x4

Fs = 100k dc

Ri = Ri*Npush

Se=Se Lf

\a; L = Lf duty -cycle . {Lf}
a N S OZV 5.07V __ <vout
parameters
ve
Vin=10 " [pwM switchcm [P R1
Nfly=700m AN .
Npush=700m vag * 5 \ GAN RATIO = N1 RL
g -5.27uV |

Lf=L1*Npush”2 Vg) > K = 330m IR e B2 §SOOm
Vg=Vin*Npush Ao _1305
N1=(1/Npush)*Nfly L T 680u
Ri=110m ’ +V1
Se=5.155k () {Vset330m}
Vset=823m AC=1
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L+
FB vouT 5 R9
= 0 T | _ IC=1
=OUT/IN - /LVdra|n1 D+
» © R5
AN IC=1
Imag1 ™1 *D lout
NN - R7 VOouT ou
= ° o R21
u1 R31  vin & 30m
us DRV \ ‘ Am, - [
\M {1 | 1 AL g 5
u7 DI Q R6 Lm1100u IC=0 2 9 s c13 L+
680u IC=0
us \" 2 an u
DI Q Imag2
N
(=) aN 1
~ SET =
V2 A
RST _
\7 . [—
] Vdrain2 {Ri} (k)
s + l l 7 )~ Vramp
cs2b
F1 G1
G2 ue ([yCS
+ » L
| i l R4 t/JiL\iw V3
A%
= + — 1 -
FB = %p D
330m
- T Open-loop current-
0
_ 1 .
o - = mode Weinberg
.
AC10~ This is a fixed-frequency current-mode-controlled Weinberg converter
n JD quency g .
- delivering 5 V 10 A from a 24-V source. Enable the fixed load for ac conve rte r
24900 analysis and disable the PWL source (right-click after selection) to
L5 see the transient response. Check Simulator>Edit Netlist (after preprocess)
— to see the calculated component values.
DRV1 Us Duty ratio
- Christophe Basso - Transfer Functions of Switching Converters - IN_| Duty Cycle

| 4 | H

DRV2

s

1

VOUT

R2
500m



Duty / %

72.242801884115
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.

823.2 — =

A

823.0_ vi

Weet [ my

822.8 P

* Rupper
* Rlower = 2500

* RZ2 = 12595.2431298727

* C2 1.8046242727999e-09
* C1 4.85475028859938e-09
* Boost = 35

* Fz 2602.83525275873

* Fp 9604 .91063485583
BN 3142.85714285714

¥ Se 5855.14285714286

* D= 0.714285714285714

* McC 2.863

= kr 0.0585514285714286
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=
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V. =10V, S, = 5.155 kV/s

72.24% duty ratio

823 mV setpoint
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*

.param Vin=10

.param Vout=5

.param Fsw=100k

param RL=500m

param L1=100u

param Nfly=700m

param Npush=700m
param L={L1*Npush”"2}
param Vg={Vin*Npush}
param Ntx={(1/Npush)*Nfly}
param Cs={1/(L*(Fsw*3.14)"2)}
param Vc=2.49

param Se=2.8k

.param Rsense=110m
.param Ri={Rsense*Npush}

* .param D={1/(1-(Nfly/Npush)+Nfly*(Vin/Vout))}

* .param Vap={Vout*Npush/(Nfly*D)}

param lc={Vout*2/(RL*Vg*D)}

param Vout2={Vin*Npush*D/(D+(1-D)*Npush/Nfly)}

*  *  *

(N [N ou
=OUT/IN

T
5.13254

u1

PWMCMCCM 5 13254

7 (L
(m A — ——C {al /\fk\ mvouT
Fam—
821.7m —
AJ rC
N i
+
—L—V1 R1
— v 330m N—W u 5.13254D{R|_}
+ @ Ntx .
Cg 1 e 680U
{Vc} —
T I
] T o

Current-mode average model built in SIMetrix
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Lf
VIC c
L
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/
B4 10
B3 R5 C2
cuent (O] Current §{1/go} L Cs)
V(p)*{gf} V(vc)*{ko}
%
X3
RATIO = N1
_WU\/_’_V
B6 B5 NN
@T Current Current {Rllllgi} Ve _m\_
V(c,p)*{gr} V(ve)*{ki} B
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Small-signal model for the control-to-output determination

of the CM Weinberg converter operated in CCM

1

<Vout

RL
500m

parameters

Vin=10

Vout=5.27

L1=100u
Rsense=110m
Nfly=700m
Npush=700m
Lf=L1*Npush”2
Vg=Vin*Npush
N1=(1/Npush)*Nfly

Fsw=100kHz
Tsw=1/Fsw

Ri=Rsense*Npush
Se=0
L=Lf

Sn=(Vac/L)*Ri
Sf=(Vcp/L)*Ri

Cs=1/(L*(Fsw*3.14)72)
Vc=822m

D=1/(1-(Nfly/Npush)+Nfly*(Vin/Vout))
Vap=Vout*Npush/(Nfly*D)
Vcp=Vout/N1

Vac=Vg-Vout

Ic=(Vc/Ri)-D*Tsw*Se/Ri-Vcp*(1-D)*Tsw/(2*L)

D'=1-D

ki=D/Ri

gi=D*(gf-Ic/Vap)
gr=(Ic/Vap)-go*D

ko=1/Ri
go=(Tsw/L)*(D'*Se/Sn+0.5-D)
gf=D*go-(D*D')*Tsw/(2*L)



~ parameters =

~Vin=10
 Fsw=100k

- L1=100u -

- Nfly=700m :

- Npush=700m .

- L=L1*Npush”*2

- Vg=Vin*Npush

: N1—(1INpush)*NfIy
- Rsense=110m

. Ri=Rsense*Npush

- Cs=1/(L*(Fsw*3.14)*2)

Se=2.8k

Ve=822m- - -

Current

V(D)I(VIC)

(Vc)/{Rl} @T l

T
14 L/
N LC R (A (C
s | C2.
B4 = (Ce)

700/

vg AL
{\?Q} >

Voltage
v(c.p)v(a, p)

P/

]

X3
RATIO = N1 13

SR 5.
e 13

_r\z’\f\f\”_l_‘ . Ch
g T 680u

1 1

Large-signal

1 model

RL
500m

Small-signal model

U VP

A C

it

parameters

.Vm o [

Vout 513 ' +“—
L_‘I =100u ~

Rsense=110m
MNfty=700m

Npush=700m

- Lf=L1*"Npush"2

© T VgEVinTNpush

“Bg
Current. .
V(i) Koy

AR
‘Current | |
Ve -

R5. .. |
{tigo} ==

I T A

e

B

S

55"11'55.::::
o Current. . (=] Current. .
S vEERHen L] L Vive) ki

RaC i
{trgip: cver

RATIO = N1
SR RS

BSOU

TS vout

L Cs=IL

- Ni=(1/Npush)*Nfly
S - Fsw=100kHz
L Tews1/Fsw

... . Ri=Rsense*Npush
- Se=28k

LRI AP £

;RL. NP
2 g00m St=(Vep/L)Ri

L=Lf

Sn=(Vac/L)Ri

(Fsw*3.14)'2)

S Vc=822m

~ o DEE-(Nfly Npush)+Nily* (VinVout))
© 0 Vap=Vout*Npush/(Nfly*D)
< Vep=Vout/N1
o I Z"u’ac Vg-Vout

Ic (chRl) D*Tsw*Se/Ri-Vep*(1-D)* Tswi(2*L)

Operating parameters are the same,
the output voltage obtained with the

large-signal model is entered into the

macro for auto-calculating all

coefficients.



Plotl
vdbout#1, vdbout in db(volts)
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Ac responses from small- and large-signal
models are rigorously identical: good to go!
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