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Insert delays to eliminate glitches

1. Introduce array multiplier:
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The array multiplier offers lower speed but consume smaller areas than Wallace-tree multiplier. As shown array multiplier in Fig. 1, multiplicand bits are simultaneously input to all the partial product generators at every stage.  All full adders start computing at the same time without waiting for the propagation of sum and carry signals from the previous stage. The outputs of the multiplier have many glitches. As for the power dissipation, the signal transition activity directly influences the dynamic power dissipation. This results in spurious transitions at the output and wastes power. Furthermore, as shown in Fig. 2, since these spurious transitions are propagated to the next stage continuously, their numbers grow stage by stage like a snow ball. This causes a significant increase in power dissipation. 
2. Delay balancing array multiplier

To solve the glitch problem, for simplicity, we assume a unit delay model where the delay through each multiplier cell from the sum or carry input to the sum or carry output is one. The input signals of the multiplier arrive simultaneously. After one delay unit, the output of all multiplier cells Mij may potentially switch in response to the input transitions. After two delay units, all cell outputs may switch except the outputs of M00. At three delay units, the output of M01 stop switching; etc. In short, the outputs of a multiplier cell may switch before n+1 delay units if the longest path from its outputs to the primary inputs is n. So the longest path of a multiplier cell starts from the sum or carry output; follows the carry chain rowise until the rightmost cell of the row; then follow the sum input to the upper row. At each row, it always follows the carry chain before it has to move to a higher row at the end of the chain. Thus, cell Mij has the longest delay path length of 2i+j+1. The critical path of the 4*4 multiplier is shown in Fig. 3.
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Figure 3. Critical path for 4x4 multiplier
The delay elements for the left adder-input can be constructed in a distributed manner. Because the carry and sum input signal arrival time of Mij is 2i+j units, if we move from the right to the left within a row, the delay requirement increases by one unit. If we move from the top to the bottom within a column, the delay requirement increases by two units. We can use these properties to embed the delay lines in the multiplier cells. The configuration of the delay lines in the multiplier cells is shown in Fig. 4. The multiplier cells at the topmost row and rightmost column will require different delay values.


[image: image2.wmf]Full 

adder

D

2

D

Bj

Ai

Sum input

Carry in

Carry out

Sum output

Full 

adder

Bj

Ai

Sum input

Carry in

Carry out

Sum output

Figure 4.  Modified cell of mutiplier
3. Modified Multiplier

In my design, The first added some buffers to make sure delays from input to carryout and delay from input to sumoutput are closer. The cell circuit and simulation result is shown in Fig.5. From the simulation result, the delay from input to output is 2.81319ns, which is unit delay.
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Figure 5. Modified Schematic cell of  Traditional multiplier 
The one buffer delay is shown in Fig. 6. The delay of the buffer is 325.4464ps. So one unit delay equal to 2.81319ns/325.4464ps=8.6 buffers. The unit delay schematic is shown in Fig. 7, which has only 6 buffers, this number comes from the simulation results.  Delay balanced multiplier is shown in Fig. 8
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Figure 6.  Delay of the cell of multiplier
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Figure 7. Schematic unit delay 
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Figure 8. Delay balanced 4x4 multiplier
4. Simulation results:

The simulation result is shown in Fig. 9, which circuit used is shown in Fig. 1. Static power = 5.030 nW, and the average power = 3.627 mW we can see many glitches shown in output (Y1,Y2,….). The Fig. 10 shows the simulation results of the balanced multiplier, which circuit is shown in Fig. 8. Static power is 6.0857 nW, average power 8.609 mW. For modified multiplier, added totally 53 unit delay, mean 53*6 = 318 buffers = 1272 transistors, so the area is increased 1272/1088 = 116.9%, and the average power also increased 137%. So after balance delay, the power consumption also increased. I know it is not right. This is the only result I can get. Compare with the simulation results, obviously the glitches decreased after insert balanced buffers.
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Figure 9. simulation results of traditional 4x4 multiplier
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Figure 10. simulation results of delay balanced 4x4 multiplier
5. Conclusion:

The delay-balancing technique can be used on all types of parallel array multipliers such as Booth’s multiplier and Wallace Tree multiplier. The technique has been reported and achieves power reduction of 36% on a parallel array multiplier with area increased 8%.
6. Future work
I need do more simulation and figure out what wrong with my circuit.
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Figure 2.  spurious transition in multiplier
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Figure 1.  Traditional 4x4 multiplier
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