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Abstract—Conventionally, testing uses clock with fixed period
during scan shift, which make the tests long. In this work,
we propose two methods, scaling supply voltage and scaling
frequency, that significantly reduce test time without increasing
the power budget. The proposed methodologies were verified
by simulation and through experiments. The experiments were
carried on the Advantest T2000 ATE. The simulations were
performed using ISCAS89 benchmark circuits and results show
up to 70% reduction in test time.

I. POWER CONSTRAINED TEST TIME

Theorem. For power constrained testing when the peak power
during any clock cycle must not exceed PMAXfunc, the test
time (TT ) has a lower bound [8],

ETOTAL

PMAXfunc
≤ TT =

ETOTAL

PAVG
(1)

where ETOTAL is the total energy and PAVG is the average
power consumed by the test.

II. SCALING SUPPLY VOLTAGE

In a conventional periodic clock test, power consump-
tion during scan shift plays a major role in determining
the speed at which the test patterns are shifted. However,
the switching energy depends on the patterns. Because the
maximum power dissipated during test must remain below
some maximum allowable limit, according to the equality
in equation (1), reducing the voltage to some Vnew reduces
both the numerator and denominator. Since the energy is
dependent on test patterns being shifted, to reduce the test
time the average power should be kept constant such that
PAVG(VDD) = PAVG(VNEW ). This can be achieved through
reduced test clock period specified as [7],

Tper = max(Tstructure,
EMAX

PMAXfunc
) (2)

where Tper is clock period, Tstructure is the structural delay
of critical path during test application, EMAX is maximum
energy dissipated during test, and PMAXfunc is the maximum
allowable power for the circuit. The voltage at which the test
clock period just equals the structural delay of the device is
the optimum voltage at which the test will run fastest. This

voltage is obtained by the following polynomial equation [9],
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where α is a technology dependent velocity saturation index
that varies from 1 for velocity saturated device to 2 for a non
velocity saturated device, VTH is the threshold voltage of the
device, VDDopt is the optimum supply voltage and K is a
constant in the alpha power law model [1], [2].

III. SCALING CLOCK PERIOD

To minimize test time for given test patterns, the denom-
inator PAVG in (1) may be increased. The arithmetic mean
of any positive-valued function over an interval is maximum
when the function holds that maximum value throughout the
interval. We can achieve the largest PAVG if every test cycle
dissipates the maximum allowed power. For the shortest test
time the optimum solution would be to dissipate the total test
energy ETOTAL at a constant rate of PMAXfunc. This follows
the lower bound of the test time theorem. This is achieved by
implementing an aperiodic clock [3]–[6].

Table I gives a summary of test times normalized with
respect to the conventional periodic test times shown in
column 2. One additional experiment is conducted as shown in
column 3, which uses an aperiodic clock at a reduced voltage.
Notice that at any given voltage the test time of the aperiodic
test will always be below that for the periodic test, as long as
the cycle period is not structurally constrained.

Figures 1 and 2 show the ATE waveforms for the s298
benchmark circuit, configured on a Xilinx FPGA, as seen on
the logic analyzer for a time window of 16.5µs. The first row
in both figures shows the clock cycle number. Drawn to the
same scale, the figures demonstrate how more clock cycles
are accommodated using aperiodic clock test, making the test
complete faster. IV. CONCLUSION

Emerging technologies demand power constrained testing
and with ever growing size of digital logic being tested, test
time is a major concern. In this research we have proposed
new methodologies backed with theoretical and experimental
results that show significant reduction in test time.



TABLE I
TEST TIMES SUMMARY NORMALIZED W.R.T CONVENTIONAL METHOD (NOMINAL 1.8V SUPPLY AND PERIODIC CLOCK) [3].

Test time at Optimum voltage test time
Circuit nominal voltage 1.8V Periodic clock Aperiodic clock
Name Periodic Aperiodic Optimum Test Optimum Test

clock clock voltage time voltage time

s298 1 0.52 1.07V 0.35 1.25V 0.27
s382 1 0.67 1.44V 0.63 1.59V 0.56
s713 1 0.48 1.33V 0.55 1.62V 0.42
s1423 1 0.72 1.49V 0.68 1.55V 0.64
s13207 1 0.84 1.62V 0.80 1.70V 0.76
s15850 1 0.72 1.30V 0.52 1.43V 0.46
s38584 1 0.83 1.30V 0.51 1.41V 0.49

Fig. 1. Periodic clock: ATE result for 540-cycle scan test of s298 benchmark circuit. Waveform shows 33 test cycles (cycles 13 through 46) of 500ns clock.
Signals shown are scan-out, scan-in, scan enable, three primary outputs and clock. Green triangles under scan-out waveform are matching strobes [3], [6].

Fig. 2. Aperiodic clock test: ATE result for 540-cycle scan test of s298 benchmark circuit. Waveforms shows 58 test cycles (cycles 13 through 71) taking the
same time as taken by 46 cycles of periodic clock test in Figure 1. Clock periods used were 200, 300, 410 and 500 ns. Signals shown are scan-out, scan-in,
scan enable, three primary outputs and clock. Green triangles under scan-out waveform are matching strobes [3], [6].
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