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Fig. 17. Estimation of the average nominal value and spreadNemna® gate
using (42). ) ) ) ) o o
Fig. 18. Effective nominal value and spread for a simple combinational circuit

case ofl( 0000 00D and 010 the subthreshold leakageé'sing (43)-
of the pull-down network is considered, whereas in the case of
I( 0110 the measured data correspond to the leakage of the
pull-up circuit.

To explain input-pattern dependence of the stacking effect,
it should be noted that current through the transistor chain
is always limited to the current of transistor with the lowest
subthreshold leakage. It is shown in Fig. 16(b) that leakage
curve corresponding to the input patterdf 0000 exhibits
very low leakage compared to other ca§es ,due t9 higheand Fig. 19. Block diagram of leakage estimation of complex circuits using the
lower of . . In the case 01( 0100. is ON, and proposed methodology.
hence, voltage on the noe is one  lower than that of the _ _ .
node . Therefore, the subthreshold leakage of is slightly and spread  values for this gate, given the nominal
higher than that for the previous case due to lower only and spread  values for each input pattern, which are
( of. isnotincreased due to body effect). In contrasﬁ'ready obtained from the proposed analytical models. Such
when!( 0010 the subthreshold leakage is higher than bdffformation for different logic gatesiv, NANDZ2, etc.) has
the previous cases because is neither affected by the body been collected which is deployed in the ISCASS85 circuits. This

effect (source and body terminals at the same voltage) nor d§@éabase is then used (as will be discussed in the next section)

it have lower . Finally, in the case of( 0110 unlike to evaluate the leakage current of ISCAS85 circuits.
the previous three cases, leakage current of the pull-up network
is plotted. Since there are two parallel PMOS transistors, they 0

subthreshold leakage in this case is the highest. i

As previously illustrated, for complex gates, leakage current/ASSUMIng that one has calculated the averaged values
depends on the input pattern. As a result, the spread a{ﬁaalltypes_of gates, the next step is to use these data to obtain
nominal values of leakage are different for various input corfl€ €stimation for leakage current of each of the ISCAS85
binations. To simplify the leakage estimation process, differefifcuits. Equation (43) can be used to calculate the overall
spread and nominal values are combined in order to obtain'§kage of these circuits. Here, and  are the average
average spread and nominal value for each gate. Therefore, BI2fninal and spread of leakage values of different logic gates,
the proposed analytical models are used (15)D(18) to obtain ffgPectively, and and  are the nominal and spread values
spread and nominal values of leakage for each input pattefh,the total leakage for an entire logic circuit, respectively.
and then, the results for different input patterns are merged,&uation (43) is similar to the previous equations; however,
shown next. Two simple formulas are proposed that enableil§t€ad of average values for nominal leakage of each gate,
to calculate average nominal and spread , given the _summatlon of average norr_nnal leakage values of all gat_es
nominal and spread values of two different input patterns ( 'S Used to predict the nominal value of total leakage. This

., and ). Then, these formulas are generalized to tHarocedure is shown for a simple logic mrcun in Fig. 18 where
case of multiple input patterns so that one can merge the res{ff¢ Precalculated and  values of logic gates are used to
for all complex gates. Considering (11), one can easily derif®d ~and  parameters of the circuit under study
these equations for average nominal and spread

and _ (43)

- 41
5 and (41)
Equation (41) can be further generalized toinput pat-

terns as
*

The proposed methodology has been used to estimate the
— and - (42)  mean and spread values of leakage current distributions for the
ISCAS85 benchmark circuits. Channel length variation of 10%
at the 90-nm technology node has been considered. Fig. 19
In Fig. 17, using aNAND gate as an example, the formulashows a block diagram of steps which are involved in the
presented in (42) are used to predict the average nomisahulation. The brst step involves the calculation oand)






