
 

 

Subject Name: VLSI Circuits & Systems 

Subject Code: EC-6004 

Semester: 6
th

      

 

 

 

 



Unit III :  Asynchronous Sequential Machine :  Introduction to asynchronous sequential machine, 

Fundamental mode and Pulse mode asynchronous sequential machine, Secondary state assignments in 

asynchronous sequential machine, races and hazards. 

 

Introduction to Asynchronous Sequential Machine:  

 Asynchronous sequential machine does  not use clock signal fro triggering the operation. 

When the input change occurs, the state of the network can change almost immediately without waiting for 

a clock pulse. The basic model of asynchronous sequential machine is as shown in Fig. 3.1.   

 x1,x2,…..xk are the input level signals 

 y1,y2,…..yk are referred to as the secondary state or internal state of the circuit. 

 z1,z2,…..zk are the outputs of the entire circuits. 

 The signals Y1,Y2,…..Yk that appear at the inputs of the memory devices (Delay) are called the excitation 

or next state variables. 

In the asynchronous machines, if the next internal state is the same as the present internal state, (i.e., yi=Yi) 

then the circuit is in a stable state otherwise the corresponding internal state is unstable.  

 
Fundamental Mode Asynchronous Sequential Machine :   

 In the fundamental mode of operation, the signals will be changed only when the circuit is in 

a stable condition. A transition from one stable state to another occurs only in response to a change in the 

input state. In a fundamental mode circuit, we shall assume that, after a change in one input has occurred, 

no other change in any input occurs until the circuit enters a stable state. All the input and output signals are 

represented by levels rather than a pulses. 

 

Pulse Mode Asynchronous Sequential Machine :  
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Fig.3.1: Basic Asynchronous Sequential Machine Model 
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 The pulse mode operation of circuits is similar to that of clocked synchronous networks 

except that state changes are triggered by the input pulses rather than by the clock. Some of the restrictions 

are usually followed in this mode of operation. The pulses duration must be such that  

 It is long enough to cause a change in the state of the memory elements.  

 It is short enough so that they are no longer present after the memory elements have changed their 

state. 

 

 

 

Secondary State Assignment: 

 The state assignment for asynchronous circuits is complex. In these scheme each transition is 

accomplished either by a change of secondary state in which only one secondary variable changes or by 

multiple change of secondary variables does not result in critical race. In the synchronous circuits, the state 

assignments are made with the objective of circuit reduction. Thus, in asynchronous machine state 

assignments are made with the objective of avoiding critical races and simplification of the logic becomes a 

secondary consideration. Three methods are commonly used for making a critical race free state 

assignment. 

(i) Shared row state assignment  

(ii) Multiple row state assignment 

(iii) One hot state assignment 

 

Cycles and Races:  

Consider the transition table of Fig. 3.2. Starting in total stable state XQ1Q2=000 if the input X changes from 0 

to 1, we get the condition of Fig.3.3. Immediately after X changes, the state will change to 01 and then to 11. 

From state11, the network switches to state 10 and then back to state 00. In fact, the circuit will cycle 

through the unstable states until X is made 0 again. When a circuit goes through a unique sequence of 

unstable states, it is called cycle. 
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Fig. 3.2 Fig. 3.3 
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Race : When the circuit is in XQ1Q2=000 and the required transition to 

state XQ1Q2=011 involves a change in the values of two state variables. 

If two flip flop had changed simultaneously, the circuit would have gone 

directly from state 00 to 11. If different flip flop may have different 

propagation delays, then either Q1 or Q2 changes first, instead of going 

directly to the secondary state 11, the circuit will go to either state 01 or 

to state 10. Since in either transition the circuit will finally reach its 

destination state 11. Such situation, where a changes of more than one 

state variable is required, and we can not say which variable changes 

first, there is a race between two state variables and depend on the 

order of change of state to go to the next state. This is called non critical 

race. A race become critical if the final stable state reached by the circuit 

depends on the order in which the flip flop change. A Fig. 3.4. shows a 

critical race condition for an asynchronous network. 

 

 

 

 

 

Hazards: In digital systems it is assumed to respond instantaneously to input signals and wiring delays 

assumed to be zero. However, in practice due to gate and wiring delay, circuit will not respond 

instantaneously to input signals change, which in turn may result in hazards. Hazard is a condition where a 

single variable change produces a momentary output change, when no output change should occur. If two 

outputs before and after the change of input are both same then it is called static hazard. If a network 

output may momentarily go to 0 when is should remain a constant 1, we say that the network has a static-1 

hazard. Similarly static-0 hazard. 

 

Essential Hazard: If a combinational part of circuit is hazard free even then asynchronous circuit may 

malfunction due to essential hazard. An essential hazard in an asynchronous sequential circuit can cause the 

circuit to enter an incorrect state and possibly become stable state. The designer can avoid essential hazards 

simply by adding delays to the network. 

 

Example: Find the circuit that has no static hazards and implements the function F = Σ (0,2,6,7,8,10,12) 

Solution: Given that F = Σ (0,2,6,7,8,10,12) 

The K-map of the given function is shown in the Fig.3.4(a), which contains the static hazard and in Fig. 3.4(b) 

it is the hazard free grouping 

 

 
From K-map of Fig. .  b   F A,B,C,D  = B’D’ + AC’D’ + A’CD’ + A’BC  
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Fig. 3.4(a) : K-map with Static Hazard Fig. 3.4(b) : K-map with Hazard free 

Static Hazard 
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Example: Show that the following machine has essential hazard 

 

 

Present State Next State 

Y3 Y2 Y1 X=0 X=1 

0 1 0 110 010 

1 1 0 110 111 

1 1 1 101 111 

1 0 1 101 111 

 

Solution: 

(i) For stable state   110    input X=0;  

Stable state after one change in x is  x : 0 →1 

State change :  110   → 111 →  111 

Stable state after three change in x is  x : 0 →1→ →1 

State change :  110   →111→  111  →101→  101   →111→  111 

So, Final Stable state in both cases are same, therefore essential hazards are not present. 

 

(ii) For stable state   101   input X=0;  

Stable state after one change in x is  x : 0 →1 

State change :   101   → 111 →  111 

Stable state after three change in x is  x : 0 →1→ →1 

State change :  101   →111→  111  →101→  101   →111→  111 

So, Final Stable state in both cases are same, therefore essential hazards are not present. 

 

(iii) For stable state  010    input X=1;  

Stable state after one change in x is  x : 1 →0 

State change :   010   → 110 →  110 
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Fig. 3.5 : Logic Diagram with static Hazard free 

F(A,B,C,D) 
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Stable state after three change in x is  x : 1 →0→ →0 

State change :  010   →110→  110  →111→  111   →101→  101 

So, Final Stable state in both cases are different, therefore essential hazards are present.  

 

(iv) For stable state 111 input X=1;  

Stable state after one change in x is  x : 1 →0 

State change :   111   → 101 →  101 

Stable state after three change in x is  x : 1 →0→ →0 

State change :  111   →101→  101  →111→  111   →101→  101 

So, Final Stable state in both cases are different, therefore essential hazards are not present. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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