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Binary Counters

Introduction to binary counter:

 Counter is a kind of register

 Goes through a prescribed sequence of binary numbers

 A n-bit binary counter consists of n flip-flops

 Counts: 0 – (2n-1)

Example: 2 bit binary counter: 00  01  10  11  00... 

 Categories of Counter

 Ripple/asynchronous: clock pulses are different for flip-flops

 Synchronous: all flip-flops receive the same clock pulse
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Ripple Counters

Design of a 2-bit binary ripple counter:

 Output of one flip-flop is connected to the clock input of the next more-

significant flip-flop.

Timing diagram

00  01  10  11  00... 
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Design of a 3-bit ripple binary counter:
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Ripple Counters …
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Asynchronous Counters with MOD no. < 2
n

 Design of an asynchronous MOD-10 counter : counts (0-9) 

 MOD-10 counter: known as decade counter or BCD counter

 Counter with 10 states (modulus-10) in their sequence 

 They are commonly used in daily life (e.g.: utility meters, 
odometers, etc.).
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7

Asyn. Counters with MOD no. < 2
n

 Exercise: How to construct an asynchronous MOD-5 counter?  

MOD-7 counter?  MOD-12 counter?

 Question: The following is a MOD-? counter?
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Up and Down Counters …

 Up counters: count upward from zero to a maximum value, 
and repeat  

 Down counters: count downward from a maximum value to 
zero, and repeat.

Example: A 3-bit binary down counter. 
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Propagation delays in an asynchronous (ripple) counter:

 If the accumulated delay is greater than the clock pulse, some 
counter states may be misrepresented!
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Ripple Counters …



Synchronous Counter
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4-bit Ring Counter

 A “CLEAR” signal and a “PRESET” pulse is applied to initialize the

counter.

 On each successive clock pulse, the counter circulates the same data

bit between the four flip-flops over and over again around the “ring”

every fourth clock cycle.
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Program Counter
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8-bit Counter …
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Example: Contents of a 1024 × 16 Memory
• 1K words
• 16 bits in each
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• If Select = 0 
• S = 0, R = 0  No change in SR Latch
• C = 0, C’ = 0

• If Select = 1 
• S = B, R = B’  Change in SR Latch
• C = Q, C’ = Q’

A Static RAM Cell
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RAM Bit Slice Model

One of the words is selected at a time
• Bit Select = 0, RW = X

B = 0, B’ = 0, Data out = 0;
• Bit Select = 1, RW = 1 (read)

B = 0, B’ = 0, Data out = Q;
• Bit Select = 1, RW = 0 (write)

B =Data In, B’=(Data In)’
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• 1 bit/word
• 4-to-16 Decoder is used to select a word

16-Word by 1-Bit RAM Chip
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Diagram of a 16 × 1 RAM 
• Using a 4 × 4 RAM Cell Array

16 × 1 RAM
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Block Diagram of an 8 × 2 RAM 
• Using a 4 × 4 RAM Cell Array

8 × 2 RAM 

Exercise: Design a 4 × 4 RAM Using a 4 × 4 RAM Cell Array
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A 64K × 8 RAM Chip

Symbol for a 64K × 8 RAM Chip
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Block Diagram of a 256K × 8 RAM

Exercise: Design a 512 × 8 RAM Using  64 × 8 RAM chips
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RTL and Memory 

 Memory to register transfers are called read operations, 

 Register to memory transfers are called write operations. 

 Both require specification of the memory location to be used (which 

can be done through a special register (AR) or a special bus (Address 

bus). 
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• RTL expressions for a Read operation, assuming the 

use of an address registers: 

• RTL expressions for a Write operation, assuming use 

of a data register: 

RTL and Memory 


