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Problem 1
For the circuit of a 4-bit binary counter below, give two alternatives for mod-5 counter
(1) Using load input.
(2) Using the asynchronous clear input.
Draw the circuit for each design with all the necessary connections marked clearly based
on Fig. 1 (a). The 4-bit “Data_in” and “A_count” can be split to each bit if necessary to
show different connection. Fig. 1 (b) is provided for you to better understand the counter,
you don’t have to draw the inside circuit of the counter.
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Fig. 1 4-bit binary counter with parallel load






Problem 2
Use D flip-flop and other logic gates to build:

a)a T flip-flop;
b) a JK flip-flop.

Draw the circuit diagrams.



Problem 3
Draw the circuit diagram to show your design of a three-input XOR:

a) Using two 2-to-1 multiplexers;

b) Using one 4-to-1 multiplexers.



Problem 4
Draw a 4 x 3 PLA design (inputs: 11, 12, I3, and 14; output O1, 02, and O3) to implement
the following combinational functions
Ol =11"I2+1’-12°-13’-14°
02 =11-13"+I1"-13-14+I2
O3 =11-12+I1-13’+I1°-12°-14°



Problem 5
Design the sequential circuit specified by the state diagram below using T flip-flops.
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Problem 6

Use 74LS138 to design a 5-t0-32 decoder, draw the diagram. (The datasheet of 7418138
is attached.)
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1-OF-8 DECODER/
DEMULTIPLEXER

The LSTTL/MSI SN54/74LS138 is a high speed 1-of-8 Decoder/
Demultiplexer. This device is ideally suited for high speed bipolar memory
chip select address decoding. The multiple input enables allow parallel ex-
pansion to a 1-of-24 decoder using just three LS138 devices or to a 1-0f-32
decoder using four LS138s and one inverter. The LS 138 is fabricated with the
Schottky barrier diode process for high speed and is completely compatible
with all Motorola TTL families.

e Demultiplexing Capability

Multiple Input Enable for Easy Expansion

o Typical Power Dissipation of 32 mW

e Active Low Mutually Exclusive Outputs

e Input Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)
V¢ Og O Oy 03 05 O5 Og

[16] [is] [1a] [1a] [12] [11] [t0] [o]

NOTE:
The Flatpak version
P has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.
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SN54/74LS138

1-OF-8 DECODER/
DEMULTIPLEXER

LOW POWER SCHOTTKY

PIN NAMES LOADING (Note a)
HIGH LOW
Ag-A2 Address Inputs 0.5U.L. 0.25 U.L.
Eq, E2 Enable (Active LOW) Inputs 0.5U.L. 0.25 U.L.
Es _ Enable (Active HIGH) Input 0.5U.L. 0.25U.L.
Og-07 Active LOW Outputs (Note b) 10U.L |5@25)UL.
NOTES:

a)1 TTL Unit Load (U.L.) =

40 pA HIGH/1.6 mA LOW.

b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

LOGIC DIAGRAM
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CASE 620-09
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D SUFFIX
S0IC
CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74L.SXXXD SOIC

LOGIC SYMBOL
123 456
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TTTTTTTI

151413121 10 9 7

Voe=PIN16
GND=PIN8
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SN54/74L.S138

FUNCTIONAL DESCRIPTION

The LS138 is a high speed 1-0f-8 Decoder/Demultiplexer
fabricated with the low power Schottky barrier diode process.
The decoderaccepts three binary weighted inputs (Ag, A1, A2)
and when enabled provides eight mutually exclusive active
LOW Outputs (Og—07). The LS138 features three Enable in-
puts, two active LOW (Eq, E2) and one active HIGH (E3). All
outputs will be HIGH unless Eq and Eo are LOW and E3 is
HIGH. This multiple enable function allows easy parallel ex-

pansion of the device to a 1-0f-32 (5 lines to 32 lines) decoder
with just four LS138s and one inverter. (See Figure a.)

The LS138 can be used as an 8-output demultiplexer by
using one of the active LOW Enable inputs as the data input
and the other Enable inputs as strobes. The Enable inputs
which are not used must be permanently tied to their appropri-
ate active HIGH or active LOW state.

TRUTH TABLE
INPUTS OUTPUTS
Eq E2 E3 Ag Aq Az Op 01 02 O3 04 Os Og 07
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L
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Figure a
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SN54/74L.5138

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 4.5 50 5.5 v
74 4.75 5.0 525
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 ~-04 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \4 Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
VIL Input LOW Voltage - o \Y All Inputs
ViK Input Clamp Diode Voltage -0865 | -15 \Y Ve =MIN, |y=-18 mA
54 25 35 \ = = =
VoH Output HIGH Voltage Ve = MIN, IoH = MAX, VN = ViH
74 27 35 v or V| per Truth Table
54,74 0.25 0.4 \ loL=4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = V|Lor VIH
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 Ve =MAX, VIN=2.7V
lIH Input HIGH Current hA 6 N
0.1 mA Ve =MAX, VIN=T7.0V
L Input LOW Current -04 mA Vec=MAX, VIN=04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Icc Power Supply Current 10 mA Voo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Levels of Limits
Symbol Parameter Delay Min Typ Max Unit Test Conditions
tPLH Propagation Delay 2 13 20 ns
tPHL Address to Output 2 27 41
tPLH Propagation Delay 3 18 27 -
tPHL Address to Output 3 26 39 Ve =50V
tPLH Propagation Delay Eq or Eo 2 12 18 - CL=15pF
tPHL Enable to Output 2 21 32
tPLH Propagation Delay E3 3 17 26 ns
tpPHL Enable to Output 3 25 38
AC WAVEFORMS
13V 13V ViN 13V 13V

VIN

L—-ﬁ tPHL L—-—r tPLH
Vour 13V 13V

Vour 5k1.3v

"’f‘ tPHL 1PLH_L_’|

Figure 1

Figure 2
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Case 751B-03 D Suffix
16-Pin Plastic
SO-16
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Case 620-09 J Suffix

I [LA-] Ir 16-Pin Ceramic Dual In-Line
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1962
. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
4, MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
. 7518-01 IS OBSOLETE, NEW STANDARD
751B-03.

MILLIMETERS NCHES
MN | MAX | MIN | MAX
9.80 | 10.00 | 0.386 | 0.383
380 | 400 | 0.150 | 0.157
135 | 1.75 | 0.054 | 0.068
035 | 048 | 0.014 | 0.018
0.40 | 1.25 | 0.016 | 0.048
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1962.

2, CONTROLLING DIMENSION: INCH.

3. DIMENSION "L" TO CENTER OF LEADS WHEN
FORMED PARALLEL

4. DIMENSION “B° DOES NOT INCLUDE MCLD
FLASH.

5. ROUNDED CORNERS OPTIONAL

6. 648-01 THRU 07 OBSOLETE, NEW STANDARD
848-08.

MILLIMETERS | INCHES |
| DM | MIN | MAX | MIN | mAX |
A | 1880 | 1955 | 0.740 | 0.770
B 35 | 685 | 0.250 | 0.270
[ 69 | 444 | 0.145 | 0.176
[1] 30 | 053 | 0015 | 0.021
F 02 | 1.77 | 0.040 | 0.070
G 254BSC 100 BSC
H 1278SC | 0.050BSC |
J | 021 | 038 | 0,008 | 0.015 |
K_[ 280 | 330 | 0.1i0 | 0.130 |
L | 750 | 774 | 0.295 [ 0.305 |
[] [ [ S
S | 051 | 101 | 0.020 | 0.040
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH,
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL
4. DIM F MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.
5. 620-01 THRU -08 OBSOLETE, NEW STANDARD
£620-09,
MILLIMETERS INCHES
o NN | MAX
A 0750 | 0,770
B 36 | 0240 | 0.290
c — [ 419 — Toies
D 039 | 053 | 0.015 | 0.021
E 1.27 BSC 0.050 8SC
F_ [ 140] 177 | 0055 | 0070 |
G 254 BSC 0.100
J 023 | 027 [ 0.009 | 0.011
K — | 508 — | o200
K 7,62 BSC 0.300 BSC
] [ 0° [ 15°
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