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Abstract— Reduction in test power is important to improve et. al. proposed automatic test pattern generation teabniq
battery life in portable devices employing periodic self-est, to to reduce power dissipation during scan testing [4]. With
increase reliability of testing and to reduce test-cost. Inscan- their ATPG, redundant transitions in combinational logi ¢

based testing, about 80% of total test power is dissipated in . .
the combinational block. In this paper, we present a novel be reduced but not completely eliminated. Whetsel in [5]

circuit technique to virtually eliminate test power dissipation in ~ Provided a 39|Uti0n for average and peak power dissipa_tion
combinational logic by masking signal transition at the logc by transforming conventional scan architecture into eesir

inputs during scan shifting. We realize the masking effect b number of selectable, separate scan paths. Sankaralirigdm e
inserting an extra supply gating transistor in the VDD to GND 16664 a solution to the peak power problem during externa

path for the first level cells at output of the scan flops. The spply ] . . . .
gating transistor is turned off in the scan-in mode, essendily testing by selectively disabling the scan chain [6]. In [BHa

gating the supply. Adding an extra transistor in only one logc [10], the authors provide a solution to prevent peak power
level renders significant advantage with respect to area, day violation during both shift and capture cycle using scanircha
and power (in normal mode of operation) overhead compared partitioning. Redundant power loss in combinational loigic

to existing methods, which use gating logic at the output ofcan reduced but not completely prevented in the above cases [4]

flops. Simulation results on ISCAS89 benchmarks show upto 78 . o .
improvement in area, upto 32% in power (in normal mode) and [5] [6] [9] [10], since part of the scan chain is always active

upto 7% in delay compared to lowest-cost known alternative. ~ during shifting.
Inserting blocking logic into the stimulus path of the scan
. INTRODUCTION cells (as shown in Fig. 1) to prevent propagation of scan-
Power dissipation during test mode can be significanthpple effect to logic gates offers a simple and effective
higher than during functional mode, since the input vectos®lution to significantly reduce test power, independent of
during functional mode are usually strongly correlated contest set. Werstendorfer et. al. has proposed NOR or NAND
pared to statistically independent consecutive input arsct gate-based blocking method in [8]. Blocking gates (of type
during testing. Zorian in [1] showed that the test powa@dOR or NAND) are controlled by the test enable signal and
could be twice as high as the power consumed during thee stimulus paths remain fixed at either logic O or logic 1
normal mode. Test power is an important design concerndaring the entire scan shift operation. Zhang et. al. haeel us
increase battery-life in hand-held devices, that incaapes multiplexers at the output of the scan cells, which holds the
BIST circuitry for periodic self-test. It is also importatd previous state of the scan register during shifting [11]other
improve test-cost, since reduced test power of a module/allomethod for reduction in combinational power using blocking
parallel testing of multiple embedded cores in an IC [5].KPeds to use a scan-hold circuit as a sequential element. This
and average power reduction during test is also importanttechnique is calledenhanced-scan [7], which also helps in
improve reliability of test and improve yield [9]. It is, tey delay fault testing by allowing application of two-patteest.
important on the part of the designer to ensure reduction lim a scan-hold design, each sequential element contains an
power dissipation during the test mode. additional storage cell namdubld latch and stimulus path for
Scan architectures represent prevalent Design for Téigfabicombinational part is connected to the output of the holchlat
(DFT) approach to test digital circuits [7]. During testiitg which is not used in scan shifting. Therefore, it also présen
a scan-based circuit, power dissipation occurs in both thedundant switching in combinational logic.
sequential scan elements and in the combinational logiégléewh The problem with the blocking logic is that, they add
scan values are loaded into a scan chain, the effect of scaigmificant delay in the signal propagation path from the®-F
ripple propagates to the combinational block and redundaotlogic [8]. Moreover, they have large overhead in terms of
switching occurs in the combinational gates during therentiarea and switching power in normal operation of the circuit.
scan-in period. It is observed that about 78% of total tebt this paper, we present an elegant signal blocking tectaiq
energy is dissipated in the combinational block alone [8leferred as First Level Supply gating or FLS, to reduce power
Hence, a low-power scan design should address techniqdesipation in the combinational logic during scan shgtin
to reduce power dissipation in the combinational block.  This is achieved by selectively inserting a supply gating
There has been multitude of research exploring efficietransistor in the first level of logic connected to the scalh ce
techniques to reduce test power in scan-based circuitsgWarutputs, which essentially “gates” the ripple in scanHat
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Fig. 1. Existing gating circuitry to reduce power during rsegeration Fig. 2. (a) Use of global supply gating transistor in combioral part; (b)

. . . . . Transient response in 70nm
Transistor gating technique, which effectively gates thaDv P

or GND line, has been widely used for reducing leakage dueto |, w2 we
the stacking effect [2] [3]. To the best of our knowledge,ash
never been used to save active power in a circuit. We have used ‘E

it, in a novel way, to save active power in the combinational

logic during scan shifting. The proposed method is as effect

as the other blocking methods in terms of reducing peak pOwe&fa eno
and total energy dissipation during scan testing. But sinee /

—>

introduce just one transistor in the discharge path of tre fir Sy —| Tancer
level logic, the delay penalty is significantly reduced ovirer S o T B e
blocking methods, which insert additional level of logid¢an 7(3) (b)

signal propagation path. The overhead incurred in die-anea
switching power in normal mode of operation due to extrgg 3. (a) Use of first level supply gating transistor in canational part;
DFT logic are also significantly lower than the methods using) Transient response in 70nm
NOR, MUX, and Hold-latch. . ) ) ) ] ]
The rest of the paper is organized as follows: Section {fat @ NMOS supply gating transistor is used in series with
illustrates the proposed gating technique for saving gnerfj'® Pull-down NMOS of the inverters. In Fig. 2(a), the supply
in the combinational block during scan shifting. Sectioh 1198ting transistor is shared by all the inverters in the chain
presents experimental results in terms of area, delay, pow@lobal supply gating). Let us now consider that before the
for a set of benchmark circuits. Section IV describes imgrt @PPlication of the SLEEP signal (i.e. before turning off the
test issues associated with the proposed technique. Bagtio SUPPIY gating transistor) the input IN was stable at "1’ and

concludes the paper. after application of SLEEP, the input IN switches from ‘1’ to
‘0’. This will turn on the PMOS P1 of the inverter INV1 and
Il. FIRSTLEVEL SUPPLY GATING FOR POWER the output OUT1 of INV1 will be charge to VDD. This will
REDUCTION IN SCAN MODE result in a ‘0’ to ‘1’ transition in the input of INV2. However

The dynamic power dissipation in the combinational circufince the supply gating NMOS is off there is no discharge path
can be reduced by lowering the activity of the circuit. Poesi  fOr the output of INV2. Hence, OUT2 cannot fully discharge
works target to reduce the activity of the circuit by gatihg t ©© 0, and rather it gets discharged to the virtual ground.
input of the combinational block with the use of extra logic
gates (latch [7], multiplexer [11], NOR [8], etc.). Howeyer
these techniques have a negative impact on circuit perfucema
and considerably add to the total area. Moreover, they im _
pose significant power overhead during the normal mode ¢ =~ o
operation of the circuit. In this section, we have describe(, wn | v
a novel methodology to reduce the power dissipation in thi}
combinational circuit during the scan shift cycle. :
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A. Supply Gating for Reducing Active Power in Scan Mode o

In this paper, we propose to use the supply gating fo =
dynamic power reduction by reducing the activity of the
combinational block during scan shift. To understand how () (b)
supply gating can be used to reduce the dynamic power, let us

. . . . . . . 4. Static short circuit issue in FLS (a) Transient vgétavaveform for
consider the inverter chain shown in Fig. 2. Let us ConSIdEIg circuit in 3; (b) Supply currents of inverters in the sarireuit (simulated

in 70nm)

200m -

93 S1dda

[
N J Idd1 \

\
% 0UTa
"

SLEEP

50n 100n 50n 100n
Time (lin) (TIME) 1500 ° Time (lin) (TIME) 1500



The virtual ground voltage rises to some intermediate gelta VDD VDD
due to charge sharing. As observed in Fig. 2(b) the output
SLEEP—4[ Pull-up

voltages of gates settle down in few cycles and therefore,

the further switching at the input IN of the inverter chain N

cannot propagate. Moreover, if in the next cycle, there is ‘0 ouT ouT
to ‘1’ transition at the input IN, the output of INV1 cannot ! SLEEP[ Pull-down
be discharged. Hence, at most only one switching (between
‘0’ and ‘1") can occur (Fig. 2(b)). This drastically reducise
activity of the combinational logic during scan shift, teby
lowering the dynamic power. GND eNp
(a) Gated GND Sleep (b) Gated VDD Sleep

As we have mentioned, the supply gating transistor can be
used by the designer to reduce leakage power. The supply
gating transistor can be either shared among all the gates Fig. 5. Proposed supply gating schemes
in the logic (global supply gating) or it is distributed such
that there is a separate supply gating transistor for eagib loactivity of the circuit during the scan-shift operation.
gate (distributed supply gating) [2] [3]. Thus, the global o The principal issue associated with FLS scheme shown in
distributed supply gating transistors introduced in a cmab Fig. 3 is that the outputs of the first level gates are floating
tional block can be easily utilized to reduce the dynamicgowif they are at logic ‘0’ (connected to the virtual ground).
dissipation during scan-shift. In this case, the reductiothe The voltage of a floated output is determined by the leakage
dynamic power is achieved without any new design overhedwilance between the pull-up PMOS and pull-down NMOS
The logic that controls the SLEEP signal in the normal modetwork of the gate. Moreover, crosstalk noise or transient
of operation need to be AND-ed with the TEST-MODE signatffect due to soft error can easily change the voltage of a
to turn-off the supply gating transistor(s) during scaiftsh floated output. If the voltage of the output of a first levelegat
However, introduction of global or distributed supply gati is not exactly at VDD or GND, this could cause static short
transistors only for the reduction of power during scarftshicircuit current on the following logic gates being driven by
is not a viable option because, the use of a global supghe first level gate. This particularly becomes more of andss
gating transistor is associated with performance degi@uatin deep submicron technologies due to increased leakage and
[3]. To reduce the performance penalty, a large supply gatinoise. For example, let us assume the input of the inverter
transistor is required. when a global supply gating trdasis chain of Fig. 3 makes a ‘0’ to ‘1’ transition in the supply
inserted, it results in large area overhead. On the othat,liin gating mode and stays at ‘1’ for a long time. The voltages of
it is distributed, then several of the smaller transistoilslve  the outputs of the inverter chain for this scenario are shiown
required. Although this will reduce the performance pepaltFig. 4(a). The OUT1 voltage decays and settles down at some
but the total supply gating device width of the distributethtermediate voltage due to the leakage of the supply gating
approach will be higher than the global case. Also, distidlou transistor. As OUT1 slowly decays belovidd — V'th, in the
of supply gating transistor requires complex routing of theecond inverter, both the PMOS and NMOS transistors get
SLEEP signal which can significantly increase the routirigirned ON causing static short circuit current flowing ttgbu
area. Hence, it can be concluded that the introduction of tiee second inverter (Idd2 in Fig. 4(b)). Consequently, the
existing supply gating transistor techniques (used fokdga output of the second inverter (OUT2) rises resulting inistat
reduction) only for the TEST-MODE will have considerablegurrent on the third inverter (Idd3). If OUT1 decays below th
performance degradation and area overhead. trip point of the second gate, a switching also occurs on the

To overcome the previously mentioned difficulties assocsecond gate as shown in Fig. 4(a). As observed from Fig. 4(b),
ated with the standard (global or distributed) supply gatirthis could result in significant static short circuit curré@nthe
technique, we have proposed a novel First Level Supply gatisupply gating mode. Although the voltage rise/drop deereas
(FLS) insertion technique, where only the first level logites  as it propagates through the logic gates, the continuousdfow
connected to the scan flops are gated using supply gatirt circuit currentin the gates at second stage couldtriesu
transistors (Fig. 3(a)). As explained earlier, insertidnttee ~ significant power dissipation, eliminating the benefit ofirgg.
supply gating transistor in the first level logic will screttre In order to avoid such an issue, the outputs of the first level
rest of the combinational logic from the state-input (scamates need to be enforced at VDD or zero in the supply gating
input) transitions (except only one transition - a ‘1’ to ‘O'mode. If the GND is gated as in Fig. 3, then the outputs of the
if GND gating and ‘0’ to ‘1’ in VDD gating). This can be first level gates can be enforced to VDD by a pull-up PMOS
observed in Fig. 3(b). From this figure it can be understoad thdriven by the SLEEP signal. If the VDD is gated then the
the first transition at the input IN from ‘1’ to ‘0’ will charge outputs of the first level gates can be forced to ground using
the OUT1 to VDD. This transition will propagate throughouNMOS pull-down transistors driven by the SLEEP signal. The
the inverter chain. However, any further transition in thpuit general schemes of the proposed supply gating are shown in
(i.e. from ‘0’ to ‘1’) will not propagate, as the OUT1 cannat b Fig. 5. In order to evaluate and compare these two schemes
discharged (Fig. 3(b)). This significantly reduces the rethnt (Fig. 5(a) and Fig. 5(b)), they are applied to NAND and NOR
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Fig. 6. Delay comparison of gated-VDD and gated-GND for (&§RNgate . . . .
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FLS). By sharing the supply gating transistor, area ovathea
can be reduced because a shared supply gating transistor can
have less size than the sum of the sizes of all supply gating
transistors in the unshared case. In the unshared FLS, the
size of the supply gating transistor is chosen to be 10 times
0 2 4 6 8 10 12 0 2 4 6 8 10 12 .. . .
e , Supbly Gating Transistor i lzed the minimum transistor size, regardless of the type of the
Supply Gating Transistor Size (normalized to upply Gating Transistor Size (normalized to . .
minimurn widih) minimum width) gate Wsupplygating = 10 x Wiy,y,). Statistically speaking,
(a) (b) for random input data patterns, at each time approximately
half of the first level gates are switching, while the rest do
Fig. 7. Power comparison of gated-VDD and gated-GND for (@R\gate not experience any switching. Therefore the supply gating
and (b) NAND gate transistors of the idle gates are not actually used. Thezefo
gates. The pull-up (pull-down) transistor is kept at minimu the size of the supply gating transistor in the shared FLS can

O&‘;half the sum of the sizes of all supply gating transistors i

size to optimize its impact on circuit delay and power durin ; X
normal mode of operation. Fig. 6 shows the delay comparisdi€ Non-shared FLS. Based on this argument, the size of the

of the gated-VDD and gated-GND circuits. As expected, f6HPPly gating transistor in the shared FLS case is given by:
the same size of the supply gating transistor, the gated-GND Wsupplygating = 0.5 % Fanout * (10 % Wiy, ) 1)
circuit is faster than the gated-VDD circuit for both NOR and . , .

NAND gates. This is because NMOS transistors are faster thvémere_’ anout IS th_e number of first level gates in Fhe
PMOS transistors at the same area. It is also observed tha‘fool'%",b'nat'onal circuit. Therefore, by supply gqtlng trm .
the size of the supply gating transistor is increased theydtef sharing the area overhead due to supply gating transistor is
the circuit is reduced and gets closer to the delay of theu'n:ircreduced by half.

without any gating. However, increasing the transistortivid I1l. EXPERIMENTAL RESULTS AND COMPARISONS

for the supply gating transistor does not help much for delay 1, estimate the effectiveness of the FLS scheme, we sim-
improvement after some point. As observed from the plots {fjaieq a set of ISCAS89 benchmark circuits and obtained
Fig. 6, for 2-input NAND and NOR gates, a supply gatingyover and performance in normal mode of operations and
transistor of 6 times the minimum size is a reasonable choigg.5 gverhead in case of FLS, NOR-based, MUX-based, and
for minimal delay impact and small area overhead. Anothgfich.pased gating. The simulation was performed in ther0n
point observed from Fig. 6 is that the impact of pull-up (pullgpTM models [12] to observe the effect of gating in a sub-
down) transistor on delay is negligible. Fig. 7 shows the @owgonm scaled technology. The gate-level netlists were first
comparisons in the active mode for both the NAND and No%chnology-mapped thEDA 0.25 standard cell library using

gates. For the NAND gate there is not much difference i§ynopsys design compiler. The library contains complee gat

the power of the gated-VDD and gated-GND cases; howevg)rpes e.g. “aoi” (and-or-invert) and “mux”, and hence, the

for the NOR gate the gated-GND circuit shows less powglia| number of logic gates is reduced from that in original

consumption. From these results, it can be inferred that thgnchmark. The benchmark circuits are then translated to

gated-GND is a more suitable technique for gating due f-‘l)spice and scaled to 70 nm. Power is measuredNamoSim

smaller area overhead and less delay and power penaltiesby applying 100 random vectors to the inputs and delay is

B. FLS Scan Test Scheme measured byHspice simulation of the critical paths of a
Fig. 8 shows the proposed FLS gating techniques applieiicuit. Table | to Ill show comparisons of the proposed gti

to a general circuit. For the implementation of the supplgchniques with the conventional techniques.
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TABLE |
COMPARISON OF PERCENTAGE AREA INCREASE

% of area increase with
ISCAS89 # Flops # Latch Mux NOR FLS FLS Improv
Ckt (Logic Fanouts gating | gating | gating | (Unshared)| (Shared) over
gates) (Ratio) Nor (%)
S298 14 (56) 35 (2.5) 15.10 | 13.74 6.86 6.55 3.57 47.91
S344 15 (63) 32 (2.1) 14.83 | 13.49 6.74 5.49 3.00 55.55
S641 19 (97) 19 (1.0) 14.24 | 12.95 6.47 2.47 1.35 79.17
S838 32 (123) 96 (3.0) 14.35 | 13.05 6.52 7.47 4.08 37.50
S1196 18 (247) 23 (1.3) 8.17 7.43 3.71 1.81 0.99 73.38
S1423 74 (303) 160 (2.2) 15.07 | 13.71 6.85 5.66 3.08 54.95
S5378 179 (600) 280 (1.6) 15.67 | 14.25 7.12 4.26 2.32 67.41
S9234 211 (823) 445 (2.1) 1498 | 13.62 6.81 5.48 2.99 56.06
S35932 1728 (4876) || 2692 (1.6)|| 16.80 | 15.28 7.64 4.54 2.48 67.54
TABLE 1l
COMPARISON OF DELAY (NORMALIZED TO SCALE OF100)
ISCAS89 || Crit-path || Original Latch Mux NOR FLS FLS Improv
Ckt logic Delay gating | gating | gating | (Unshared)| (Shared) over
levels NOR (%)
s298 8 17.92 20.63 | 21.87 | 19.27 18.16 18.16 5.8
s344 11 22.27 24.64 | 25.48 | 23.33 22.23 22.23 4.7
s641 22 45.86 48.56 | 50.07 | 47.67 46.26 46.26 3.0
s838 20 47.56 49.76 | 50.35 | 48.39 47.75 47.75 1.3
s1196 16 34.62 37.25 | 38.76 | 35.78 34.78 34.78 2.8
s1423 46 95.51 98.28 | 100.0 | 97.05 95.94 95.94 1.1
s5378 13 26.73 29.04 | 29.79 | 27.68 26.72 26.72 3.4
s35932 14 17.07 19.78 | 21.18 | 18.59 17.30 17.30 7.0
TABLE Il
COMPARISON OF POWER DURING NORMAL MODE OF OPERATIOKNORMALIZED TO SCALE OF100)
ISCAS89 || Original Latch Mux NOR FLS FLS Improv
Ckt Power gating | gating | gating | (Unshared)| (Shared) over
NOR (%)
s298 0.47 0.91 0.80 0.64 0.49 0.48 24.8
s344 0.55 1.00 0.87 0.59 0.57 0.56 4.0
s641 0.44 1.04 0.88 0.53 0.46 0.45 15.2
s838 0.74 1.86 1.56 1.29 0.94 0.98 24.1
s1196 1.83 2.41 2.28 1.89 1.84 1.84 2.4
s1423 2.96 5.35 4.87 4.36 2.73 2.97 31.8
sb378 5.61 10.74 9.27 6.28 5.44 5.68 9.6
s35932 50.35 100.00 | 83.82 | 58.26 46.72 47.99 17.6

Table | shows comparisons of these techniques in termsh&nchmark circuits. As observed from Table 11, the proposed
area overhead. Since the layout rules for the 70nm node #rehnique has the least impact (minimal increase) on ¢ircui
not available, the measure used for area is the total ttansiglelay. The MUX-based gating has the largest increase itydela
active area i/ « L for a transistor). As explained earlier, byThe latch-based gating shows the second largest increase in
supply gating transistor sharing in the Shared FLS case, telay and the NOR-based gating has the least delay penalty in
area overhead of the supply gating transistors can be rdducenventional techniques. Compared to the NOR-based gating
by half compared to the unshared FLS. The latch is the largegiich has the least delay penalty in the conventional tech-
gating circuit and therefore the latch-based gating cirbes nique, the proposed gating technique exhibits delay réatuct
the largest area overhead followed by the MUX-based gatinfj up to 7%. In fact as observed from Table II, the delay
technique. The NOR-based gating has the least area penaitgrhead of the FLS technique is less than 1.5% for all the
among the existing gating techniques. The proposed Shabeshchmark circuits. Another point to notice is that the gela
FLS gating technique exhibit the smallest area overhead faofr the NOR-based gating would be more if the input logic
all benchmark circuits (less than 10%). This technique showolarity is to be preserved. In that case, in the NOR-based
19% to 73% reduction in area overhead as compared to theging an extra inverter need to be added to the inputs to
conventional NOR-based gating technique which has the leasrrect the logic level. This further adds to the delay oeerh
area penalty among the alternative techniques. of the NOR-based gating technique. Moreover, as the logic

Table 1l shows comparative impact of the conventionalepth decreases for better performance in sequentialitgircu
and proposed gating techniques on circuit delay for differethe proposed FLS scheme will show much less delay overhead



as compared to the NOR-based gating. For example, assundegigned with BIST has weighted random pattern generator
a logic depth of six composed of simple 2-input NAND andnd output response analyzer built into the circuit. Random
NOR gates, the delay overhead with the NOR-based technidast patterns are generated by a Linear Feedback ShifttRegis
is 19.6%, whereas this overhead in the FLS scheme is ofilF-SR). The patterns are applied to both primary inputs and
2.4%. scan cells. Depending on how the test patterns are applied to
Table Il shows comparisons of power in normal mode dhe primary inputs (parallel or sequential like scan shifji
operation. Significant power savings are observed for @l tthe combinational logic may suffer from redundant switghin
benchmark circuits. In fact, the power dissipation of theSFLwhen the patterns are applied to primary inputs. In that,case
circuits are very close to the power dissipation of the oagji we need to have masking logic for primary inputs too. FLS
combinational circuit without any gating techniques. This technique proposed for scan path can be equally used to the
because in the proposed technique, the supply gating $tansifanout logic gates for the primary inputs.
and the pull-up PMOS do not switch in the active mode. The proposed method also does not affect structural delay
The only source of power overhead is due to the diffusidault testing of the scan architecture. A test circuit wiggular
capacitance added to the outputs of the first level gates $an cells (not enhance-scan) is capable of performing/dela
the PMOS pull-up. However, this capacitance is negligiblests where the second pattern is applied by switching only
compared to the gate capacitance of the second level gatethé primary inputs (broad-side delay testing) or by shiftin
is interesting to notice that for large benchmark circuitsts the scan cells by one bit (skewed-load delay testing) [7]. In
as s1423, s5378, and s35932 the power of the FLS circuitbisth cases, once the scan chain is loaded, we need to make
even less than the power of the original circuit. This is dube supply gating signdligh to enable signal propagation and
the fact that the supply gating transistor results in leakageep it at that level throughout the capture cycle.
reduction (due to stacking [2]) for the idle gates. For thgda
circuits, at each time, there are many idle first level gates f
any random pattern. The supply gating transistors reduee th This paper presents First Level Supply gating, which is
leakage on the idle gates. In the 70nm technology node, #éovel low-cost solution to prevent redundant switching in
active leakage is a significant part of the overall active grow cOmbinational logic during scan testing. Compared to &gst
FLS shows power reduction of up to 32% compared to tigethods using NOR or MUX-based output gating, the pro-
NOR-based technique, as reported in the last column. posed technique can achieve similar saving in average and
Our results indicate that the introduction of the proposd®ak power during testing, while induces significantly lowe
FLS technique has minimal overhead in terms of powdPFT overhead with respect to die-area, circuit performance
performance, and area while achieving a significant dynan®#gd power during normal operation. The technique maintains
power reduction in the scan shift mode. As in the NOR-basé&!lt coverage and does not impact the test generation or
gating [8], FLS allows at most two signal changes at a gaté®ft application process. It can be easily extended to apply
input for application of one test vector. Power saving resul test-per-scan BIST and can be coupled with other scan-power
test mode is, thus, expected to be similar to the ones raporigduction techniques like scan reordering or scan pantitp
in [8]. Larger-sized supply gating transistors for gategtia t0 produce additional saving in test power.
critical path can be_used to furt_h_er reduce the _delay penalty REFERENCES
FLS does not require any additional control signal and the _ o
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