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Topic 1

ARITHMETIC CIRCUITS
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Representation for Binary Number

« Signed Magnitude
 Only (n-1) bit used for

Sign bit N — ;
\ gtugei(Yaine) _ storing value N
 the left most bit is
0w sl Wi /1 considered as SIGN
\ Least Significant Bit (LSB) B |T

Most Significant Bit (MSB )

(‘0 represent that the number is positive)

Si\gn bit Magnitude (Value)
P ~— _A —_
0 — Positive

L1188l |l8e| X |64

1 — Negative 7
Least Significant Bit (LSB)
Most Significant Bit (MSB )

(‘1" represent that the number is negative)
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Representation for Binary Number

* 1's Complement
— Invert all bits (i.e. Change 1as 0 and O as 1)

« 2's Complement
— Invert all bits (i.e. Change 1as0Oand Oas 1)
— Add 1 to the result to the Least Significant Bit (LSB)

Binary equivalent of +24: | 11000
8bit format: 00011000
1’'s complement: 11100111
Add 1 to LSB: +1

2’s complement of -24: (11101000




dce

1’s complement

Simple implementation which uses only NOT gates
for each input bit.

Can be used for signed binary number representation
but not suitable as ambiguous representation for
number O.

0 has two different representation one is -0 (e.g., 1
1111 in five bit register) and second is +0 (e.g., 0
0000 in five bit register).

For k bits register, positive largest number that can
be stored is (2k-1-1) and negative lowest number
that can be stored is -(2kD-1).

end-around-carry-bit addition occurs in 1’s
complement arithmetic operations. It added to the
LSB of result.

1’s complement arithmetic operations are not easier
than 2’'s complement because of addition of end-
around-carry-bit.

Sign extension is used for converting a signed
integer from one size to another.

¢ Representation for Binary Number

2's complement

Uses NOT gate along with full adder for each input
bit.

Can be used for signed binary number representation
and most suitable as unambiguous representation for
all numbers.

0 has only one representation for -0 and +0 (e.g., O
0000 in five bit register). Zero (0) is considered as
always positive (sign bit is 0)

For k bits register, positive largest number that can
be stored is (2k-1-1) and negative lowest number that
can be stored is -(2kD).

end-around-carry-bit addition does not occur in 2’s
complement arithmetic operations. It is ignored.

2’s complement arithmetic operations are much
easier than 1’s complement because of there is no
addition of end-around-carry-bit.

Sign extension is used for converting a signed
integer from one size to another.
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Signed Binary Numbers

Table 1.3
Signed Binary Numbers
Signed-2’s Signed-1's Signed
Decimal Complement Complement Magnitude

+7 O111 0111 OI11
+6 0110 0110 0110
+5 0101 0101 0101
+4 0100 0100 0100
+3 0011 0011 0011
+2 0010 0010 0010
+ | 0001 0001 000 1
+0 0000 0000 0000
-0 - 1111 1000
=] 1111 1110 1001
—2 1110 1101 1010
—3 1101 1100 1011
—4 1100 1011 1100
=3 1011 1010 1101
—6 1010 1001 1110
7 1001 1000 1111
-8 1000 — —

o B



Representation for Binary Number

1-1. The 1’s complement form of the number 01001100,?
A. 10110100 C. 10110011
B. 00110010 D. None of above

1-2. Using 5 Dbits to represent each number, the
representations of 13 and -13 in signed 2's complement integers:

A. 01101 & 11101 C. 01101 & 10011
B. 01101 & 10010 D. None of above

1-3. Sign extension from 5 bits to 8 bits represent -13 in signed
2's complement integers of the above question:

A. 00011101 C. 00010011
B. 11110010 D. None of above
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o p—
Adding Two 1-bit Numbers

 Performs the ad

dition of two binary bits.

* Four possible o
— 0+0=0
—0+1=1
—1+0=1
—1+1=10

nerations:

 Circuit implementation requires 2 outputs;
one to indicate the sum and another to
Indicate the carry.
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des Addition of Two n-bit numbers

We start from the Isb
Add the corresponding pair of bits and the carry in

Produce a sum bit and a carry out




Subtraction (2’s Complement)

Cs G G,
{ FA |« FA |« FA |« FA < Gy
C, S, S, S, Sy

S=A4+ (-B)

If we represent signed numbers in 2's complement form,
subtraction Is the same as addition to negative (2’s
complemented) number.




Addition in the 2’'s Complement System

« Perform normal binary addition of magnitudes.

..........

9 > 0 1001 +9 - 0 1001
4 - 0 0100 4 > 1 1100
() ITTOT  (+13 //1/ 0 0101 (+5)
T Sign bit Dont care carry T Sign bit
Moo 0 0100 4 > 1 1100
T T0TT  (-5) /k 10013
T o Don’t care carry T o
Sign bit Sign bit
+9 01001
9 - 1 0111
¥ 0 0000 (0)

----------

]



dce Full Adder from Half Adders

| Halt adder | I Halt adder |
[ |
x AT oy |
| . [
Y | ]] N I t : g
| 7 I | T
| : | :
[ | I
! ) | | |
! I ! I
| T C
i

1-4. How many AND, OR and EX-OR gates are requires for the
configuration of full adder?

Al 22 B.2,1,2 C.3 12 D.4,0,1
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des Adders & Subtractors

1-5. Half-adders have a major limitation in that they cannot:
A. Accept a carry from a present stage
B. Accept a carry bit from a next stage
C. Accept a carry bit from a previous stage
D. Accept a carry bit from the following stages

1-6. Full subtractor is used to perform subtraction of?
A. 2 bits B. 3 bits C. 4 bits D. 8 bits

1-7. The output of a full subtractor is same as:
A. Half Adder B. Full Adder C. Half Subtractor
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dee Multiplication & Division

1-8. Perform multiplication of the binary number: 01001 x
01011

A. 001100011 C. 010100110

B. 110011100 D. 101010111
1-9. The quotient of 111101 + 1001 is

A. 0010 C. 1100

B. 1010 D. 0011

1-10. In binary division process, a series of performed
operations is said to be of

A. Additions C. Multiplications
B. Subtractions D. Complement

a
$d
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L5 BCD Adder

BCD Adder

 When the sum of two digits is less than or equal to 9
then the ordinary 4-bit adder can be used

« But if the sum of two digits is greater than 9 then a
correction must be added “i.e. adding 0110”

 We need to design a circuit that is capable of doing
the correct addition




BCD Adder




« Used in most ALU designs

des Carry Look Ahead (CLA) Adder

« Faster than ripple carry logic adders or full adders

— Especially when adding a large number of bits.

 Be able to generate carries before the sum
— Using the Carry Propagation (Pi) and Carry Generation (Gi)

logic to make addition much faster.

!

Dm

S

Ci+1




Carry Look Ahead (CLA) Adder

A3z B3 A2 B2 A1 Bi Ao Bo




des Other Adders

1-11. One of the advantages of the fast carry or look-ahead
carry circuits found in most 4-bit parallel-adder circuits

A. Add a 1 to complemented inputs
B. Increase ripple delay
C. Determine sign and magnitude
D. Reduce propagation delay

1-12. The carry generate (CG) and carry propagate (CP)

function of the Carry Look-Ahead adder is
A.CG=AorB,CP=AxorB
B.CG=AxorB,CP=AorB
C.CG=AandB,CP=AxorB
D.CG=AandB,CP=AorB

&
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Topic 2

COUNTERS AND REGISTERS
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Registers

2-1. A register Is defined as
A. The group of latches for storing one bit of information
B. The group of latches for storing n-bit of information

C. The group of flip-flops suitable for storing one bit of
Information

D. The group of flip-flops suitable for storing binary information

2-2. A shift register Is defined as
A. The register capable of shifting information to another register

B. The register capable of shifting information either to the right
or to the left

C. The reqister capable of shifting information to the right only
D. The register capable of shifting information to the left only

.
s
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Registers

2-3. The full form of SIPO is

A. Serial-in Parallel-out C. Serial-in Serial-out
B. Parallel-in Serial-out D. Serial-in Peripheral-out

2-4. The group of bits 11001 is serially shifted (right-most bit
first) into a 5-bit parallel output shift register with an initial
state 01110. After three clock pulses, the register contains?

A. 01110 C. 00101
B. 00001 D. 00110

2-5. With a 200 KHz clock frequency, eight bits can be serially
entered into a shift register in ?

A. 4 us C. 400 ps
B. 40 ps D. 40 ms

.
<


Vu Nguyen Minh Huy

Vu Nguyen Minh Huy


Vu Nguyen Minh Huy

Vu Nguyen Minh Huy


Asynchronous (Ripple) Counter

This type of counter Is easiest to design, and
requires the least amount of hardware

* The flip-flops are not driven by the same clock
signal

Called

* Propagation Delay causes Ripple Effect
« Can lead to unwanted transitions

* Glitches are possible



Design a Ripple Counter

A four-bit "up” counter

Up Counter
Qo Qy o O3
USIﬂg ¥dd Vdd vdd Vid
JK I:I: J C‘!' J E‘!' J C‘!' J | &
: G} y Cﬁ} A %} ) %}
(,.D K E K E K E K E

Use Negative Edge Triggered (NGT) FFs:
« Connect Q output of the previous to CLK input of the

next

Use Positive Edge Triggered (PGT) FFs:

« Connect Q’ output of the previous to CLK input of the
&

next

J & K at HIGH level




dee Design a Ripple Counter

« Suppose we want to design a module-M counter
— Counter will count up from 0 to M-1, and then back O

 Basic idea:

We first design a full-modulus ripple counter
with [log, M| (ceiling) flip-flops (e.g.: 4 FF ->

MOD-16)
& =
Then we design a gating circuit, which takes
iInputs from the counter outputs, and generate
a 0 whenever the count value reaches M
L -

- -

Connect the output of the gating circuit to the

CLR’ inputs of the flip-flops
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dee Design a Ripple Counter

« Example: Design a MOD — 10 (Decade) Up

Ripple Counter using JK Flip-Flop

Input D C B A

Pulses
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1 Reset
10 1 0 1 0 state

0 0 0 0 (resets)

Im
O
o



Design a Ripple Counter

10 decoder

CLR
HIGH —® 3 - D
FIFO FF1 FF2 FI3
().-) (.)| ()_v Qz
» Ju ' g ‘,I * ' J: ‘I.!
CLK —|T—O>=>C o= C o= C > C

Kl KI K2 K_‘

CLR CLR CILR CLR

CLK _| 1 ] 2 | 3 | 4 | 5 | 6 | 7 | 8 | o | 10
5 I | | - | , i l | !_
o i | i : Glitch—\:
| L
- |

¥ iICL/
‘BK | Glitches: Temporary False / Unwanted outputs |




Duty Cycle

G |H7 Duty cycle = .IT_'“QT
oy
AN
« The percentage |

of time a digital R

signal is ON 50% duty cycle

over an interval

or period of time -
75% duty cycle

25% duty cycle




Ripple Counters

2-6. Ripple counter’s speed is limited by the propagation delay
of

A. Each flip-flop C. The flip-flops only with gates
B. All flip-flops and gates D. Only circuit gates

2-7. The duty cycle of the most significant bit from a 4-bit (0-9)
BCD counter is

A.20% B. 50% C. 10% D. 50%

2-8. A 5-bit asynchronous binary counter is made up of five flip-
flops, each with a 12 ns propagation delay

A.12 ms C. 48 ns
B. 24 ns D. 60 ns

’
<
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dee Ripple Counter

A B C D
4 d 47 d 47 g 47—
CLK =————0lcp __|_0 CPp __|_0 CP __|—O CPp i
TUL P o P %

2-9. Chose a TRUE statement

The up counter with MOD-12
The down counter with MOD-9

. The down counter with MOD-13
The up counter with MOD-11

o0 ® >
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dee Ripple Counter

Eiv Siv 51\? Eiv
45 S A 5 S B 5 S C 5 S D
CLK =——0Olcp | I—OCP | |—0C.'P | |—0CP B
TUL *® P & P g B kP
R R R R

=

2-10. Determine the frequency of output C

A. CLK/8 C. CLK/12
B. CLK/11 D. CLK/13
2-11. Determine Duty Cycle (HIGH) of output C.
A. 50% C. 36.36%
B. 33.33% D. 18.18%

BK
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Ripple Counter

B C D
4 d 47 d 47 g 47—

CLK =————0lcp __|—OCP __|—0C'P __|—OCP i
TUL P o P %

2-12. Determine the output that has glitches.
A. Output A
B. OutputB
C. Output C
D. Output D

BK
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dee Cascading Ripple Counter

2-13. List which pins need to be connected together on

two 74293 to make a MOD-60 counter

=
ol D

74L5293

MR, ® & MR, QJ Qzl 0} QJ'

MR, ® MR, Qal Qzl CJ Ool
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Cascading Ripple Counter

2-13. List which pins need to be connected together on
two 74293 to make a MOD-60 counter

_ép‘ I “AC_P" |
—CD> e 1>
=3 7T4LS263 & 74L5293
JULL o= o
| ‘ MR, 'JF: C"':QC|C° < & MR, 'U‘RQ 0303030.:
T T f * JL »'mﬂ 1in /60
JL

vOD-10 MCD-8




Cascading Ripple Counter

2-14. Design an asynchronous counter MOD-40 (4x10)
using only 74L8293 ICs. (Do it yourself!)

CP, CP,

—P —>
o 7415293 o 7415293
CPo CPo
—P —>
MR, o & MR, MR, ¢« MR,

Q.Y oY oY oY a,Y oY oY oY




Cascading Ripple Counter

2-15. Given the following counter circuit

(Do it yourselft) {
Ul U2

7415293 7415293
MR1 03 MR1 o3

OMR2 o2l MR.2 Q2
CPO Q1 CPO Q1

CLK Ccp1 00 Ocp1 o019
JUL

With the frequency of the clock signal f- ( = 35 KHz
(a) What is the MOD of the counter ¢

(b) Determine the frequency of Q3 of Ul¢
(c) Determine the frequency of Q2 of U2¢

(d) Inthe Q3, Q2, Q1, QO signals of UT and U2, which signals are
glitches<

3 (e) Determine duty cycle of Q2 of U2¢



dee Synchronous Counter

 All flip-flops are simultaneously clocked by an
external clock.

« Synchronous counters are faster than
asynchronous counters because of the
simultaneous clocking.

* Synchronous counters are an example of a
state machines design.
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dee Design a Synchronous Counter

1. Determine the # of FFs needed to

support the counting sequence’s highest #.
2. Build a State Transition Diagram. Be
sure to include all states.

Ty

3. Build a State/Excitation Truth Table. J

4. Simplify expressions for J and K inputs
for each F/F on K-Maps.

5. Implement the Synchronous
3 Counter/State Machine Circulit. .




d .
Design a Synchronous Counter

Flip-Flop Transition Tables

SR Flip-flop D Flip-flop
Qt)y  QUt+1) S R Qi) Qit+1) DR
0 0 0 X 0 0 0
0 1 1 0 0 1 1
1 0 0 1 1 0 0
1 1 X 0 1 1 1
JK flip-flop T flip-flop
Qt)y  QUt+1) J K Qi) Qit+1) DR
0 0 0 X 0 0 0
0 1 1 X 0 1 1
1 0 X 1 1 0 1
1 1 X 0 1 1 0
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Design a Synchronous Counter

1. For the following stage diagram, design a
synchronous counter using D Flip-Flops

(A: LSB, D: MSB)
&
states

1001 | <::::::> 0111 |

» 1000



dee Design a Synchronous Counter

1.

For the following stage diagram, design a synchronous
counter using D Flip-Flops (A: LSB, D: MSB)

Other states— 0000 — 0001 — 0110 — 0111 — 1000 — 1001 — 1110 — 1111 —
T

State table (Transition Table)

Present State Next State Ovutput

D |c|B|A|D|C|B| A /|D,|Dc| Dg| Dy




Other states— 0000 — 0001 — 0110 > 0111 — 1000 — 1001 —> 1110 > 1111 —;

T

Control Signal

Next State

Present State




d :
Design a Synchronous Counter

1. For the following stage diagram, design a synchronous
counter using D Flip-Flops (A: LSB, D: MSB)

Other states— 0000 — 0001 — 0110 —» 0111 — 1000 — 1001 —> 1110 —> 1111 —;
T

K-maps




2018

Design a Synchronous Counter

1. For the following stage diagram, design a synchronous
counter using D Flip-Flops (A: LSB, D: MSB)

Other states— 0000 — 0001 — 0110 —» 0111 — 1000 — 1001 —> 1110 —> 1111 —;
T

Implement the logic circuit using D Flip-Flops




Design a Synchronous Counter

2-16. Design a ripple counter, MOD-12, up counter, using J-K
Flip-Flop and D Flip-Flop

2-17. Use J-K Flip-Flop and D Flip-Flop to design an asynchronous
down counter as follows

6—>5—24—-53-52—-51—-6

2-18. Use J-K Flip-Flop to design a synchronous counter circuits
according to the following transition diagram




dee Ring & Johnson Counter

Ring Counter

DQD1 D QDZ DQD3 D QDd DQDE D QDE

o[ e

CLK| Dy D; | D3 Dg| Ds | De .
100000
1 1 0/]0 0(0 0 C':? Q}
2 o 1/0 0|0 0 2000 w
3o o1 o0 o0
4 10 0|0 10 0 ﬂDDDlD nmuuu
5o o/o of1]0 fl? o C—“
b O 0,0 00 1
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Ring & Johnson Counter

Johnson Counter

020200 a s S &

[ i e N o e ]
[ e Y i Y e
|l e e e e T e e e

o

o

o

RESET | | | | |

TR e el el e e

I_r

-
CLOCK

i
T
i1

E‘

"UJ

Gx)
=
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Ring & Johnson Counter

:

CLK
CLR

CLK
CLR

CLK
CLR

—>

CLK
CLR

:

|

RST

2-19. On the fifth clock pulse, a 4-bit Johnson

sequenceisQ;=0,Q;=1,Q,=1,and Q; = 1. On the

sixth clock pulse, the sequence is..
A Q=1,Q,=0Q,=

BK
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0, and Q3

B. Q=1.Q,=1,Q,=1,andQ;=
C. Q
D. Q=0 Q,=0 Q,=

=0, Q]:O QQZ] OndQ3=]
0,and Q5 =1
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dee Ring & Johnson Counter

2-20. What is the difference between a ring shift counter and a
Johnson shift counter?

A. There 1s no difference C. The feedback is reversed
B. Aring is faster D. The Johnson is faster

2-21. In a 6-bit Johnson counter sequence there are a total of
how many states, or bit patterns ?

A.2 C.12
B.6 D. 24

2-22. A modulus - 12 ring counter requires a minimum of
A. 10 Flip-flops C. 6 Flip-flops

B. 12 Flip-flops D. 2 Flip-flops
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dce
Others

2-23. A MOD-16 ripple counter is holding the count 1001,. What
will the count be after 31 clock pulses?

A. 1000, C. 1011,
B. 1010, D. 1101,

2-24. A MOD-12 and a MOD-10 counter are cascaded.
Determine the output frequency if the input clock frequency is
60 MHz

A. 500 kHz C. 6 MHz
R 150N kH7 D &5 MH7
2-25. A BCD counter is a
A. Binary Counter C. Decade Counter
B. Full-modulus Counter D. Divide-by-10 Counter

BK
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Topic 3

MSI LOGIC CIRCUITS

BK
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4 MSI Devices

Medium Scale Integration (MSI)

— Using a few tens to hundreds of logic gates.

Used as discrete devices packed in a single
Integrated Circuit (IC),

Building blocks for more complex devices
such as memory devices or microprocessors.

Some typical MSI devices are the following:
— Encoders and Decoders
— Multiplexers and Demultiplexers

— Comparator




Examples of MSI Devices

Decimal to BCD Encoder 4-to-1 Multiplexer

DEC/BCD |
Ban 5 SPN? [1}——o0
N [1— 'Zﬂ\ol ]
4156 Y, o%o0 =
— = s Vi
e o v [0 41 Mux
O >

BCD to Decimal Decoder

Vbl  soioowssdd
@ BCD/DEcj F PP 1%t

A2 Ys

Y6

A
3 Y7
Ys

Y9

2
e




R Multiplexer (MUX)

« AMUX has a
— 2N data inputs,
— N control inputs

— One output

» The select lines determine
which input is connected
to the output.

« MUX Types
- 2-t0-1 (1 select line)
- 4-10-1 (2 select lines)
- 8-10-1 (3 select lines)
- 16-to-1 (4 select lines)

BK
' TP.HCM

Multiplexer
Block Diagram

IS

1
Inputs .| 5 |~. Output

(sources) > (destination)

e

Select
Lines

58




dee Typical Application of a MUX

Multiple Sources Selector Single Destination
[ A | [ : | [ A |
MP3 Player
Docking Station
Laptop
Sound Card oL

Surround Sound System
Digital B A Selected Source
Satellite
0O O MP3
0 1 Laptop
1 0 Satellite
Digital
Cable TV 1 1 Cable TV

G Y R




d :
Multiplexer

IO IO_\7
Z Z

1 lj—e

Data A A
mpus Z=A"I,+Al

Control

mput




Multiplexer

A B Z
0 0 I,
_Data 4 0 1 I,
Inputs 1 0 I
2
1 1 I3
m, =A".B'
MSB »A B<——LSB m, =A"'B
e ,
Control m, =A.B
iInputs m; =A.B

Z=A'B'I,+A'.B.I, + AB'.I, + A.B.1,




dee Multiplexer

A B C Z

0 0 0 I, my
0 0 1 I, m,
0 1 0 I, m,
0 1 1 L mg
1 0 0 L m,
1 0 1 I M.
1 1 0 I, M,
1 1 1 I m,

MSB ~ABC=<—LSB
Z=A'B'.C'I,+A"B.CI, +A'"B.C'L,+A".B.C.L, +
AB'.C'I, +AB.CI +A'B.C'I, +AB.CI,




Logic Implementation using MUX

e A 2"-to-1 MUX 2" data,

lines

— Can be used to
Implement ANY function !
of n variables

— Can be used to
Implement SOME

functions of (n + 1)
variables \ 4 =), mi.I.

n control
inputs

BK
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! Logic Implementation using MUX

« Example:
F(A,B,C)=Ym(0,2,6,7)

=m0+m2+m6+m7/

=ABC + AB'C + ABC' + ABC
= A'B(C’) + AB(C) + AB(0) + AB(1)

15 8:1 MUX

(Sl e (= Sl | e s |
ol ol [ v | [ e |
= Ol Ol D= Oy

= =S S =S =T
b=k = i i

=l h A Wk = O

Pl

m —{
n—| &

T |

_|» 411 MUX

Ll [d =t (2D




Logic Implementation using MUX

3-1. Implementing the following function as a
4-t0-1 MUX

HEEEEEEOOOO|I>

== OO0 = OO m
OO OKFOIN
etk ek O O =k = =T




« A digital switch with
— One input (source)
— N control inputs

— 2N outputs (destinations).

» The select lines determine
which output the input is
connected to.

« DEMUX Types
- 1-t0-2 (1 select line)
- 1-to-4 (2 select lines)
- 1-t0-8 (3 select lines)
- 1-t0-16 (4 select lines)

W Demultiplexer (DEMUX)

Demultiplexer
Block Diagram

~

2N
- . Outputs

(destinations)

1
Input .~

(source)

N

~7/ DEMUX

Select
Lines

o T



Typical Application of a DEMUX

Single Source Selector Multiple Destinations
A A A

[ | [

B
0
0
1
1

| [ |

B/W Laser
Printer

Fax

Machine

Color Inkjet
Printer

Selected Destination
B/W Laser Printer
Fax Machine
Color Inkjet Printer

Pen Plotter



dce : : :
Logic Implementation using Demux

0 — AB'C demultiplexer "decodes”
é — ﬂgg appropriate minterms
L 3 3 . ABC from the control signals
Demux 4 — ABC
5 - AB'C
| e
5251 sh
| | | Example
A B C F1=ABC'D + AB'CD + —ABCD
ABCD _.iggg'_‘_tD—Fl

-2 =ABC'D'+ ABC
F3 = (A'+B'+C'+D")
Enable = 1— _+16

g
2
0 — ”EEE}:E"”“””‘“LW”"’E
AR
BEEEE
1548853

= R
0 —
7 —

~
|



Decoders

A decoder has
— N inputs
— 2N outputs
 Only one of the outputs is enabled at a time.

— The output enabled is the one specified by the binary number
formed at the inputs of the decoder.

QA ! 0 1 2 3 4 5 6 7
000008008
@ @F A A A A A A

O 3/8 DEC.

Yo

Y1

Ao Yo

A1 Y3
Y4
Ys
Ye

" —

A2




m2 to 4 Line Decoder

A — Zo

2-t0'4 Z]

Decoder 7

msb B — 2

Z,

active-high output

A B Z, Z, Z, Z,
0 0 1 0 0 0
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1




3 to 8 Line Decoder

msb

/

Yo Vi Y2Y3VaVs Ve V7
1 0000O0O00O
O 100O0O0OO0DO
001 00O0O00O
O 0010O0O00O0
O 00O0O1O0O0DO0

00000100

0O00O0O0O0OT1DPO

O 0O0OO0O0O0O01

000
001

a'b'c

—>Yo=abc—a _ .

—> Yy, =abc

—> Y1

010
01

—> Y3 =abc

1

100
101

= ab'c'

—> Y4

——> Y5 =ab'c

110

1

—> Yg = abc'

1

1

= abc

—> Y7

3-t0-8
Decoder

b —

C —>
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dce

1 Decoders

3-3. Which statement below best describes the
function of a decoder?

A.

A decoder will convert a decimal number into the proper
binary equivalent.

A decoder will convert a binary number into a specific
output representing a particular character or digit.

Decoders are used to prevent improper operation of digital
systemes.

Decoders are special ICs that are used to make it possible for
one brand of computer to talk to another.
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Decoders

3-4. Output 5 of a 74138 octal decoder is selected
when it is enabled by a data input of:

A. AO=1,A1=1,A2=0

B. AO=1,A1=0 A2=1

C. AO=0,AT=1,A2=0

D. AO=1,A1=0,A2=0

Address input pin A1) O 16jvee
Address input pin B 2 15)vo Output pin 0
Address input pin o3| 14)v1 Qutput pin 1
Enable input (active LOW) G244 13jv2 Output pin 2
Enable input (active LOW) G285 7415138 i2]v3 Output pin 3
Enable input (active HIGH) 61§ 11}ra Output pin 4
Qutput pin 7 Y77] 10jv5 Output pin 5
GND[ 8 [ dve Output pin 6

BK
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d . . .
Logic Implementation using Decoder

3-5. Implement following function with
decoder:

f(a,b,c) =Ym(0,3,4,6,7)
A

y,

| —
| —

L

N
Decoder
Implementing Logic

& Using Decoders




Logic Implementation using Decoder

3-6. Using a 2-to-4 line decoder, design a logic
circuit to realize the following Boolean function

F(4,B,C) = Ym(0,1,4,6,7)

3-7. Using a 3-to-8 line decoder, design a logic
circuit to realize the following Boolean function

F(A,B,C) =Ym(2,3,5,6,7)




d
Encoders

* An encoder has
— 2N'inputs
— N outputs
« Performs the inverse operation of a decoder

Yu_

YI — 4-to-2
Y Encoder
2

o=

ol =0 =T [ =]
n—nn—ngg}

|'—*.'—*.-

e ) e T (e T
S| —=|=

BK
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! Magnitude Comparator

Data inputs

oA A A BoBoB B ® COmpares two Input
ERREN R binary quantities and
T—— 74HC85
cascadmg{lm i generates outputs to
inputs A<B T 7| magnitude . . .
S comparator Indicate which one
oo has the greater
Oass Op.s Opn-g -
— magnitude
utputs
COMPARING INPUTS CASCADING INPUTS QUTPUTS
Az Bs A;. B, A;. B, Ag. By la-s lacs la-s Os.5 Osce Oas
As>Bs X X X X X X H L L
A,<B, X X X X X X L H L
A;=B,  A,>B, X X X X X H L L
As=B; As<B, X X X X X L H L
A,=B,  A,=B, A,>B, X X X X H L L
Az=Bs As=B; A,<B, X X X X L H L
As=B; A.=B, A,=B, Ay>By X X X H L L
Az=Bs As=B; A,=B, Ag<By X X X L H L
As=B; A;=B, A,=B, Ay=By b L L H L L
Az=B, A,=B; A,=B, Ag=B, L H L L H L
As=B; A.=B, A,=B, Ay=By X X H L L H
A.=B, A,=B, =B, A,=B, L L L H H L
‘.ﬁfém A,=B,  A,=B, A, =B, A,=B, H H L L L L -




dee Magnitude Comparator

3-8. What are the outputs of a 7485 four-bit magnitude
comparator when the inputs are A = 1001 and B =
1010?

A. A<Bis1;,A=BisO;A>Bis 1

B. A<BisO;A=BisT;A>BisO

C. A<BisO;A=BisO; A>Bis |

D. A<BisT;A=BisO;A>Bis0

3-9. Which is the decimal number for the BCD number,
10110110 ?

A. 182
B. 36
C. 116

D. 101101101s not a valid BCD number
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