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Outline 

• 5.1  Equality Comparator 
• 5.2  Arithmetic functional blocks 

-  Half adder, Full adder, Ripple carry adder 
-  Half subtractor, Full substractor, Ripple carry substractor 
-  Carry-look-ahead adder 

• 5.3  Logical functional blocks 
 -  Decoder 
 -  Encoder 
 -  Multiplexer 
 -  Demultiplexer 

• 5.4  Programmable logic devices 
 -  ROM, PLA, PAL 
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5.1  Equality Comparator 
 
• A circuit to compare two binary numbers to 

determine whether they are equal or not 

• The inputs consist of two variables: A and B 

• The output of the circuit is a variable E 

• E is equal to 1 if A and B are equal 

• E is equal to 0 if A and B are unequal 
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1-bit Equality Comparator 
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2-bit Equality Comparator 
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4-bit Equality Comparator 

Problem: 
Not easy to design 
Difficult in simplification 
K-map? QM ? 

Solution: 
Modular design 
Functional circuit blocks 



• Modular design 
- Decompose the problem into four 1-bit 
comparison circuits 
- Compare bit by bit, then combine all results 

•  Logic diagram 
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4-bit Equality Comparator 
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4-bit Equality Comparator 



• Final logic diagram 
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4-bit Equality Comparator 



Summary of 5.1 

• Instead of designing a complex n-bit equality 
comparator circuit 

• Design only a 1-bit comparator block and a 
simple equality block 

• Re-use the 1-bit comparator block for n times 

• Reusable small circuits are called 
combinational functional blocks 
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5.2  Arithmetic functional blocks 

• Special class of functional blocks that perform 
arithmetic operations 

• Operate on binary numbers (input) and produce 
binary numbers (output) 

• Each bit position has the same sub-function 

• Design a functional block for the sub-function 
and use repeatedly for each bit position 

• Example arithmetic functional blocks 

     - Adders, subtractors 
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1-bit Adder 
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• As known as half adder (HA) 

 
The outputs are 
S (sum bit), and  
C (carry-out bit) 
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Full Adder   
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Full Adder   



Half Adder and Full Adder 
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Ripple Carry Adder 
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Ripple Carry Adder 
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Ripple Carry Adder 
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Ripple Carry Adder 
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HA vs. FA vs. RCA 
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Subtractors 
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Half Subtractor 
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The outputs are  
D (difference bit) and B 
(borrow out bit) 
 



Full Subtractor 
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Full Subtractor 
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Ripple Carry Subtractor 
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Ripple Carry Subtractor 
(Another version) 



n-bit RC Adder/Subtractor 
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Delay Problem of RCA 

• The carry output of each full-adder stage is connected 
to the carry input of the next higher stage 

• A time delay thus occurs because the sum and the 
carry output of each stage cannot be produced until 
the input carry appears 

• Assuming that the delay for generating the carry 
output is m nsec 

• For a N-bit adder, the total delay will be up to Nm nsec 
• Serious delay problem if N is a large number 
• Solution: Calculate the carry bits beforehand, then 

construct carry-look-ahead adder 
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Calculate Carry Bits Beforehand 
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General Form of the Carry Bits 
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4-bit Carry-look-ahead Adder 
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Summary of 5.2 
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5.3  Logical functional blocks (Decoder) 

    Decoder 

• A decoder is a combinational circuit with n- 
input and m-output (0 < n ≤m ≤ 2n, but usually 
m = 2n) 

• A very important functional blocks as it can be 
incorporated into many of the other functions 
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1-to-2-Line decoder 
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2-to-4-Line Decoder 
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3-to-8-Line Decoder 
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• Build the simplest block:  

(i)  1-to-2-line decoder 
(ii) 2-to-4-line decoder 
(iii) 3-to-8-line decoder 
(iv) n-to-2n-line decoder 



Decoder with Enabling 

37 



Decoder with Enabling 
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5.3  Logical functional blocks (Encoder) 
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• An encoder is a functional block that performs 

the inverse operation of a decoder 
• m inputs and n outputs 
• 0 < n ≤ m ≤ 2n, but usually m = 2n 

 
Example of Octal-to-Binary Encoder 



Octal-to-binary Encoder 
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Decimal-to-BCD encoder 

 

41 

Inputs Outputs 

0 1 2 3 4 5 6 7 8 9 A3 A2 A1 A0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 0 0 0 0 1 

0 0 1 0 0 0 0 0 0 0 0 0 1 0 

0 0 0 1 0 0 0 0 0 0 0 0 1 1 

0 0 0 0 1 0 0 0 0 0 0 1 0 0 

0 0 0 0 0 1 0 0 0 0 0 1 0 1 

0 0 0 0 0 0 1 0 0 0 0 1 1 0 

0 0 0 0 0 0 0 1 0 0 0 1 1 1 

0 0 0 0 0 0 0 0 1 0 1 0 0 0 

0 0 0 0 0 0 0 0 0 1 1 0 0 1 



Limitation of Encoders 

• Only one input can be active (i.e. 1) 

• If two or more inputs active simultaneously, the 
output produces an incorrect combination 

• Solution: 
- To resolve this ambiguity, introduce an input  
priority 
- Each input pin has different priority 
- If two or more inputs are 1 at the same time, 
only consider input that has higher priority 
-  This kind of encoder is called priority encoder 
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Priority Encoders 
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4-Input Priority Encoder 
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5.3  Logical functional blocks 
(Multiplexer -- MUX) 
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• Combinational circuit 

performs selection 
 

• To appear IS on a 
single output (Y) 
from many inputs (Ii ) 
 

• A set of selection 
input variables (S)10 = 
(Sn-1…S1S0)2 



2-to-1-line MUX 

46 



4-to-1-line MUX 
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4-to-1-line MUX 
(Example) 
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4-to-1-line MUX 
(Example) 



Demultiplexer (DMUX) 
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Demultiplexer (DMUX) 
A demultiplexer (DMUX) basically reverses the multiplexing function. A DMUX 
is a circuit that receives information on a single line and transmits this 
information on one of 2n possible output lines.  The selection of a specific 
output line is controlled by the bit pattern of n select lines.  For this reason, the 
demultiplexer is also known as a data distributor. 

 

 

Decoder with enable Demultiplexer 
 

Decoder can function as demultiplexer if the E line is taken as a data input line 
and input lines taken as the selection lines. 



Typical MUX and DMUX application 

• A MUX is a device that allows digital information from several sources to 
be routed onto a single line for transmission over that line to a common 
destination and a DMUX basically reverses the multiplexing function. 
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5.4  Programmable logic devices 

• Implementation technologies introduced so far 
are not programmable 
– Fixed integrated circuits 

• Programmable Logic Device (PLD) 
– Integrated circuit with internal logic gates connected 

together 

– These internal connections can be reconfigured 
(erased / programmed) to form a specific logic circuit 

• Three types of basic PLDs 
– ROM, PLA, PAL 
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Read-Only Memory (ROM) 
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• An essential memory device in which permanent binary 
information is stored (even when the power is turned off, the 
information is still there). 

• k-bit address inputs and n-bit data outputs 
Inputs: address for the memory 
Outputs: the word (n data bits) stored in ROM selected by the k-bit 
input address 

• k address input can specify 2k words 
 

• Features: -  advantage of simple and less connections 
  -  disadvantage of doubling the size with an additional input 
  -  cheap for mass production but expensive for development 



Other ROMs 

• ROM usually works as a lookup table 

• No data inputs as ROM does not have a write 
operation (only read operation) 

• ROMs that can be written / rewritten 
PROM 
EPROM (Erasable PROM) 
EEPROM (Electrically Erasable PROM) 
FEPROM (Field Erasable PROM) 
FLASH Memory 
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PROM 

• Programmable Read-Only Memory 

• Perform same functions as ROM 

• Oldest programmable logic device 

• Fuse or anti-fuse programmed 

• One-time writing process has been deferred to 
the end-user 

• Advantage: easy programming and inexpensive 

• Disadvantage: non-reprogrammable 
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Fuse-Programmable Arrays 
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Example: 8 x 4 PROM 
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Programming Logic Array (PLA) 
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• Programmable device similar to PROM but 
with different internal structure 

• The device is used to implement logic function 
in the form of sum-of- product terms 



Example: PLA 

60 • How many product terms for f1 and f2? 



Minimization in PLA 

• Reduce the number of distinct product terms, so as to 
Minimize the number of AND gates 
Minimize the size of PLA 
 

• Step 1) Simplify the Boolean functions, and also their 
complementary functions to minimum number of 
terms 
 

• Step 2) Find the combination to produce the minimum 
number of distinct product terms (or maximum 
common terms) 

 

 
61 



62 



63 



64 



65 



Programmable Array Logic (PAL) 

• PLA: both the AND and the OR arrays are 
programmable 

• PAL: the AND array is programmable and the 
OR array is fixed 

• PLA is a general design for implementing sum-
of-product terms, whereas the PAL has fixed 
sum-of-product terms 

• Design for PAL device is easier, but not as 
flexible as that for PLA 
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