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An average model for the ramp-pulse-modulated (RPM) converter
Christophe Basso – November 2020Steady-state CCM operation

vV

I have considered steady-state 
conditions only to derive the 
small-signal model. Literature 
points to a dynamic up-slope 
change during transient but it 
complicates the model. As you 
will see, the average model 
incorporates a dynamically-
moving ton generator and final 
results are in excellent agreement 
with SIMPLIS.



in out ac
n

V V V
S

L L


  chg

r

t

I
S

C
 Charging slope

on r th on comt S V t S  th
on

n i r

V
t

S R S




com nS S

From PWM switch: ac
off on

cp

V
t t

V


1
sw

on off

F
t t




cp r i n
sw

ac cp th

V S R S
F

V V V






Inductor ripple current:

in out ac th ac th
L on

ac r i ac
i r

V V V V V V
I t

VL L LS RV
R S

L


   




Valley current: c
v

i

V
I

R


Peak current: c v LI I I  

a c

p

 
2

c ac
on

i

V V
V t

R L


cIaI

L

C
R

outV

inV
rC

1

1
c

ac

cp

I
V

V


Final model with PWM switch:

Dynamic source

Dynamic cap.2 2
c acL

c v on

i

V VI
I I t

R L


   

Dynamic source



5 1

L1

{L}

2

R1

1m

3

R2

2m

C1

220u

Vc

V2

10

Vouta c

R4

1u

p

B1

Current

a

p

(1/(1+V(a,c)/V(c,p)))*I(Vc)

B2

Current

p

c

Parameters

Ri=80m
L=2u
pi=3.14159
Ct=2p
Ichg=10u
Sr=Ichg/Ct
Vth=0.5
Verr=762m
kFB=0.33

Control Voltage
Valley Current Setpoint

Vctrl

{Verr}

AC = 1

Bton

Voltage
{Vth}/((V(a,c)/{L})*{Ri}+{Sr})

ton

Btoff

Voltage
V(a,c)*V(ton)/(V(c,p)+100n)

toff

BFreq

Voltage
1/(V(ton)+V(toff))

Freq

V(Vc)/{Ri}+(V(a,c)/(2*{L}))*V(ton)

stim Vc

B3

Voltage

V(stim)*{kFB}

B7

Voltage

Cr

(1/{L})*(V(ton)/{pi})^2

C
v
a
ri X1

VARICAP

c

p Cr

R3

1

3.31V

3.31V 3.30V

3.30V

3.31V10.0V

-2.21uV

94.9nV

192nV3.48MegV762mV 251mV 456pV

456-pF
capacitor

ton dynamic
calculation



This is a high-frequency ramp-pulse-modulated (RPM) buck converter
delivering 5 V 5 A from a 10-V source. Enable the 1-ohm load for ac
analysis and disable the PWL source (right-click after selection) to
see the transient response. Check Simulator>Edit Netlist (after preprocess)

to see the calculated component values.

- Christophe Basso - Transfer Functions of Switching Converters -
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ton = 95 ns

Ramp Pulse Modulation (RPM) operating point calculations:

Ichg 10A Ct 2pF Vin 10V Vout 3.3V L1 2H Ri 0.08
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SIMPLIS versus IsSpice with resonating capacitor
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Small-signal coefficients:
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Small-Signal Model

coefficients
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Comparisons of responses 
between SIMPLIS and 
Mathcad.
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Comparison between SIMPLIS and the simplified expression.
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