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Small-Signal Analysis
of the Constant Peak Current-Operated
Flyback Converter in Frequency
Foldback

Christophe Basso

Reducing the Switching Frequency

U New generation controllers reduce frequency in light load
U The peak current is frozen and frequency is controlled

Frequency Peak current setpoint
Few Ves
1 4
EB 65 kHz max 08V max
26 kHz ’“"‘, :gﬂ:: x min

- | V - | V

3s0my 15V Bav o Verozo V, A

Voigens  Vioi ) ey 1?5“1\1 v
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Q The relationship between V,,,and fpig known at constant F,
0 What about the relationship linking V. to F,at | e CONStaNt?
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Where do We Start From?

U We have a DCM peak-current mode control large-signal model
U The PWM switch controls the peak current at a fixed Fg,
O Why not fixing the peak current and controlling Fg,?

a === > @ @
B, | 1 RAL LR, | ot iUy
H 2 F out
s ? |
i F,, constant A | peac CONStAN
Ip st

U The peak current is frozen and the frequency is controlled
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A Transient Load Step Response First

U We can check the cycle-by-cycle response to a load step

RRRRR

R1=Vout"2/P1
R2=Vout"2/P2

pppppppppp

Fyu = 51 kHz

Cycle by cycle model
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A Transient Load Step Response First
U And compare it to that of a modified PWM switch model

Vollage

El 0y,
T s
st/—;i(j: 8 Current frozen to ]/&mse
o 4 RATIO = -250m '512“ 75 o out
[, pwoonen | [ 438 — — Vout Bdc dex 0V =
% L e (Vc10kl({Se}+(abs(v(a,c))*{Ri})/{L)+1u)
Xdc dex dc limit params: clampH=0.99

clampL=7m
BVcep 6 p V=(V(dc)/(V(dc)+V(d2)))*V(a,p)
Blap a p I=(V(dc)/(V(dc)+V(d2)))*I(VM)

Bd2 d2X 0 V=(2*1(\M)*{L }-
v(a,c)*V(dc)"Z*lOk)) 1(
+v(a,c)*V(dc)* 1 V(Fsw)[10k)+1u )
Xd2 d2X dc d2 I

Rdum1 dc 0 1Meg

Rdum2 vc 0 1Meg

RS 7 ¢ 1u 1V =10kHz
VM 67

*

.ENDS

parameters

Vout=19

R1=Vout"2/P1
R2=Vout"2/P2

Modified netlist of the PWM switch

Averaged model - Fg, =50.9 kHz
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You Need to Adjust the VCO Modulator

Q4 The control voltage to the switching frequency is the VCO gain

st y=ax+b
N
AF 64.%
=—¥=— " =158kH7Z V
65 kHz Y=av, T a1 7
100=ax+b= 0.4x 15.8+b
Scalin
ﬂ]/lOOOO factorg
100 Hz
b=0.10- 0.4 15.8& - 622m"
> Vc
0.4V 45V
VFSN <«—x10k ~——0.622+ 158(VFB <_V|:B

VCO gain Gy¢q is 15.8kHZ V
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Compare the Transient Responses

U Responses are identical, the averaged version looks correct
v

21.00 Vout (t)

Cycle by cycle

20.90 Vout (t )

average

20.80

20.70

20.60

10.6m 12.7m 14.8m 16.9m 19.0m
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Keys of Small-Signal Analysis

U Rather than going full speed into small-signal analysis:
» break down the system into smaller parts
» run simplifications whenever you can

» go step by step and verify the answer always fits the original

a] v
Sl a1 B
| Ll a R I /jld : ch . d1+d2
d,+d, 2l 2

T
Need to be computed

Start from here, DCM model

"Switch-mode Power Supplies: SPICE Simulations and Practical Designs", C. Basso, McGraw-Hill 2008, page 161
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Simplifying and Compacting the Model

U Compact the DCM model to suppress variables computing

d d,V d, +d L.V.F 21cFaly
. =1 1 = P 1- 1 2 __p’c sw
& Cd +d, H FSNLP( 2 VR dz =
substitute T
:> "Let the craziness begin" d,
I, =1
a Cc d1+d2
_ FanlpVe®
® 2RY

__ cp( CR)(FSNLPVCZ_ZICRZ\/aC)
g stLpRchvac

9« Chris Basso ON Semiconductor® ﬂN

The New Model Looks Simpler

U The equations no longer include a computed variable

Ve

Fsw a + :
1 I ¢
B2 B3 B4 H
?lsleg 1 Current 1 Current 1 Current
| {Ve}{Ri} V(e p)*({Ve-I(Vo) RN *(V(Fsw)*{k{Lp}*{Vep{Ve}-2* (Vo) {Ri}{Ri}*V(a.c))
a +((V(Fsw)*{KI{LpP{RiP{Vey{Ve}*V(a,c))+1u)

P
(AVEIHRI"2){Lp}V(Fsw){k}((2*V(a,c))+1u)

N J Check against the
v complete model

a
VC

duty-cycle

7

X2
PWMDCMCM
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Ac Responses are Similar

U The curves perfectly superimpose, 15t step is ok
dB
5.00
so0 [H(F)

-15.0!

-25.0

-35.0

=N .
700, [OH ( f )\/ \

-90.0
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Second Step, Linearize the Sources

U To apply Laplace equations, we need linear elements
U Linearization can be done in different ways:

v’ perturb all equations with a small quantity (the "hat" notation)
v’ re-arrange the terms and collect dc and ac contributors
++ can be tedious to re-arrange, you neglect cross products

Vl = Rll 1+ DV3
V, +9, =R/ 1+f1)+(& + D)(V3+\73)
V,=Rl,+DV, dc equation (bias point)

V, = Ri, +dV,+dV + DV, ac equation
=0
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Second Step, Linearize the Sources

U A second option is to calculate partial derivative coefficients

v the process can be automated by Mathcad®
v you only have ac terms, no sort needed

V;(1,,D.V;) =R, +DV,

v = oV, (1,,D.V) d Lvi(1,DV) D oV (1,,D.V), v
! al, ' aD VA °
DV, 13.Vq D,l;
. _0V(1,DV)| iA+av1(|l,D,v)| G4 9vi(1.D V)| g
' o oy, o | oV, ?

DIy

¥, = Rj, + DV, +dV,

ac equation, no cross products

ON Semiconductor®

Second Step, Linearize the Sources

U Now, identify the variables in each source

Fo L V2 F
a :% W
2RV Vac
2 ch
| = ch(vc_lcR)(stLch _ZICRZVac) Ve
§=-
Fal p RVe 2Vac Fsy

IC

U 6 variables imply six partial derivatives, 6 coefficients
O You must identify these static variables first

» Look at the PWM switch configuration

ON Semiconductor®




|dentify the Variables in the Schematic

U the average voltage across L, is O: point c is grounded.

X3 Bl

XFMR Voltage
RATIO = -250m

........... —“O—i»

EVaC :Vini s -622m+V(Vc)*1.58
.......... E(U 93
de f—5 E
g E
° 2
<13
X2 9 2
1
. PwmDCMCM ._|<}E Vout

gg(l) ) - e
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Sources Derivation

U We can now individually derive all these sources

2
|a:FS”L"V° fa:[maj IES“[ alaj 0
2RV, OFsu )y, OVac g,
= LoV, _ FanlpVe’

T2RW, 0 2R,

V(Y- |0Fq)(|:$,vl_pvc2 —2|Cquvac)

u
FSNLp vazvac
R ol ol - ol - al
aVCp le,Foy Vac ol ¢ Fav Vop Vac aFSN le Vep Vac avac Vep ¢ Fow
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Sources Derivation
Q Yes, Mathcad® or an equivalent software is of great help...

(Ve = 1cR ) (FoulpVe? =21 R V)
) FSNLpRVCZVaC

3:

Vep (FSNI-ch2 _Zlchvac) . 2RV (VC - |CR)
FowLpVe Vae FoulpVe’

4 =

VoV 1oR) Pl 2R M) Vi (v 1R)

FSNZ L P RVC Z\/aC FSN RVaC

_ch (Vc - IR )(FS’VLPVC2 _2|°R2Va°) + ZICRVCP (VC — ICR)

s Foulp RV Vi FanlpVe Vac

17 « Chris Basso ON Semiconductor® ﬂN

Evaluate all These Coefficients

U Select a converter at a certain operating point

Vo =211V

Road =18Q
2

R =0.8Q S,V:—zlm“R Vou _ 55 gkHz
- .

V, =1V LpVe

V,. =330V FauL Vo2 (Ve +V,

0,060 lg=—2 °2( o+ =0.368A

c =0. 2RV, Ve

Cou = 470uF ol

N, =0.25 l,=—2P°C -0.075A

V ZRZVaC
= Vout _ _

Vg = N 84.4V 1, =0.882A

L, =600uH

ke =10000
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Test the Coefficient Values with the Sources
U Capture a new schematic with the linearized sources

parameters

FsW p

x3
Ve=1
XFMR
RATIO = -250m Lp=600u
vout Ri=0.8

k=10k

Resrl

H o Fw=52.766k

R22 lout=P1\Vout

16.3) . {R1} Vac=330

Lcous Vep=VoutN

T arou la=Fsw*Lp*Veh2/(2*Ri2*Vac)

K1=(Lp*Ve2)/(2*Rin2*Vac)

= K2=(FswLp*Vc"2)/(2*Ri"2*Vach2)

AAEFSWHLD*VCh2*VacHFSWALP*VE 2*Vep

= vout BB=2*Ri"2*Vac*\icp

Ic=ANBB

Rled A=-VepH(Ve-Ic*Ri) (FWHLp#Ve"2-271c*Rin2*Vac)

I B=Fsw*Lp*Ri*VC"2*Vac

Imu=AB

AAA-(Ve- IR (FSWALp*VCN2-24IC*Rin2*Vac)

BBB=Fsw'Lp*Ri*Vc"2*Vac

K3=AMWBBB

K4A=VCp*(FSWALp*VCh2-2*IcRiN2#Vac)

K4B=FswiLp*Vc"2*Vac

K4C=2*Ri*Vep*(Ve-Io*Ri)/(FSwLp*Ve'2)

ka=(k4AKAB)+kAC

o K5A=VED*(Ve-Ic*Ri)*(FSWALp#Ve2- 2 Ic*RiN2*Vac)
K5B=FSWA2*Lp*Ri*VcA2*Vac
K5C=Vep*(Ve-Ic*Ri)/(FswiRi*Vac)
K5=(k5AKSB)-k5C

Ino67 KBA=VCp* (Ve-Io*Ri) (FSWALp#Ve"2- 2 Ic*RiN2*Vac)

K6B=FSWiLp*RI*Ve 2" Vach2

Linearized sources e R e R Ve Ve
. o S
o Lo Lae g oo g g g gee Mathcad® coefficients
G o , D%, OO,

N
(-622m +V(Ve)*1.58
cozzmevvey1se) (3 L0

un A3
in () 3 s00u
330

parameters

Vout=21.1
P1=24.73
R1=Vout"2/P1

i

e
o o
w
7 Optocoupler
— v

(@ ac) VeHRIY (mu) [ dapve,

L
DCM version P
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Responses with Previous Models are Similar

Q The curves perfectly superimpose, 2™ step is ok

daB °
5.00 -10.0 |H (f )|

-5.00 -30.0

-15.0 -50.0

-25.0-70.0

-35.0 -90.0 UH ( f )

10 100 1k 10k 100k
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Combine and Arrange the Sources

U Now, re-arrange the sources in a more convenient way

parameters

E> Ac response is ok! .

v . Lp=600u
361 V(VOLSER o e Ri=0.8

AC=1  VCO modulator

K. is Fsw=52.766k
21> lout=P1/Vout
positive  v/(a,c) = -V(c) if V(a)=0 ” Vac=330'/
— R Vep=VoutiN
Reversed because V(a)=0 RATIO = N la=FSw*Lp*Ver2(2*Rin2*Vac)
Vout k1=(Lp*Ven2)/(2*Rin2*Vac)

k2=(FswLp*Vch2)/(2*Rin2*Vach2)

-------- P e S -\l; BN rE res AA=FSWALP*Ve 2*Vac+FSWiLpHVe 2+Vep
N H om BB=2*Ri"2*Vac*Vcp

R2 Ic=AABB

H e "y A=-Vep*(Ve-Ic*Ri)*(FswrLp*Vch2-2#Ic*Rir2+Vac)

Bk L cout B=Fsw'Lp*Ri*Vc"2*Vac

R3 ' A
i2 S @;5:\"/‘@ e | vt T arou Imju=AB
5PV (Fsw) (61v(c) AAA=-(Ve-Ic*Ri)*(Fsw*Lp*Ver2-2*Ic*RiM2*Vac)
'

BBB=Fsw*Lp*Ri*Vc"2*Vac
H k3=AANBBB
RK3=1/k3
K4A=VCp*(FSwHLpVen2-2+1c*Rin2+Vac)
K4B=FswrLp*Vch2+Vac
KAC=2*Ri*Vep*(Ve-Ic*Ri)/(FSwhLp*Veh2)
i ka=(kaAk4B)+k4C
1
¢ | parameters K5A=VCD*(Ve-Ic*RI)* (FSWHLp#VeA2-2* C*Rin2#Vac)
‘ ] voue211 KB=FSW 2 L' RIVEN2'Vas
N /' P23 K5C=Vep*(Ve-Ic*Ri)/(Fsw*Ri*Vac)
B e I, -*" Ri=vouraP1 K5=(K5AIK5B)-k5C

= K6A=Vep*(Ve-IcRi)*(FSWHLp*Veh2-25Ic*Rir2#Vac)
Linearized PWM switch

B
s o

Gment y
T e .

'
A | DCM version
{ayV(Fsw) (2VE©)

| small-signal model
1 aconly
I

k6B=Fsw*Lp*Ri*Vc"2*Vac"2
KBC=2*Ic*Ri*VCp*(Ve-Ic*Ri)/(FswiLp! /ac)
K6=(KEAKBB)+KEC

21 « Chris Basso ON Semiconductor® ﬂN

Go for Mesh and Node Analysis

U Express the current and voltage in the primary side

XFMR
RATIO =-N
‘ e
P P
=
i ot
E Resrl
V b} 8.5m
N [ R22
" s Ry
i Coutl
I2 1360u
Bmijuk4 Bmjuks )
RL CurremT Current lBLnJrI;kG
WS T apve) | pv(Fsw) s =i
Bla ki Bla_k2
Y Current Current T
KIPVFsw)  {k2Pvie) i
1
+
Ve
c
L3
600U

22 - chrs S ON Semiconductor® ﬂN




Mesh and Node Analysis

U KCL: the sum of currents arriving at a node equals the sum
of currents leaving the node:

k4i1+k5V(F9N)+i1:i2+Sk6~Lpi 1 :i1+i1k4+k§/(Fsm)_SLpu(E

V,

1= oL,
= Vou (8)+ NiRiis () + NiRis(s) k 4+ N RK Y (Fau) =SLpRi {s)k IV -
1(s)= L,N;s
p'M1
U solve for i;:
il(S) - Vout (S) + Nlle5V(FSN)

NyRy (1+Kg) +SLpN; (1-kRy)

ON Semiconductor® ﬂN

Mesh and Node Analysis

O Apply similar technique to get the primary current:
ip(8) =k (Fay) +kaly(S) sl —iy(s)

i (s) _ Vou (5) ~ LpVou () koS + N1RV (Foy ) (ka+ks+kk ) +sLN Y (Foy ) (k ~RKk Rk k )
: Ny (R + Rk, +sL, —sL,Rk)

lout =~ Vout = loutZeg
N,

V,

out

(S)_Vout (S)_vaout (S)k25+ N1R1V(FSN)(|(1+|(5+ kk4)+5|-pNY(F5N)(k1_RKK G_RK |§ ;Z (S)

- 2 _ eq
Ny (R.L+R1k4+SLp SLpr(e)

Vou (8) (NyRu (kg +kg+ k) +sLNy(k - Rk k ¢ Rk k )

V(Fa) NP (SRILoke=SLy = Rky=Ry) = Zeg () +SLok Zeg (5)

Ze(s)

ON Semiconductor® ﬂN




Fast Analytical Techniques

Q Fast analytical techniques unveil Z, in a second!

e
st l+
Vilglh Road seem Zeq(8) =20 1+ z//z))z
b
: °

1. Indc, open the capacitor: Z; = R4

2. What prevents the excitation I, from reaching the output V,?
» A short-circuit between r and C:

1 _s:.C+1 1
[~ +— = =0 [
C'sc sC :I; %= c

ON Semiconductor® ﬂN

Fast Analytical Techniques

U Get the time constant by putting the excitation to zero:
» open the current source and look at the cap. driving R

U The equivalent impedance is therefore:

1+s.C

Zeq (S) = |%oad

1+SC(rC + I%oad)
You cannot beat equation-solving by inspection!

ON Semiconductor® ﬂN




Almost There...

U Develop the expression with Z(s), cry and re-arrange:

— N(S) _ NlRoad Rl(kl"'kS"'klk4) — Vou
H (S) - HO D(S) HO - _G‘\/CO Road + N12R1(1+ k4) - ZFStN G‘\/CO

-Rkkg-R
N(s) =[1+ g_p(klRl(Ejk;kii;f’B(hsrcc) D(s)=1+as+bs’®

2 2 _ ~N.2
a= Cout Road + rC _ I%028.(1 + Lp Nl Road IZZ Nl leG
Road + Ni“Ry (1+Kky) Road + N{Ry(1+k )
Road *Tc _% Kol = RiRoadke — RKdc

b=L N,°C, L
p' Y1 “out
I%oad + N12R1(1+ k4)

ON Semiconductor® ﬂN

A Few More Minutes, Keep the Faith...

Q4 Put the denominator under a second-order form and identify

2
D(s) =1+as+bs’ :1+i+[i]
@Q \ah

I T\;)azd +R (1+ky)
1 1 =1.75kHz

fo =
ZHJLpCOUI \' Road Tl —RN% Kore — lee(Road +rC)

1

Q= ! =0.021

@ Cut[R gt - Roadz ]+L [le_Roadkz_leleeJ
ol oal p
Road * N12R1(1+ K,) oad T N12R1(1+ k)

ON Semiconductor® ﬂN




A Few More Minutes, Keep the Faith...

U Extract the zeros:

f, = 1 = 487KHz f, =— - =56kHz
' 27l kl_Rl(klke_kJ(S) 1 2 2meCoy
Pl R(k+ks+kk,) | RHPZ

U Extract the low-frequency poles:

f, = 1 _ 1 ~ 1
po 5 = = c
27C [Road e — Ro:d ] 2nC, (Road +rc —L;adj 7TR ad Cou
Road + Ni“Ry (1K) !
fo SN S =37.73Hz e < Roag
nCout (Roacl + rc)
fp, = : =152kHz

7}

27TLp [ N12 - Road I(2 - leleGJ
Iaoad + N12R1(1+ k4)

ON Semiconductor® ﬁN

Final Lap, Compare the ac Plots

O Compare the original equation and its re-arranged form:

10dB ===
IH ()™
N
\\ 80
207od | Hy(int)|) -2 \\\ ard Hl(im"mk))Bl?
20010 | Hy o2 L ™ I
2000 2]} - U \:‘:»«:::-::.gh I jri Hinal 2104)) 22
— 4 & - = ~\Q
\\\:\-. |- 100
OH (/f) Ny
-6
10 100 140 vad a0 vad
f (Hz)

4 It confirms the derivation is correct!

ON Semiconductor® ﬁN




The Final Test: SPICE vs Mathcad

Q If all is well, the curves must perfectly superimpose

dB °

\‘~~
3.00 144 R

H () ™
-11.0 72.0 \

\\\
250 0 \\
N~ ™
\\ \\:-<"\\
N T gl ‘~-='\
-39.0 -72.0 ~ ! —~ N
-53.0 -144 4:”" ( f ) ‘#
10 100 1k 10k 100k 1Meg

f (Hz)
> If not, there is a hidden mistake: chase it (good luck) Yﬁl

ON Semiconductor® ﬂN

The Final Transfer Function

O The current-mode flyback converter is operated in DCM
QO The peak current is fixed and F, is controlled
O What is the simplified transfer function?

Flyback

I peakc = freeze

<>

out

1+ sr:Cyi

H(S)=\7”t - H 1+s/w, _ Vou

0 - c-:'\/CO
A 1+s/w, 2F,

1+ sRC’Zad Cout

ON Semiconductor®




A Faster Way?

Q If you are in a hurry and looking for a faster way:

» Formulate the output current expression
» Differentiate the expression to its variables
» Draw an equivalent schematic and solve the equations

~

> Ol R

A DCM/CCM

current-mode converter Simplified linearized model

ON Semiconductor® ﬂN

The Founding Equation is Well Known
Q A flyback converter running in DCM obeys:

2
1 v 1 (V.
I:)out =l ouVout ZELpI peakzFSN% lpeak =§ — outVout = Lp (_C] Fow

\ /
V

2
R

t ~ variables
"
|:> IA - alout (st’vout) Vo + ol out (st 1V0ut) F"
out aVout _ out anw y sw

out

ON Semiconductor® ﬂN




First Expression Comes Easily
O Rework the individual coefficients to a simpler form

ol (FuV R (VL 1.
( ou (P Om)J Vot = =25 (_CJ Vour T Im Nou =R Vou
E |

aVOUt 2Voutz R | l

ON Semiconductor® ﬂN

Second Expression is Also Simple
Q Identify the power in the equation, simplify...

2
alout (Fsmvout) ﬁ — Lp V_c ﬁ
oF, L N \R) Y

out

2
Lp (&j ﬁ — I:)ou’[ ﬁ _ Vou  Vou ﬁ — Vout -

2Vout R SW stvout > I%oad stVout SW Iaoad st >
Vout
e
Can't beat such a
Vout - . .
Fe,oadFSNa ol HRoad HRoad simple schematic!
Controlled TCOUt
variable

ON Semiconductor® ﬂN




The Transfer Function is Immediate
Q The transfer function is now straightforward

. . Vo e ,
- R () B
oal SW e 1+sC _10ad

A \V/ 1+s-.C 2
Y (8) ke Guco 2|C:M %
W 1+sC oad
( 2 J

U Put it under the normalized form

Vout (S)

Y 1+ V, 1+s-C
H(S)= out =H S/wz — _Yout kFG\/CO RCdout
1+s—2C
2

1A 01+ Sw, 2F, »

U No RHPZ and no high-frequency pole prediction
U Good for low-frequency analysis only, but good enough for

37 « Chris Basso ON Semiconductor® ﬂN

Simulation Shows the Differences
O SPICE only manipulates linear equations

Large-signal Small-signal
equation out equation
vout parameters 0 VoutSIMP
Resrl Resr2
B1 oom I\_/C:éOO B3 eom
R22 p=600u R4 R3
@T Current R1} Ri=0.8 @I Current {R1} {R1}
2 3
Coutl Lp=600u Cout2
T 470u kf=10k T 470u
It 1
{LpPAVCHRIN 24V (Fsw)/(2*V(out)+100n) Vout=21.1 (Vout)/({R1P{FsWh)*V (Fsw)
P1=24.73
Ve Csw R1=Vout"2/P1
Fsw=50.8k

+V1 B2
3.61 (-622m+V(Vc)*1.58)*{kf} Voltage
AC=1" vCO modulator

V, 21.1
20log;4|H = 20lo ot e = 20lo 1RO 1.5 10.3c¢
gLO‘ 0‘ Qo[ 2F,, FG\/co] gc( 2% 50.& };
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Simulation Shows the Differences

Q Ac results are identical at low frequency
4B 10.3dB

10.0
400 |H ( f )| moldel

-18.0 \ \L
-82.0 Complex
-46.0 model

-40.0

-80.0

20| OH (f) Cor:pllex —
mode

-160

10 100 1k 10k 100k 1Meg

ON Semiconductor® ﬂN

Test Fixture

U Plant frequency response with a NCP1250
O Load is reduced to force DCM where |, is frozen

DS
R11 R13
T1 MBR20200
Vbulk 47k a7k
+ _I* csb
Np I Ns ‘J"J’saouF
%7 Csa
D1 680uF
1N964
¥
|+ C12
== 100uF 1N4937
‘ 1
E ca e
T 100pF
1kv AN
18
22k | 7
o =
X i
Ci i
‘J’l F‘J' 220p ‘J’ 4.70F
=

it
c10 Rs — ReaR6bR6c C13
p2pF 16k 111 22F

Type=Y1
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Connections

QO Connect probe grounds to a quiet point: opto emitter is ok
O Use an isolated current-limited dc-supply
Q Short primary and secondary grounds

H(T)

Bl ¢

_—

100 V dc

Power supply under est

Injection
transformer
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Run the SPICE Simulation

Bl

EEIREEE e U Check operating points:
S T @ . F,=38.6kHZ bench 38.4kHz SPIQI
wl) AW . Vs =0.71V(bench) 0.79Y SPICE
1420V :?RZIZ)
i . .
\ Main contributor to errors

parameters is the capacitor ESR

Vout=19

P1=6.6

R1=Vout"2/P1

Lp=600u
Ri=0.33

Rubyoon R
i ZEv;UE(Ius 2%

N
. O

Fmax=65k

Fmin=26k e

Vfold=1.5 B 1614704 §

Vmin=0.35 ZL

a2=(Fmax-Fmin)/(Vfold-Vmin) S

a=27.75k

pFmin-vimin‘a VCO slope measured to 27.8 kHz/V ZL series RUbyCOﬂ
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Approximate ESR Extraction
Q A triangular output shows that ESR is the main contributor

I
— _ P, peak —
Isec,peak - N - 0. =4A
Vout,peak = Isecpeak

43 + Chris Basso

ON Semiconductor® m

DS says
11.5 mQ

Plant Frequency Response

Mag [B/A] (cB) |

25.000
16.100

7.200
-1.700
-10.600
-19.500

|H

/i
7k

-28.400

-37.300
-46.200

-55.100

-64.000

100

Phase [B-A] (deg)
180.000
144.000
108.000
72.000
36.000
0.000
-36.000
-72.000
-108.000
-144.000
-180.000

44« Chris Basso

ON Semiconductor® m




Conclusion

U The transfer function in DCM frequency foldback has been derived
4 It can be approximated in low frequency as a 15t order system
U Stability in this mode is not at stake with current designs

U Besides the comprehensive PWM switch approach, the linearized
output current gives good results too.

U Bench measurements confirm the low-frequency results, high-
frequency points start to diverge as we approach the switching
frequency.
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