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Outline
Maximum simultaneous switching current

Related to IR and L di/dt noise
Circuit MSSC
Cluster MSSC

Power-up current with power gating
Related to P/G reliability

High-Level estimation
MSSC
Gate count and power
Power-up current
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Circuit MSSC
Circuit MSSC problem:

Given a circuit, find the Maximum Simultaneous 
Switching Current (MSSC) and the input vector that 
leads to such value

MSSC estimation methods:
Genetic Algorithm(GA) based algorithm
• [Jiang, et al, 97], [Jiang, et al, 00] 

Timed Automatic Test Pattern Generation (Timed-
ATPG) based algorithm
• [Krstic-Cheng97]
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Genetic Algorithm

GnerationNumber = 1;
Randomly generate the initial generation;
While ( GenerationNumber <= MAX_GENERATION )
{

Evaluate the fitness (current value) of each string;
Apply selection to obtain parent-strings;
Apply crossover and mutation to obtain child-strings;
Produce the new generation using the child-strings;
GenerationNumber ++;

}
Return MSSC and the corresponding input vector
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Timing constraints 
can be added to 
become Timed-

ATPG

ATPG based Algorithm
Definition:
Is(gi): Max Switching Current of a single gate gi with an output switch
Justify_switch(gi): Justification of an output switch assignment to gate gi by 
backtracing and implication
Algorithm:
Sort all the gates gi (1<i<N) in non-increasing order of Is(gi);
While ( exits unprocessed gates )
{

Select an unprocessed gate gj with the largest Is(gj);
If ( Justify_switch(gj) == SUCCESS)
{

Assign an output switch to gate gj ;
}
Mark gj as a processed gate;

}
Return the input vector that generates MSSC;
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GA and Timed-ATPG based algorithm
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Cluster MSSC-Problem formulation
Problem formulation

Given a circuit and a cluster, the cluster MSSC problem 
finds the MSSC value for the cluster and the input vector 
that leads to such value
• Cluster size varies from several gates to a large 

module, depending on applications
• For large cluster size, circuit MSSC estimation 

methods is applicable
• For small cluster size, accuracy can be achieved with 

less efforts and efficiency is more important
• New methods rather than GA and ATPG may be 

needed
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Experiments
MSSC for small cluster size, gate number less than 20.

Psuedo Cluster based MSSC: MSSC value for cluster 
under vectors that maximizes circuit MSC
It leads to underestimation by up to 64%
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Power Gating
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Power-up (surge) current occurs when
Power up a module with individual VRM for dynamic 
power management
Turn on a macro-cell with sleep transistor for leakage 
power reduction
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Power-up Current
Power-up current may be much bigger than MSSC
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Gate-Level Algorithm [Li-He01]

Power-up current depends on one input vector, and MSSC 
depends on two input vectors

For combinational circuits

ATPG, genetic algorithm, and random simulation may be 
used to find the vector leading to maximum power-up 
current
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Challenges of High-Level 
Gate Count Estimation

Fast synthesis leads to 11x difference
Same logic function but with different 
granularity
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Pre-characterization of Gate-Count 
Library [Nemani-Najm, TCAD’99]

Pre-characterize 
A as F(L,H) using 

RGBFs

Empirical 
Area Model

nL(f): linear measure
nH(f): output entropy
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Gate-Count Estimation Flow

Pre-characterize 
A as F(L,H) using 

RGBFs

Transform MOF  to SOF

Compute L and H

Area Recovery for MOF

Empirical 
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Gate Count for SOF

Boolean 
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Gate Count

nL(f): linear measure
nH(f): output entropy
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Experiments of Gate Count Estimation
Use the cell library and synthesis script in a CPU 
project
Average absolute error 20.26%

RTL Gate-count Estimation
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High-Level Power Estimation

Metric for average power [NemaniNajm99]
Pavg = Davg * A * Cavg

Davg: average node transition density
Equivalent to average node entropy
Assuming quadratic decrease of  node entropy as logic level 
increases
Average node entropy is deducted as 

A: number of gates (gate count) in the circuit
Cavg: average node capacitance
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Experimental Results

31.91--Average
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RT-level Power-up Current Estimation
Total maximum power-up current is

Ip = A · Iavg

A:  number of gates (gate count) in the circuit

Iavg : weighted average power-up current
Weight:  how frequently a cell is used
Different from the average of current for all cells in 
library
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Computation of Iavg [LiHe02] 
Iavg computed by gate-level estimating of no more than 
20 small RGBFs (or circuits similar to applications)

Based on regressive average

One-time characterization for each turn-on time and 
each cell library
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Verification of Metric Ip = A * Iavg
Accurate gate count assumed
MCNC and ISCAS benchmarks used (up to thousands 
of gates)
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Experiments of RT-Level Estimation
Use estimated A and Iavg

Average absolute error 22.64%
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