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Abstract

In this experiment, we will review our knowledge of digital systems and combinational logic circuits in
general, and understanding the construction of digital adders, subtractors and comparators especially. In this
experiment we will construct comparators with basic gates and ICs and its implementation and truth table. then,
we will implement half- and full adders using basic logic gates and ICs. After that, we will implement a 4-bit
adder and BCD adder using the implementation of the half- and full adders. Then, we should construct half- and
full subtractors. After we design these digital circuits practically, we can use their implementation to design more

complex circuits such as n-bit adder, subtractor or comparator. Finally, to understand the theory of complements.

At the end of this lab, my theoretical background will be proved practically so, I will be able to construct,
implement and design adders, subtractor and comparator digital circuits. In addition to construct more complex

circuits using the small one such as construct 4-bit adder using the implementation of a full adder.

UDENTS-HUB.com Opioaded By. mMonammed Saada



Table of Contents

ADSTFACE. ... e I
Table Of COMEENES...c.uiiuiiiiiieiiiiiiiiiiiiiiiiiiiiiiieiitiitiittiatiteietistcsesistesessscsssesscsasesssssssssenssssssnsns 11
TADIE Of FIGUI@S ...ttt b e e sre e e e e b e e n e I
ST OF TADIES.......ceiiii ettt ekt e b et e e b et e s b e e e R b e e e s a e e e aa e e e nab e e e nnne e e nnneeea v
) O N 1 1) o) 2SO PP PPPRPTRPRPRR 5
1- Half- and Full- AAAers..........oooiiiiiiii e 5
2- Half- and Full- SUDEractors...........cocoooiiiiiiiii s 6
R O01) 1111121 1 1] O PP P TP PPR TP 8
2. Procedure and DISCUSSION ...........occuiiiiiiiiiiii e e e e e e e 9
2.1 CompPAarator CIFCUILS ...........oooiiiiiiiiii ittt s et s et e b e e s b e e nnn e e s annes 9
2.1.1 Constructing Comparator with Basic Logic Gates .................ccococeiiiiiiiiniecee e 9
2.1.2 Constructing Comparator with TTL IC...............ccooiiiii e 11

2.2 Half- and Full- Adder CIrCUits ............cooiuiiiiiiiiiii et e s 13
2.2.1 Half — Adder CIrCUIL.............oiiiiiiiiii ettt e ss e et e e e sab e e e nnn e e e nnneas 13
2.2.2 FUll —m Adder CIrCUIt.........coouiiiiiiiiii ittt sttt e e st e e sab e e e ab e e e nnb e e e nnneas 15

2.3 Half — and Full Subtractor CirCuits..............ccoooiiiiiiiiiii e 17
2.4 4-bit Full — Adder with IC ... e 19
2.5 4 —Dbit Full — Subtractor with IC................cooiii 21
2.0 BOD AT ...ttt bbbt a et h et e Rt ekt e e R e £ e R e e oAb e b et Rt e e R e e b e e e ne e nar e 23
2.7 High-Speed Adder Carry Generator Circuit...............cccoooiiiiiiiiiiii 26

L O01) 1 T8 L1 T (1) | TP TP OT PP PPRPRTPPPRIN 28
POSELAD ... e 29
REFEI@IICES ...t h e bt e b e e e b et e e b et e e b et e ea b et e aa b et e e b e e e s b e e e b e e e nnreeea 32

11

UDENTS-HUB.com Opioaded By. mMonammed Saada



Table of Figures

Figure 1 : Half-Adder CIrCUIL. .........oieii ittt e e et e e e et e e e et e eaeaaeee oas 5
Figure 2 : FUll-AAQAEr CIrCUIT .....uiii ittt e e e e et et et et e e e et e et e e e e eteeaeenneeans 5
Figure 3 : Half=-Subtractor CIrCUIL. ... ...ootii ettt et et e e et et e e e e aeeeaeenass 6
Figure 4 : Full-Subtractor CITCUIL .........uiti ittt et et et et e e et e e e eneanees 7
Figure 5 : Comparator CITCUIL ..........iuuitientinttitt ettt et e et et et et et et e et et et e et e e aneeneenneaneanean 8
Figure 2. 1 IT-3002 Comparator 1 block (Source: Lab Manual)...............ooiiiiiiiiiiii e 9
Figure 2. 2 : 1-bit Comparator Circuit CONMECTION ........eviiiiiiieiieresiiesie ettt n e sneene s 10
Figure 2. 3 : 4-bit Comparator IC (Source: Lab Manual) ...........ccociiiiiiiiiiiiiieiicceee e 11
Figure 2. 4 : 4-bit Comparator Circuit CONNECTION .......cciuiiviiiiiriiii e 12
Figure 2. 5 : IT-3003 Half - Adder Block (Source : Lab Manual) ...........cccooiiiiiiiiiiieiceeeee e 13
Figure 2. 6 : Half - Adder Circuit CONNECION .......coviiiieiiaiiiiiesieeie ettt nb e nne e 14
Figure 2. 7 : IT-3003 Full - Adder block (Source : Lab Manual) ..........cccccoviiiiiiiiiiiieesee e 15
Figure 2. 8 : Full - Adder Circuit CONNECTION .......uiiviiieiiiiii it 16
Figure 2. 9 : Half - / Full — SUBLraCtor .........couiiiiiiiiiii e 17
Figure 2. 10 : Half - / Full — Adder Subtractor Circuit CONNECHION ........covverieeiieeiiiiiee e 18
Figure 2. 11 : 4 - bit Full - Adder BIOCK (IC) ....vviiiiiieieieee e 19
Figure 2. 12 : 4 - bit Adder Circuit CONNECLION .........iiiiiiiiiiiieiieie e 20
Figure 2. 13 : 4 - bit Full - Adder BIOCK (IC).....oiiuiiiiiiiiiie et 21
Figure 2. 14 : 4 - bit Subtractor Circuit CONNECHION .......eiieiiirieieeireeee e enee 22
Figure 2. 15 : BCD Adder Circuit (Source : Lab Manual)..........cccoooiiiiiiiiiieceeee e 23
Figure 2. 16 : BCD Adder Circuit CONNECTION ......ocviiiieiiiiiiiiieiiieie et 25
Figure 2. 17 : Carry Generator CIFCUIL.........couiiiiiiiiiiiie ittt r e sb e 26
Figure 2. 18 : Carry Generator Circuit CONNECTION .......oiviiviiiieiiiiiiiiesiie st 27
Figure 6 1 8-bit BCD Adder. .. ..t e et ettt 29
Figure 7 1 8-bit COMPATALOL. ... . .uintt et 30
Figure 8 : 2-bit COMPArator CITCULL. ......uuit ittt et e et 31

I

UDENTS-HUB.com Opioaded By. mMonammed Saada



List of Tables

Table 1 : Truth table of Half= AT .....ooieiiieie ettt e b 5
Table 2 : Truth table of FUll-Adder ..........oiiiiiee e 6
Table 3 : Truth table of Half=SubtraCtor...........cuoiiiiiiiiici e 6
Table 4 : Truth table of Full-SUDLractor ........coiiiiii it be e 7
Table 5 : Truth table Of COMPATALOT..........iiiiiiiii et ns 8
Table 2. 1 : Results Of 1-bit ComParator. . ... ...oouuiiti ettt e e e e e e e e e e e e neeeaeas 9
Table 2. 2 : Results of 4-bit CompParator IC..........cooiiiiiiiiiiiieeei e 11
Table 2. 3 : Results of Half - AdEr CITCUIL .......coiuiiiiiiiiiiie ettt sttt sbe e beesbeeene e 13
Table 2. 4 : Results of Full - Adder CIrCUIt.........oouiiiiiiiiiie et ne e 15
Table 2. 5 : Results of Half - / Full - Sibtractor CITCUIL ..........cueiiiiiiieiieiie e 18
Table 2. 6 : ReSUItS 0 4 = DIt AR .....viiiiiiiiiie ettt et et e e sae e e beesbeeente e 20
Table 2. 7 : Results 0f 4 - it SUDIACIOr CITCUIL .......viiviiiiiiiiieieer e 22
Table 2. 8 : Results 0f BCD AdAET .......oouiiiiiiiieiic ettt e e ne e ne e 24
Table 2. 9 : Results of Carry Generator CITCULL .........uivueiiiiiiiriieii e 27
Table 6 : Truth Table 0g 2-Dit COMPATALOT .........veiviiriiieiiiete et nneene s 31

v

UDENTS-HUB.com Opioaded By. mMonammed Saada



1. Theory

1-

Half- and Full- Adders

I'S-HUB.COM

Half- Adder

Half-Adder is a digital combinational logic circuit that performs binary addition of two single-bit
binary numbers. It has two inputs, A and B, and two outputs, SUM and CARRY. The SUM output
represented the result of the summation between A and B (A+B), while the CARRY output
indicates whether there was a carry-over from the addition of the two inputs. The half-adder can
be implemented using basic gates such as XOR and AND gates. Also, the half-adder is a basic

building block for more complex adder circuits such as full adders [1].

A _ Inputs Outputs
B | S A B | SUM | CARRY
0 0 0 0
0 1 1 0
C 1 0 1 0
1 1 0 1
Figure 1 : Half-Adder Circuit Table 1 : Truth table of Half-Adder

Full-Adder
Full-Adder is a combinational logic circuit which is designed to add three binary digits and
produces two outputs (sum and carry) is known as a full adder. Thus, a full adder circuit adds three

binary digits, where two are the inputs and one is the carry forwarded from the previous addition

(carry in) [2].

Haif Adder
Half Adder PR — -

sanp i n e S

B 1] L]
: . 2 G

- i C1 :
Bt I[—— 3y e

Figure 2 : Full-Adder Circuit




Inputs Outputs
A B Cin S Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Table 2 : Truth table of Full-Adder

2- Half- and Full- Subtractors
Half-Subtractor

Half-Subtractor is a digital logic circuit that performs binary subtraction of two single-bit binary
numbers. It has two inputs, A and B, and two outputs, DF and BW. The DF output is the difference
between the two input bits, while the BW output indicates whether borrowing was necessary
during the subtraction. The half subtractor can be implemented using basic gates such as XOR and
NOT gates. The DF output is the XOR of the two inputs A and B, while the BW output is the NOT
of input A then ANDING with input B [3].

Inputs Outputs
DF A B DF BW
0 0 0 0
0 1 1 1
BW 1 0 1 0
1 1 0 0

Figure 3 : Half-Subtractor Circuit Table 3 : Truth table of Half-Subtractor
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e Full-Subtractor

Full-Subtractor is a combinational circuit that performs subtraction of two bits, one is minuend
and other is subtrahend, taking into account borrow of the previous adjacent lower minuend bit.
This circuit has three inputs and two outputs. The three inputs A, B and Bin, denote the minuend,
subtrahend, and previous borrow, respectively. The two outputs, D and Bout represent the
difference and output borrow, respectively. Although subtraction is usually achieved by adding the
complement of subtrahend to the minuend, it is of academic interest to work out the Truth Table
and logic realization of a full subtractor; x is the minuend; y is the subtrahend; z is the input borrow;

D is the difference; and B denotes the output borrow [4].

Inputs Outputs
B DF BW

— - - -] @ @] @] @] B
— | D @ = =] S| @
_- o | o] = o =] o A
_— O O | S| | =] @
_— O @ @ ] | e O

Table 4 : Truth table of Full-Subtractor

i X
—t/

A

B BW
0
B
c DF
0

Figure 4 : Full-Subtractor Circuit
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3- Comparator

A magnitude digital Comparator is a combinational circuit that compares two digital or binary
numbers in order to find out whether one binary number is equal, less than, or greater than the
other binary number. We logically design a circuit for which we will have two inputs one for A and
the other for B and have three output terminals, one for A > B condition, one for A = B condition,

and one for A < B condition [5].

Inputs Outputs
A B A>B A=B A<B
0 0 0 1 0
0 1 0 0 1
1 0 1 0 0
1 1 0 1 0
Table 5 : Truth table of comparator
A O :
[: A>B
\
B O
Figure 5 : Comparator Circuit
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2. Procedure and Discussion

2.1 Comparator Ci

2.1.1 Constructing Comparator with Basic Logic Gates

We connected the Circuit as it shown in the Figure 2.1 using IT-3002 block .

A

rcuits

O

A1

F7

u2

F6

u2 F1

B1

O

a) set module IT-3002 block comparator 1. We will use U1, U2 and U3 to construct the 1-bit

Comparator .

b) We connected the +5V of module IT-3002 to the +5V output of the fixed power supply IT-

3000 and do the same for GND.

c) Then, We connected the inputs A and B to Data Switches SW1 and SW2 respectively. The
inputs are triggered by high-state voltage. After that we connected the outputs to Logic
Indicators (LED). The outputs are triggered by low-state voltage.

d) The results are shown in Table 2.1 :

u1)>—
()_ F3 U2 F4
E}O—D*O
F2
ﬂ)’?
F5
U3

Figure 2. 1 IT-3002 Comparator 1 block (Source: Lab Manual)

INPUTS OUTPUTS
SW2 (B) SWI1(A) F1 F2 F5
0 0 A= 1 1 0
0 A>B 0 1 1
1 0 A<B 1 0 1
1 1 A=B 1 1 0
Table 2. 1 : Results of 1-bit Comparator
9
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S

e) The Circuit connected as following Figure 2.2 :

Tristate Gate

Figure 2. 2 : 1-bit Comparator Circuit Connection

Discussion :

As the result shown above, the 1-bit comparator circuit works properly. There is one LOW
output in a time. This output represent the correct case of comparing inputs. Because the outputs
are triggered by low-state voltage. Then, the other outputs are HIGH in the same situation, which

represent the incorrect cases.

10
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2.1.2 Constructing Comparator with TTL IC
We connected this circuit using block (Comparator 2) of module IT-3002, this block is a 4-bit

Comparator IC as shown in the figure 2.3.

15T 13T 12| 10
A3 A2 Al AD

B3

B2 B1 B0
1| 14 1'1 al

Figure 2. 3 : 4-bit Comparator IC (Source: Lab Manual)

a) We connected in left side of the block to Data Switches , then connected the inputs A0..A3 and
B0..B3 to the BCD rotary Switches. Finally, connected the output in right side of the block to
LEDs.

b) We set comparing inputs A0..A3 = As, B0..B3 = Bs from the rotary switch.

c) By following the cascading inputs sequence, the results are shown in Table 2.2:

A>B A=B A<B A>B A=B

Table 2. 2 : Results of 4-bit Comparator IC




d) The circuit connected as following Figure 2.4

Figure 2. 4 : 4-bit Comparator Circuit Connection

Discussion :

In this section we design a cascade 4-bit comparator (depends on the previous 4-bit
comparator inputs). But we control the previous 4-bit comparator outputs by rotary
switches. The circuit works properly and the outputs are precise, but when the previous 4-
bit comparator has something wrong with its outputs like the third case in Table 2.2 (A=B

and A<B) , then there is wrong outputs from this 4-bit Comparator Circuit.

12
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2.2 Half- and Full- Adder Circuits

2.2.1 Half — Adder Circuit
We connected the half — adder circuit using the half — adder block in the module IT-3003 as the
Figure 2.5 below :

Figure 2. 5 : IT-3003 Half - Adder Block (Source : Lab Manual)

a) We connected the +5V of module IT-3003 to the +5V output of the fixed power supply, and do
the same for the Ground (GND).

b) We inserted the connection as the Figure 2.5 above, using U5 and U6 of the module.

c) After that, We connected the inputs A and B to Data Switches and connected the outputs F1
(that represented CARRY) and F2 (that represented SUM) to logic indicators (LEDs)

d) Then, the results are shown in the Table 2.3 below :

INPUTS OUTPUTS
B A F1 (CARRY) F2 (SUM)
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

Table 2. 3 : Results of Half - Adder Circuit

13
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e) The circuit connecting as following Figure 2.6

Figure 2. 6 : Half - Adder Circuit Connection

Discussion :

After we connected the Half — Adder Circuit using the half — adder block of the module IT-3003,
we show that the results of outputs are as expected and the circuit works properly. So, the output
F1 (that represented the CARRY) is High when the two inputs A and B is High, otherwise it is
LOW. And the output F2 (that represented SUM) is High when only one of the inputs is High,
otherwise it is LOW.

14
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2.2.2 Full — Adder Circuit

To construct the full — adder circuit, we use the full — adder block of the module IT-3003 as the

Figure 2.7 that shown below :

Figure 2. 7 : IT-3003 Full - Adder block (Source : Lab Manual)

a) Firstly, we connected the inputs A, B and C to three Data Switches. A and B are the augends

(inputs), while C in the carry in .

b) Secondly, connected the outputs F3 (that represented CARRY) and F5 (that represented SUM)

to logic indicators (LEDs).

c) Finaly, the results are shown in the Table 2.4 below :

F3 (CARRY)

F5 (SUM)




d) The Circuit connecting as following Figure 2.8

High Speed Addar

f-Adder/Subtractor
dder/Subr

m

4

|
DIGITAL. ~
DIGITAL-LOGIC LAB :

a
se) (Msm)

Figure 2. 8 : Full - Adder Circuit Connection

Discussion :

In this section we construct a full — adder circuit, that has two inputs A and B (augends) and the
third input C that represent the previous carry (carry in). And this circuit has two outputs one of
them represent the summation of the three inputs, while the other represent if there is a carry out.
After connecting this circuit, and check the results for all cases, we show that the results of this

circuit are similar to the theoretical results, so the circuit works good and as expected.

16
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2.3 Half — and Full Subtractor Circuits

By setting module IT-3003 and locate block Half — Adder, the half — and full — subtractor are connected
as the Figure 2.9 below :

u4 FO

A1

._0 F1 3

ueé

F4

F5

Oe

D
O
O
E

Figure 2. 9 : Half - / Full — Subtractor

a) We connected A, B and C to Data Switches and the outputs F1, F2, F3 and F5 to logic indicators
(LEDS) .

b) When (C = 0), the circuit is a half — subtractor . F1 is the Borrow and F2 is the Difference. And the
other outputs shown as F5=F2 ; F3=F1.

c) When (C = 1), the circuit is a full — subtractor. F3 is the Borrow and F5 is the Difference.

17
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d) Then, the results are shown in the Table 2.5 bellow :

INPUTS OUTPUTS

C A B F1 F2 F3 F5

0 0 1 1 1 1 1

0 0 0 0 0 0 0
Half — Subtractor

0 1 1 0 0 0 0

0 1 0 0 1 0 1

1 0 0 0 0 1 1

1 0 1 1 1 1 0
Full — Subtractor

1 1 0 0 1 0 0

1 1 1 0 0 1 1

Table 2. 5 : Results of Half - / Full - Sibtractor Circuit

e) The Circuit connecting as the Figure 2.10 bellow :

— VRE RN ts ol oo s

OGNS AL LOG\C TRANER
DO

7 ASeament Disolay Logic Probe

recHNoLOGIES

DIGITAL LOGIC LAB
IT-3003

Logic Unit

7 Fa e ea
ss) wse)

Figure 2. 10 : Half - / Full — Adder Subtractor Circuit Connection

Discussion :

As we show in the Circuit above, we use the basic logic gates to implement the half - / full — subtractor
circuit. The input C is like a controller if its value is LOW, then the circuit is a half — subtractor. If its value
i1s HIGH, then the circuit is a full — subtractor. And as we show in the results Table 2.5, the circuit results

are as we expected. So, the circuit is work fine.
18
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2.4 4-bit Full — Adder with IC
Using the 4 — bit IC , that shown in Figure 2.11 bellow, we connected a circuit that sum two 4 — bit binary
number, this IC have 4 Full — Adders .

U9,U12:741.583 (MSB) (LSB)

UB:74LS86
U11:74LS08 Y3
U10:74LS32

(MSB) (LSB)
X1 X0

aad

A4 A3 A2 A1 B4 B3 B2 Bf1

Cout U9 Cin

24 33 32 31
15 |2 |6 |9

Figure 2. 11 : 4 - bit Full - Adder block (IC)

a) Firstly, connecting X3...X0 to rotary switch DIP1 and connected Y3...YO to another rotary switch
DIP2 .

b) Secondly, connect the Y5 to Data Switch and give it a LOW value (“0”), so the XOR gates will act as
buffer gates , and the Cin has a value of (“0”).

¢) Then, connect the outputs >'4...21 to logic indicators (LEDs).

d) Finally, the results are shown in the following Table 2.6 :




— | = e O = S D
S| | m | D | D |
— e | ) | S S| =

0
1
0
1
0
1
1
0

| e O @ O @ S ©
S| O S = = o & @ @
- O O O = o o @
S| = S| S| S e | |
S| S| e S| | | = S &
— S| e | | S| | | -
S| | = ] O S S = S
et B S N e — S B ) B — )
_ e D = S @ & © @

1 0 1 1
Table 2. 6 : Results of 4 - bit Adder

e) The circuit connecting as the following Figure 2.12

T \NFINT (rcunoLoces

@S INFINIT recun Locies X

High Speed Afder

Figure 2. 12 : 4 - bit Adder Circuit Connection

Discussion :

In this section we construct a 4 — bit Adder, by using a IC that has four full — adders. We give Y5 In the
Figure 2.11 a LOW value, so the XOR gates will act as a buffer, and the outputs are connected to LEDs
to read the results, after read the results we comparing them to the theoretical results and they are similar.

So our connection to this circuit is fine.
20
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2.5 4 -Dbit Full — Subtractor with IC
Using the 4 — bit IC , that shown in Figure 2.13 bellow, we connected a circuit that sum two 4 — bit binary

number, this IC have 4 Full — Adders .

US,U12:74L.583 (MSB) (LSB)
15 74L808 Y3 Y2 Y1 YO

U10:74L832 (2l O O O Y5
&

(MSB) (LSB)

X3 X2 X1 X0 ’ . . .

LLLTe Ll g

A4 A3 A2 A1 B4 B3 B2 B1
F1 Y4

4 Cout U9 Cin lO-O

24 33 X2 31
15 |12 |6 |9

Figure 2. 13 : 4 - bit Full - Adder Block (IC)

a) Firstly, connecting X3...XO0 to rotary switch DIP1 and connected Y3...YO to another rotary switch
DIP2 .

b) Secondly, connect the Y5 to Data Switch and give it a HIGH value (“17), so the XOR gates will act as
NOT gates , and the Cin has a value of (“17).

¢) Then, connect the outputs 2.4...2 1 to logic indicators (LEDs).

d) Finally, the results are shown in the following Table 2.7 :

INPUTS OUTPUTS
X3 X2 X1 X0 Y3 Y2 Y1 YO0 F1 F11 | F10 | F9 F8
0 1 0 0 0 1 0 0 1 0 0 0 0
0 1 0 0 0 0 1 1 1 0 0 0 1
1 0 0 0 0 0 1 1 1 0 1 0 1
1 0 0 0 0 0 0 1 1 0 1 1 1
1 0 0 1 1 0 0 0 1 0 0 0 1
21
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1 0 0 1 0 1 1 1 1 0 0 1 0
1 0 1 0 0 1 1 0 1 0 1 0 0
1 0 1 0 0 1 0 1 1 0 1 0 1
1 0 1 1 1 0 1 0 1 0 0 0 1
1 1 1 1 1 0 1 0 1 0 1 0 1

Table 2. 7 : Results of 4 - bit Subtractor Circuit

e) The circuit connecting as the following Figure 2.14 :

DASIT AL LOGIC TRAINER
'\ -3QQ0

Figure 2. 14 : 4 - bit Subtractor Circuit Connection

Discussion :

To construct a 4 — bit Subtractor we use the same IC that using to construct a 4 — bit adder, but we must
give the input that connected to four XOR gates as in Figure 2.13 (Y5) a HIGH voltage (“17), then the
XOR gates will act as NOT gates, so the circuit become as an adder between X3...X0 and 1°s complement
of Y3...Y0 , and the Cin has the same value of Y5 (“1”) then the circuit become as X3...X0 + 2’s

complement of Y3...YO, then the result is the difference between them.

Logic Probe

DIGITAL LOGIC L/«B

iT-3003

Half-Adder/Subtra.

22
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2.6 BCD Adder

To construct BCD Adder, we use a 4-bit Adder IC, then check if the result greater than 9 to use another
4-bit Adder to add 6 to the number then its be a valid BCD.

The followed Figure 2.15 shows a circuit that acts as a BCD Adder :

.~

uputazses mse) se)
U11:74L.S08 Y3 Y2 Y1 YO
U10:74LS32 O o o O Y5
(MSB) (LSB) .

X3 X2 X1 XO us us us I us

ELLl

;16 = ;7 11

A4 A3 A2 A1

Cout U9

B4 B3 B2 B1
Y4

13 o

Cin

F11 f)

O— Cout

a) First, we connected the inputs X3...X0 to rotary switch DIP1, and Y3...YO to another rotary switch

DIP2.

b) Second, give the LOW voltage value (“0) to Y5, so U9 acts as a 4-bit adder circuit.
c) Third, connect the outputs F1 and F11...F8 to logic indicators (LEDs). F1 represent the carry out of
the first 4-bit adder and F11...F8 represent the summation between X3...X0 and Y3...Y0

" T- 3 _|s

110

16 _ |4 7 11

A4 A3 A2 A1

F7 F6
(MSB)

Figure 2. 15 : BCD Adder Circuit (Source : Lab Manual)

23

u12

P PP

B4 B3 B2 B1

Cin 13

1

F5 F4
(LSB)
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d) Then, U10 and Ul1 gates check if the summation is greater then 9 So we need to add 6 by the second
4-bit adder, else if the summation is less than or equal 9 the second 4-bit adder will add 0 so the output
of the second 4-bit adder is the same of the outputs of the first 4-bit adder.

e) The Last Outputs F2 represent if that we need to correction the summation to the BCD representation
by adding 6 using the second 4-bit adder, F3 represent the carry out of the circuit and F7...F4 represent
the final result of the circuit (BCD summation).

f) Finally, the results of this circuit are shown in Table 2.8 bellow :

Table 2. 8 : Results of BCD Adder




g) The Circuit connecting as the following Figure 2.16 :

S
N

Figure 2. 16 : BCD Adder Circuit Connection

Discussion :

For BCD Adder, we use two 4-bit adder. Firstly, the 4-bit adder sum the inputs A and B, then the result
needs to be checked if its larger than 9, so it be an invalid BCD value. If the output of the first 4-bit adder
larger than 9 then we need to correct it to a valid BCD value by using another 4-bit adder that add 6 to the

result if it is larger than 9, while if the result less than or equal 9, the second adder add 0 to the result.

Finally, the final result is the output of the second 4-bit adder, and this is the valid BCD value that represent

the summation of two BCD values.
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2.7 High-Speed Adder Carry Generator Circuit
To construct a carry generator circuit, we followed the Figure 2.17 bellow :

AOO Ui 2dco

B0 1 L3 cnpld—0

O—.— 1 Cn+x 51.2_0

At jut G1

Bo' ‘ @—zcm Cn+yplleaQd
u3

AZO | U1 14 G2 Cn+z pg_o

15

P2 10

TL
N
(%)

!

>

[
c
-

G3

L]

P3

%
1

U1: 74LS00
U2: 74LS2686

U3: 74L5182

Figure 2. 17 : Carry Generator Circuit
a) At first, we connected inputs A3...A0 to rotary switch DIP1, and B3...B0 to another rotary switch

DIP2. Then, we connected Cn to a Data switch, and give it a LOW voltage value (“0”).
b) Finally, the results of this circuit are shown in the Table 2.9 bellow :

INPUTS OUTPUTS
B3 B2 B1 B0 A3 A2 Al A0 |Cnix |[Cnty |[Cntz | G P
0 0 0 1 0 0 0 1 1 0 0 0 0
0 0 1 0 0 0 1 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 1 1 0 0 1 1 1 1 0 0 0
1 0 1 0 1 0 0 0 0 0 0 1 0
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1 1 1 0 1 1 1 1 0 1 1 1 0
1 1 1 1 1 1 0 1 1 1 1 1 0
0 1 1 1 0 1 1 0 0 1 1 0 0
1 0 0 1 0 1 0 1 1 0 0 0 0

Table 2. 9 : Results of Carry Generator Circuit

c) The Circuit connecting as the following Figure 2.18 :
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Eament Display

" O e i
===} LB

Logic Probe

P ulser

amen =3

Figure 2. 18 : Carry Generator Circuit Connection

Discussion :

In this section, we construct a High — Speed Adder Carry Generator Circuit. This circuit decreases the
delay of the carry signal by generating multiple carry signals in parallel instead of serial form. So, this
circuit has a delay that less than the basic adder. This circuit constructed by basic gates and give the output
faster than 4-bit adder. So, this circuit is mostly used in arithmetic and logic units (ALU’s) of computers

or other digital devices.
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Conclusion

After completing this experiment all the objectives are obtained. Now, I can construct combinational
digital circuits and implement them by using basic gates or ICs. Such as comparator circuit, first we implement
1-bit comparator, then use its implementation to implement more complex circuits like 4-bit comparator. For
adder, we construct half-adder circuit, then using it to implement a full-adder that we can use to construct a more
complex adder circuits such as 4-bit adder and then use the 4-bit adders to construct BCD adder, So we implement
BCD adder using two 4-bit adders, the fist one to sum the inputs, then we check if the result is more than 9, if it
is we need to correct the result by adding 6 for it using another 4-bit adder and finally the result become a valid
BCD value. To construct a half- or full- subtractor we use basic gates or we can benefit from the implementation
of full-adder circuits. Finally, we construct a High-Speed Adder Carry Generator Circuit that decrease the delay

of carry signal and gives the outputs faster than the basic adder circuits.

After we construct the circuits and trace the results, we noticed that the results are similar to theoretical

results, so we construct them correctly and there is no problem or any issue in constructing the circuits.
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Post Lab

1. Design 8-bit BCD adder.
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4- Bit Binary adder
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Figure 6 : 8-bit BCD Adder

Cin=0
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2. Design 8-bit comparator using 2 of 4-bit comparator.

I T
) L/ i A>L
S Com,oam‘""r
A=R )}
RS 1;. k.
- i
==
—3 A<R
—
—> 8 >
o L~ Biv P
CompParatker
A=R
il A=0 >
-
—>
= A<R
I7 | A A<RB

Figure 7 : 8-bit comparator
3. A4 —inputs, 3 — outputs circuit that compares 2 — bit unsigned numbers and outputs 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 4 x 1 multiplexer.

INPUTS OUTPUTS FUNCTIONS
Al A0 Bl B0 GT EQ LT GT LS

0 0 0 0 0 1 0

0 0 0 1 0 0 1

0 B0 + B1

0 0 1 0 0 0 1

0 0 1 1 0 0 1

0 1 0 0 1 0 0 (B0O+B1)’ | BI
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0 1 0 1 0 1 0
0 1 1 0 0 0 1
0 1 1 1 0 0 1
1 0 0 0 1 0 0
1 0 0 1 1 0 0
B1° B0.B1
1 0 1 0 0 1 0
1 0 1 1 0 0 1
1 1 0 0 1 0 0
1 1 0 1 1 0 0
(B0.B1)y’ 0
1 1 1 0 1 0 0
1 1 1 1 0 1 0
Table 6 : Truth Table og 2-bit comparator
A' A [+] B \ 6 o O
\__ Io
B)’_\ - CER
A>B

i B HUX

A ﬁL | TR j,, j—__ba_ﬁia

S P 1
;, Y x1
ALR
D% Yud B e O
O 1z
8 S
- 1

Figure 8 : 2-bit comparator circuit
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