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The “PWM Switch” in mode transitioning SPICE models
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The “PWM Switch” in mode transitioning SPICE models

Why average simulations?

O Unveil open-loop ac response for stabilization purposes

0 Helps to assess impact of stray elements variations on stability
O Can predict transient response with large-signal models

O Simulation time is quick as frequency component fades away
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The “PWM Switch” in mode transitioning SPICE models

What techniques already exist?

O State-Space Averaging (SSA)

A Introduced by Slobodan Cuk in the 80’

O Long and painful process

O Fails to predict sub-harmonic oscillations
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The “PWM Switch” in mode transitioning SPICE models

What techniques already exist?

O The GSIM concept

O Introduced by Sam Ben-Yaakov in the 90’

O Easy to derive but not fully invariant (dual inductors converters?)
Q Fully auto-toggling mode models

O Fails to predict sub-harmonic oscillations
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The “PWM Switch” in mode transitioning SPICE models

What techniques already exist?

0 The CoPEC model

O Introduced by the Colorado Power Electronic Center in the 90’
O Easy to derive and fully invariant

Q Fully auto-toggling mode models

O Fails to predict sub-harmonic oscillations
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The “PWM Switch” in mode transitioning SPICE models

What techniques already exist?

O The Ridley models

O Introduced by Raymond Ridley from VPEC in the 90’
O Use z-transform method

O No auto-toggling mode models

0 Can only work in ac

d predict sub-harmonic oscillations in CCM

AC model
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The “PWM Switch” in mode transitioning SPICE models

What techniques already exist?

0 The PWM Switch

O Introduced by Vatché Vorpérian in the mid-80’
O Easy to derive and fully invariant

O No auto-toggling mode models

O predict sub-harmonic oscillations in CCM
O DCM model was never published!
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The “PWM Switch” in mode transitioning SPICE models

The PWM Switch concept
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The “PWM Switch” in mode transitioning SPICE models

The PWM Switch concept
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The “PWM Switch” in mode transitioning SPICE models

An Invariant association
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The “PWM Switch” in mode transitioning SPICE models

Observe waveforms and average them
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The “PWM Switch” in mode transitioning SPICE models

PWM Switch model in CCM: a 1:D transformer!
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The “PWM Switch” in mode transitioning SPICE models

Use it immediately, SPICE linearizes it for you!
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The “PWM Switch” in mode transitioning SPICE models

The original CCM/DCM PWM Switch models
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The “PWM Switch” in mode transitioning SPICE models

Deriving the DCM PWM Switch in common « passive »
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The “PWM Switch” in mode transitioning SPICE models

An auto-toggling version: clamp the equation!
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The “PWM Switch” in mode transitioning SPICE models

In voltage mode, add the PWM modulator gain
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The “PWM Switch” in mode transitioning SPICE models

Testing the auto-toggling model
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The “PWM Switch” in mode transitioning SPICE models

Comparing results with a stepload...
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The “PWM Switch” in mode transitioning SPICE models

Current-mode PWM switch

L Same approach as before:

v’ observe and average waveforms
v’ get the equivalent representation
v’ perturb for small-signal analysis
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The “PWM Switch” in mode transitioning SPICE models

CCM operation, current expression
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The “PWM Switch” in mode transitioning SPICE models

DCM operation, current expression
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The “PWM Switch” in mode transitioning SPICE models

The PWM Switch, the final encapsulation
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The “PWM Switch” in mode transitioning SPICE models

Good matching between both models
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The “PWM Switch” in mode transitioning SPICE models
Testing the ac response
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The “PWM Switch” in mode transitioning SPICE models

Ac simulation results of the flyback converter
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The “PWM Switch” in mode transitioning SPICE models

If the load Increases...
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The “PWM Switch” in mode transitioning SPICE models

Testing on a multi-output forward

R2x

122 {122 70m 120
3 9 Vout2 1 2 V
X1 11 Resr2
XFMR 100m
RATIO = N2 Rload2
120 ||, 6
_l Cout2
Coupled

PRl / inductances

X7
RATIO = Ng/N2 et

I Gl asa Y |
~ P

u ™~ %

160 duty-cycle 56.6 283 {L1283 70m 280
o Tc 5 o 5 voutt 28 \/
’W‘ _ ve JS X6 i Resrl
PWM switch cm_|P XFMR ‘ 245m
*ue 5 RATIO = N1 - Rioadl

parameters C 160 PWMCM2 O ls 7
Rsense=0.35 L = LI/N1"2+L2/N2"2 | cout1
Vout=28 Fs = 200k T 48u
L1=130u Ri = Rsense

Se=0
L2=130u ¢
N1=0.5 — vout
N2=0.215

Rupper=(Vout-2.5)/250u

fc=5k
- Rupper
s
c=8.
pfc=-66

G=10"(-Gfc/20)
boost=pm-(pfc)-90
pi=3.14159 1 coL Ve

K=tan((boost/2+45)*pi/180) ] 1kF AMPSIMP
C2=1/(2*pi*fc*G*k*Rupper) ',

C1=C2*(K"2-1) Vi =
R2=k/(2*pi*ic*C1) AC=1

A multi-output forward

- www.onsemi.com . ®
v Christophe Basso — PCIM 2005 ON Semiconductor
® 29



The “PWM Switch” in mode transitioning SPICE models

Output voltage bang on the 28 V output...
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The “PWM Switch” in mode transitioning SPICE models

Output voltage bang on the 28 V output...

Plot2
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A forward converter
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The “PWM Switch” in mode transitioning SPICE models

Instabllity in the buck DCM current-mode
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The “PWM Switch” in mode transitioning SPICE models

Plotl
vdbout, vdbout#2 in db(volts)
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Instabllity in the buck DCM current-mode
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Adding 0.086 x S
cures the problem
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The “PWM Switch” in mode transitioning SPICE models

J

J

The conclusion

he CM PWM Switch DCM was derived
wo auto-toggling models developed

J Good matching of average vs reality
J Models also exist in BCM (PFC simulations)
 Exist in both IsSpice and PSpice
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