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A Timing Model for CMOS Logic Gates Driving
a Capacitive-resistive Load

AK10 HIRATA,t TOMOKAZU KONDO,t* HIDETOSHI ONODERA'tt
and KEIKICHI TAMARUTtH

We present a gate delay model of CMOS logic gates driving a CRCr load for deep sub-
micron technology. we extract some parameters featuring DC- and AC-characteristic of each
gate beforehand. These parameters can be used for the calculation of gate delay under var-
ious operating conditions including different supply voltages. The average error is 3% and
maximum error is less than 11% in our experiments. Our method calculate the gate delay
about 1000 times faster than circuit simulator.
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Fig.1 Overview of the gate delay calculation.
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Fig.2 Replacing a stage to an equivalent inverter gate.
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Table 1 Parameters used for the evaluation.
parameter values
tr 0.1, 0.2, 0.5, 1.0, 2.0 [ns]
Ctotal 0.1, 0.2, 0.5, 1.0, 2.0 [pF]
Ry, 1, 48, 240, 480 [Q]

Co = §Clotar and Or = §Ciotar.
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Table 3 Comparison of CPU time for calculating the gate
delay and the output transition time under 100
patterns of skew and loading conditions.

Cell | No. of | SPICE | Proposed method Ratio
MOSs | [sec] [sec]

INV 2 57 0.06 9.4 x 102

DFF | 24 290 0.21 1.4 x 103

®2 SIELEILY-PIBIARADY 4 IV EF VO SPICE & O3
Table 2 The error of our gate delay model in several gates.

Gate name | Ave. error | Max. error | Ave. error | Max. error

rise rise fall fall

(%) [&] (%] (%]

Single stage cells
INV 1.0 4.0 1.1 5.3
NAND4 1.0 5.1 2.7 8.3
NOR4 1.3 7.0 2.4 7.4
AOI121 0.9 4.0 1.3 5.5
AOI22 1.1 4.0 1.6 7.2
OAI21 1.1 4.8 1.2 7.9
OAI22 0.7 4.4 0.9 4.4
Multiple stage cells

BUF 3.3 9.8 3.1 9.1
AND4 3.2 10.3 1.9 8.6
OR4 2.2 7.7 4.4 9.1
DFF 2.7 4.9 2.6 5.2
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