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Chapter

9
Improving Simulation

Performance

SPICE is an evolving program. Software manufacturers are constantly
adding new features and extensions to enhance the program and its
interface. They are also striving to increase the simulation speed. The
arrival of more powerful processors and memory architectures has dra-
matically improved simulation speed. Despite these achievements, we
seem to be caught in an unending cycle. Hardware and software im-
provements allow more sophisticated modeling, which slows simula-
tion speed and demands increased processing power. Fortunately, the
end user has benefited greatly by this cycle. Just a few years ago,
a long transient cycle-by-cycle simulation of a SMPS was difficult if
not impractical. Today, most of these types of simulations, including
startup, line, and load transient tests, can be performed in a matter of
minutes.

This chapter provides information that will help you increase simu-
lation speed and productivity when using SPICE. Here are some basic
hints:

� Build models as your design progresses. Begin with simple models,
and make them only as complex as they need to be.

� Limit the complexity of the model to the parameters that you need
to measure. For example, if you are only performing DC mea-
surements, then you do not need to calculate the charge storage
parameters.

� Try to understand the features and limitations of the models that you
are using.
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� Use the transient statement parameters and simulator options
effectively. The RELTOL option and the TMAX and TSTEP parame-
ters have dramatic effects on the speed of the simulation (see Chap.
10).

� Maximize the use of subcircuits. If, for example, you commonly use
series resistance for capacitors, create a subcircuit in order to hide its
complexity and provide faster schematic entry.

� Use state machine models, if the building block is available, in order
to simulate extensive digital (synchronous) circuits.

� Use UIC and initial conditions properly in order to reduce simulation
time by starting the simulation near the desired operating conditions.

Building Circuit Models

The most effective use of SPICE occurs during the development phase of
a project. Typical uses of SPICE during the early design stages might be
to evaluate high-level system specifications or very low level circuit con-
cepts such as the basic operating characteristics of key building blocks.
Very simple circuit representations and coarse tolerances may be used
at this point in order to quicken simulations and provide the desired
results.

Simplifying Your Models

Reduction of the model complexity is one of the simplest ways to pro-
vide dramatic speed improvements. As a general rule, you should model
only the circuit elements and functionality that are required for your
design. For example, if you are interested in evaluating the ripple
and switch currents of a power converter, you should not include the
control circuitry. The control circuitry does not enhance the simula-
tion, and its added circuit complexity will slow the simulation need-
lessly. MOSFETs or transistors can usually be replaced by simplified
representations such as switches or behavioral models. These first-
order models will have a negligible contribution to the simulation accu-
racy of the ripple voltage but will produce significant simulation speed
increases.

The following example uses the power stage of a SEPIC converter
in order to show the degree of improvement you may obtain by using
various .OPTIONS parameters. Eight simulations were performed with
different options and MOSFET representations. In one simulation, a
power MOSFET subcircuit model was used. In another simulation, a
simple switch (voltage-controlled resistor) subcircuit was used. Each
simulation ran for 2 ms (Tstop). The simulation time, peak-to-peak ripple
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Figure 9.1 Circuit using a switch (voltage-controlled resistor) subcircuit for the MOSFET
representation.

voltage, peak switch (or MOSFET) current, and the RMS switch (or
MOSFET) current were recorded.

SEPIC1.cir
.PROBE
.TRAN .2u 2m 1900u .1u UIC
.OPTIONS RELTOL=.001
C2 4 5 47U IC=24
C3 7 8 22U IC=24
R1 4 0 10
R2 5 0 .01
R3 8 2 2.2
R4 3 0 .1
L1 1 7 100U IC=2
L2 0 2 100U IC=3
X1 6 0 10 SWITCH
V1 1 3 DC=24
V2 7 6
D1 2 4 DN5811
V3 10 0 PULSE 0 15 .1U .1U .1U 5U 10U
C1 7 2 5U IC=24
.END

The circuit in Fig. 9.1 uses a switch subcircuit to represent the
MOSFET. The circuit in Fig. 9.2 is an identical circuit, but it contains
the MN6763 power MOSFET model.

All the simulations were performed with SPICE 3 on a 75-MHz Pen-
tium computer with 16 MB of RAM running under Windows 3.11 and
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with PSpice on a 3-GHz Pentium 4 with 2 GB of RAM running under
Windows XP. Needless to say, the 8 years between the first version of
this book and this version have seen a simulation speed increase (sim-
ulation time decrease) of over 40 times!

The results are as follows:

Switch Type Switch Subcircuit

RELTOL 0.001 0.01 0.01 0.01
TSTEP(µs) 0.1 0.1 0.1 0.2
TMAX(µs) 0.2 0.2 none none

Time (s) (PSpice) 0.94 0.7 0.38 0.34
Time (s) 35.40 34.70 14.38 13.68
Ripple (mVp−p) 388.59 452.71 453.16 417.12
Peak switch current (A) 6.22 6.22 6.23 6.23
RMS switch current (A) 3.65 3.65 3.60 3.71

Switch Type MN6763 MOSFET

RELTOL 0.001 0.01 0.01 0.01
TSTEP(µs) 0.1 0.1 0.1 0.2
TMAX(µs) 0.2 0.2 none none

Time (s) (PSpice) 4.27 2.17 1.64 1.59
Time (s) 191.50 54.70 34.88 33.95
Ripple (mVp−p) 319.94 307.2 321.16 321.16
Peak switch current (A) 6.07 6.34 6.36 6.36
RMS switch current (A) 3.57 3.50 3.59 3.55

The typical graphs of the ripple voltage and switch current for the
first column of each simulation series are shown in Figs. 9.3 and 9.4.

In the case of the switch subcircuit model, the error in the ripple
voltage is due to a “ring” on the upper and lower peaks of the waveform.
This appears to be related to aliasing of the waveform. A telltale sign
of aliasing can be spotted if the waveform is clipped when it should be
smooth. Here are some solutions to the aliasing problem:

� Tighten the maximum time step control (reduce TMAX).
� Take more data points (reduce TSTEP) if the waveform viewer is

viewing interpolated data (output file data points) or TMAX if the
viewer is viewing the noninterpolated internal data points from the
simulator.
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Figure 9.2 Circuit using a power MOSFET subcircuit to represent the MOSFET. The
subcircuit is included on the enclosed CD.
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Figure 9.3 Ripple voltage using the switch subcircuit.
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Figure 9.4 Ripple voltage using the MN6763 MOSFET subcircuit.

� View the noninterpolated simulation data, as opposed to the interpo-
lated .PRINT data that is based on the actual calculated time point
values.

Another possible cause is the spurious oscillations that can appear
when trapezoidal integration is used. A solution to this phantom ringing
problem is to use the Gear integration method rather than the trape-
zoidal integration method, which is the default for SPICE3. In general,
the Gear method, in conjunction with a slightly reduced RELTOL value,
yields simulation speeds that are similar to those of the trapezoidal
method. Although the Gear integration method is somewhat slower,
fewer time points will be rejected and therefore the total number of
required time points will be reduced.

PSpice uses a modified trapezoidal Gear method that is a combina-
tion of trapezoidal and Gear integration. This algorithm is always in
effect and will tend to produce a response that is somewhere between
what SPICE 3 will provide for either pure trapezoidal or pure Gear
integration.

The Gear integration method and the most liberal parameters (the
last column) were selected, and the two circuits were simulated again.
The results are provided below.
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Switch Type Switch Subcircuit MN6763 MOSFET

RELTOL 0.01 0.01
TSTEP (µs) 0.2 0.2
TMAX (µs) none none
Method Gear Gear
Time (s) 16.97 230.30
Method Modified trap Gear Modified trap Gear
Time (s) (PSpice) 0.3* 1.59
Ripple (mVp−p) 299.10 296.90
Peak switch current (A) 6.22 6.08
RMS switch current (A) 3.68 3.60

∗ The speed is bound by disk IO and not processor speed. A longer simulation reveals that
the speed gain for the switch subcircuit version over the MN6763 MOSFET version is in the
range of 3.5:1.

The simulation times were slightly longer in the SPICE 3 case, but
the results were much more accurate, especially with respect to the
ripple voltage.

As you can see from the results, there is a significant difference in
simulation speed between the runs with the switch subcircuit model
and the runs with the MOSFET model. The effects of tolerances, simu-
lator options, and Gear integration are evident. The fastest simulation
ran 13 times faster than the slowest simulation.

On the basis of these measurements, as well as many other simula-
tions, the following recommendations are offered as a starting point for
the transient simulation of power switching circuits:

Recommended Transient Parameters
Coarse Analysis
RELTOL=0.01
Method=Gear or modified trapezoidal Gear
ABSTOL/VNTOL = 8 orders of magnitude below the
maximum circuit current and voltage
TSTEP=1/(25 × Switching Frequency)
TMAX=1/(10 × Switching Frequency)
Fine Analysis
RELTOL=0.001 (Default)
ABSTOL/VNTOL = Default
TSTEP=1/(100 × Switching Frequency)
TMAX=1/(25 × Switching Frequency)
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Each of the circuits was simulated using the recommended parame-
ters. The results are as follows:

Switch Type Switch Subcircuit MN6763 MOSFET

Time (s) 14.10 171.50
Ripple (mVp−p) 299.28 296.82
Peak switch current (A) 6.22 6.08
RMS switch current (A) 3.71 3.60

Output Stage Complexity

The SEPIC converter model was completed via the addition of the con-
trol circuitry. The purpose of the analysis was to determine the output’s
transient response when the circuit was subjected to a load step from
2.4 to 1.4 A, and from 1.4 to 2.4 A. Because we are not particularly
interested in the dynamics of the MOSFET, the switch subcircuit was
used in order to increase the simulation speed. The schematic for the
model is shown in Fig. 9.5.
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Figure 9.5 SEPIC converter circuit and netlist.
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SEPIC: SEPIC CONVERTER
.PROBE
.TRAN .2U 2M 1M .5U UIC
∗V(4)=VOUT
∗ V(2)=VRECT
∗ V(7)=VDS
∗ V(5)=ESR
∗ V(11)=GATE
∗ V(9)=COMP
.PRINT TRAN V(4) V(2) V(7) I(V2)
.PRINT TRAN V(5) V(11) V(9)
L2 0 2 100U IC=2.5
C1 7 2 5U IC=24 V1 1 3 24
D1 2 4 DN5811
C2 4 5 47U IC=24
R1 4 0 10
V2 7 6
R2 5 0 .01
C3 7 8 22U IC=24
R3 8 2 2.2
X1 9 10 0 3 0 11 12 13 CS322
V3 12 0 15
R4 3 0 .1
V4 13 0 .5
R5 10 0 11.6K
R6 4 10 100K
R7 10 14 100K
C4 14 9 2.2N
I1 0 4 PULSE 0 1 1010U 1U 1U 400U
X2 6 0 11 SWITCH
L1 1 7 100U IC=2.5
.END

The results of the transient step load response are shown in Fig. 9.6
for two versions of the CS322 controller model: one using a detailed
output driver structure and one using a simplified behavioral output
driver model. In the full-driver version of the CS322, the output stage
is constructed using transistors and diodes. The behavioral version es-
sentially uses a simple voltage-controlled voltage source as the output
signal driver. A summary of the results is shown below.

Library Full Model Behavioral Models

Time (s) 798.00 168.45
Total iterations 174694.00 40804.00
Time points 36133.00 12157.00
Memory used (MB) 10.52 6.77
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Figure 9.6 SEPIC converter transient response.

As you can see from the data above, the reduced driver complexity re-
sults in a considerably faster simulation. The exact output driver model
is therefore recommended only when the output driver and switching
MOSFET characteristics are of interest. In all other instances, the re-
duced complexity version achieves significant speedup with a minimal
loss of accuracy.

.OPTIONS

An experiment was conducted to determine the effect of tolerances on
the simulation speed and accuracy of transient simulations. The re-
sults were both interesting and surprising and led to a method that
significantly improves simulation speed without sacrificing accuracy.

Several dozen circuits were selected, and initial simulations were
performed. The simulation times and output results were recorded.

Various tolerances, the quantity of saved data, and the graphics res-
olution were altered, and the simulations were performed again.

The following were found to be the most significant contributors to
simulation speed and accuracy. They are listed in the order of decreas-
ing sensitivity. Please note that the following list is based on many
parameters and may have a varying degree of effect on your simula-
tions.
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� Internal tolerance defaults
� External tolerance values
� Marching waveform display
� Amount of data saved

The following table lists the initial and final results of four simula-
tions.

Circuit UPS SEPIC FWD∗ CS322

Initial simulation time (s) 217.50 188.60 406.10 214.53
Final simulation time (s) 119.00 100.52 304.60 127.00
% Speed improvement 45.29 46.70 24.99 40.80

∗ Note that the FWD circuit did not show as much of an improvement as the other circuits
because many of the .OPTIONS parameters were already being used.

The table below provides the average improvement for each modifi-
cation to the simulation.

Improvement
Modification (%)

Changed TRTOL to 100 (when used with TMAX) 25
Changed ABSTOL to 0.01 µs and VNTOL to 10 µs 10
No marching waveform display 5
Removed PRINT statements for all vectors except

those which were required and increased TSTEP
value

5

The results of the final simulation were nearly identical to those of
the initial simulation; no accuracy was sacrificed.

State Machine Models

State machine models are a new addition to SPICE 3. They allow
very large blocks of digital circuitry to be modeled easily and simu-
lated quickly. The XSPICE state machine model is written in an AHDL
language based on C [5,36]. The SPICE simulators that have incorpo-
rated the public domain XSPICE extensions from the Georgia Insti-
tute of Technology will have access to this state machine element. The
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behavior of each state machine is defined in a separate ASCII text file.
You may have as many state machines in the circuit as desired.

An example of a sine-wave ROM, which is given in Chap. 7 of this
book, demonstrates the speed improvement brought about by the use of
the state machine (nearly a fivefold improvement over the simulation
using discrete gates).

For more information on state machine modeling, see [5].

Hardware Considerations

SPICE is one of the most demanding applications that you can run –
from both a memory and computational standpoint. In general, SPICE
simulations of a design under investigation are run literally hundreds
of times. Therefore, any improvement in simulation speed, whether
from transient settings, .OPTION settings, or computer performance,
is multiplied many times. If time is worth money, a user of SPICE is
justified in having the fastest PC available on the market at the time.

Longer simulation times, tighter simulation tolerances, more saved
data, or smaller time steps will increase the memory requirements con-
siderably. It is not unreasonable to use several gigabytes of RAM.

If a simulation requires more RAM than is available in your computer,
it will automatically use swap space on the hard disk. Although this
allows the simulation to be completed, the access time of the hard disk
is considerably slower (order of magnitude) than that of the RAM. If
you see that the hard disk is active during the course of a simulation,
it is a good indication that your system would benefit from additional
RAM.


