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MODULE - Digital Electronics 
SUB-MODULE - Binary Logic 

j 

COMPETENCIES TO BE DEVELOPED 

Upon satisfactory completion of this sub-module, each 
student should have acquired the following competencies: 

1. � Know and apply the concepts relative to accident cause and 
prevention in the electronics laboratory, and develop a 
positive attitude towards safe behavior 



MODULE - Digital Electronic 
TOPIC - Logic Gates SUB-MODULE - Binary Logic 

CONTENT OUTLINE 

1. � Digital Electronics 
a. � Safety educ·ation �

Accident cause and prevention �
• � Rules and regulations 

b. � Digital and analog electronics �
Input/output signals and waveforms �
Applications and equipment �

2. � Digital Devices and Components 
a. � Integrated circuits �

Digital families �
Specifications and packaging �

· b. Experimental procedures 
• � Breadboarding techniques �

Power supplies �
Inputs/outputs �

3. � Binary Number Systems 
a. � Binary/decimal conversion 
b. � Hexadecimal/decimal conversion 

4. � Binary Logic Gates 
a •. AND, OR and NOT gates 

• � Logic symbols 
• � Boolean expressions �

Truth tables �
b. � NANO, NOR, Exclusive-OR (XOR) and Exclusive-NOR (XNOR) 

gates �
Logic symbols �
Boolean expressions �
Truth tables �
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MODULE - Digital Electronics 
TOPIC - Logic Gates SUB-MODULE - Binary Logic 

PERFORMANCE OBJECTIVE No. 1: 

Given an electronics laboratory situation, the student 
will demonstrate an awareness of safety theory, rules and 
regulations by practicing positive safe daily behavior to the 
expectations of the instructor. 

SUPPORTING COMPETENCIES: 
In order to do this, the student must be able to: 

a. � Identify the by62ation, rege safe5ation, to 7.51ratory 





MODULE - Digital Electronics 
TOPIC - Logic Gates SUB-MODULE - Binary Logic 

. . Laboratory experiments - for students to become familiar 
with breadboarding techniques and circuit diagrams. 
Each of the basic logic functions should then be observed 
through individual assembly and experimentation. 

5. � Home study - have students complete wiring diagrams of 
basic logic circuits on pictorials of solderless socket 
boards. 

6. � Information/work sheet - use to explain common IC digital 
families and part numbers. Have students complete 
questions about logic functions and/or packaging. 
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MODULE - Digital Electronics 
TOPIC - Logic Gates SUB-MODULE - Binary Logic 

PERF'ORMANCE OBJECTIVE No. 3: 

Given a test on binary and decimal number syste~s, the 
- --Student will successfully 





MODULE - Digital Electronics 
TOPIC - Logic Gates SUB-MODULE - Binary Logic 

PERFORMANCE OBJECTIVE No. 5: 

Given the appropriate instruction on the logic functions of 
NAND, NOR, XOR and XNOR. gates, the student will identify the 
logic symbol and Boolean expression, and complete a truth table 
illustrating the operation of each gate to a degree of complete
ness and accuracy considered acceptable to the instructor. 

SUPPORTING COMPETENCIES: 
In order to do this, the student must be able to: 

a. � Draw the logic symbols for NAND, NOR, XOR and XNOR 
gates. 

b. � Write a statement describing the basic logic funtion 
of a NAND, a NOR, an XOR and an XNOR gate. 

c. � Identify the Boolean expression illustrating the 
arithmetic function of a NAND, a NOR, XOR and an XNOR 
gate. 

d. � Differentiate between positive and negative logic 
level assignments for digital inputs and outputs. 

e. � Determine the number of possible input combinations 
for a given logic gate. 

f. � Complete a truth table for a NAND, a NOR, an XOR and 
an XNOR gate showing the resulting output for all 
possible input combinations. 
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MODULE - Digital Electronics 
I TOPIC - Logic Gates SUB-MODULE - Binary Logic 

PERFORMANCE OBJECTIVE 



MODULE - Digital Electronics 
TOPIC - Combinational Logic SUB-MODULE - Binary Logic 

CONTENT OUTLINE 

1. � Combinational Logic Gates 
a. � Combinational circuits 

• � Min- and maxterms 
• � Logic diagrams �

Boolean expressions �
• � Truth tables 

* � b. Simplification of combinational circuits 
Karnaugh maps 
DeMorgan's Theorems 
Logic implementation with NANO/NOR gates 
Logic system design with Karnaugh maps 

2. � Data Selectors 
a. � Multiplexers �. Combinational logic �
b. � Demultiplexers �

Data selector systems �

3. � Encoders/Decoders 
a. � Encoding �. Number codes �. Encoders �
b. � Display devices �. Seven-segment �. � LED . � LCD 
c. � Decoding �

BCD-to-seven segment �

4. � Simple Troubleshooting 
a. � Logic probes and TTL IC's 
b. � Co~on IC and logic circuit problems 

Enrichment* 
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MODULE - Digital Electronics 
; TOPIC - Combinational Logic SUB-MODULE - Binary Logic 

. . PERFORMANCE OBJECTIVE No. 1: 

Given a diagram for a simple combinational logic circuit, 
the student will simplify the logic function(s) performed and 
construction of the circuit with appropriate truth tables and 
Boolean expressions to a degree of accuracy and completeness 
considered acceptable to the instructor. 

SUPPORTING COMPETENCIES: 
In order to do this, the student must be able to: 

a. � Draw or identify the graphic symbol.for basic logic 
gates. 

b. � a combinational l72.65 Tm
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MODULE - Digital Electronics 
TOPIC - Combinational Logic SUB-MODULE - Binary Logic 



MODULE - Digital Electronics 
TOPIC - Combinational Logic SUB-MODULE - Binary Logic 

PERFORMANCE OBJECTIVE No. 3 � (Enrichment) 

Given a Boolean expression for a combinational logic 
circuit, the student will simplify the logic function(s) per
formed with Karnaugh maps and DeMorgan's Theorems 
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MODULE - Digital Electronics 
TOPIC - Combinational Logic SUB-MODULE - Binary Logic 

PERFORMANCE OBJECTIVE No. 6: 

Given a simple combinational logic circuit, the student 
will identify common faults and problems in digital integrated 
circuits and use a logic probe/voltmeter to troubleshoot the 
circuit to No. 



INDUSTRIAL ARTS EDUCATION 
Module of Instruction 

PHASE - Concentration � ELEMENT - Technology 

AREA OF CONCENTRATION: Electronics 

MODULE: 7.0 Digital Electronics 

SUB-MODULE: 7.2 Logic Systems 

TOPICS: � Sequential Logic Circuits 
Logic Systems Applications 

PREREQUISITES: 7.1 Binary Logic Sub-Module 

Prepared �by 

Howard Sasson �
George Legg �

Robert F. Caswell �
James Goldstine 

' Joseph Sarubbi 
Sandra P. Sommer 
Bruce G. � Kaiser 

TOTAL TEACHING TIME: 30 Hours (8 Weeks) Date: June 1984 





MODULE - Digital Electronics 
SUB-MODULE - Logic Systems 

Estimated Teaching Time 

Sequential Logic Circuits 18 Hours (5 Weeks) 

Logic 
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MODULE - Digital Electronics 
SUB-MODULE - Logic Systems 

' TOPIC - Sequential Logic Circuits 

CONTENT OUTLINE 

1. � Flip-Flops and Clocks 
a. � Sequential logic 

• � Devices· 
• � Functions 

b. � R-S Flip-Flops 
• � Bistable multivibrator 

·Asynchronous operation 
Clocked R-S flip-flops 

c. � J-K and D flip-flops 
Asynchronous and synchronous operation 

• � Latch 
d. � Clocks and timers 

• � Monostable and astable operation 
555 timer 

2. � Counters 
a. � Ripple 

• � Up/down 
• � Decade/hexadecimal 
• � Recirculating 

b. � Synchronous 
• � Modulo 

* � • Synchronous logic circuit design 
c. Universal counters (74192, 74193) 
d. Dividers (7490, 7491, 7493) 

3. � Arithmetic Circuits 
a. � Shift registers 

• � Shift .right and left 
• � Recirculating 
• � Parallel/serial load 

b. � Universal shift register (74194) 
c. � Binary adders/subtracters 

• Two's complement subtraction 
d. � 4-bit binary full adder (7483) 
e. � Arithmetic Logic Unit (74181) 

4. � Memories 
a. RAM (7489) 
b. ROM, � PROM 
c. � Magnetic storage 

• � Tape 
• � Disc/drum 
• � Core 

* � Enrichment 
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MODULE - Digital Electronics 
SUB-MODULE - Logic Systems 

TOPIC - Sequential Logic Circuits 

PERFORMANCE OBJECTIVE No. 2: 

Given the necessary· schematic, materials, tools and equip
ment, the student will assemble, test-operate and verify the 
truth table for a digital counter circuit to a degree of ac
curacy and completeness considered acceptable to the instructor. 

SUPPORTING COMPETENCIES: 
In order to do 





MODULE - Digital Electronics 
SUB-MODULE - Logic Systems 

TOPIC - Sequential Logic Circuits 

PERFORMANCE OBJECTIVE No. 4: 

Given the necessary schematic, materials, tools and equip
ment, the student will assemble, test-operate and verify the 
truth table for an arithmetic logic circuit to a degree of ac
curacy and completeness considered acceptable to the instructor. 

SUPPORTING COMPETENCIES: 
In order to do this, the student must be able to: 

a. � Read and interpret the pin diagram for an arithmetic 
logic circuit. 

b. � Perform binary addition and subtraction and verify 
results of calculation with adder/subtracter circuits. 

c. � Assemble a basic adder/subtracter circuits on a 
solderless socket board and verify its operation 
with test equipment. 

d. � Complete a truth table illustrating an arithmetic 
logic circuit operation. 

e. � Explain the application of binary adders/subtracters 
in ALU's, CPU's and microprocessors. 

f. � Read and interpret the schematic diagrams for a 4-bit 
full adder and/or Arithmetic Logic Unit. 

INSTRUCTIONAL STRATEGIES: 

1. � Lecture/discussion - discuss the function of binary adder 
and subtracter circuits in calculator and computer 
systems. Illustrate binary addition and subtraction 
using the two's complement. Compare serial and parallel 
systems. 

2. � Demonstrations - binary addition/subtraction with half 
adder/subtracter circuits using XOR and XNOR gates. 
Assembly and operation of 7483 4-bit 'full adder and 
arithmetic with 3Tj
14.0972 0 0 13 23a13 lator 2. �operstems. 2. �



MODULE - Digital Electronics 
/ SUB-MODULE - Logic Systems 

TOPIC - Sequential Logic Circuits 

5. � Horne study - have students complete practice calculations 
in binary addition· and subtraction. Compare rules to 
truth tables for XOR and XNOR gates. 

6. Computer assisted instruction on binary calculations. 

7. � Research assignment - have students investigate and report 
in verbal or written form on the application of binary 
adders and subtracters in CPU and microprocessor devices. 

/ 
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MODULE - Digital Electronics 
SUB-MODULE - Logic Systems 

TOPIC - Sequential Logic Circuits 





MODULE - Digital Electronics 
SUB-MODULE - Logic Systems 

TOPIC - Logic Systems Applications 

PERFORMANCE OBJECTIVE No. 1: 

Given the necessary instruction, the student will list the 
operations required for integrated circuit manufacturing and 
differentiate among SSI, MSI, LSI and VLSI methods of inte
gration to a degree of accuracy and completeness considered 
acceptable to the instructor. 

SUPPORTING COMPETENCIES: 
In order to do this, the student must be able to: 

a. � Differentiate between monolithic and hybrid methods 
of IC manufacture. 

b. � List and identify eight sequential steps required to 
manufacture a monolithic integrated circuit. 

c. � Differentiate among the four methods of integration 
in terms of function and logic system design. 

d. � Recognize the common advantages and disadvantages of 
IC circuit technology as compared to discrete 
components. 

INSTRUCTIONALm
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SUB-MODULE - Logic Systems 
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MODULE - D i g i t a l  E l e c t r o n i c s  
SUB-MODULE - L o g i c  S y s t e m s  

T O P I C - L o g i c  S y s t e m s  A p p l i c a t i o n s  

PERFORMANCE O B J E C T I V E N o .  4 :  

G i v e n  a n  i t e m  o f  d i g i t a l  e q u i p m e n t  a n d  i n f o r m a t i o n  a b o u t  .. 	 c i r c u i t  c o n s t r u c t i o n  f e a t u r e s  a n d  t e c h n i c a l  s p e c i f i c a t i o n s ,  t h e  
s t u d e n t  w i l l  a n a l y z e  t h e  c o n s t r t i c t i o n  f e a t u r e s  a n d  e s t i m a t e  i t s  
d u r a b i l i t y  a n d  w o r t h  t o  m a k e  a n  e d u c a t e d  p u r c h a s e  d e c i s i o n  t o  a 
d e g r e e  o f  c o m p e t e n c y  a c c e p t a b l e  t o  t h e  i n s t r u c t o r .  

SUPPORTING COMPETENCIES: 
I n  o r d e r  t o  d o  t h i s ,  t h e  s t u d e n t  m u s t  b e  a b l e  t o :  

a .  	 R e c o g n i z e  c o m p o n e n t s ,  d e v i c e s  a n d  a s s e m b l y  t e c h n i q u e s  
t h a t  d e t e r m i n e  p r o d u c t  c o s t  a n d  d u r a b i l i t y .  

b .  	 D e f i n e  w a r r a n t y  a n d  g u a r a n t e e ,  a n d  i d e n t i f y  t h e i r  
s i g n i f i c a n c e  t o  t h e  p u r c h a s e  a n d  s e r v i c e  o f  d i g i t a l  
p r o d u c t s .  

c .  	 I d e n t i f y ,  u s e  a n d  i n t e r p r e t  c o n s u m e r  p u b l i c a t i o n s  
p r i o r  t o  p u r c h a s i n g  a d i g i t a l  e l e c t r o n i c  p r o d u c t .  

d .  	 L i s t  l o c a l  s o u r c e s  o f  p a r t s  a n d /  a n d /  

L i s t  c a n c e  d i g . 6 2 4 6 j � 1 5 . 4 8 2 1  0  1 . d i 5 [ 5 . 9 2  T m a 6 a i . 7 2  4 0 9 d 4 2 6 . 1 ( d .  E t . 8 4  4 3 3 . 9 2  T m � D 5 2 B o d y  < < / M C 2 U 2 j � 1 6 . 4 4 5 f d y  r o d u c t s .  ) T j � E M C  � / 7 3 6 3  E t . 8 4  4 3 3 . 9 2 2  4 3 3 . 9 2  T m �( 3 . 5 5 4 .  ) T j � E M C  � / 7  0  9 0  1 .
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