
EE2000 Logic Circuit Design 

Sequential Functional Blocks: 
Registers and Counters 
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9.1 Registers 
 - Registers 
  Parallel load, Bidirectional shift 
  Serial Adder, Accumulator 
9.2 Counters 
 - Asynchronous Counters 
  Ripple counters 
 - Synchronous Counters 
  Up-down counters,  
  Modulo counters,  
  Ring counters, Twist Ring counters 
 
 



Registers 
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Note: PRE’ and 
CLR’ inputs are 
not shown in this 
diagram  
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Note: PRE’ and CLR’ 
inputs are not 
shown in this 
diagram  
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PET D Flip-Flops with Enable 
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PET D Flip-Flops with Enable 
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2-to-1 MUX 
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4-to-1 MUX 



Serial Binary Adder 

15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



Counters 
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Counters 
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Asynchronous Counters 
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4-bit Ripple Counter (Async.) 

 The change of states does not occur at the same time 
 Propagation delay of the flip-flops will rippled 

through the “clock input” of FFs 
 The Qi of the last flip-flop has the largest delay 



Asynchronous binary counter 
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• An asynchronous counter is also called ripple 
counter.  

• In a ripple counter, the FF output transition 
serves as a source for triggering other FFs.  

• In other words, the clock inputs of all FFs (except 
the first) are triggered not by the incoming pulse, 
but rather by the transition that occurs in other 
FFs.   
 



Synchronous Counter 
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• A synchronous binary counter is a simple counter for which 
all the FFs are driven by a common clock, thus all the 
change of states will occur at the same time without 
further delay.   

• It can also be used to provide the frequency division 
function. 
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Synchronous Counter 

clock

Q
0

Q
1

Q
2

Q
3

T

Q

Q
SET

CLR

T

Q

Q
SET

CLR

T

Q

Q
SET

CLR

T

Q

Q
SET

CLR

clock

'1'

Q3

to next 
stage

Q2Q1Q0

The delays of all FFs are the propagation delays of their own. 
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Modulo counter 

• A modulo-N (abbreviated mod-N) counter is a 
counter that goes through a repeated 
sequence of N counts. 
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It will trigger the parallel load when the Qi = x1x1 
(e.g. 0101, 0111, 1101, 1111)  
 

 
Then it counts 0000 →0001 →0010 →0011 → 0100 →0101 
(= x1x1) 
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With Async Load control, its counts  
     0000 →0001 →0010 →0011 → 0100 →0101 →(0110/0000) 
When 0110 appears, D3D2D1D0 (0000) will immediately be 
loaded to Q3Q2Q1Q0 . 0110 will only appear for a negligible 
period. The counter output becomes 0000 and the counter 
repeat its normal operation. 

Modulo Counter Example 
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Modulo Counter Example 

With Sync & Sync CLR control, the clear conditions are different. 
This design is simpler since the connections to inputs are not 
required. 



Ring Counters 
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Basic Ring Counters 

 N-bit counter with N-state 
 Particularly useful in time division multiplexing 

(TDM) applications 
 Enable only one Qi (only one user) at a time 
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Twist Ring Counters 
(Johnson counter) 
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• The twisted ring counter is a circular shift 
register with the complement output of the 
last stage connected to the input of its first 
stage.  
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Twist Ring Counters 

 The number of states for a n-bit twisted ring counter is 2n.  
 Only one output bit changes between consecutive count 

states. 
 The count sequences can be decoded with just 2 bits from 

each count state, no matter how many stages are in the 
counter. 
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