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4. Power supply terminals connected to any circuit are only energized with the presence
of the Instructor or Lab. Staff.

5. Students should keep a safe distance from the circuit breakers, electric circuits or any
moving parts during the experiment.

6. Avoid any part of your body to be connected to the energized circuit and ground.

7. Switch off the equipment and disconnect the power supplies from the circuit before
leaving the laboratory.

8. Observe cleanliness and proper laboratory housekeeping of the equipment and other
related accessories.

9. Double check your circuit connections before switching “ON” the power supply.

10. Make sure that the last connection to be made in your circuit is the power supply and
first thing to be disconnected is also the power supply.

11. Equipment should not be removed, transferred to any location without permission
from the laboratory staff.

12. Software installation in any computer laboratory is not allowed without the
permission from the Laboratory Staff.

13. Computer games are strictly prohibited in the computer laboratory.

14. Students are not allowed to use any equipment without proper orientation and actual
hands on equipment operation.

15. Smoking and drinking in the laboratory are not permitted.

3.4PRE-LAB

1.Prepareall sectionsandHandoutall therequireddesignstoyourteachingassistant.
2.Design a circuitwhichusesanSN74151toimplementa sum-of-products expression, as
follows:

(a)Convertthefollowingexpressionintosummationform(i.e.F(A,B,C)=>(...)):

Y = f(A,B,C)= AB + BC

(b) Sketch on figure 3.1 the input connections necessary to implement thefunctionin(a).

= 0O0DD

> I
o
(g}

-

BC
EC
BC
BC
BC
BC
BC

DI DI DD

Figuré 3.1:8-to-1Multiplexer

3.Design a circuitwhichusesanSN74138demultiplexerto implementa sum- of-products
expression, as follows:
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(a) Convertthefollowingexpressionintosummationform(i.e.F(A,B,C)=>(...)):

Y = f(A,B,C) = ABC + BC

(b)Thedemultiplexeroutputisselected,andwillgolow,bytheaddressoninputsA,B,andC
whenthelCisenabled. Therefore, = wecancreatetheoutputfunctionYbysummingtogetherthe
outputs indicatedbythesummation form of the expression. Since
theoutputsofthedemultiplexerareactive-
low,thisisdonewithaNANDgate.ConnecteachoftheTRUE mintermoutputs
ofthedemultiplexerin Figure 3.2 (indicatedbythesummationequation)toan
inputoftheNANDgate.Connectall unusedNANDinputstologicl.

=

Figure 3.2:3-to-8Demultiplexer
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3.5 PROCEDURE:

A.Constructing4-to-2-LineEncoderwithBasicGates

1.Constructing a 4-to-2 Encoder with Basic Gates (Module 1T-3004 block Encoder 1)
1. Insert connection clips according to Figure 3.3.

Figure 3.3:wiringdiagramof4-to-2lineEncoder

2. Connect +5V of module 1T-3004 to the +5V output of fixed power supply section of IT-
3000.

3. Connect inputs A~D to Date Switches SW0~SW3 respectively; outputs F8 and F9 to
Logic Indicator LO and L1.

4. Follow the input sequences for D, C, B, A, in Table 3.1and record the output states.

D C B A Fo F8
0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 1] 1]
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1
Table 3.1
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B.Constructing 9-to-4-LineEncoderwithTTLIC
1. The 74147 (U5) on block Encoder 2 of module IT-3004 is used in this section of
the experiment. Connect +5V of module IT-3004 to the +5V output of fixed power

supply.
e 1 14 F1
Oo— p f——Q mse
A2 ia . F2
o—: c —0O
A 13 . us . 7 F3
Ad q g F4
O—: A P LsB
AS s
( }_ 5
T4147
AL 3 : : 10 AD
AT AB

Figure 3.4:(74147)BCDPriorityEncoder

2. Connect inputs A1~A8 to DIP Switches 1.0~1.7 and A9 to 2.0. Connect outputs
F1~F4 to Logic indicators L1~L4. Follow the input sequences given in Table 3.2
and record output states.

AU | AR | AT | A | A5 | Ad | A3 | A2 | Al F4 | F3 | K2 F1
] 1 1 i 1 1 1 1 1
] 1] 1 i 1 1 1 1 1
i 1 1 i 1 1 1 1 0
i 1 1 i 1 1 1 ] 0
i 1 1 i 1 1 0 1 1
1 1 1 1 1 0 0 0 0
i 1 1 i 1] 1 1 1 i
1 1 1 1 1] 0 0 1 1
i 1 1 0 1 1 1 0 1]
i 1 0 i 1 0 1 1 ]
i 1 0 0 1] 1 1 1 i
i 1] 0 0 1] 0 1 1 1

Table 3.2
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C.Constructing2-to-4 LineDecoderwithBasicGates

1. Block Decoder 1 of module 1T-3004 will be used in this section of the experiment.
Connect +5V of module 1T-3004 to the +5V output of fixed power supply.

B A

us us

us F1

!

us F2

;

us F3

us

)

F4

Figure 3.5:2-to-4Decoder

2. Connect inputs A, B to Data Switches SWO0 and SW1. Connect outputs F1~F4 to
Logic Indicators LO~L3 respectively.

3. Follow the input sequences for A and B in Table 3.3 and record output states.

B A [ FI | F2 | F3 | F4
0 ()
0 I
| 0
l I

Table 3.3

D.Constructing 4-to-10 LineDecoderwithTTLIC

1. U6 (7442) on block Decoder 2 of module 1T-3004 will be used in this section of the
experiment. 7442 is a BCD-to-Decimal decoder IC.
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L5B i3

"I

14

T

13

T

M5B 12

!

Figure 3.6:4-to-10lineDecoder

. Connect inputs A, B, C and D to the Data Switches SW0, SW1, SW2 and SW3.

Connect outputs to Indicator LO~L9 respectively.

. Adjust the switches according to Table 2.2. Observe the output states at LO~LO.

Record input and output logic states in Table 3.4.

Input Output
DJC|BJ|A]|D I 21 31415 9
0
I
2
4
5
3]
5
8
9
Table 3.4
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E.Constructing2-to-1-LineMultiplexerwithbasicGates
1. Block Multiplexer 1 of module 1T-3005 will be used as a 2-to-1 MUX. Connect
+5V of module IT-3005 to the +5V output of fixed power supply.

A
F1
e [Gs)—O
C
—[»—o
QO
FO
us
o [0

Figure 3.7:2-to-1Multiplexer

2. Connect inputs A, B to Data Switches SWO0, SW1,; selector C to SW2.
Connectoutput F3 to Logic Indicator LO.
3. Follow the input sequences in Table 3.5 and record states of F3. Which input

(A or B) determines the output?

C A B F3
0 0 0
0 0 |
0 1 0
] 1 1
1 0 0
1 0 I
1 1 0
1 1 I
Table 3.5
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F.Constructing 8-to-1 LineMultiplexerwithlC

1. U3 (74LS151) on block Multiplexer 2 of module IT-3005 will be used in section of
the experiment.

D7

D6 STROBE

L1]
999

DS Q
O—={pb4 Q
o il u3
O—3{o2 AF—Q'sB
0—3 D1 B LC)
O—3oo cP—QOwmse
U4
5O °< 7404 Opr

Figure 3.8:8-to-1IMUX

2. Refer to the data sheet for specifications of the 74LS151.
When CBA = “000”, data at DO is send to output Q.
When CBA =*“0107, data at D2 is send to output Q.
When CBA =“1117, data at D7 is send to output Q.
The IC will function properly only when STROBE = “0"".
When STROBE = “1” IC do not change output according to inputs, Q will remain
“17.

3. Connect inputs DO~D7 to DIP Switch 1.0~1.7; inputs C, B, A to Data Switches SW2,
SW1, SWO. Follow the input sequences in Table 6, adjust DO~D7 and record output
states. Determine on which input among DO~D7 does Q depend on.
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C B A Q
0 0 0
0 0 1
0 I 0
0 I 1
1 0 0
1 (0 1
1 I 0
1 I 1
Table 3.6

G.UsingMultiplexertoCreate a Logic Function
Given the following function:

F(A, B, C, D)=Y(0,2,4,5,7,8,10,11,15)

1. Implement the function using the 8-to-1multiplexer.
2. ConnectinputsD,C,B,AtoDataSwitchesSW3,SW2,SW1,and SWoOrespectively.
ConnectoutputYtoLogiclndicatorL0.Recordoutputstates in Table 3.7.

A B C D}!Y
O O O O
O O O 1
OO 0O 1T O
O 0 1 1
O 1 O O
O 1 0 1
0 1 1 0O
g 4 1 1
1 O 0O O
1 O O 1
1 O 1 O
1 ¢ 1 1
1 1 O O
1 1 O 1A
1 1 1 O
17 1 1 1
Table 3.7
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H.Constructingl-to-2LineDemultiplexerwithBasicLogicGates
1. Block Multiplexer 1 of module IT-3005 will be used in this section. Insertconnection
clip according to Fig. 10. Connect A to Data Switch SWO0; C to SW3; F1 and F2 to
Logic Indicators LO and L1 respectively.

F-Y

F1
us p—Q
c
F3
US)D—O
Fo
us p—O
F2
B

Figure 3.10:1-to-2Demultiplexer

2. Set C to “0” and change data at input A. Observe how F1 and F2 changes. Set C to
“1”, change A and observe how F1 and F2 react to changes of A.

I.Constructingl-to-8-LineDemultiplexerwithCMOSIC

1. U6 (4051) on block Demultiplexer of module IT-3005 is used in this section of the
experiment. Connect +5V, -5V of module IT-3005 to the +5V and -5V output of fixed
power supply respectively.

3
E CcOomM
6 ——
D INH
U6
MmsB C 2
1
8 0o
11
LSB A

Figure 3.11:1-to-8Demultiplexer
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2. Connect E to DIP1.0; D to DIP1.1; A to SWO; B to SW1; C to SW2; outputs YO~Y7
to Logic Indicators LO~L7 respectively.
3. At D=0, apply the input sequence 1-0-1-0 to the common input E and observeoutputs
YO~Y7. Did the outputs change as the input sequence is applied?
4. At D=1, apply the input sequence 1-0-1-0 to the common input E and observeoutputs
YO~Y7. Did the outputs change as the input sequence is applied?
5. Using the same sequence for E (1-0-1-0) with D=0, follow the sequence for A, B
and Cgiven in Table 3.8. Record output states.
C B A YO | YI | Y2 | Y3 | Y4 | YS | Y6 | YT
0 () 0
0 0 ]
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
Table 3.8

3.6 POST-LAB PROBLEM

Solve the following problem in your report.

Design

a

MajorityCircuit;acircuitthattakes4inputsandloutput,itsoutputequalslwhen3or4oftheinputsarel.Y

oucanonlyusetwo4x1multiplexers.
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BIRZEIT UNIVERSITY

Faculty of Engineering and Technology

Department of Electrical and Computer Engineering

ENCS 211

Digital Electronics and Computer Organization Lab

4. Experiment No. 4 - Digital Circuits Implementation using Breadboard

4.1 OBJECTIVES

The objective of this laboratory experiment is to continue to experiment with simple
digital devices and their operations using breadboard.

4.2 EQUIPMENT REQUIRED
1. KL-22001 Basic Electricity Circuit Lab
2. Breadboard (you may bring your own breadboard, if you have one)

3. Integrated circuits (Chips):IC 7404 (inverter), IC 7408 (2-input AND), IC 7432(2-
input OR), IC 7400(2- input NAND) and IC 7486 (2-input XOR)

4.3 LABORATORY REGULATIONS AND SAFETY RULES
The following Regulations and Safety Rules must be observed in the laboratory:

1. It is the duty of all concerned who use any electrical laboratory to take all
reasonable steps to safeguard the HEALTH and SAFETY of themselves and
all other users and visitors.
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2. Be sure that all equipment is properly working before using them for
laboratory exercises. Any defective equipment must be reported immediately
to the Lab. Instructors or Lab. Technical Staff.

3. Students are allowed to use only the equipment provided in the experiment
manual or equipment used for senior project laboratory.

4. Power supply terminals connected to any circuit are only energized with the
presence of the Instructor or Lab. Staff.

5. Students should keep a safe distance from the circuit breakers, electric
circuits or any moving parts during the experiment.

6. Awvoid any part of your body to be connected to the energized circuit and
ground.

7. Switch off the equipment and disconnect the power supplies from the circuit
before leaving the laboratory.

8. Observe cleanliness and proper laboratory housekeeping of the equipment
and other related accessories.

9. Double check your circuit connections before switching “ON” the power
supply.

10. Make sure that the last connection to be made in your circuit is the power
supply and first thing to be disconnected is also the power supply.

11. Equipment should not be removed, transferred to any location without
permission from the laboratory staff.

12. Software installation in any computer laboratory is not allowed without the
permission from the Laboratory Staff.

13. Computer games are strictly prohibited in the computer laboratory.

14. Students are not allowed to use any equipment without proper orientation
and actual hands on equipment operation.

15. Smoking and drinking in the laboratory are not permitted.

16. Make sure that the power of the board is switched off when you are moving
ICs and connecting wires. Switch it on once the circuit is ready.

4.4 PRE-LAB

1. Review how the breadboard works and the way components, including chips
are connected to the breadboard as was done in experiment 1. You can watch
the following videos for that:
https://www.youtube.com/watch?v=gwcVr5VIXwA

2. Recall how to identify the pins of a chip. You may find the following
presentation useful:
https://www.youtube.com/watch?v=Y9vsZTpnDDI

3. Design and Implement a Full Adder using the gates on the chips. Your final
circuit must include the IC’s, their pin numbers, and the connections between the
pins.

4. Design and Implement a 4x1 multiplexer using the gates on the chips. Your final

circuit must include the IC’s, their pin numbers, and the connections between the
pins.
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https://www.youtube.com/watch?v=gwcVr5VfXwA
https://www.youtube.com/watch?v=Y9vsZTpnDDI

5. Design and Implement a 2-4 “active-low” decoder using the gates on the chips.
Your final circuit must include the IC’s, their pin numbers, and the connections
between the pins.

6. Use the just constructed 4x1 multiplexer to design a three input network that gives
1 if the majority of its inputs are 1 and outputs a zero otherwise.

7. (Optional??) Use the 2-4 decoder to implement a 2 input function that acts
like an equivalence gate: gives 1 on the output if both inputs are equal.

The designs need to be detailed and you need to show all of your designs to the
Instructor/TA.

Figure 4.1 shows some digital gates with identification numbers and pin assignment.

Ve
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O | | < <5

Il Iilllll I!] 1 2 3 40155 & 7

Z-amput NAND 2-nput NOR anvD
T400 T40Z

Ve
N 17y 8 iy B gy B pry By By S 7y By Wy By W B
I ]

o o =] ]
[

Vceo

| ] |—1 ’
Inverters GND 2inpur AND GND
, 7304 408
Vee Vi

Sl ]| [ ] s
i B R
T =

2Z.nput OR GINE, 2-anput XOR TN
T43Z 7480

|
ifF

Figure 4.1: DIGITAL GATES IN IC PACKAGES

4.5 PROCEDURE

4.5.1 Verification of basic logic gates
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In this task you are to verify the operations of some of the ICs.

1. Test each chip using the IC tester and make sure that it is functioning properly.
2. Place each chip shown in Figure 4.1 on the breadboard in such a way that its pins
are not short-circuited. Make sure power is off while you place IC’s and connect wires.

3. Connect GND and +5V for each chip you want to check. Connect the gate inputs
to the dip switches and the gate output to any LED. Determine the output for each
possible input combination and compare your results with the expected Truth Tables.

4. Verify the function of the 7400 (2-input NAND) chip by observing how the
output of the Gates changes in response to input changes.
4a. how does the gate act if one of its two input is held at “1”?

4b. how does the gate act if its two input are connected together?

4.5.2 Full-Adder, Multiplexer and Decoder Implementations

1. (Adder) Use any needed gates shown in figure 4.1 and the designs you prepared
asa pre-lab to implement the full adder, Test your design by verifying the truth table
of the FULL Adder.

A
B > D_ ’ > s

ci y. W N

Co

(b) (Decoder) Use any needed gates shown in figure 4.1 and the designs you
preparedas a pre-lab to implement the 2-4 decoder. Test your design by verifying the
truth table of the DECODER.

il—T \o’ I ] ®

/

io_T>C. '

e

a. How do ?;ou go about addingdm Enéble ( sigaal to the decoder.
Modify the implementation to show that esign Only)

b. How to use that to implement a 3-8 decoder. Show all work in your post lab.
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(c) (Multiplexer) Use any needed gates shown in figure 4.1 and the design
youprepared as a pre-lab to implement the 4x1 multiplexer. Test your design
by verifying the truth table of the MUX.

S=A  S,=B

ERE:

Wil

F=ABW+ABX+ AEY+ ABZ

a. Use the just constructed 4x1 multiplexer to design a three input network that
gives 1 if the majority of its inputs are 1 and outputs a zero otherwise (Design
Only).
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5. Experiment No. 5 -Sequential Logic Circuits

5.1 OBJECTIVES

« To understand the differences between combinational and sequential Logic circuits;
and the applications of various memory units.

« To study the operating principles and applications of various flip-flops.

« To understand the operating principles of counters and how to construct counters with
JK flip-flops.

« To study the synchronous and asynchronous counters

5.2 EQUIPMENT REQUIRED

1. IT-3000 Basic Electricity Circuit Lab.
2. 1T-3007 J-K Flip-Flop Circuits.

3. IT-3008 Flip-Flop Circuits.

5.3 LABORATORY REGULATIONS AND SAFETY RULES

The following Regulations and Safety Rules must be observed in the laboratory:

1. Itisthe duty of all concerned who use any electrical laboratory to take all reasonable
steps to safeguard the HEALTH and SAFETY of themselves and all other users and
visitors.

2. Be sure that all equipment is properly working before using them for laboratory
exercises. Any defective equipment must be reported immediately to the Lab.
Instructors or Lab. Technical Staff.
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3. Students are allowed to use only the equipment provided in the experiment manual
or equipment used for senior project laboratory.

4. Power supply terminals connected to any circuit are only energized with the presence
of the Instructor or Lab. Staff.

5. Students should keep a safe distance from the circuit breakers, electric circuits or any
moving parts during the experiment.

6. Awvoid any part of your body to be connected to the energized circuit and ground.

7. Switch off the equipment and disconnect the power supplies from the circuit before
leaving the laboratory.

8. Observe cleanliness and proper laboratory housekeeping of the equipment and other
related accessories.

9. Double check your circuit connections before switching “ON” the power supply.

10. Make sure that the last connection to be made in your circuit is the power supply and
first thing to be disconnected is also the power supply.

11. Equipment should not be removed, transferred to any location without permission
from the laboratory staff.

12. Software installation in any computer laboratory is not allowed without the
permission from the Laboratory Staff.

13. Computer games are strictly prohibited in the computer laboratory.

14. Students are not allowed to use any equipment without proper orientation and actual
hands on equipment operation.

15. Smoking and drinking in the laboratory are not permitted.

5.4 PRE LAB

Prepare all sections and be ready for a quiz!
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55 INTRODUCTION
5.5.1 Sequential Circuits

Any digital circuit could be classified as either a combinational or a sequential circuit.
Combinational logic circuits implement Boolean functions. Boolean functions are
mappings of inputs to outputs. These circuits are functions of input only.

Sequential circuits are two-valued networks in which the outputs at any instant are
dependent not only upon the inputs present at that instant but also upon the past history
(sequence) of inputs. The block diagram of a sequential circuit is shown in Figure 5.1.

The basic logic element that provides memory in many sequential circuits is the flip-flop.

Inputs > S » Outputs
Combinational

cireunt

Memory
elements

Y
¥

Figure 5.1: Sequential Circuit Block Diagram

5.5.2 Latches

Latches form one class of flip-flops. This class is characterized by the fact that the timing
of the output changes is not controlled. Although latches are useful for storing binary
information and for the design of asynchronous sequential circuits, they are not practical
for use in synchronous sequential circuits.

5.5.2.1 The SR (set-Reset) Latch
It is a circuit with two cross-coupled NOR or NAND gates. The one with NAND gates is
shown in Figure 5.2. Note that this circuit is active low set/reset latch; that means the output

Q goes to 1 when S (set) input is 0 and goes to 0 when R (Reset) input is 0.
The condition that is undefined is when both inputs are equal to 0 at the same time.
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0 | ! S (set) ——
0
r—j ]

- ——

-

| ‘ L ‘1
. ()'
0 ’ ' R (reset) T >

SRIQQ

1 00 1
I 170 1 (alterS=1.R=0)
0 1/(1 0
1 111 0 (afterS=0,R=1) — AR -
0 01 1

Figure 5.2: SR latch with NAND gate

The RS latch with control input C is shown in figure 5.3. If C=0 the output Q does not
change regarding less the R and S values. If C= 1the circuit will work normally.

] ._..___: ); 0
D,____,

Next state of Q

No change

No change

@ = 0; Reset state
Q = 1; set state

Indeterminate
[

Figure 5.3: RS latch with control input

b sk e oy
el = =T £ 21
mo=o X |y

5.5.2.2 The D Latch

The D latch was developed to eliminate the undefined condition of the indeterminate state
in the RS latch. The D latch and its state table is shown in figure 5.4
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| D—

Q

CD Next state of @
10 Q = (; Reset state

. 11 Q =1; Setstate

o

Figure 5.4: D-Latch
5.5.3 Flip-Flops

Like latches, flip-flops are also used for storing binary information, but the difference is: The
output change in the flip-flop occurs only at the clock edge while in the latch it occurs at the
clock level.

A flip-flop can be implemented using two separate latches. Figure 5.5 shows the D flip-flop
implemented with two D latches.

D
D latch D latch
(master) c (slave)

CLK [>c

Figure 5.5: D flip flop implemented with two D latches

There are several types of flip-flops, the common ones are D, T, and JK flip flops.
Figure 5.6 shows these flip flops and their function tables.
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2 Flip-Flop

dp al- > | 2 + 1)
— CLK Q ! 0 Reset
Q- 1 | 1 Set
AR Flip-Frap
) & 208+ 1)
— .J L
= a 0O e} No change
p CLE _ o 1 O RIEet
K QT 1 o 1 Set
I 1 O (r) Complement
F Flip-Flop
—+T Q- T e+ 1)
—rcLK .
5 €202} No change
1 () Camplement

Figure 5.6: D, JK, and T flip flops

5.5.4 Registers

Digital systems use registers to hold binary entities. The register is a collection of flip flops;
N-bit register consists of N flip-flops. Figure 5.7 shows simple 4-bit register implemented
with D- flip flops. All the flip-flops are driven by a common clock, and all are reset
simultaneously

Serial 5T D D D D S50 Serial

input output
> ¢ pe > ¢ > ¢

CLK

Figure 5.7: 4-bit Register

Shift register is a group of flip-flops connected in a chain so that the output from one flip-
flop becomes the input of the next flip-flop. Figure 5.8 shows 4-bit shift- right register.
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A
A
Al

A

1D
)

\D
I C

Clock Clear

fiy
I
I

Figure 5.8: 4-bit shift- right register

5.5.5 Counters

The counter is a special-purpose register; it is a register that goes through a prescribed
sequence of states.

The counters are classified into two categories: Ripple and Synchronous counters. In ripple
counters, there is no common clock; the flip-flop output transition serves as a source for
triggering other flip-flops. In synchronous counters, all flip flops receive a common clock.
Figure 5.9 shows 3-bit ripple and synchronous counters

o T J O T J o T J» 1
[SERS ’7 [P IS r [CRS CLE
o T L o T Po I 1
5 4 | |5 4 5 o CLE
Qz Q1 Qo ‘ ‘ ‘
Q2 Q1 QU
(a) (b)

Figure 5.9: (a) 3-bit ripple counters, (b) 3-bit synchronous counter
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5.6 PROCEDURE

5.6.1 Latches and Flip flops:

A) Constructing RS latch with Basic Logic Gates

Use IT-3008 module to construct the circuit shown in Figure 5.10. Connect inputs A3, A4 to
Pulser Switches SWA A(TTL), SWB B (TTL). Connect outputs F6 and F7 to Logic
Indicators L1, L2.Followthesequencesin Table 5.1

+5V
R2
1.2K
A3 O
us F6
us F7
A4 O
R3
1.2K
+5V

Figure 5.10: RS latch

A3 A4 F6 F7
0
1
0

1
Table 5.1

= = OO0

B) Constructing RS latch with control input

Use 1T-3008 module to connect the circuit shown in Figure 5.11. Connect inputs A1, A5
to Pulser Switches SWA A, SWB Band follow the input sequence in Table 5.2.
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+5V

R2

12K
A1 U6 U5 &
CK2 Ol
+5V
us F7
ASO—t U6
R3
12K
+5V

Figure 5.11: RS Latch with control input

Al A5 | F6 F7
0
1
0
1
Table 5.2

= = OO

C) Constructing D latch with RS latch

Use IT-3008 module to construct the circuit shown in Figure 5.12.Connect Al to SW1; CK2
to SWA A and F6 to L1. Follow the sequences in Table 5.3

5v

+
R2
1.2K
A1 ue
U5 F6
CK2
us F7
ué6
U4 R3
1.2K

+5V

Figure 5.12: D Latch



CK2 Al F6
0 0
0 1
JL 0
I 1
Table 5.3

D) Constructing JK latch with RS latch

Use I1T-3008 module to construct the circuit shown in Figure 5.13. Connect CK2 to
SWB B output; Al to SWO; A5 to SW1,; F6 to L1. Follow the sequences in Table 5.4

+5V

R2
1.2K

Q F6

O F7

Figure 5.13: JK Latch

CK Al A5| Fe
L 0 ©
JL O 1
JL 1 0
JL 1 1
Table 5.4
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E) Constructing JK Flip-flop with master- slave RS latches
UselT-3008moduletoconstructthecircuitshowninFigure 5.14.ConnectCK2to Pulser switch.

Connect CK1 to SWA A output; J to SW1; K to SWO; F1, F2, F6, F7to L3, L2, L1 and LO
respectively. Follow the sequences in Table 5.5

R2
F1 1.2K
i g Us ) O F6

J O —

09

u4
CK10=—t
us oF7
ce—f us ) > ] ve E )
12K
v
+5V
Figure 5.14: JK Flip-Flop
CK K J F1 F2 F6 F7
JL 0] O
n 0 1
I 1 0
Ji 1 1
JL 1 1

Table 5.5

5.6.2 Registers

A) Constructing Shift Register with D Flip-Flops

1. Block Shift Register 1 of module IT-3008 will be used to construct the circuit shown in
Figure 5.15
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no

Figure 5.15:ShiftRightRegister

Connect B (clear) to SWO; A (I/P) to SW1; CK to SWA A output; F1, F2, F3, F4to
L1, L2, L3, L4 respectively.

Set SWO to “0” to clear B and then set SWO to “1”.

Follow the input sequence for A(I/P) below, and observe output display at F1, F2, F3
and F4:

1) at A="1", send in a CK signal from SWA

2) at A=“0", send in a CK signal from SWA

3) at A="0", send in a CK signal from SWA

4) at A=*1", send in a CK signal from SWA

B) 4-Bit Shift Register withserial and parallel load

Use Shift Register 2 module in 1T-3008 which is 4-Bit Shift Register with serial
and parallel synchronous operating modes, it has serial input (B1) and four parallel
(A-D) Data inputs, and four Parallel Data outputs (QA-QD) as shown in Figure
5.16.

a1 OQ—{mope ckP—Oci

U3
81 (O—{SERIAL INPUT LoalE—O o1

B _QC QD

A A, B C D
' & 11£u 2£££

Fi F2 F3 F4

Figure 5.16: shift register with serial andparallel load
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1. Complete the following connections:
Inputs A, B, C, D to SWO0, SW1, SW2, SW3 Outputs F1, F2, F3, F4 to LO, L1,
L2, L3
B1 (I/P) to DIP2.0
Al (MODE) to DIP2.1

Input
MODE CK
Control (Al) C1 D1
L I X
H X 1L
Table 5.6

2. Connect CK (C1) to the clock generator TTL level output at 1Hz and change dataat B1
with DIP2.0. Follow the input sequences for Al in Table 5.7. Observe and  record
the outputs.

Input Output
Al Cl L3 | L2 L1 LO
0 IL
0 JL
0 Il
1 JL
Table 5.7

3. Connect LOAD (D1) to the clock generator TTL level output at IHz. Set Al to “1”
and follow the input sequences for A, B, C and D in Table 5.8. Observe and record
the outputs.

Input Output
D1 D C B A L3 L2 L1 LO
Il 0 0 1 0
JL 1 0 1 0
JL 1 1 1 0
Il 0 1 1 1
JL 0 1 1 0

Table 5.8
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5.6.3 Counters
A) 2-bit Synchronous Counter

1. Use IT-3007 module to implement the 2-bit synchronous counter shown in
Figure 5.17.

2. Connect CLK input to pulser switch.
3. Connect counter outputs Q1 and QO to indication lamps.
4. Apply clock pulses to CLKinput. Observe and record the outputs in Table 5.6 (a)

5. Apply counter outputs Q1 and QO to seven segment display. Observe and
record the outputs in Table 5.6 (b).

+5V
Q J Q -
< CLK
—Q ) o — Q" KH
Q1 Qo
Figure 5.17: 2-bit Synchronous Counter
CLE Q1 Q0 CLE D1
JL I
Jv JL
Ju ST
JL i
I JL
i .
L JL
J .
i . i .
r I
) (L)
Table 5.6
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B) 3-bit (divide-by-eight) Ripple Counter

Divide-by-8 counter is3-bitcounter that counts from0-to-7:

1. Use the IT-3007 module to implementthe 3-bit (divide by eight)Ripple counter
shown in Figure 5.18.

2. Connect CLK input to pulser switch.
3. Connect counter outputs Q2, Q1 and QO to indication lamps.
4. Apply clock pulses to CLKinput. Observe and record the outputs in Table 5.7 (a).

5. Apply counter outputs Q2, Q1 and QO to seven segment display. Observe and
record the outputs in Table 5.7 (b).

+5V +5V +SV
Q J 4 Q J = Q J 4
d < <prcLk
Q" K[ Q' KM —/ Q" K
Q2 Q1 Qo

Figure 5.18: 3-bit Ripple Counter

CLK | Q2 Q1 Qo CLK | D1

mfie e = = = = R e
i = = e = = R R

(.

=
-

(b)
Table 5.7

Task?2: Modify the circuit in Figure 5.16 to be 3-bitSynchronous Counter. Attach
the design with this experiment report.
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C) BCD Counter
Locate the BCD counter (IC 7490) on 1T-3008 module, which is shown in Figure 5.19.

Functional block diagram of U1 is shown in Figure 5.20.

1. Connect C3, C4 to SWO0 and SW1; D1, D2 to SW2 and SW3; F1~F4 to L1~L4, A2
to SWAA output; B2 to SWBB output.

2. Connect F1to B2, set C3, C4, D1 and D2 to ground and A2 to SWAA pulse. Measure
and record the outputs F1, F2, F3, F4.

LSBE MSB
1 F2  F3  F4
?g i 8 11
QA QB QCc Qb

U1

A RO(1) RO(2) R9(1) R9(2)
AZ =7 Gd G4 D1 Dz

Figure 5.19: 1C 7490 BCD Counter

QA B

MG
Q o o

h'd
A

v
4]
x
Wi
o
=

CHA

, ;

R9{1) R3(2) RO(1} RO{2)

Figure 5.20: 1C 7490 BCD Counter

D) Divide-by-8 counter using BCD chip counter:

1. Connect RO(2) (pin3) to +5V, and connect RO(1) (pin2) to QD (pinll) output.
This will make counter reset after 111 (or 7). WHY?

2. Connect clock A2 (pin14) to pulser switch.

3. Connect the outputs A, B, C, and D to indication lamps.
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4. Apply clock pulses to A2 and observe the count sequence (0000-0111).

Task3:change the connection of counter in Figure.19 to count from:

- 0-to-5
- 0-tod

5.7 DISCUSSION

Answer the following questions:
1. Although latches are useful for storing binary information, they are rarely used in
sequential circuit design, why?
2. What is the disadvantage of the RS flip flop?
3. What is the difference between “synchronous” and “ripple” counters?
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BIRZEIT UNIVERSITY
Faculty of Engineering and Technology

Department of Electrical and Computer Engineering

ENCS 211

Digital Electronics and Computer Organization Lab

6. Experiment No. 6- Sequential Logic Circuits using Breadboard
and IC’s

6.1 Objectives:

1. To learn how to use some integrated circuits (ICs) such as counters (1C7490) and
7-segment display driver/decoder (IC7447).

2. To understand the function of the 7-segment display and how to find its pin
assignment.

3. To build one, two or more decade counters with 7-segment displays.

6.2 Introduction

6.2.1Seven-SegmentDisplay

The seven-segment LED (Light Emitting Diode) display is a common device in consumer
electronics,from calculatorstoclockstomicrowaveovens.Inthislab,youwilllearnthe basic
principles of operation of the seven-segment display and the process of converting BCD

values to the propersignals to drive this display.
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The display has seven separate bar-shapedLED'sarrangedasshowninfigure 6.1. In

addition,manyseven-segmentdisplayshaveone (ortwo)circularLEDusedasadecimal point.

a
f b
e g c
d

Figure 6.1: seven-segment display

Insidetheseven-segmentdisplay,oneendof  eachLEDisconnectedtoacommonpoint.  This
common point is tied either to ground or to the positive supply, depending on the specific
device. If your seven-segment display is designed to have the common
connectiontiedtothepositivesupply,+5V,itiscalledacommonanodeconfiguration as shown

in figure 6.2To turn on these LED segments, the inputs must be logic low.

+5 Voo g Iil Vlg]c Igl Itl

VANV N S Z\N»

§ : 2200 §
F. F» F. F T

Figure 6.2: common anode display

Ifyourseven-segmentdisplayisdesignedto havethecommonconnectiontiedtothe ground, 0V,

it is called a common cathode configuration as shown in figure 6.3. To turn on these LED

segments, the inputs must be logichigh.
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LED Segment Inputs ) I
a b ¢ dp Lo

ool N 1\7_"” b
I UFT J[_Jj:i;

Commoh (GND) - - Gnd ¢ dp

Figure 6.3: common cathode display

In both common-anode and common cathode configurations, current-limiting resistors are
used to lower the amount of current that the driver sends into the LED’s. This achieves two
goals:

1. Prevent over-current which may burn the LED’s.

2. Control the brightness of the LED’s.

6.2.2BCD-to-seven-segmentdecoder

A BCD-to-seven-segment decoder is a logic circuit thatallowsthedisplayof
abinarycodeddecimalonaseven-segmentdisplay.
In this lab the IC type 7447 decoder willbe used.The 7447 pin assignment is shown in Figure

6.4. Its pin description is shown in Table 6.1

Cratputs
N
P T,
16 15 14 13 12 11 10 o
1 1 1 1 1 1 1
oo : i = a I [ l =
T447
) T-Segment Displawy
Decoder
BL/
B - LT RrBO RBI D A GIND
L L] L] L] L L1 L] |
1 2 3 4 5 & T =
Inputs Impuits

Figure 6.4: 7447 pin assignment
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Pin name Description
A B C,D BCD inputs; D is the most significant input
(DCBA)

a, b,c,d, e f,g | Decoder output (Active Low)
RBI BI/RBO Ripple Blanking Input (Active Low)

Blanking Input (Active Low)/or Ripple Blanking
LT Output (Active Low)

Lamp Test input (Active Low)

Table 6.1: 7447 pin description

LT is a lamp-test feature, active low. This line should be high for normal
operationand,whenpulledlow,all7-segmentswillbeturnedonsoyoucanseeallthe ‘lamps'are
good.

RBlistherippleblankinginput, alsoactivelow. It allowsyoutohidea‘0’. Whenthislineis
high,andthere'sa0attheinputs,a ‘0" willbedisplayed onthe display. When the line is low with a
0 at the inputs, nothing will be displayed.

BI/RBOcanbeusedasinputoroutput.Bl,or  blanking input, activelow,is usedtoturn
offallthesegments. RBO, or ripple blanking  output, active low, is
usedwithRBIl.WhenRBIlactivatedand theinputofDCBAIis0000,RBOwiill be
activetoindicatethatthe segments areblanked. Thisallowsyoutodrive the RBI input of another
7-segment display.

For normal operation without blanking, the three inputs: LT, RBI, and BI/RBO should be

connected to +5V.

6.2.3Counter

In this lab the 1C type 7490 counter will be used.The 7490 pin assignment is shown in Figure

6.5 and its logic diagram is shown in Figure 6.6.
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Qp GND Qg Qg
14 I‘I.‘! 12 11 IIO 9 8
Qs Op Gg
—CP> A ac
~Or> B Rg(2) p—
Ro(1) Ro(2) Rog1)
1 2 3 4 5 [ T
INPUT Rgri) Rogz) NC
B

Vee Rgpy) Regz)

Figure 6.5: 7490 counter pin assignment

ASE T
J [»] _.ﬁ |‘_‘|A
n4)]
INFUT & b CLOGK
K
| J a L3 o
eyt m A 0 CLOGH
"
L
i
3 a (LK) &g
1 CLCK
K
£l
111
J @ " g
TR CLOCEK
K [+]
[r]]
=21 !
Ay =

The J amd ¥ Inpuls shown whEnout conmscdon ars for refsmence anky and
are furctionaly at a EiGH level.

Figure 6.6: 7490 counter logic diagram
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Reset Inpuis Cutputs
RO[(1) RO} RN1) RY2) | Q@ G, Qp G
H H L x L L L L
H H X L L L L L
x X H H L L H
x L X L COUNT
L X L x COUNT
L X X L COUNT
x L L x COUNT
H = HIE Lays
L o= LOHA LEype
X = Don't Care

Table 6.2: Reset/count function table

6.3 Pre Lab:

1-

What is the appropriate display type (common anode/common cathode) that must
be used with 7447 display decoder?Why?

We would like to limit the current in the LED segments to 10mA. Assuming
that the turn-on voltage for the LED’s is 1.7v, what is the proper value of the
resistors to be connected between the 7447 decoder and the 7-segment display?
Assume that the resistors provided in the lab are 220Q. What would the
current flowing into the LED’s be?

Design a decade counter circuit using the 7490 counter, the 7447 decoder, and

a 7-segment display. Show the pin numbers on the IC’s in your design
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6.4 Procedure

6.4.1 Seven- Segment display

a.Testinglampsinthedisplay

1
2
3.
4. Connect pin 3 (LT) of the 7447 decoderto the ground. All 7 segments must be

. Place the display and the 7447 chips on the breadboard.

Implement the circuit shown in Figure 6.7.
Connect pin 4 and pin 5 of the 7447 decoder to the +5V

turned on. This to verify that all segments in the display are working correctly.

b.Blankingall segments

1.

2.

Connect pin 4 (BI) of the decoder to the ground. All 7 segments must be turned
off.

Keep this circuit connected. You may use it as part of the next step.

+5V +5V
Decimal output |
v a p—AAN—
R ) NN/
Decoder c
— 8 ¢ P— VWA J
d Common
d —vW— 4 anode
f
—— D 7447 f = \WA—
A
BCD ono 9 v

input

Figure 6.7: display-decoder connection

6.4.2.Implementingonedecadecounter

In this part, you will build a counter that counts fromO to 9

1.

Connect the circuit that you designed in part 4 of the pre-lab. Show the design and
the connected circuit to the instructor before turning on the power.
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2. Apply clock pulses to pin 14 of the 7490 counter using Pulser switch SWA.
3. Observe the counting sequence on the display D1 and complete Table 6.3
4. Now, apply clock pulses to pin 14 from“pulse generator” of the KLL-22001 Basic

circuit lab. Observe the count sequence.

e gy |

"FEPEFEEEEPER

Table 6.

Taskl:

Design a two-decade counter that counts from00 to 99. Attach your design schematic with
the experiment report.

Task2:

Add additional input to your design that can be used to reset the counter. Attach your design
schematic with the experiment report.

Task3:

Modify the counter in Task1 to count to 59 (without Reset).Attachyourdesign schematic with
the experiment report.
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Digital Electronics and Computer Organization Lab

/. Experiment No. 7 - Constructing Memory Circuits Using Flip-Flops

7.1 OBJECTIVES

1. Understand the basic structure of Random Access Memory (RAM).

2. Understand and test the circuit of 64-bit Random Access Memory (RAM)

7.2Theory

1. CONSTRUCTING RANDOM ACCESS MEMORY (RAM) WITH D FLIP-FLOP

Two different types of basic structure for RAM given below:
1) In the RAM circuit of Figure 7.1 (a), the input and output are not separated. There

are two control terminals: one is the R/W terminal (R for READ or OUTPUT, W for

WRITE or INPUT) and the other one is the ENABLE terminal.

uz2

-

o 0
WR  cs
(a)

[e]]

o

WIR1

oz

1 bit
RAM1

| WIRT

i cst

1102

1 bit
RAM2

cs2i

WiR2

Figure 7.1

1 bit
RAM1

I WIR2

cs1

1 bit
RAM2

Cs2;

When CS=0, tri-state gates U1 and U2 do not operate, so data input is not possible, the flip-

flop output Q is not send to the 1/O terminal.

When CS=1, W/R controls the D flip-flop. When W/R' =1, U1 opens but U2 does not, I/O
will accept data input. If W/R'=0, the exact opposite will happen and I/O act as the data

output.



Figure 7.1 (b) shows another connection that will increase the RAM capacity. When CS1=1,
RAML1 1/01 and 1/02 are selected. Address line A is used to select between RAM1 and
RAM2. Since there is only one address line, we can only select from 2 RAMs. In Figure 7.1
(b), each CS can only selected a 2-bit RAM so the total capacity is 2x2 .

2) In Figure 7.2, a 2-address (2-bit) RAM circuit has independent input and output.
When Address=0, input D1 is enabled and the content of D1 will be made available
at the output.

When Address=1, input D2 is enabled and the content of D2 will be made available at the

output. The ENABLE terminal must be triggered in order for the output to correspond with
the constantly changing inputs.

D10
DT a1 —LD_

E—O Output

D2

Address Enabkle
Figure 7.2.

2. 64-BIT RANDOM ACCESS MEMORY (RAM) CIRCUIT

Like ROM, RAM is also a memory element. The data selection process is controlled by the
address selectors. The length of data is related to the number of data variations. For example, if
there are 4 data then 24 or 16 data variations exist.

The number of address lines determines the number of locations. If there are 4 address lines,
then 2°4or 16 locations exist. A 4-bit data can be stored in each location, since the total capacity
is 16x4 , where the 4 is the number of data while 16 is the number of address lines.

Fig. 7.3 shows the 7489 IC, which is a 16x4 memory with 64 memory capacities. Also, its
function table.

| o
D11 O— Vee S e
ST S
DI2 O < - < <
DI3 O— oo M WE
DI4 ©O— ;o
7489 z o1 0 0 Write
D2
A0 O— oos 0 | | Read
A1 Ot i s
22 O——o l 0 | Inhibit storage
A30—] WE l | | Do nothing

WE
Figure 7.3.

When ME' = 0 and WE' = 0, the memory is enabled and the input process starts. The input and output

terminals are separated. The output terminals are open-collector type so resistors “RXx4 ” must be added

to the supply voltage.

Since the output terminal of 7489 is open-collector type, the outputs can be connected in parallel, as
shown in Fig. 7.4. The operating sequence will be controlled by ME' and WE'.
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Figure 7.4

When A4A5=00, A is selected, ME' and WE' of B, C and D all equal to “1”. Similarly, when
A4A5=01, B is selected, ME' and WE' of C and D all equal to “1”. E is 2-4 decoders with “0” as
its output. The unselected outputs are in high or “1” state.

Since the outputs will have high impedance when ME' and WE' are both “1”, each R/W' control of
7489 are connected to an OR gate to ensure that when ME' = “1”, WE' will be equal to “1” too.

When ME' = “0”, WE' is controlled by external R/W' control so that the “READ” operation is
performed if R/W'=“1". The “WRITE” operation is performed when R/W'= “0”.

The 7488 is a 256-bit open-collector ROM which has similar structure as the 7489. Their methods
of expansion are similar as well.

7.3Procedure

a. RAM block with D Flip-Flop of module 1T-3011 which is shown in Figure 7.5 will be used in
this part. 76
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Figure 7.5



b. Connect E1, S1, D2, D1 to Data Switch SWO0~SW3 respectively. Connect outputs F1, F2, F3 to
Logic Indicators L1~L3. Refer to the input sequence in Table 7.1 and record all outputs.

Input Output
El 51 D2 D1 E3 F2 F1
O O 8] 8]
O O 8] 1
O O 1 8]
O O 1 1
O 1 8] 8]
0O 1 8] 1
0 1 1 8]
O 1 1 1
1 O 8] 8]
1 O 8] 1
1 O 1 8]
1 O 1 1
1 1 8] 8]
1 1 8] 1
1 1 1 8]
1 1 1 1
Table 7.1

Task 1: Discuss and explain the results to your TA.

c. Then, set module 1T-3011 and locate block RAM Circuit. Insert connection clip according to
Figure7.5, connect +5V, +15V of module IT-3011 to the +5V, 15V output of fixed power supply
respectively.

E] CR1

DEO—EE" g A2 m1ozue |
4 4
o Qo g F2AAcRz oo |

i}
AT OL#D 3 7 Fi i’!’l:rﬁ a3

A3 14 AD F 8 Fa A FROR
[ [ie]e]

Al 15 ED 1 crq R4 X20R

ull 1]
“O—a
!2 !3
&1 a2
Figure 7.5

d. Connect inputs D4~D1 to DIP Switch 1.0~1.3; A3~A0 to DIP 2.0~2.3; S1 (ME ) to Pulser Switch
SWAA ; S2 to Data Switch SWO. Outputs are indicated by CR1~CRA4.

e. Set SWO (WE'") to “0” for the “WRITE” task. Start from address 0000, input data to AO~A3 by
setting the DIP switch. Activate SWA once to write the data into its assigned address. Repeat this
process for all the addresses, ending with 1111. Record what was written into each address in
Table 7.2 under the “WRITE” column.

f. Now set SWO (WE'") to “1” for the “READ” task and connect S1 (ME") to Pulser Switch SWA
A. Observe states of CR1~CR4 and record under the “READ” column in Table 7.2.



g. Disconnect SWA and “A” clip, then turn off the main power switch of IT- 3000 for about 10
seconds and turn it on again. Change address and pressSWA then attempt to read the data. Are
they still stored in the RAM?

h. Disconnect “B” clip, VCC disappears. Repeat Step 5 to see if the data are still stored in the
RAM.

Address Write Read
A3 | A2 AL |AD |yE |wE | D4 | D3| D2 | D1 |3 |wE | F4 | F3 | F2 | FI
ofojojo]T]]o P
ofofjolt]T]]o B
ofoftlo[T [0 Bl
oJofltT{t] ][0 Bl
o1 fojo|T]]o R
oltfo]r|T]]o N
ofrltrlof[ [0 TT
ol ][0 JT
LlofjoJo[T]]o B
LloJolt]T]]o ]
Llo]tlo]T]]o B
tfoftr{t] 1[0 TT
LfTrJofo] ][0 JT
Ll1rfol1r|T]]o R
Ll tr]ofT]]o B
IEEENE TT

Table 7.2
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8.  Experiment No. 8 - Introduction to QUARTUSII Software

8.1 Objective:
Quartus Il software is dedicated to program PLDs or FPGAs, in this experiment; we will study the
schematic capture and HDL on Quartus Il and then download simple examples on the FPGA using
theKit DEL.

8.2 Pre-lab

For students who are not familiar with Quartus I1, see Appendix A.Also, you have to watch the videos under the
following link to be familiar with Verilog and Quartus:

https://www.youtube.com/playlist?list=PLnyw11VZpaTukmt80aNs7gT74U3vboDYr

Then, you have to do the following:

e Using Quartus I, create a Verilog file for the 4-bit full-adder and simulate it.
e Using Quartus Il, create a Verilog file for a 4-bit comparator and simulate it.
e Using Quartus I, create a Verilog file for a 2 by 1 mux and simulate it.

8.3 Procedure: 79

For each Verilog file, press the right click on its name and choose Set as Top-Level Entity, then from
File > Create/ Update > Create symbol Files for Current Files. This step is necessary to create a high
level blocks for your designs.

Now, if you try to create new Block Diagram/ Schematic File, Project libraries will be appeared that
contain your designs as shown in Figure 8.1.


https://www.youtube.com/playlist?list=PLnyw1IVZpaTukmt80aNs7gT74U3vboDYr%20

Symbaol

Libraries:
= = Project

£ comp_d4bit

+EF full_adder_4bit
LEY mus2bypl
23 e Aaltera/90/ quartusAibranies!

I arne:

| -

I Repeat-insert mode

I Insert sprbol as block
-

Megatwizard Plug-ln Manager. . |

o |

Cancel |

Figure 8.1.

Complete the connection to achieve the design which appears in Figure 7.2, you have to be careful and use

suitable wires, and name the input and output to reflect its size, e.g. bus of 4 bits A[3..0], while a one bit

signal is named as A.

- {€En

AR

- B

e
o it

cin

outlreg_size..0]

in_a[reg_size-1..0]

tin_blreg_size-1..0]

s i

D—%EUJ——

- . Tfull_adder_dbi

AL.0)
_____ Bl2.0]

© T Select

out[4..0]

—ZUIELLT_:} Outf4..0]

- { comp_dbi

AR out2.0]

Routing the Project on the FPGA:

B[2.0]

inst

- Gglect

Figure 8.2
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After verifying that the design works as expected we can install the code on the hardware (FPGA).

To check that the correct device is selected, this can be done using Assignments > Device
We need 4 switches for A, 4 for B, a switgrpfor the select, and one for Cin. 5 LEDs to see the

output are needed. We have to use the user manual of DEL to figure out the location of the

switches and the LEDs. The Tables below show the location of the switches.

SWO]

PIN_L22

Toggle Switch{0]

SWI1]

PIN_L21

Toggle Switch{1]

SWEZ]

PIN_MzZ2

Toggle Switch{2]

SWEE]

PIN_V12

Toggle Switch3]

SWH]

PIN_W12

Toggle Switchj4]

SWS]

PIN_U12

Toggle Switchis]

SWiE]

PIN_11

Toogle Switch{s]

SWT]

PIN_M2

Toggle Switch{7]




SWIE] PIN_M1

Toggle Switch{d]

SWE] PIN_L2

Toggle Switch{d]

Table 8.1: Pin Assignment for Switches.

LEDR[D] PIN_R20 LED Red[0]
LEDR[1] PIN_R1D LED Red[1]
LEDR[Z] PIN_U1D LED Red[2]
LEDR[3] PIN_Y18 LED Red[3]
LEDR[4] PIN_T18 LED Red[4]
LEDR[S] PIN_V10 LED Red[5]
LEDR[E] PIN_Y18 LED Red[f]
LEDR[T] PIN_U18 LED Red[7]
LEDR[B] PIN_R18 LED Red[B]
LEDR[E] PIN_R1T LED Red[g]
LEDG] PIN_U22 LED Green[l]
LEDG1] PIN_U21 LED Green[1]
LEDG]Z] PIN_V22 LED Green[2]
LEDG[3] PIN_W21 LED Green[3]
LEDG] PIN_W22 LED Green4]
LEDGE] PIN_W21 LED Greenl5]
LEDGB] PIN_Y22 LED Green[]
LEDGT] PIN_Y21 LED Green[7]

Table 8.2: Pin Assignment for LEDs.

Assign PINs for the Inputs and Outputs. You can assign them by selecting all the schematic file
then right click Locate > Locate in assignment editor, the following Figure appears:

% example’. bdf | @ Assignment Editor

ﬂ Category: ||AH

j @ Al @ ﬁrrungl » LoglcOpuonsl

[ shaw assignments for specific nodes:

£ comp_sbitinst B Chedk All |
@ ful_adder_sitinst2 A

== Uncheck All
€ mux2byLinst3 4'
A Delete Al |

| wmandspon o

expanded,

-2 Double-click to add or edit names, or drag and drop from the Node Finder.

| wonewions o

Allows you to view and edit assignments for specific nodes and entites, Specify one or more node or entity names, using one name per row, to allow the spreadsheet to filter the assignments, displaying only the assignments .
for the nodes and entities spedfied in the list. Only node and entity names that are turned on (checked) are displayed in the spreadsheet. If you use wildcards in the node or entity names, the wildcards are automatically
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Yes
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o
=

5[5

Yes

& cn

Yes

Figure 8.3.

Select Pin in the category and select a switch for input.




=4

Category: || Pin

~] @ ai| & Timing | » Logic optins |

1

1= | ¥ Show assignments for spedfic nodes:

z 4 comp_dbitrinst - Check Al |
I3 € full_adder_dbitiinst2 =
= € mux2by Linst3 ‘:| MI
B A Delete Al |
s Al
o A2
= All] o
TXJI Edit: |V
T To Location 1o Bank 1/O Standard General Function Special Function Reserved Enabled o
1 - A[0] PIN_L22 5 3.3V LVTTL Dedicated Clock CLK4, LVDSCLK2p, In... Yes
2 | AL PIN_L21 5 3.3V LVTTL Dedicated Clock CLKS, LVDSCLK2n, In... Yes
] = ALZ] PIN_M22 8 3.3V LVTTL Dedicated Clock CLKS, LVDSCLK3p, In... Yes
4 5 A[3] PIN_V12 7 3.3V LVTTL Dedicated Clock CLK12, LVDSCLKGN, L., Yes
5 15> 5[0] PIN_W12 7 3.3V LVTTL Dedicated Clock CLK13, LVDSCLKGD, 1... Yes E
3 55[1] PIN_U12 8 3.3V LVTTL Dedicated Clock CLK14, LVDSCLKZN, ... Yes
7 55[2] PIN_U11 8 3.3V LVTTL Dedicated Clock CLK15, LVDSCLKZD, 1... Yes
8 5[3] FIN_M2 1 3.3V LVTTL Dedicated Clock CLK3, LVDSCLKIn, In... Yes
9 € cin PIN_M1 1 3.3-VLVITL Dedicated Clock CLK2, LVDSCLKIp, In... Yes |
10 € select PIN_L2 2 3.3-VLVITL Dedicated Clock CLK1, LVDSCLKON, In... Yes
1 € out[0] PIN_R20 5 3.3-VLVITL Row 1/O VREFBSNO Yes
12 € Out[1] PIN_R 19 & 3.3V LVTTL Row /O LVDS84p Yes
13 € out[7] PIN_U15 8 3.3VLVITL Row 1/O LVDS89n Yes
14 € out[3] PIN_Y19 & 3.3V LVITL Row [/O LVDS30n Yes il
15 € T DM T1a 3 2 2w nam D TINY Dila Mime vae
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Figure 8.4
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inst3

FIN_R20
FIN_R19
FiN_U19
FIN_v 18
FIN_T18

Figure 8.5.
Re-compile the Project so that the new changes in the PINs take place. If the project name differs from you
block diagram file, then you have to set the file as top level entity as mentioned before. Download the
Program on the FPGA Tools >Programmer

Juartus Il - C:fworkspacefexample1 - example1 - [example1.cdf]

File Edit Processing Tools ‘Window

c:a Hardware Setup...| | USE-Blaster [USE-0] Mode: |JTAG ﬂ Progress: 0%

™ Enable reaktime ISP ta allow backaround programming [for MA || devices)

P St | File |Device ‘Checksum Usercode E[oon%i[gaﬂ:; Werify g:fgbk Examine Seg'}:"t}' ‘ Eraze CILSA'I:\:IF' ‘
examplel.sof EP2C20F484 001BOS1B FFFFFFFF O O

j&ﬂ Auto Detect
Make:sure thpt the currently selected hardware is USB-Blaster, and then click Start. (Show the results to the instructor)

& Add File..

(2 Add Device...

For Help, press F1




Appendix

1. Appendix A-New Project

e Runthe QUARTUSII software: double click on the QUARTUS Il item in the
desktop.

e Start new project :File > New Project Wizard, press next for the first window.

e Follow the windows as shown below:

New Project Wizard: Add Files [page 2 of 5] §|

Select the design files pou want ta include in the project. Click Add All to add all design files in the:
project directory to the project. Note: you can always add design files to the project later.

C. nple
“what is the name of this project? File name: |
|examp|e1 File name: | Tvpe ‘ Library |DEslgn entyisy... |HDL version Add ]l

What iz the name of the top-level design entity far this project? This name is case sensitive and must
exactly match the entity name in the design file.

|exampla1
Use Existing Project Settings ...

il

< >

Specify the path names of any non-default libraries, User Libraries...

Cancel

<Back | MNews | Fnsh [ Cancel | <Back Next > Finish

Figure 1: a) Project Folder, Project Name, Top-Level-Entity b) Add existing files.

e Change theworking directoryto indicate yourfolder that will contain your project.

e Then name this project and the top level design entity, you must notice that the name of the
project and the high level design entity must have the same name as the module in your
program (in the case of HDL programming), then press next.

e |f you have already files to add, you can add using window in Figure 1-b, otherwise (if you
want to build the design now) press next.

e The next window (Figure 2) give us a chance to use a specific device (which we will use later),
choose theFamily cyclone Il and the device EP2C20F484C7.

e Since our project is simple, and no need to add any other Tools, we just press next.

New Project Wizard: Family & Device Settings [page 3 of 5] 7 New Project Wizard: EDA Tool Settings [page 4 of 5] El
Select the family and device pou want to target for compilation Specify the other EDA tools - in addition to the Quartus || software - used with the project
Device family Shaow in ‘Available device' list
Farmily: ‘Eyclone I ﬂ Package: By - Design Entry/S prthesis
[ || Fingount  Jany - Toalname: T -

Target device Speed grade: | Any hd | J

(" Auto device selected by the Fitter ¥ Show advanced devices r

{+ Specific device selected in ‘Available devices' list r

Sirnulatior
Ausilable devices: Toal name: |<Mane> -]

M ame ‘ Core v... | LEs | Usger |4.. ‘ temor.. | Embed... | PLL ~ | J
EF2C204F 45413 1.2 18752 315 239616 52 4
EF2C20F25ECE 1.2 18752 152 239616 52 4 r~
EF2C20F25ECT 1.2 18752 152 239616 52 4
EP2C20F256CE 1.2 18752 152 239616 52 4 - .
EP2C20F 25618 14 18782 152 23616 52 4 Timing Analysis
EF2C20F 48406 1.2 18752 315 239616 B2 4 Tool name: |<N0ne> ﬂ
EF2C20F 48407 1.2 5752 315 52 4
EP2C20F424C8 1.2 18752 315 239616 52 4 w | J
Coaranc oo 1 1ovEn oim aooctie B0 1
< > r

¥

< Back Mest > | Finish | Cancel | < Back Hext > Finish Cancel

Figure 2



= After that the following window appears, finally press finish.

New Project Wizard: Summary [page 5 of 5]

‘When you click Finish, the project will be created with the fallowing settings:

Project dirsclory

C:/workspaces

Praject name: exarnplel
Top-level design ertity: examplel
Hurmber of files added: 1}

Humber of user libraries added: 0

Device assignments:

Family narme: Cuclone 11

Device: EP2C20F484C7
ED& taols:

Design entry/synthesis: <Nonex

Simulatior: <Mone>

Timing analysis: <Mone:

Operating conditions:
Core voltage:; 1.2

Junction temperature range: 0485 'C

] el

<Back |

Figure 3.
2. Appendix B- New File

e Tostart new File, press File > New, the window in Figure 4 will appear.

i SOPC Builder System »
=D ezigh Files

- AHOL File

- Block DiagramsSchematic File

| - EDIF File

- State M achine File

- Systeriernlog HOL File

- Tzl Seript File

- Werilog HOL File

- WHOL File

=l Memory Files

- Hemadecimal [Intel-Format] File
- b emomny [nitialization File

[=I- Werification/Debugging Files

- |n-Spztem Sources and Probes File
- Logic Analyzer Interface File

- SignalT ap Il Logic Analwzer File
- Yector W aveform File

[=]- Other Files

-~ AHDOL Include File

- Block Symbol File

- Chain Dezcription File

- Synopseyz Desigh Constraints File
- T et File

m

1

k. Cancel

Figure 4.

Three common files will be used:
1. Block Diagram/ Schematic File.



T2 Block1 bdf

To enter components of our design double click anywhere on the schematic window, or select the

Figure 5.

symbol tool (The little and gate) as shown in Figure 5.

This opens the symbol window inwhich available libraries, including the standard QUARTUSII
library, open this library byclicking on the little plus sign next to it, then select primitives, and

then select logic,then select the gate you want in your implementation

You have to define the inputs and outputs of your implementation, and you do so by opening the

symbol window> primitive> pin, the following figure shows all the design components that must

now be connected:

Symbol

Libraries:

E I efaltera0 quartuslibraries »
1 megafunctions
e others
& primitives

FET buffer

Hame
|and2

v Bepeatinsert mode
-
-

Megawizard Plug-In Manager... | e

X

o |

N

Figure 6.
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kA
o O
S |
=
=i @,
= &

oo
ST

o i pin_names

L fpin_names

pin_namet

Figure 7.

QUTPUT M pin_name?




e To connect the components of the previous figure,select the 90° thin line with the dots on its ends on the tool bar,
thismakes your cursor awiring tool that can be used toconnect youcircuit. When done, disable the wiring tool
byclicking the arrow on the tool bar.

e Rename input and output ports to the variable names of our design ,to name a pin, either double click it to open its
pinproperties window, or right —click it , andselect properties fromthe pull-down menu that shows up.

e  Saveyour design , and make sure it is named the same as your project, the following figure shows the completed
block diagram of our design.

Figure 8.
2. Verilog HDL File.
@ Werilogl v IEI@
== 1
A e
% 7
m =
Figure 9.

This file is used to enter your Verilog code, you have to save the file as the name of the module.
Compilation

Using the right click over the name of the file, choose Set as Top-Level Entity.

After that we compile our design by either clickigg on processing> start compilation or click on .
, If there are errors fix them before proceeding.

3. Vector waveform File.

This File is used to check the functionality of the design works as expected or not. Figure 10 shows
a Vector waveform File.



'@ Waveform1.vuf |

B Master Time Bar 193ms J_'l Fointer ‘ 1.5ins Interval A7 8 ns Star End

Value sl ps Tﬂpns QD.Pns JDpns -14].!3 ns
193ns 19.3ns
o

Name

Figure 10.
Then right-click on the left most side of the window (under Name), then click insert node or bus, as shown

below

B LA R R R LSRR

I 28] exampll /examplel. bdf I & Compilation Fiepart - Flow Summary ] ] Waveforml_wwi
B
B @ Master Time Bar: 97 ns 4| | Painter: 150 ps Interval: 858 ns Start: End:

0 ps 10.0ns 20.0ns
b EAL ] e | Vg2 70 '
— & =
= @
x
I Paste 3

AN
Insert Waveform Divider
Zoom

—

Figure 11.

Click on Node Finder and then on List (using the Filter pins: all)

A Value at ps o e e
> ‘ ks Hame
— 9.7 ns 37 ns
% & 4
8
- X

Marme: | ar
Type: IINPUT >l Caneel
Yalue type: | Flevel j Node Finder...
R adix: v

Node Finder

Hamed: |" j Filtes: |F‘ins: all j Cuztomize. . | List | Q |
Loak it (EEEM=EN j J W Include subentities | Cancel |
Hodez Found: Selected Modes:
| Name | Assignments | T Name |Assignments | T
4, Unassigned It
—] |=EB Unassigned It
1 = Unassigned It
=3 D Urnassigned It —
ind [TFF Urnassigned T

o

er *

Figure 12.




« Select all inputs and the output by clicking on (>>) (you can select one by one).

< You can select the intervals when you want the inputs to be one or zero, either by shadowing
the interval ,then press the one level in the tool bar, or by write clicking the name , then select
value > count value, the change the start value, the end value , and the radix as shown in the

following figure:

Count Value . &I

Counting l‘nming ]

Radi N - |

Start walue: |U

End walue: 1

Increment bu: |1

Count type
& Binary
7 Gray code

Figure 13.
e Now save the file with the same name as your project and in the same folder.

e Then, from Processing > Simulator Tool, the window in Figure 14 will appear:

=24 Simulator Tool E@
Simulation mode: |Timing j |
Simulation input: | Add Multiple Files... |

Simulation period

* Run simulation until all vector stimuli are used

= End simulation at: {100 |n3 J

Simulation options
v Avtomatically add pins to simulation output waveforms

[ Check autputs |
[ Setup and hold time wiolation detection
[~ Glitch detection:  |1.0 [ s ~]|
[ Owenarite zimulation input file with simulation results
[ Generate Signal Sctivity File: |
[T Generate VCD File: |
o0:00:00
E‘_L Start Stop @- Open Fepart
Figure 14.
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The generated waveform is inserted as simulation input, then press on Generate Functional

simulation Netlist. Then Start after the simulation finish press on Report to see the output.

89



(o5 s |

«L ML.
BIRZEIT UNIVERSITY

Faculty of Engineering and Technology

Department of Electrical and Computer Engineering

ENCS 211

Digital Electronics and Computer Organization Lab

9. Experiment No. 9 - A Simple Security System Using FPGA

9.1 Objectives:
4. To practice building different digital components using Quartus either by

building a Verilog codes & Block diagrams.

5. Learning how to put some of the digital components you’ve studied and
build in pervious lab sessions, together to build useful systems.

6. To become more familiar with FPGA programming.

9.2 Apparatus:
. A Desk\Lab top with Quartus Il (7.2 +) and USB driver installed.
. Altera DE1 system with its datasheets. (For FPGA pins map).

9.3Pre Lab: (Bring a soft copy of your pre lab with you to the lab)
Prepare each part of the procedure section where it says (Pre Lab). NOTE: It’s
important that you come prepared, as this will reflect your work time during the lab
plus it will be a critical variable in the evaluation of your lab report.

9.4 Theory:

In this experiment we are going to build a simple security system using Altera Quartus software,
then we will program and download our system to DE1 Board (FPGA board).

Our security system is simply a 2 digit digitgplock, User enter a number of 2 digits (digit range: 0
to 3, so every digit will has a lower limit of 0 and an upper limit of 3) using a keypad ( using the



switch keys build in our FPGAS) . Each digit is represented by a 7-segment display and if the total
number entered on the displays equals to XX a green led is on; allowing us to pass. Else a red led

is always on; blocking us from passing. The following computer based design will explain the
architecture of our system:

Camparatoe Camparah

Memary System Mamary Sysbem
CLE CLE
e Enf ) Enix
L ! ¥
GLE
% - _ - ;
. T-Segrmant Display .
Dirivar
Enable [5W4)

|

42 Priority Encoder

ot 1

5w
52
SW1
S0 —

Figure 9.1: The architecture of the Security System.
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As we can see in the above figure (FIG 9.1) the system consist of the following components:
1) 4x2 Priority Encoder:

The user will use this priority encoder to choose what value to view on a 7-segment display
(values range from 0 to 3 in decimal) , for example if the user switches SW1 to high and keeps
SW2 and SW3 low then the output of the encoder will be b’001.

2) Enable Port:
The purpose of this port is to let the user select which memory system is active thus which 7-
segment display to use, for example if SW4 is high then the En pin of the 1 memory system is
enabled and ready to read user input on the 4x2 priority encoder.

Note: The enable pin of the decoder must be active low while switching between selection lines
of the decoder.

3) 7-segment display driver:

This driver is used to convert the output of the priority encoder to the proper input for the 7-
segment displays, the output of the driver is first stored in a memory unit before transferring to a
7- segment (depends on which memory system is enabled using the 2x4 decoder).

4) Memory System:

The purpose of such system is to ensure that the value selected by user to display on a certain 7-
segment is kept there when the user switch to select another 7-segment. Each memory system is
consisting of seven D- flip flops and 2x1 MUXs as seen in the following figure (FIG 9.2):

Data out to & T-sepment
b
! & & & g
OFF OFF OFF OFF OFF DFF DFF
= o ] 1 = =
D )F . E § E': D o - [ _ [+
. | | | ]
Il MUX | 21 MUX 1 2x1 MUX 2 ML 1 21 MUK | 2x1 MUK
I I MU
| | |A5| el |Ag ol Ij-. e |Ag o |'.EI sy‘ |F-.EI e
r =T T—T1 T “?—YJ —T1 1 o
| | ] I | |
Enabi= l
* ® g g ]
Data Diata 1 Data 2 Oata 3 Data 4 Data § Data &

FIG 2: Memory Systam

Figure 9.2

When the Enable pin =0, the output of each DFF becomes its input at every clock cycle, when
the Enable pin becomes 1 the data coming from the 7-segment driver is then stored in the each
DFF. The output of each DFF is sent as a data bus to a 7-segment display. Note: For each 7-
segment display we need a memory system block.
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5) Comparator:

The input of each 7-segment display is connected also to a comparator , every comparator has
a build in value (reference) which is compared with the value of the 7-segment display , if both
are equal then the output of the comparator is 1 else the output will be 0 ; for example if one
of the comparators has a reference value = 5 then its output will be 1 if and only if the input is
equal to=7'00100100 (which is the value of 5 in 7-segment display). The purpose of the
comparator is to lock/unlock our security system.

6) 2-input AND gate:

This AND gate will make sure that the two 7-segment displays have the correct combination ;
if each comparator output = 1, then the AND gate output will be 1, thus a green light is on,
else a red light will be always on.

9.5 Procedure:
After we understood the architecture of our security system it’s time to start programming and

designing it (get our feet wet © ).
NOTE: Create a Symbol for each component you build.

1. 4x2 priority encoder.

Write down the following code, compile and simulate it (Pre Lab).

module MyEncoder(i0,i1,i2,i3,en out);
input 10,11,12,13;
output [1:7] en out:
reg [1:0] en out:
always @ (10 or il or 12 or i3)
f (13== )
&n out <=
else if (i2== )
&n out <=
else if (i1l== )
en out <=
else

endmodule
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2. T7-segement driver:

Write down the following code (Complete to include the cases of 4,5, and 6), compile
and simulate it (Pre Lab).
module MyDriver(in v,out_vw):
3 input{-:0]in w;
4 wire[l:0]in v
S output[&:0]out_w:
reg[€:0] out
alwayse (in_v)
Fbegin
écase (in_wv)

5

|

|
Y O0~E0E0
3 R ) ‘
o s B | 'u

5

}
I
b
C

14 i endcase
- —“end
endmodule

3. Memory System:

1-Write the code of a D- Flip Flop, compile and simulate it (Pre Lab)..
2-Write the code of a 2x1 MUX, compile and simulate it (Pre Lab).

Note: It’s important that your MUX behaves as explained in the memory system
section (check back the theory).
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4. Then, use a block diagram to build the following design:
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5. Comparator:

Write down the following code, compile and simulate it (Pre Lab).

moduale MC

inpuat [<
wire [§:0]
oatput outct

M ol

]

reg out:

L U
()
[
[\
(1
[\

always
[—lkegin
if(Chata = 7'bOIZO00Z00)

i Lo

—_
-

A

[

!
|

L
<=_ K ;

0

|
L f
11
P o O
1]}

s '
(1

—end

[ L Y &

endmodule

Note: For simplifying reasons we will build one comparator based on a reference value X (in this
example X =5), you can build four different comparator with four different values to compare
with.

Putting everything together:
Build and design the security system using the components you build during the previous
sections. The final block design should look as the one in FIG 9.3 (check the next page please).

Assign pins values to the security system design you just build and then download the system to
the FPGA board.
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BIRZEIT UNIVERSITY
Faculty of Engineering &Technology

Department of Electrical and Computer Engineering

ENCS 211

Digital Electronics and Computer Organization Lab
10. Experiment. No. 10- Simple Computer Simulation

Objective:

In this experiment we are going to design the Verilog HDL control sequence for a simple
computer (SIMCOMP). The SIMCOMP is a verysmall computer togive you practice in
the ideas of designing a simple CPU with the Verilog HDL notation.

Backaround
e Basic Computer Model - Von Neumann Model

VVon Neumann computer systems contain three main building blocks: the central
processing unit (CPU), memory, and input/output devices (1/0). These three components
are connected together using the system bus. The most prominent items within the CPU
are the registers: they can be manipulated directly by a computer program, See Figure 10.1:

e Function of the Von Neumann Component:

Memory: Storage of information (data/program)
Processing Unit: Computation/Processing of Information
Input: Means of getting information into the computer. e.g. keyboard, mouse

Output: Means of getting information out of the computer. e.g. printer, monitor

o ~ W e

correct time.
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Control Unit: Makes sure that all the other parts perform their tasks correctly and at the
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CONTROL UNIT

PC

General Registers:

The number of registers in a processor unit may vary from one processor to another. Below are the
general registers used by most processor:

1.

2.

3.
4.
5

One of the CPU registers is called as an accumulator AC or 'A’ register. It is the main
operand register of the ALU.it is used to store the result generated by ALU.

The data register (MDR) acts as a buffer between the CPU and main memory. It is used as
an input operand register with the accumulator.

The instruction register (IR) holds the opcode of the current instruction.

The address register (MAR) holds the address of the memory in which the operand resides.
The program counter (PC) holds the address of the next instruction to be fetched for
execution.

Additional addressable registers can be provided for storing operands and address. This can be
viewed as replacing the single accumulator by a set of registers. If the registers are used for many
purpose, the resulting computer is said to have general register organization. In the case of
processor registers, a registers is selected by the multiplexers that form the buses.
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Communication Between Memory and Processing Unit

Communication between memory and processing unit consists of two
registers:

Memory Address Register (MAR).
Memory Data Register (MDR).

To read,

1. The address of the location is put in MAR.
2. The memory is enabled for a read.
3. The value is put in MDR by the memory.

To write,

The address of the location is put in MAR.

The data is put in MDR.

The Write Enable signal is asserted.

The value in MDR is written to the location specified.

oD

e Generic CPU Instruction Cycle

The generic instruction cycle for an unspecified CPU consists of the following stages:

1.

2.

3.

Fetch instruction: Read instruction code from address in PC and place in IR. ( IR «
Memory[PC] )

Decode instruction: Hardware determines what the opcode/function is, and determines
which registers or memory addresses contain the operands.

Fetch operands from memory if necessary: If any operands are memory addresses,
initiate memory read cycles to read them into CPU registers. If an operand is in memory,
not a register, then the memory address of the operand is known as the effective address,
or EA for short. The fetching of an operand can therefore be denoted as Register «
Memory[EA]. On today's computers, CPUs are much faster than memory, so operand
fetching usually takes multiple CPU clock cycles to complete.

Execute: Perform the function of the instruction. If arithmetic or logic instruction, utilize
the ALU circuits to carry out the operation on data in registers. This is the only stage of the
instruction cycle that is useful from the perspective of the end user. Everything else is
overhead required to make the execute stage happen. One of the major goals of CPU design
is to eliminate overhead, and spend a higher percentage of the time in the execute stage.
Details on how this is achieved is a topic for a hardware-focused course in computer
architecture.
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5. Store result in memory if necessary: If destination is a memory address, initiate a
memory write cycle to transfer the result from the CPU to memory. Depending on the
situation, the CPU may or may not have to wait until this operation completes. If the next
instruction does not need to access the memory chip where the result is stored, it can
proceed with the next instruction while the memory unit is carrying out the write operation.

Belowis an example of a full instruction cycle which uses memory addresses for all three operands.

mull X, y, product

=

Fetch the instruction code from Memory[PC]

2. Decode the instruction. This reveals that it's a multiply instruction, and that the operands
are memory locations x, y, and product.

3. Fetch x and y from memory.

4. Multiply x and v, storing the result in a CPU register.

5. Save the result from the CPU to memory location product.

e Addressing Modes

The term addressing modes refers to the way in which the operand of an instruction is specified.
Information contained in the instruction code is the value of the operand or the address of the
result/operand. Following are the main addressing modes that are used on various platforms and
architectures.

Qur Simple Computer

SIMCOMP has a two byte-addressable
memory with size of 128byte. The

memory is synchronous to the CPU, and

the CPU can read or write a word in

single clock period. The memory can [PC ][ IR ]

only be accessed through the memory [MAR] [MBR] [

address register(MAR) and the memory , _ Memory
buffer register(MBR). To read from [Execution unit]

memory, you Use:

MBR <= Memory[MAR];

And to write to memory, you use:
Memory[MA] <= MBR;

The CPU has three registers -- an accumulator (AC), a program counter (PC) and an
instruction register (IR). In addition, The SIMCOMP has only three instructions:
Load, Store, andAdd. The size of all instructions is 16 bits; all the instructions are
single address instructions and access a word in memory.

101



15 1211 0
Opcode Address

InstructionFormat
The opcodes are:

e 0011 LOAD M/ loads the contents of memory location M into the
accumulator.

e 1011 STORE M// stores the contents of the accumulator in memory location M.

e 0111 ADD M// adds the contents of memory location M to the contents of the
accumulator.

Procedure:
1- The Verilog program described by the following table is shown in next page, study, and
simulate the code.

10 Load 32 0011-0000-0010-0000b=16'n3020
11 Add 33 0111-0000-0010-0001b=16'h7021h
12 Store 20 1011-0000-0001-0100b=16'hB014h
32 Data 7 Memory[32]=16'd7

33 Data 5 Memory[32]=16'd5
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10
11
12
13
14
15
16
17
15
13
20
21
22
23
24
25
26
a7
28
29
30
31
32
33
34
35
36
37

Ewmodule JIIMCOMP (clock, PC,
input clock:
output PC, IE, MER, LC, MALER:
reg [15:0] IR, MER, AC:
reg [11:0] PC,MAR:
reg [15:0] Memwory [0:63]:
reg [2:0] =state:

parameter load = 4'b0011, =store
Einitial hegin
/4 program
Memory [10] = 16'h3020;
Memory [11] = 16'h7021:
Memory [12] = 16'hBED14:

A/ data at byte addres
Memory [32] = 16'd7:
Memory [33] = 16'dhb:;

ddzet the program counter to the start of the

PC = 10; =state = 0;

end

Ealwayzs [ (posedge clock) begin
B case (state)
E0: begin

MAE <= PC:

state=1;

end

IE <= Memorv[MiR]:
PC <= PC + 1;
state=Z; //next state
end
: begin //Instruction decode

= 4'h1011,

3g
39
40
41
2
43
34
45
46
47

! begin // feteh the instruction frowag

49
a0
a1l
a2
a3
54
a5
a6
a7
a8
a9
60
6l
bz
b3
b4
103 &5

IR, MER, AC, MAR):

add=4'h0111;

programm

MAR <= IR[11:0]:
state= 3;

end

: hegin // Operand fetch

state =4;

case [(IR[15:12])
load @ MER <= MNemorvy[MAR]:
add WER <= Memory[MAiR]:
store: MER<=L4C;

endcazse

end

: hegin //execute

if (IR[15:12]==4'h")
LC<= AC4+MER;
state =0;

end

elze if [(IR[15:12] ==
LC <= MER:
state =0; // next

end

elze if (IR[15:12] == 4'hEB)
Memory[MAE] <= MEER;
state = 0;

end

end

begin

4'h3)

hegin

state

hegin

endoase
el



Task1:
Modify the code to include the jJump instruction.
1. Choose any opcode e.g. jump=4'n0001, you have to include the execution of jump which
changes the PC to the specified address in the instruction.

10 Load 32 0011-0000-0010-0000b=16'n3020
11 Add 33 0111-0000-0010-0001b=16'h7021h
12 Store 20 1011-0000-0001-0100b=16'hB014h
13 Jump 11 0001-0000-0000-1011b=16'n100B
32 Data 7 Memory[32]=16'd7

33 Data 5 Memory[32]=16'd5

2-SIMCOMP2: Add reqister file

Modify the instruction format so that SIMCOMP2 can handle four addressing modes and four
registers.To this end, SIMCOMP is an accumulator machine which you can thinkof as a
machine with one general-purpose register. Historically, many old computers were
accumulatormachines.

This new SIMCOMP?2 has four 16-bit general purpose registers, R[0], R[1], R[2] and R[3]
which replace the AC. In Verilog, you declare R as a bank of registers much like we do
Memory:

reg [15:0] R[0:3];
And, since registers are usually on the CPU chip, we have no modeling limitations as we do
with Memory - with Memory we have to use the MAR and MBR registers to access MEM.
Therefore, in a load you could use R as follows:
R[IR[9:8]] <= MBR;where the 2 bits in the IR specify which R register to set.

Task2:
Modify the four instructions of the old SIMCOMP?2 to the following new form:

LOAD R[i],M loads the contents of memory location M into R[i].
STORE R{i],M stores the contents of R[i] in memory location M.
ADD R[i],R[j],R[K] adds contents of R[j] and R[k] and places result inR{[i].

104



To test your SIMCOMP2 design, performthe following programwhere PC starts at 10, and
suppose IR[9:8]is used to specify the register number, with add instruction IR[11:10]
destination register, IR[9:8], IR[7:6] sourcel, source2 respectively.

Memory[3]=16'hA

DATA A

DATA 6 Memory[4]=16'h6
10 LOAD R1,3 0011-0001-0000-0011b=16'n3103
11 LOAD R2,4 0011-0010-0000-0100b=16'h3204
12 ADD R1,R1,R2 0111-0101-1000-0000b=16'h7580
13 STORE R1,5 1011-0001-0000-0101b=16'hB105

3-Add immediate addressing to the SIMCOMP2:

If bit (IR[11])is a one in a Load , the last eight bits are notanaddressbutanoperand.The
operand is in the range -128 to 127.

If immediate addressing is used in an LOAD, the operand is loaded into the register.
Loadl R1,8 R1<-8

Simulate the following test with handwritten comments explaining what you are doing.
PC=10

Memory [10] Loadl R1,3 // Load immediate

Memory [11] Loadl R2,-4 //Use 2's complement to represent (-4)

Memory [12] Add R1,R1,R1

Memory [13] Store R1,5

Memory[3]=16'hA

DATA A

DATA 6 Memory[4]=16'h6
10 LOADI R1,3 0011-1001-0000-0011b=16'n3903
11 LOADI R2,-4 0011-1010-1111-1100b=16'h3AFC
12 ADD R1,R1,R2 0111-0101-1000-0000b=16'n7580
13 STORE R15 1011-0001-0000-0101b=16'hB105

Hint : How to read the 2's complement (8 bit) in Verilog:
MBR <= -(~(IR[7:0])+1);
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Department of Electrical and Computer Engineering

ENCS 211

Digital Electronics and Computer Organization Lab

11. Experiment No. 11 - Arithmetic Elements

OBJECTIVES

1.To understand functions and applications of the ALU (arithmetic logic unit).
2.To perform arithmetic and logic operations using the74181ALU IC.

3.To understand the construction and applications of parity generators.

4.To generate parity bit using XOR gates and parity generator IC.

EQUIPMENT REQUIRED

1. IT-3000Basic Electricity Circuit Lab.
2. 1T-3003 Module.

11.1 ARITHMATIC LOGIC UNIT (ALU) CIRCUIT
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Theory
The logic diagram of the ALU is shown in Fig. 11.1:

Cin Cout
4 | S
f
al Arithmetic
5 ] ot | £
51 | logic unit 1 4
= MUX |t F
i o
f 4 1
Mode

Fig 11.1

It consists of two major parts: the arithmetic unit and the logic unit. The output, either
arithmetic or logic which is selected by the selection switches. Fig. 11.2 shows the pin

assignment:
} Output

— A5 F3
—ed A2 F2
A

e A F1
——— 80 FO

Inputs
—eed B3 ALU Cn+4 Carry Out
—ed 2

B

— 51
—ed B0

Carry In Cn

M S3 S2 S1 S0

Mode —_—
Select

Fig 11.2

The circuit has two 4-bit inputs A and B, as well as a “carry-in” (Cn) input. There is a mode
control input (M) and 4 function-select lines SO, S1, S2, S3 forming logic or arithmetic
operations.

Also, it has a 4-bit output (F3~F0); a “carry-out” or “Cn+4” output. The biggest advantage
of the design is its ability to perform arithmetic functions such as addition; subtraction;
multiplication; and logic functions such as AND, XOR functions.

The mode control input (M) and function-select lines (S0~S3) determines which function it
will perform.

Procedure
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1. Connect function-select lines S3~S0 to DIP2.7~2.4 respectively. Connect M toData
Switch SWO to select arithmetic and logic operation. When M= “0” inputB3~B0 is displayed
at output. When M= “1” arithmetic and logic function isperformed.

mseB) (LSB)
iw in in iw ?2
(MSB) 42T F3 F2 F1 FO Cn+4
O——as
C)i s2 20
U4 =
0—1_5 s1 =
O—4 so0
LsB) A3 A2 A1 A0 B3 B2 B1 BO M Cn
!24 !23 izz !21 !28 !27 !26 25!; J;
(MSB) (LSB)(MSB) (LSB)
Fig11.3

2. Connect inputs A3~A0 to DIP1.3~1.0 and B3~B0 to DIP2.3~2.0; Connect Cn toData
Switch SW1,; outputs F3~F0 to Logic Indicators L3~L0 and Cn+4 to L4.

3. Set M to “1” to perform the following arithmetic functions.
a. Set Cn to “0” and ignore the previous carry.
When S35251S0=0000 perform the addition.

What is the output when A3A2A1A0=0000 and B3B2B1B0=1111?
F3F2F1F0= - Cn+4=

What is the output when A3A2A1A0=1001 and B3B2B1B0=0100?
F3F2F1F0= - Cn+4=

b. Set Cn to “1” and add the previous carry.
When S352S1S0=0000 perform the addition.

What is the output when A3A2A1A0=0000 and B3B2B1B0=1111?
F3F2F1F0= - Cn+4=

What is the output when A3A2A1A0=1001 and B3B2B1B0=0100?
F3F2F1F0= - Cn+4=

c. Set Cn to “0”. When S3S2S1S0=0001 perform the subtraction.

What is the output when A3A2A1A0=0000 and B3B2B1B0=1111?
F3F2F1F0= ; Cn+4=

What is the output when A3A2A1A0=1001 and B3B2B1B0=0100?
F3F2F1F0= - Cn+4=
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4. Again set M to “1” to perform the following arithmetic and logic functionsaccording to
Table 11.1. Set inputs sequence A0O~A3=A, B0~B3=B from DIPswitches.

Input selection M=H Output

53 52 51 S0 Cn=L F3 F2 Fl FO
0 0 1 0 A

0 0 1 1 ~A

0 1 0 0 B

0 1 0 1 ~B

0 1 1 0 A&B

0 1 1 1 AxB

1 0 0 0 A"B

1 0 0 1 Ax(~B)

1 0 1 0 (~A)=B

1 0 1 1 (=A)x(~B)

Table 11.1

11.2BIT PARITY GENERATOR CIRCUIT
Theory

A bit parity generated by the bit parity generator, usually accompanies the datatransmission
process. The bit parity provides as a reference point and allows us tocompare and check
whether the transmission process and the data transmitted are corrector not.

There are two types of bit parity generators: The “Odd” bit parity generator will generatea
“1” if the data contains an even number of “1”’s. For example, the data “10111011” hassix
“1s”. When the bit parity is added to the end of this data, the number of “1s” in thedata will
become an “ODD” number, hence the name “Odd Parity Generator”.On the other hand, an
“Even” bit parity generator will add a “1” to data with odd numberof “1s” to make the total
number of “1s” even. If the data already has an even number of “1”’s no bit parity is generated.
Output Y of the” Even” bit parity generator shown in Fig. 11.4 will be 0 if the inputs
ABCDEFGH is equal to 10111011.

Bit parity output

N O

Input

T OTMTMOOO >

Fig 11.4 “Even” Bit Parity Generator Circuit

Procedure
(a) Bit Parity Generator Construct with XOR Gates (Module 1T-3003 block Half-Adder)
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Insert connection clip according to Fig. 11.5 to construct the even bit

1.
paritygenerator circuit of Fig. 11.6.
U4 FO
1 F1 F3
m 9 D &
A
U4

5

Fig 11.5

Fig 11.6 “Even” Bit Parity Generator Circuit
2. Connect inputs A, B, C, D, E to DIP Switches 1.0~1.4 and output F6 to

Logiclndicator L1. Follow the input sequences in Table 11.2 and record the

outputs.
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[nput Output
F6

ol Ll Ml ol =) e} e ] [ R ] R ]
o e =1 =1 e e el =1 E=1E=]

N =1 == =]

e === = e =l G = =0

Table 11.2

(b) Bit Parity Generator IC

ATO—
B1O—
C1O =
p1QO—1
112
F1O—L2

G1O—=
H1O—2+
1 O—2

3 EVENE—O vo

o O W »

m

Uil

Py

£ 00D ) v1

I o

Fig 11.7

1. U13 on block Bit Parity Generator of module IT-3003 is a bit parity generator
IC.Connect inputs Al, B1,C1, D1, E1, F1, G1, Hl1 and I1 to DIP Switches 1.0~1.7and
DIP 2.0 respectively. Connect outputs YO to LO; Y1 to L1. Follow the inputsequences
given in Table 11.3 and record the outputs.
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Y1

{odd)

YO0

(even)

Table 11.3
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