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1 INTRODUCTION

Many engineers face the challenge of designing power supplies quickly and without the advantage of
expensive simulators. LTspice is a fully featured SPICE program and provides engineers, working for budget
conscience companies, a means of simulating their designs. Quite often designs are taken from application
notes and the design needs to be tweaked to meet the product requirements. For example a change in output
voltage, output current or output capacitance may require a change in the loop compensation components. An
accurate averaged model provides a means to iteratively test new loop compensation values in a timely
manner.

The PWM-CM model from [1] Switch-Mode Power Supplies by Christophe Basso allows the designer to
analyse their power supply designs and with some small modifications can be made to work consistently in
LTspice.

2 CHANGES TO THE PWM-CM MODEL

d2

.param Fs = 200k
r L=10u
V=V(d2) * V(ex, p) 1 ( V(a, p) - V(ex, p) + 1p ) Bdc_limit2 V= limit( V(d2x) , 0.05, V(d_off) ) :::: A= 025
.param SlopeAmp =0.2
.param D_min =5
mode_det .param D_max = 90

.param Se = SlopeAmp * Fs
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Figure 1 PWM-CM

In LTspice the original PWM-CM model occasionally has difficulty finding a DC bias point and will often stop
during a Transient simulatonwith a A Ti me st ep t oocurrenoedf this eeror can bedreducddh i s
by adding single pole, low pass filters to some signals.

Firstly though, some simplification of the equations will also help the Transient simulation. In the denominator

Of Bac pwm: V(& p) T V(cx,p)0 can be <faansgoe dt heo t r ansi saxoV(@25*Vcw)/ly cyc
V(a_c) . Where the a_c signal is the filtered V(a, cx) signal from By7, c_p signal is the filtered V(cx, p) signal

from By and V(d2) is the diode conduction duty.

BT
V= V(a, cx)

Figure 2 LP Filtered signals
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The denominator of By nwm is V(a_c) and this requires limiting to avoid a "div by 0" error. Also, for a Boost
Converter the V(a_c) signal will be negative so limiting the signal to a minimum value will not work for a Boost
converter. To keep a common model for Buck and Boost converters an a_c_lim signal with a dead zone of +/-

1 mV was introduced.
a_c_maj
B13
V=max( abs(V(a_c)), 1m)
a_c _sign
V=if(V(a_c)>0,1, 1)@

a_c_lim

B5S
V=V(a_c_mag) * V(a_c_sign) @

Figure 3 V(a_c_lim) with Dead zone

The output of the duty cycle calculation dc is also filtered to help with the Transient simulation.

Bdc_pwm
V=V(d2) * V{c_p) / V{a_c_lim)

On Time Duty Cycle {10°R_lp} 5
Bdc_limit
V= limit{ V{dcx), {D_min}, {D_max} )

Figure 4 LP Filtered Duty Cycle dc and d2x

The pole of the filters is scaled by the switching frequency Fs. The filters where R = R_Ip have a cut off
frequency of 1592 F4 and the filters where R = 10*R_Ip have a cut off frequency of 159 F. These filters are
scaled by the switching frequency to be more effective at low frequencies and less intrusive at high
frequencies.

The original model had a switched resonating cap Csand switching this cap often
smal |l 0 error s. indihBGM withady swiicheol pugtheacarrent sources By, and By, were driving

into the converters inductor al so causing fATime step
inductor was moved inside the model. This allows the current flowing from p to c to be calculated for CCM and

DCM at the same time with the mode_det signal simply choosing the appropriate current.

A new intermediate current I_pk is calculated from the original Bj,c V(Vc) /{Ri}0 and t he Bfifi{Se}t h al
* V(dc) / ({Ri}*{Fs}o . The magn pdaluaireent ¢l fpk_rag)eis calculated i (  V { {SlapgAmp} *

V(dc) ) / {Ri}0and the magnitude of the minimum peak current due to the minimum On-Time (I_pk_min_mag)

i s cal ofalcartag) 8 {Dfmin/ (Fs * L ) }0 The final value of |_pk is the larger of these 2 values. By
determining the direction of the current with the polarity of V(a, c) the resistance of R; is positive for Boost as

well as Buck converters. (In the original model R; was negative for Boost converters).
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Figure 5 New DCM-CCM Toggle Mechanism

s avail abt

Now that the inductordés peak current (I _pk) i
zeroo error.

be simplified. A small offset of 1 nV is added to the denominatorto avoidafn di v by

To make the model work for synchronous converters as well, a new parameter sync was introduced. The
signald2 fwr epr esents the freewheeling di odcaréesttodlawrodt ofchei on d
output capacitors back into the source when the load is removed for synchronous converters.

Figure 6 Diode conduction Duty d2
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3 PWM-CM BUCK VERFICATION

The circuit values that resulted in the Averaged AC converter response of Figure 2-81 of [1] were entered into
LTspice. The response of the PWM-CM model and the PWM-CM2 model look almost identical to Figure 2-81
in the text.

Figure 7 Parameters

Figure 8 PWM-CM

Figure 9 PWM-CM2
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Figure 10 Comparative Converter Response to Fig 2-81 from [1]

3.1 SUB-HARMONIC OSCILLATIONS

For a Buck converter sub-harmonic oscillations can be predicted using the averaged model by analysing the
Open Loop Response of the circuit. When the phase increases close to Fs/2, sub-harmonic oscillations will be
present in the output. In this case sub-harmonic oscillations are present when V,,; =6 V but not at Vo, =5 V.
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Figure 11 Sub-harmonic Oscillations in a Buck Converter
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4 PWM-CM BOOST

Like the original PWM-CM, the PWM-CM2 can be configured to operate as a Boost converter but the
PWM_CM2 works with a positive resistance value for the sense resistor R;.

Figure 12 Boost Parameters

Figure 13 Boost RT9297 Example
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