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D ﬁ déjilj] z % *1& Ill-' EEEF.:I:’;] 1E The load power demand is matched in average only
D PFCIjJ ﬁgzlibﬁ\ _I:%E 1&&;12&;& A low frequency ripple is inherent to the PFC function

B B F w2z,



PFCE =K TIER S

PFC Stages are Slow Systems...

Q WAURREESGE, BlIERRKRE

The output ripple must be filtered to avoid current distortion.

QO 7ESIR TAE RB SRR SR 7E20 HoSEPE

[J

X RIEE R

In practice, the loop frequency is selected in the range of 20 Hz, which is very low.

Q BET R, IR IELME!

Even if the bandwidth is low, the loop must be compensated!
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PFCE&%{«K%E}Q A Simple Representation
A BEPFCEIIME—T &L, WA TIR(ms)BEEIZHIES

E{J %14: —F j:;% ﬁj\: Ij] S We will consider the PFC stage as a system delivering a power under an input rms

voltage and a control signal

V

in(rms)

%

PFC stage

P

out

%

“ Vcontrol

D %,J\ H%E-ﬂt E{J Ij] z ﬂfﬂ |E_I L_EFE Details of the power processing are ignored:
u I'f/E*E:_Et(CFM ’ CCM ’ EE.E& EE.iszi*Eﬁ . ) Operation mode (CrM, CCM, Voltage or Current mode...)
. ﬁ'é 5_(5[ 100% ’ 1&%% IE?Z _'E_':I'? E,‘] zF'ié] Ij] E%Bﬁj\ 100% efficiency, only the average power contribution

of the sinusoidal signals is considered

B B F w2z,



PFCE&%H*K* %%*ﬁﬂ! A Simple Large Signal Model
Q IFPFCERIM A BIRIE, FXBREKERARE

Let’s represent the PFC stage as a current source delivering the power to the bulk capacitor and the

load
L e I'c
IDin(av ) jcB%kﬁ. ﬁ%@
= Capacitor Load
Al I Y, : R
Chuk L

4 P/'n (avg)ER;;&:F l/00/71'/’0/ (ﬂ}iﬁ;) N V/'n (rms) (ﬁkwﬁﬁtﬁ HTJ-) & VOUt(E HT‘D

Pivavg depends on V., (always), on V, .., (in the absence of feedforward) and sometimes on V,,,

4 3%['1 EJ- ﬁg EI,‘] :I::'I:jt ;}E‘ : l/com.‘ro/‘ l/out“& l//'n (rms) "

3 possible sources of perturbations: V.., Vi, and V..

B h F w2z,
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NCP1605

D *ﬁiz’i‘z%ﬂﬁiﬂﬁﬁ-ﬁ EE,*;E%(FCCI' M) Frequency Clamped Critical Conduction Mode (FCCrM)

D '__'E P FCB‘;%@E‘I’%'l‘i Key features for a master PFC:

" %_J— EE.I}ILI}—\ ’ 'f:—l:F*)l*E—tEAEJEH Hﬂ High voltage current source, Soft-Skip™ during standby mode
" ?;:E 1,\“pr0 K" A "? ’ Bj] AN ﬂr] F‘_ iﬂﬁ ﬁiﬁt “pfcOK” signal, dynamic response enhancer
g %I:P 1%1:):' "Ll'% |'_':E ’ 1§ %: 'H_ gi IEI E"J P FCEX Bunch of protections for rugged PFC stages

D Fﬁiﬁ kIjJ $ 3& ;}ﬁ: |:| ~ ;‘fﬂ =]=] EE,?‘)L, Markets: high power ac adapters, LCD TVs

Rout2 Routl Vout
A%
STBY control
LE HV
H[Jo~" t Vee
{2] I Rovpl % L1
ICVctrI - | ovP Vout |
Rovp2
FB_ g n - D1
CVref
v 5 2 LOAD
_ & o Vee M1
Ac line pfcOK ] Chulk
Cin I = ) E +
T T +—| i 7] m)
1 o 1
EMI 1 Cosc
Filter gROCp pfeOK
Rdrv
—\\V
A% T

A = /=0 . . .
Icoil Rcs IB{515S Communication signals

B B F w2z,



NCP1605'EEI§jﬁ.ﬂ'E NCP1605 — Follower Boost
Q BERATE: BERFBAFTIMOSFETS B ERIATINREE

Voltage mode operation: the circuit adjusts the power level by modulating the MOSFET conduction time

AR FESNFTERRSRIRTR. FELS (V)2 IELL me

charge current of the timing capacitor is proportional to the FB square and hence to (V,,,)%

2
| — /. . Vout
charge t V
out,nom
:,E; EF' where .
Vout,nom’_‘EEEﬁj |':|:|| *,%E EE,E Vout.nom IS the Vg, regulation voltage

u |thE370 IJA Eﬁ,iﬁﬁ l, is a 370-pA current source

D TEJ"J\E.HTJ- |\Eﬂ —’:j (Vout)zﬁi}i tt ’ EIZ:J:#EE Bjﬁﬂ'}:TZ Ij] ﬁg The on-time is inversely

proportional to (V,,,)? allowing the Follower boost function:

2
_ Ct 'Vton _(Vout,nomj

t
on I V

out

REEERH ﬁN
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NCP1605 Ij]%% _t NCP1605 - Power Expression

0 BHESRVARTRE. HE
T e

Error Amplifier

.iltﬁ.;iJ:,l f‘FIJ (PWM) _LI-S JJ The control signal is D ) FI-200A

Vref /— +
V. offset down and divided by 3 to form Vggg,, used in
the PWM section Veontrol OVLflagl lﬁ
D .

I OFF
-

QM TIRMEAEINGE, hES((V,, )2 R

Hence due to the follower boost function, the power is inversely dependent on (V,,,)?:

2 2
b _ Ct Vin(rms) | Y e | (Vcontrol —VF)
in(avg) 2L, V. s 3
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NCP1605- X{ES5t&EHY

NCP1605 - Large Signal Model
QA BPFCERINABRIE, FEXREIKBENRIE

Let’'s represent the PFC stage as a current source delivering the power to the bulk capacitor and the load:

RELOT HORELKRNP, o “
P Replacmg Pin,avg DY its expression of slide 10
.~ _"avg)
D=
Vout I'c
d (Voo V)
ID _ out nom J /n(rms) contro/ RLOAD§
( 6-L-I out
N JAN / 1t
M TC
E gﬂ constants |Z1._ H-J- |Ej m{‘k Time varying terms bulk

J 3* FP:F#Ei}E VCONTROL‘ Voutﬁvn(rms)

3 sources of perturbations: V.oyrrors Vo, @Nd V,

out in(rms)*

R w2z,



'J‘Tﬁh%*ﬁgg Small Signal Model

O KESRBEEEM, BHIEV.mmo Vinme RV TR
R E ETHIA

A large signal model is nonlinear because | is formed of the multiplication and division of V
and V.

MEEF RN, THEEIN T2 A

ThIS model needs to be linearized to assess the ac contribution of each variable

Q XREEFSTIER(ERS)MIEah K stk

The model is perturbed and linearized around a quiescient operating point (dc point)

Vv

control’ Yin,rms

.3 B F w2z,



% ,;'E:EIJIL{E BﬁL 'J

Considering Variations Around the Dc Value...
"_,\ %)L /}illz,é£ E,]'f_jlal:jt(1 /:I_Ejj % % Let's omit the perturbations of the line magnitude

(assumed constant)

D %Jf{ ut& ontrolE I)IL{E Bﬁ. E,] /J VS _'1 E_ Let’s consider small variations around the dc

values for V_ ,and V

out control
A ol ~ ol ~
gk = AT A= Iy = D "V contror T L Vout
D 7 q:jzﬂ ] 3;51'3: We then obtain: NVcontrol Nout

A X
Vout,nom TV ou
r'e

Ip +1i

olp  ~ a/D A Rioap
where: i, = 2% 2%

oV control av out
control out |+
T Coun

¥ B F mEnzzss. O



§t|j IJ\E%’I‘%@! Deriving a Small Signal Model...

D E:}zllf, j_lg/\m‘ u % B%The dc portion can be eliminated

D 7_ EUIL,.“ 1& ﬁ& El] The partial derivatives are to be computed at the dc point that is for:
Vcontm, E*ﬁi ﬂ'-ilj 15 "?EI)IL{E FH :_F Fﬁ%ﬁg E’] Iﬁz,m that is the control signal dc value for the

considered working point

Vout nom%%ﬁﬁ(ﬁ /}||_,)§€~ H:Il EE,}:T: that is the nominal (dc) output voltage
FH —t**1t§"§& &1' ] )ﬁgj?f% Replacing the derivations by their expression, we obtain:

4 out
r'e
8[ D - ol D -
I1: oV Vout IZ = oV "V control R, oap
out control
+
=5 IZT | A s I
WELRTV B iR HELATV ERA BV, o T C
I, computed for Vggnq de point I, computed for V,, dc point that is Vi, rom bulk
. .
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iﬁ]ﬂj EE,QTE :F:_l:}[,ﬁkﬁ Contribution of the V,  Perturbations
D H—R >;& '::'j:ﬁ;r‘§I ﬁ':JIJ %%J,_% EE Depending on the controller scheme

[ = 'Din,avg _ f(vin(rms)’vcontrol)
D~ B n+1
VOUt (VOUt)

where n=0,10r 2

» N=0 XJZNCP1607 for NCP1607

Vcontro/ : Vin,rms

= n=1 3 RNCP1654(FLMECCM PFC, & Fnavg = —— )
n=1 for NCP1654 (predictive CCM PFC for which) o
= nN=2 X NCP1605(IRKEFE- I FE10mM)
n=2 for NCP1605 (follower boost — see slide 10)
JZs ]
d ‘?’:I_:Eum,'f—i Atthe dcpoint  ,  _ and Pin(avg) _ 1
out out,nom 2 R
(Vout,nom ) LOAD
= VA=
d =573 Jrﬁ %‘@J Finally:
1~ aID . \;out =- (n +1) . f(vin(rms)lvcontro/) . \;out = (n +1) . Pin(avg) . \;out =- (n +1) . \;out
N N n+2 N 2 N
Nout (VOUt) VAPRY, (Vout,nom) Rioap

out out,nom
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simpllfled as follows:

J

SiRE,

FE gﬁﬁ 2 Resistors...
I

ﬁﬁ'/__r\' Hence, the small signal model can be

r é Vout
,=—9p 7 R )
@T 2 — oV control _LOAD RLOAD
control n+1 .
Cbulk—_
Bt BB 3 5 Ak
V,ut @C contribution Load
- Rioap R, oup = Rioap
D ;35 B ¢ Noting that: n+1 n+2
. L) A Vo iax
JX*EEEJZS ﬁléﬂ:_l:.—-'lf I‘E_I_I 1{ the model can be further simplified

B B F mEnzzss. O



%2%395'5} Finally...

D IJ \ % % 1;%;_}2_ The small signal model is:

Z(s)=Poap _ 1+s:fc “Chuik
n+2 1+S[RLOAD 'Cbulkj

n+2
Vout

I . 8ID . ~ rC

2 — 8\/ control
@T control RL OAD

P’ ( ]
where: |Ip= —C’avg , 2
out Cbulk T

D TE-J‘Q_% IZI %L_:Q The transfer function is:

V out :RLOAD{ dlp } 1+s -1 - Cpui
1

v n+2 aVcontrol S RLOAD 'Cbulk
n+2

control

R mEnzzss. O



NCP1605754§ NncP1605 Example

D k 1% % 1‘%@ % 7_|_.T ﬂ‘] The large signal model instructed that:

' 2
Ip = i (avg) _ Ct 'VOUT’nomZ | Vingrms)”_ (Voontrol ~VE)
VOUt 6 : L . It Vout3

D j; ﬂ:l:, Hence:

(Vout )n+1

term “

n=2 <

2
olp Ct - (Vin(rms))

aVc:ontrol 6-L-/ t Vout,nom

B B I LI



NCP1605-/]M5 S 1&E!

NCP1605 - Small Signal Model

D EEs—L,g’;S;E/% Finally:

\;out
2 re
C, - (v. )
@T I2 = In(rms) Vv RLOAD
6 . L . It . Vout’nom CONTROL A
+
__Cbulk
D 1:53‘5_3, IZI %&IEE The transfer function is:
2
Vout RLOAD : Ct i (Vin(rms)) 1+s- rC . Cbulk

A

Veonrror 24 Ll -Voutnom 4. o ,(RLOAD Chulk j
4

B3 B F mEnzzss. O
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Power stage characterlstlc — Bode Plots

24-L-1,-V,

out,nom

2
RLOAD'Ct'(Vin(rms)) J
20-Iog{ | | i —
: il N

Asymptotic representation

-20 dB/dec

Gain (dB)
i I N——-. o
Frequency (Hz)
| !
OO I I OO
Phase (°)
-90°
! ' Frequency (Hz)
2 1
f fo=— -
PO 7-Rioap Chuik 271 -Cpu
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7"‘155:1:513‘[1:5?" Compensation Phase Boost

QA KBESENEHKEAESR)SEHMES KRS, MLUEH—L

A= A
*E 1lL SREo- ,7{,]\ [H%Z:'lo-'_ o  The zero brought by the bulk capacitor ESR is too high to bring some

phase margin. It is ignored.

D P FC}Z;E% ;:E%ZIKE %ﬂe'-ﬁ'BGO ° H,‘] *E *g The PFC open loop inherently causes

a -360° phase shift:

- EE, i}E Eﬁ 1:& ,'ﬁ‘ Power stage pole 9 = 90 °
- 1%“%?3:&%7‘5&*%% Error amplifier inversion 9 '180 °
- ?‘l\ ;I_é },% 1:& ,ﬁ‘ Compensation origin pole 9 '90 °

D ?‘l\sz; LZ‘ Zﬁi :_I:EE 1:,H\: _%*E 1?L:_|:"E=}|' The compensation must then provide some phase boost

D *ﬁ%%Z%ﬂ‘{% A type-2 compensation is recommended

R LY



;ﬁZ;é%Mz: Type-2 Compensation

ONCP16055%k TR SR E T LR (OTA)

The NCP1605 embeds a transconductance error amplifier (OTA)

VCONTROL | CONTROL
1
[} <
Vour
O\U R,
- CZ
S
beU -
§ OTA
FB to PWM
[} - comparator
L
beL § +
= VREF
- ” C2 << Cl

Ry PR AME S B E B0

No direct influence of the Ry, impedance on the compensation

—{N iR LB A =0

Only the feedback scale factor interferes

1
f1 =
272' . Rl . Cl
. 1
p2 272' . Rl . C2
1
fpl =
27 - RO . Cl
pole at the origin

R. — Vout,nom
°"v .-G
ref "~ EA

* V. IS the reference voltage
(generally 2.5 V in ON semi devices)
* Gg, Is the OTA

(200-pS transconductance gain for
NCP1605, NCP1654 and NCP1631)

. ¥ B F w2z,



%2%?"1%##'&3_?19“ Type-2 Characteristic - Example

Q £ F0f, M AR T8
E &ﬁiﬁ(’ﬁi z) fpand f,; set the

phase boost magnitude and location (frequency)
D *E 117?%}"[“%15% +  The phase

boost peaks at: (fPhB = ,/le-fpz)

EI]Z? HZ thatis 27 Hz

D *E 117?5}]‘%] The phase boost is:
tan* (fpﬂJ _tan-t| fon8
f, fp

Q ER S, LA FHA
$ iE.l _'ﬁi'?é' Eﬁ. GC The origin pole fp1

adjusts the gain G, at the phase boost frequency

i I I I
5 I —
j: : : : 0dB
| e
Gain (dB) <} ] Y :
_aoo: I I I \\
°F X :
7 40 dB . — T~
* L]
Ll o1
i I I I o 5 (60°)
: phase boost (60°) —
45 e
180: v : : /?
; I I |
Phase (°) . / //!\\
] -270°
10m 100m 1 ! 10 requaney in herz 100 1 10k 100k
f,,: compensation zero (6 Hz) —> | | | <+<— £, high frequency pole (90 Hz)
| «— le' p2

RERERH ?ﬁN
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Phase Boost at the Crossover Frequency

fC

| ; b = tan‘l(fi]—tan‘1 _c_
N a oz

; Y ;
; A\ ''''''' okl el Q £, BARFI/S S, AR

/|\ \ 115° S (B AEH0° )

; ; - The lower f,; and/or the higher f,, the higher the phase
I i \ s boost (max. value: 90° )

| Q {BEPFCHR R IR S TR T 32

: \ \ WAREE(F), BRI E TR
I I ! é:%%( @m: @B)

- : : Assuming the PFC power stage pole is well below the
I i i crossover frequency (f.), the phase boost equates the phase

margin ( ¢,= @g)

| TN N
L A S~ ™ -270°
S L D AN Y Q BREm BirEELS ° 5
N i 75° Z8]
lez f ’zl fc fp2 f ’pz Target a phase boost between 45 ° and 75°

. B B F ELLILIAE ||



i%fﬁ%]ﬁ % Gain Considerations

Q gamskd, Togik
RINER Z BB BB EIE AR

the red trace, the distance between the zero and
the pole frequencies is increased

20/dB
Gy AP HIERAR son

ﬂ g characteristics generate the same attenuation at
The lower
the crossover frequency

fo, the more

i . ' . e}ttenuated the line ) ‘
— __ Q £, AR, K50

\

i i i . S s
: A : I : : : I:FI E,‘JiEI fﬁ?‘tﬂ1& The lower the
i i . i i f,, frequency, the lower the gain in the low
: : I ; I : \\\\ frequency region
! ! . L !
: | | . "
{RINE S Y1 : . 1. : Ejt@1££ The higher f ,, the lower the
§E1EE Lower ' i I i I i (2.;,,) ripple rejection
gain with a low : : e E - E _
frequency zero i i i i

i T
le le . f

. B B F ELLILIAE ||
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Type-2 Compensator - Summary

QTR E T XRRSNR (IR AR INIE )

The zero should not be placed at a too low frequency (not to penalize the low-frequency gain)

0 SR E L AE TIRE B S R AR EUR TR AR

The high frequency pole must be placed at a frequency low enough to attenuate the line ripple

QRURA(RBEURE) R TEZRSMRAME

The phase boost (and phase margin) depends on the zero and high-frequency pole locations

0 EREIRAE B SRR E R IEH E

The origin pole is set to force the open loop gain to zero at the targeted crossover frequency

REEERH ﬁN
ON Semiconduchor ©
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EAEEEEME?

Compensating for the Full Range?...

QFEFSIEHBURT R, MARZFRIR, BURT ALK E

E The static gain depends on the load and if there is no feedforward, on the line magnitude

2

Rioap -Gy '(V- )

Gstatic(ap) = 20109 Rioap [l =20-log in(rms) (NCP1605)
n+2 \ Veontrol 24-L-1t-Vout nom

D EE.;)E Eﬁ*& :'ﬁ\ u ﬁ %?. E,‘J IZI ;‘Qﬁﬁ Q 1{ The power stage pole varies as a function of

the load:
n+2 2

27Rioap Couk 7 Rioap * Couik (NCP1605)

fpO
D E 9& |‘7.|'_,| EKE% HT,I- Eai iZ: 'I%E ;R tlﬂ 15‘[ ? What is the worst case when closing the loop?

. B F w2z,
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Load Influence on the Open Loop Plots

D i%ﬁﬂﬂ ﬁﬁ EE,BH. Let's increase R, pap (RLOADZ = RLOADl Wlth o > 1)
I I I

- 20 dB/dec ]
20-log(r) %
i%ﬁfﬁ Gain (d B)
H R 32 MR R AL 18 75 = R\ onp1
EAEALART ; — R
Unchanged Gain and Phase at | . I_ .. _I .......... _I S| I_ ........... — HOAD?
the targeted crossover frequency | | | | ;-/]:ﬁz Frequency (H Z)
0° | | | |
*E'ﬁ—L Phase (O )

— o e r o o] m— o — s — — o —

P R— \ : *ﬁiﬁ Frequency (HZ)
. _ f = fpﬁ f fo0 = 1
AR R PO, a C 27 - 1c - Cpuik
Asymptotic representation

fC& CDmZ:%%zuru] ! f.and @, are not affected!

B B F w2z,



N TT
32 i B X I E B 22 M
Line Influence on the Open Loop Plots
H %ﬁﬁfi'ﬂ%(ﬁﬂ NCP1607)’ &Vin(rms)Z ::B'Vin(rms)l with ﬁ>1)
No feedforward (e.g. NCP1607) and | | |
- -20dB/dec ] :
40-log(B) % : : : gkl Static gain
i%ﬁfﬁ Gain (dB)

AT, EENE | T~ —v,
k(%l&ﬁ * B ) Unchanged : > - : Y

I I I in(rms)2
Phase but increased gain - — .. -
(multiplied by B* B )

in(rms)1

*E'ﬁ—L Phase (O )

ﬁﬁﬁ%ﬁ-\- f — n+2 : f. —1
Asymptotic representation pO 27 -Rioap - Chuik fc 20" o0 e - Cpuik

ﬂ;% Libﬁ@iu B 2The loop crossover frequency is B 2 increased

B B F w2z,
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Load and Line Considerations

o iﬂ% ?‘pj?, HT_H‘I‘ 1% Compensate at full load
- 5 Ej_i ?Fé Jd déj?, HTJ 3—2 ﬂ’fﬁ z *E IE,I Same crossover frequency at lighter loads
—1j|.-, 1{ /:I_E T g ,'.5\ '}/Fﬁ z (Z: &L q: j‘( 1E‘E '}/Fﬁ z) The zero frequency is set optimally (not at a too low frequency)

Dfﬁﬁ—affffﬂﬂéﬂiiﬁ’)\ﬁﬁ%l‘% Compensate at high line
. —_ = = . ML . 2
~RRESEBMARSIFER, EILEEE, B E LT (Viams)

High line is the worst case as in the absence of feedforward, the static gain is proportional to

2

(Vin(rms))
—El] —J- §|J This leads to: (fc )HL = HL ’ (fC )LL

(Vin(rms))LL
:,E\: ':I:' ’ HL{'E%%EEi %ﬁ?ﬁ%iﬁ)\ ’ LL{’%%?{E&QfE&Efk Where HL stands for Highest Line and LL for Lowest Line
~FEERFEFENAY, SRR WINERREERZMINEIE inuniversal

mains applications, the high-line crossover frequency is 9 times higher than the low-line one:

W =(Z2) ) =90




Crossover Frequency Selection

D 5& H‘ﬁti'% E{] %14: _F ’ (fC )HL < fline %4&?&5& In the absence of feedforward, (z),. <fine is a good option

o s B iy e
QARIER, MiZERE (o) < %e , IR1F B IF RSN BUR TR wit tecdtonward, ()., =72

is rather selected for a better attenuation of the low frequency ripple

QfRERZ MEBEBMANTEE T, PFCH TR =i & B R FF IR T 32 #sn R |

Get sure that on the line range, the PFC boost pole remains lower than the crossover frequency at full load!

foo s(fC)LL

DE\}H\U ’ Ejtiﬂaﬂ k k EE,?é_\: If not, increase C,,,

B B F w2z,



'iSL*E Agenda
)| Introduction

=
‘_.IE" H:II IJ ViE ?1‘%9_—;& Deriving a small-signal model
o _H&Lﬁif General method

- gﬂ: BI-J_‘ ;|§< §IJ . N CP 1605-%'2 ij] E,‘J P FC-EE Practical example: NCP1605-driven PFC stages

D ?‘l\ 1&'2_; }Z;E% Compensating the loop
— % 2 %'_%%I‘ = Type-2 compensation
— AR R I B 22N nfuence of the fine and power level
— 'i»"' ;%:%l‘ 1% Computing the compensation

= — ey
— %IZ,](;-"E §|J Practical example

D ,El\ g:él: Summary

) __.I_:'._ [E EE oy EERES ﬁ“
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Compensation Techniques

D ﬁ?:l_: )-L %FIJ 'Tl'i 7K Several techniques exist:
. %E- ij] iﬁﬁ , “k %':’%I”(Venable) ...... manual placement, “k factor” (Venable)...
+ ?&é}ﬁ 1k, Systematic
- PFCHEIEEFHIF LS C‘fﬁil‘l‘ﬁ The PFC boost gain is to be computed at f, f
R RN ENRLEIZB R IETE Nofexibity in the zero and high pole locations f.=k-f,1= pTZ

'1:& ,'f—I—'\ %Hﬁ'fi ,'f—I—'\ iﬁ B}% Pole and zero cancellation:
‘/iﬁﬁ%M%g—Ef—T'I ’ i5_(_1‘$ E?}Eiﬁ B,% EE,}}E Eﬁ*&,‘f—f‘; Place the compensation zero so that it cancels the

power stage pole:

‘/iEl.'f%;I:&,ﬁ{l—L:Fﬁ,ﬁ, }Aﬁﬁ?’j_:(f: fC)EHfﬁ B,%PFC}I'Ei'%'fﬁ Force the pole at the origin to

cancel the PFC boost gain when (f= 1)

\/l«l %Eﬁ*&,ﬁ 'UE —I'I-lj_*ﬁ 111?]'—%% Adjust the phase margin with the high frequency pole

B B F w2z,



*&,".I—:_"*l:lz,. jﬁ B% Pole and Zero Cancellation..

-20 dB/dec Ko

Gain (dB)

— »@i/ﬁgz" Power stage
— Fﬂ\-ﬁOpen Loop

ESR of the

! / bulk capacitor

a fpzi@%— ’ *E 111?]'—?%@* The higher f,, the larger the phase margin
Qf pziﬂiﬁ&, 1&$ﬁﬁi&¢m %Uﬂ'fi The lower f;,, the better the rejection of the low frequency ripple
Q ¢,=45 F&itfyy=

. B B F w2z,



*&,.\\$u§,§1ﬁ§ Poles and Zero Placement
QA AimE . SEEEARKIZITEHME  Row = RLoaD(min)

Design the compensation for full load, high line:

f = .
Q18 L B RS UH AL I Re ™ e 7 e e

v l+s-rp-C
i ﬁILKO Place the origin pole to cancel K, the static where: = - K- c "“bulk
v 1+ S.(RLOAD(min) Chuik ]

aln at f CONTROL
J n+2

QESREFT R, HRPFCHIER S
Place the zero so that it cancels the PFC boost pole
(fz1 = fpo) for  Rioap = RLoap(min)

QS HRES,, KEBHENEE ‘

Place f_, to obtam the targeted phase margin: fo=
o2 P2 tan(90° - ¢,,)

REEERH ﬁN
ON Semiconduchor ©




by the NCP1605

ZI_T1§|,| Example

;FE:}'E E EE.?E'\ ’ E:.F NCP1605 EI(] 150 WEFH A wide mains, 150-W application driven

2
Rioap -Gt - (Vin(rms))

Chu = 100 pF
ro = 500 mW (ESR)

(I Iy Iy Iy Ny N M Ny

f.= 50 Hz
and F,, = 60° R
@ high line (265 V)
fo1

Cl_

= = =11.36 kQ

VOUt nom - 390 V _ Vot =Ky - 1+s-1c - Cpuik where: K, =
’ V controL 1+s- (RM.ADCbU/kJ 24-L- It -Vout nom
= 4
(Vin(rms))LL =90V
(Vin(rms))HL =265V Ruorpimn - (Voutpom)” 3907 _ P
LOAD(min) — = 150 =
L =150 pH (Fost
Ct =4.7nk Ry = —outnom _ 390 ____ 5540 (0TA)
Vier -Gea 2.5-200-107°

2
Ko(min) _ RLOAD(min) G '(V"”(””S) )HL

3 -9 2
_ 10°-4.7-107 - 265 ~ 2.59F
27Z'fCR0 27Z"fC'R0'24'L'It'vout’nom

~ 27.50-780k -24-1504-3704-390

2.2 uF

=>

R oap(min) Couk _ 10-100-107° 12 kQ

==>

(n+2)-C;  (2+42)-22-10°
tan(90° — tan(90° - 60°
_fan(90°~dn) _ tan( g =153nF ==> 150nF
2 -fy - Ry 27-50-12-10
= : =93 mHz fn= - =6Hz f= L =88Hz
Zﬂ‘Ro‘Cl 272"R1‘C1 271"R1‘C2




1ﬁ L I.EE Simulation Validation
D 1HE EEE%%? j( %%*ﬁ@ The simulation circuit is based on the large signal model:

Vout

T TVout

—
éTC rrent *% NCP1605E,‘]PFC
ul
{Ct*Vbulk*Vbulk*Vrms*Vrms}*V(control)/(6*{L}*370u*V(Vout)*V(Vout)*V(Vout)) ggg g L I\] k 12_ = *E ;:F lJ L r
) {T}gi(ljk*vbulklPout) <= El E H -q == a ge

signal model of the NCP1605-
driven PFC stage

il
C5

100u
IC = {Vrms*1. 414}T

L2
o B S F 4 7 B
v <+ %U Generation and injection of

AC=1
the ac perturbation

EAout T = 5 o }i ,10'5'% & }_ EE, E& (/\ Yaral

{Rupper}

control ’ 5'4 .
£ 224 M=) Feedback and
L/ <+ . M .
oo orresvEs) F8 regulation circuit (including
Clx %

{Rlower}

V(EAOUY type-2 compensation)

= T 2.2u T 150nF

1T

ERXERH ﬁN
ON Semiconduchor ©




NS FF R

%5 can (dB)

| Vigmey =90V |

10 mHz

*E{l‘_L Phase (o )

i gﬁ Open Loop Characteristic — Full Load

//

I
f.= 51.3 HZ @ Vi(ms) = 265 V
= 6.6 HZ @ Vg = 90 V

|

*I40dB

[
100

mHz

10 Hz

I
1 kHz

45 °

e

RHEXEGH 'ﬂN
ON Semiconduchor ©



IR

k

gk

cain (dB)

—

*Eﬁ_ﬂ Phase (0) 1

~

S~

f.= 51.3 HZ @ Vp(ms) = 265 V

| 1= 7.7HZ @ Ve = 90V

:FE% T'IE—':F' %ﬁﬁOpen Loop Characteristic — Mid Load

0dB

H 40 dB

10 mHz 100 mHz

1 45°

kHz

RHEXEGH 'ﬂN
ON Semiconduchor ©
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. N _
i ,ﬁyzijﬁéﬁ% Experimental Results at Full Load

EI PFCEZ 513819 V/7 A A19-v/7-A loads the PFC stage
TITH RSB BIRECIAS7.7 AZEEFN(F10%), FHHH2 AlushIRHE

The downstream converter swmgs between 6.3 Aand 7.7 A (+/ 10%) with a 2- A/us slope

. i

e ce || 372V <Vbu|k<:396v || R 1

Y R e e ! o F RPN
: : g : : : g : i : I : g S
ﬁﬁ%ﬁ LoadCurrent (5 A/div) . e S ...... | ﬁﬁ%ﬁLoad Current (5Adiv) R R R ...... |
""""""" RO WTo0ms TR 68V e T00ms ChE 7TV
Ch3 5.00VQ Ch3 5.00 Vv

d —%g&.&%gﬁ)\\ Eﬁk%ﬁﬁ%1&vbulk1m$z hul_zifll:l:ll EE,}_ I*E The high-line, larger

bandwidth reduces the V, , deviations and speeds-up the output voltage recovery

.3 B T mEmzrrs.



':F% ﬁﬂ—i_’u_n% Experimental Results at Medium Load

O PFCEZ £ 819 V/7 A A19-V/ 7-A loads the PFC stage
O T1TiE#rzsBRE3.1A53.9 AZlEﬂ:,I:%Z‘jJ(‘H-O%) FH A2 AlushIRHE

The downstream converter swings between 3.1 A and 3.9 A (+/-10%) with a 2-A/us slope

Xﬁ@%ﬁ%%ﬁ Ac line. current (2 A/dlv)" = 90 \Y xﬁ%ﬁ%%ﬁ AC line: currerLt (1 Aldl\”) V. ?— 265 \Y

j:_EE'H: _Bmk_v_oltag_e (20 _\/A dIV 380-v offset)

WWWMWMW@W q5 L.-. At 04 Ak Al 3 LR A T L bk AL {

" Tr ...... f T 1+ " Tf ...... | .;

- SR Loao Current (2ATdiV). © T L S Load Current (2.ATd

£ R I = S '
""""""" T WOT00ms ThI 356V 0V W T00ms ChiF 356V
Ch3 2.00VQ Ch3 2.00Ve

M EE,E&Q} ?}S Ef Bﬁ ﬂrﬂ]ﬂ The circuit still exhibits a first order response

.3 B T mEmzrrs.



BiE,..\ J\ﬁﬂi Abrupt Load Changes

D PFCE&J\ﬁjJ 19 V/7 A A 19-v/7-Aloads the PFC stage
?F:’.z:?ﬁ FER7E7.0 AZ35 Alﬂj]:%(z A/IJS{]E—I-i&) The downstream converter swings from 7.0 A to

3 5 A (2 A/us slope)

= 90 V| A Ilne Current (2 A/dlv) a | ||V

Ac I|ne current (2 A/dlv) f ||V

- Load Current (5 A/div)

Chi—T.00V  [iF 200V WM 100ms ChiF 6.1V
Ch3 5.00 VQ

0.0V WM T00ms Ch3 S &7

NCP1605(FCCrM). NCP1654(CCM)FAINCP1631(3Z$&5=\N) PR A T Sh7Sfy 145885, & HIME K KPR IRIRE R IRE The

dynamic response enhancer speeds-up the loop reaction in case of a large undershoot Implemented in NCP1605 (FCCrM), NCP1654 (CCM)
and NCP1631 (Interleaved)

j] 7o ﬂr] Ei%ﬁ ﬁi%%)}ﬁk’/"ﬁﬁ_& ifff,éﬂ%iﬁi)\ EH' El(] ﬁ_'k ;FF The dynamic response enhancer reduces the

undershoot at low line

RERERH ?ﬂ'u
ON Semiconduchor ©
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—_ gl; B,']_'\' ;'-"_E 19'] Practical example

D l%\g:llﬂ: Summary

) __.I_:'._ [E EE oy EERES ﬁN



,E'\éﬁ Summary
QO LUEFNCP160589PFC A, #EiR TPFC*MER—IEEER =

General considerations were illustrated by the case of NCP1605-driven PFC stages

Q EBREHZFHAEPFCH/MESIRE

A small signal model of PFC boosts can be easily derived

QA Z W AEEPFCTEER X

The proposed method is independent of the operating mode
A~ aVavay A WA ) s]e
D ?ﬁﬁ% 2%‘@7‘"1% A type-2 compensation is recommended

QuURiBNAAIRIR, RETEMEAREREEEE B EIHE
1t If no feed-forward is implemented, the loop bandwidth and phase margin vary as a function of the line
magnitude

O ZHIMBEAIRME AR EM T
The crossover frequency does not vary as a function of the load
Q2 E PFCE I BRIRIREE(T1fE ), thRelEARAEAH-Z &R

A resistive load can be used for the computation even if the PFC stage feeds a power supply (negative
iImpedance) — See back-up




For More Information

O View the extensive portfolio of power management products from ON
Semiconductor at www.onsemi.com

O View reference designs, design notes, and other material supporting
the design of highly efficient power supplies at
www.onsemi.com/powersupplies

.3 B T mEmzrrs.



