A Low Power Scan Flip Flop
Nelson Sunwoo
Abstract – Power dissipation in testing circuits may be significantly high during scan operation due to redundant transition in combination logic. This project duplicates a scan flip flop design using benchmark circuit s5378 to reduce average power consumption in the combination logic during scan shifting by masking signal transitions at the combinational logic inputs.
Introduction

Scan testing techniques are the dominant design for testability application of the circuit. Power consumption of digital circuits in test mode is relevantly higher than the normal mode. Scan testing involves the repeated scan-in and capture operation of the scan chain. During scan- in operation, test data are shifted serially in the flip flops of the scan chain. While test data are shifted in the scan chain, gates in the combination logic makes redundant transitions. Thus, power consumption occurs in both the scan chain and the combination logic. It is known that about 78% of the total energy is dissipated in the combination logic during the scan operation [1]. Therefore, the technique called blocking logic is introduced to eliminate the power dissipation of the combination logic during the scan operation. 
Modification

The benchmark circuit s5378 has 35 inputs, 49 outputs, 179 D-flip flops, 1775 inverters, 239 OR gates and 765 NOR gates. This is a large circuit in terms of combinational and sequential elements. To make s5378 scan-testable, 179 D-flip flops are replaced with 179 scan flip flops to form a scan chain. The completed scan-testable circuit layout is shown in figure 1.  This circuit serves as a reference to compare the power consumption of the enhanced design. The output (Q) from each scan flip flop is leaded to the combination logic and input (SI) of next scan flip flop. When the circuit is in test mode (SE = 1), test data are shifted through scan flip flops.
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Figure 1 – full scan-testable circuit
Depending on the test data, change of inputs to the combinational logic affects the state of gates in the combinational block. In order to prevent theses redundant transitions, the blocking logic is used between combinational logic block and a scan chain. The function of the blocking logic is to mask the inputs the combinational block to either 1 or 0. The blocking logic can be NAND, NOR or multiplexer. The input to the combination logic will be controlled as shown in table 1. 
	Mode (SE)
	Output NAND
	Output NOR

	0
	1
	Q’

	1
	Q’
	0


Table 1 – output of blocking logic
The inputs to the combination block are fed from Q’ because NAND and NOR gate inverts the output. Using Q will feed inverted input. Using multiplexer can implement both masking without inverting the input. For my project, NOR gate is used and enhanced design with blocking logic is shown in figure 2.                                                                                                            
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Figure 2 – NOR gates prevent redundant transition of combination logic.
Verification and power analysis

The original circuit and modified circuits were verified using ModelSim to make sure shifting in the scan chain and blocking logic functions as expected.  Noticeable amount of transitions were observed in the combinational logic of the original circuit while test data are being shifted in the scan chain as shown in figure 3 whereas, most of the transitions are eliminated as shown in figure 4. 
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Figure 3 – original circuit has redundant transition in combination block during scan mode.
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Figure 4 – most of the transition eliminated in the modified circuit.
For power analysis, HSPICE tool is used to obtain average power dissipation . The following parameters were used. 
technology: TSMC 0.18um
Vdd: 1.8V
clock speed: 1GHz
Same test vector sets shown in table 2 were used for both simulations.
	input
	Number of vectors

	36  primary inputs
	1000 random vector sets (0.5 activities)

	Scan In (SI)
	1000 random vector (random)

	Scan Enable (SE)
	High for 179 cycle low for 2 cycles (repeat) 


           Table 2 – vector used for power analysis.
The average power dissipation for both simulations is shown in table 3.
	
	Original design
	Enhanced design
	Power reduction

	Average Power
	52.559 mW
	36.252 mW
	31%


Table 3 – Average power dissipation obtained from HSPICE.
Conclusion

The blocking logic technique for reducing the average power dissipation was simulated in this project. Masking the flip flop outputs during shifting increased the area of the circuit as 179 NOR gates were inserted but power reduction of 31% was achieved. Further reduction will be possible if the primary inputs of the combination logic are held static.
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