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ﬁ%ﬁﬁﬂ]@?ﬁl’l‘fiE(PFC) Interleaved PFC
Q uﬁﬁﬁ\lﬂzﬂa(Pm&avg)/z)E@EQIJ\PFCEQER$M5‘&PFcﬁfi Two

small PFC stages delivering (P, ..,/ 2) in lieu of a single big one

L1 Ip1
YL M S
og | BT
Ac line o . ]I(E
( Iin (t) i ?:,—I_——;—
NCP1601
Vin(t) IL(tot) L2 Ip2
T ~ NI -
x=x| I
_] ik I (tot) vV
EMI out
Filter e — S B
AN —4] g
Z‘S NCP1601 :lECbu"( LOAD
1
1

O MBEFHMILEAE, FIHH 8 BT 00) F(lowoy) BURAIE

)}EJZ, / J \ If the two phases are out-of-phase, the resulting currents (I oy @Nd (Ipop) €XNibIt @
dramatically reduced ripple.
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ﬁ_‘Z%jét:_l:tP FCﬁI:’,;*:}' Interleaved Benefits

D ﬁﬁﬁﬁ 77:%%14:%,% ’ 1& More components but:
= 150 W PFCLE300 W PFCE 5 T 1% 11 A 150w PFC is easier to design than a 300-W one
n FEER{VIE TR Modular approach
» HFUIAEEIF Better heating distribution
» T RERIGFESEIEI(CrM)SEE Extended range for Critical Conduction Mode (Criv)
o STTHERSTE/N, ZIEFFEIZIT smaler components
(BTSN EEEK, AR nelp meet strict form factor needs — e.g., flat
panels)

s BN ESESHER(DCM) PFCELER—NMEESHER (CCM)
PFCE??&%% Two DCM PFCs look like a CCM PFC converter...

° I/rEi.lr'f'k EE,E%:F*jt(EM|)5:u\i}§Z’ PJEE'J\EﬁIHji’Jﬁiﬁ(rms)%iﬁf Eases EMI filtering and

reduces the output rms current
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TP T

AR o B 1
NEIRSGK ?

What is the ripple of the I,
total input current?

_:,7)2|‘f, Input and Output Current

H BT SUR ?
What is the ripple of the I,
total output current?

Y M
oo~ BT
Ac line o - ]I‘E
y Iin(t) i E;_—__'_
NCP1601
Vin(t) | |
N

N I’_(tot) L2 o o

%x x

bbb

NCP1601
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(K32 A 2 B& B B3\ BB R 8L
Input Current Ripple at Low Line
O Zm N\ BERFE T EER—FE, MABRARAELER
CCM;’%EPFCE‘]E@)\ EE,;}E, When V, remains lower than V, /2, the input current

looks like that of a CCM, hysteretic PFC

D (IL tot) )Z’_W»j/\ij: )T-E@IE%ZEEZ& I\Eﬂ T% ij] (IL(tot)) swings between two nearly

smusmdal envelops

Peak, averaged and valley current @ 90 Vrms, 320 W input
(Vout =390 V)

Iin(t)

18 R TR 2%

Envelop for the peak currents

Current (A)

A IS FRAT TR 2%

Envelop for the valley currents

Peak, valley and averaged Input

0.00% 25.00% 50.00% 75.00% 100.00%

time as a percentage of a period (%)
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= A2 i % B BT B3\ BB T 8L

Input Current Ripple at High Line
QimABFEEEGEHAEFR—3E, BEERERFEE! wienv,

exceeds (V_ ./ 2), the valley current is constant!

out -

V .
H lJ:l_’, EE,}%E%:FH equates ( .OUt j L l:l:' ’ RInIEEPFCEﬁ])\BE.*E where R, is

the PFC input impedance

Peak, averaged and valley current @ 230 Vrms, 320 W input
(Vout =390 V)

/28

Out
i, (D) | 91—34&/&
No ripple when
Vi, =V /2

out

Current (A)

Peak, valley and averaged Input

S~ m(avg)Vout ~ Vout
0.00% 25.00% 50.00% 75.00% 100.00% 2 " 5.R

time as a percentage of a period (%) in(rms)
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ﬁﬁ?)lLé&E%if)\ %ijﬁ, Line Input Current
D RT,I-::/I\SZE%ﬁﬁ =1 IE?ZZ\/EZ E'\J%ﬂfﬂiﬁ?ﬁ ilﬂ For each branch, somewhere

within the sinusoid: 2-(ILa )y

<I|—1>T

D W‘i/\zlzil] IE?ZZ *E 1_L EE,IJILZ.ﬂ:I:I iu n_,\gﬂ?, EE,uu, The sum of the two averaged,

sinusoidal phases currents gives the total line current:

in = (100 )1, =)y, + (2
2

D 1 Eﬁ*&'fﬂ: E',J EE,IJIL:I:'&I Assuming a perfect current balacing:

2-(y)r =2-(l2)r =lin
0 fl&AiE%E’]m%{E EE.I}IL?EIEEIin(t) s The peak current in each branchis | (1) ===
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1 SB AN B LA\E
FTHEBRBRZMRTE
Ac Component of the Refueling Current

D ?E, % %}?ﬁt, (iﬁl] Hj :*&%‘- %ﬁi) HR);HZ I'ﬁﬂ‘%ﬁ The refueling current (output

diode(s) current) depends on the mode:

—— Phase 1
- Phase 2
N N \__in o i
E*ECCM Single phase CCM E*ECI’M Single phase CrM ﬁ%%iﬁCrM Interleaved CrM
rms value rms value rms value
over T, over T, over T,
| . Vin i.|. Vin E.|. Vin_
out out out
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D J—.EgiZ\ EEIJIL*/E{

X

3 F TR

B 7t PR

A Reduced Rms Current in the Bulk Capacitor

152 (B PEE Fa%k):

Integration over the sinusoid leads to (resistive

load):
‘ BHCIME(FCCrM* | ZZ$ECrMEFCCrM*
%j;g Eifacs:el\(fICI\I/IDPFF((:: PFC Single phase CrM or FCCrM* PFC Interleaved CrM or FCCrM*
PFC PFC
ZIREITR

EE,;JiIE Diode(s) rms

current (I D(rmS))

[rels]

37 Vln(rms) out

]

\/§ \/3” Vm(rms) out

]

\/; \/3” “Vin(rms) "Vout

Capacitor
rms current

J oz " | [

T

i ]
VOUt

2
16\/_ [ outj 5
(PoutJ
97 - Vln(rms) out  Mout

(IC(rms)) 37 -Vinms) Vout  \ Vout 97 -Vin(rms) *Vout
300-W, _

V=390 V Iogms) = 1.9 A loms) = 2.2 A Iptotyrms) = 1-9 A
ou _

Vintms)=90 V IC(rms) L7A IC(rms) =2.1A IC(rms) 1.3 A

D 3-—6 %jét:_l:t P FCk m-ﬁl—a Bﬂ 1&i’>] ﬁ#‘ﬁ EE, 5}2;'?-, Interleaving dramatically reduces the rms currents
9 B§1&¢Jﬁﬁ; IF!!?, I\& \E; *EE}I'EI%'I‘E reduced losses, lower heating, increased reliability

* HR$HAICrM Frequency Clamped CrM
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A ETPFC/ING cinaly ...
D ﬁ%%ﬁPFCéﬁé T Interleaved PFC combines:

. ”E ﬁTEJ" EE,*EK(CFM)I'{’E El"] 'ﬁl:',:j%' The advantages of CrM operations
o ANEERI o)k EBT(E (trr):*&%‘- No need for low t,, diode
s SaENM High efficiency

" B%'ffﬁiﬁ])\ EE.:JZ;'E-— : 5)§Z ’ ﬂ?rj( EE.?‘Q_\" I:I:l ié] H#‘E EE.;%T,)EREEEE/J\ A reduced input current ripple and

a minimized rms current in the bulk capacitor
H
= BUIREEGF Avetter distribution of heating

H 77:%%1#?&%%% ’ 1ER¢“?F§/J\" More components but “small” ones
A B/, EeFE/MNCEAENA, MEIEREE %R BN

Well adapted to slim form factor applications such as notebook adapters and LCD TVs

D Eg 1%:%\§m§ﬁ%¥ﬂe'-1$mﬁﬁ %riEAN D8355 Refer to application note

AND8355 for more details
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NCP1631# %3 ncp1631 overview
D 3_2% EEZJI‘E PFC*&E%U Ao Interleaved, 2-phase PFC controller
Q SAEENIERSBEER(FCCrM L TR HHTER N8

Frequency Clamped Critical conduction Mode (FCCrM) to optimize the efficiency over the load range.

Q eER5. FiRARIP(OCP)EESFIIERNBIAE X E TRt

*,._,\ & E|"] Er*ﬁ Iﬂz Substantial out-of-phase operation in all conditions including start-up, OCP or
transient sequences.

D E—%Eﬁtﬁy Eﬁl%ﬂiﬂﬁﬂ‘% Feedforward for improved loop compensation

|ET_I 1't_|_'f T?F:’;-T}&%giﬁi'l' Eased design of the downstream converter:
. Tmﬁt“prO K5 a "'? y B Z‘j] AR I][']F_"Zi%f' 3%%‘%&1#1‘)1%"@3] BE pfcOK, dynamic response

enhancer, standby management
D |—_| 1%:_':):' Q& High protection level:
= MIANRECRIP, FBHALSIRIRRGE, RBEAKN, R2M3IBEAT(AIHm

*E)i‘j_E'f%:fF (OVP)%“- Brown-out protection, accurate 1-pin current limitation, in-rush currents detection,

separate pin for (programmable) OVP...

il
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NCP1631#t5

NCP1631 Overview

3—2'&1: ﬁZ*E PFC* ﬁ'—]u ﬁ% Interleaved, 2-phase PFC controller

FHBEKRN(E2X )
Zero voltage detection
(branch2

T EAR(F23 5

Zero voltage detection
(branchl

‘ o EE &R AXSIBRTE Fixes the max. on-time
° ﬁﬁ'ﬂ% Feed-forward

ZCD1
REFsV / pfc()l{ﬁ MERER) S EEG V)

High (5 V) when PFC is ready (steady state)
DRV1

GND
Vee FlgitAN: BFISEESTF2.5

DRV 2 V, ? %‘Jﬁ%?&lﬂ Latch input: if V| 4icn
> 2.5V, the controller shutdowns
Latch

CS

= R FB
‘ [E] 7 B K FF R InE
Fixes the max. switching frequency Rt

0SC —

‘ AR EINEE TS 55 Adjusts the

regulation loop bandwidth / Veontrol

FFOLD -
BO I

TR K ESFE
Adjusts the Frequency
Foldback characteristic

ACS% | Hﬂ] o l)nIJ lb\if)\ EE.I}ILa Fﬁ
F i3 RARIP K2 SR #27 One CS pin

to sense the total input current for Over-
Current Protection and Inrush detection

MAXREWMN, 50 msiEfRiE
iR, TF&4#5ET8ZK Brown-out

detection with a 50-ms blanking delay to
eet hold-up time requirements

o E R R EFRF(OVP,
UVP) Over and Under voltage
protection (OVP, UVP)

RERESH @N



NCP1631 813 iy FH

NCP1631 Typical Application

|| IBR T TEHREEPFC 2 £ 5748 Indicates the downstream converter that the PFC is ready ||

R . \ Vin
Vout
R
Rbol§ § outl
OVPin out2 R
D1
N
out3 FB ] i A Vout
D T
S W B i IE " 2
0SC 1
| = 5 —D
| 1 pul = 5 B \/ee M2 LOAD
Ac line R Cp FF
bo2 § J_—’\/\/\/——E [} 1E
C c, R =
17 T o2 |z F T ——@ i
I
EMI = & C
Filter To BO bulk ==
%S @

N A A

1 current sense resistor

;TE é W 'E"B 9"'; f}rM:E 1.\.‘_L E '/I_f' Synchronization of phases is completely internal

RHEEESH ﬂN
ON Semiconduchor © )




REERPFC: EINAE
Interleaving: Master / Slave Approach...

D 3E SIZE% E EE Iﬁz The master branch operates freely
D }ASIZE% u 180 ° *E *zftﬁ Bjﬁ '__'E EZE%I'{’E The slave follows with a 180° phase

shift

D HEEJ:;KE&, gﬁj:%CfMIﬁE(%CCM, 9&% ZH.‘T I\E_'J) Main challenge:

maintaining the CrM operation (no CCM, no dead-time)

=

T T T ! ! |

_SW | _Sw_ I _Sw_
2 i 2 i T2 . X
R : AR BEEN: BB (Ei%ik

Current mode: inductor unbalance Voltage mode: on-time shift

REBXEESH ﬂN
ON Semiconductor® :




REAPFC: X EEARMEMAR
Interleaving: Interactive-Phase Approach...
D /I\dﬂ 1?L%K'|ﬁ é' i‘lﬂIﬁEECI’M Each phase properly operates in CrM
D W‘j/l\*ﬁiﬁﬁ—&l:—’-ﬂzﬁﬁ ’ iﬁ/:'_E180o E,‘J*Eiz The two branches interact to set the

180° phase shift
D 3E %Tﬂlﬁﬁjﬁ 1%*%"% é' E{J *E *z Main challenge: to keep the proper phase shift

.;H; l:I:l —/|\ *E 11‘7_ E,‘] g’-ﬁ HTI |\ET_| *jl:', ij] On-time perturbation for one phase

HiETCIMI{E, B
SiEt EI T gES
1£180° #H#% A 55

CrM operation is maintained but a
perturbation of the on-time may
degrade the 180° phase shift

REBXEESH ﬂN
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e~ S fole o
ﬁ%ﬁﬁéi Interleaving Management

D *}E%%ﬁ %Iiﬁ-*ﬁ I1IE The oscillator manages the out-of-phase operation

D *}E%%’%% é ftﬂj#/tfﬁ It acts as the interleaved clocks generator

Phasel __, I
! \
| »
CLK1 HI . "
! aitfor |7 'I
i dermag of y,
DRV . phase 1
[ |
|
|
CLK2 |
- - I - ,
I ait far / . | = - L
derrag of - / I
DRWVZ2 phase 2 I i L
et e w —— A I PO Pt A SR S e A R el S S S N 4a
CRM operation DCM operation
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24N 2% (B BY BB 37 - 14T

Current Balancing between the 2 Branches
D NCP1631§T€FH %E*ﬁﬁl'ﬁz The NCP1631 operates in voltage mode
| ﬁﬁ\iﬂﬁ E,‘JTEJ"J\E.EH |\Eﬂ *E E.I ’ MI;:F;E}E ;HH ‘&*H E_l Same on-time and hence switching period in

the two branches

D EE,FY‘:T:'Z'/@:—[ An imbalance in the inductors:
u T ﬂﬂ%;&ﬂ Hﬁ Does not affect the switching period
" 1&#55[@/\3'21@%5?@% H’J Ij] Kﬁﬂ%ﬁ%xu “Only” causes a difference in the power amount

conveyed by each branch

L,>L,
ln _ Lp
= - Phase 1
Iin(Z) Ll — Phase 2
| | '
i g P time
ton 1:on

D |_7‘Uﬂ_ /I\ift%'fn 1%?# |§_| '/I_jl;' The two branches remains synchronized
Q {%?ﬁllﬁ ﬁ'TEJ" EE,*EE%(CFM)I{'E(EXFCCI’M) CrM operation is kept (or FCCrM)
D 180 ° *E&;ﬁﬁ Eig No alteration of the 180-degree phase shift

REBXEESH ﬂN
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J

d /EERE

X

Aj"] %‘JiﬁZ:IF? T Artificial Unbalancing
Q 7N, ZA300 pHAYZ Bk B 21+ Y150 pH B =

In this test, the 150-pH inductor of branch 1 is replaced by a 300-uH coil !!!!

i, ZH2JEFEEZHEAR, BXH2PHMOSFET(RE)E

ﬁl\' Hence, more current is drawn by branch2 and MOSFET of branch2 is (normally) hotter

1 R PFCE 7 X 2 Wi 55 44 A i 30 T B TAE4F 14

The following plots show how the PFC stage behaves in these extreme conditions and full load

REBXEESH ﬂN
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T,EE,Z\% '{k,uTﬂ-,'l,mIﬂEStlll Operates in a Robust Manner...

120 Vrms, 0.8 A 230 Vrms, 0.8 A
(PF =0.997, THD = 6%) (PF =0.980, THD = 11%)

Curs1 Pos
19.84ms

Gurs? Pos

(5 Al dlv)

Ime

Curs1 Pos




CrM5

TSR

Switching Frequency Variations in CrM

Normalized fg, variations within the ac line Normalized fsw (at the sinusoid tOp) VS \/m’rms
sinusoid (Vin rms = 90 V, Vo, = 400 V)
1.50 - 2.50 ~
V., (1) § 2.00 7%

1.00 - seme )/ « 1.50

\ L s 100 | \
0.50 & * N 0.50 I I I I I I

L7 R 80 110 140 170 200 230 260
0.00 a
T T T V
0.00 1.00 2.00 3.00 inms (V)
ot || FFEIAET KX £, becomes large ||
d %%ﬁﬁzﬁLgiﬁ)\Iﬂ < )‘Luméfﬂkﬂ]ﬁﬂ};

E,] Z— I_.I ﬁﬁ U IE giz\ I& 7'11_ “f, The switching frequency varies

m fsw (normalized) vs P,

20 -
versus the input power, the ac line amplitude and within the sinusoid =15
Qf, JARHNES, SBHRXFXRFE 2

becomes high at light load, leading to large switching losses %10 7
D }_‘— é BE ﬁ'-TIJfSW  Should be limited ..\_; S -
“ 0
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ON Semiconductor® '




BRI FF < 55 2R LU AL BER

Limiting f,, to Optimize the Efficiency
D EIE%Z ;EZE-I ‘E"B At the top of the sinusoid:

e ey Vo)

W 4LP Y,

in,avg out

D CrM Iﬂzg;k j( EE.}E.‘Z\;E BE %IJ ?Fé%z HT,I- EI,‘J j" %?ﬁ%% CrM operation requires

large inductors to limit the switching losses at light load

QBNEEEBAMERARRTREAMIBALFRINE? cantwe damp

f,, not to over-dimension L?

9 ﬁ%%ﬂﬁillﬁﬁ% EE,*;:_IK Frequency Clamped Critical conduction Mode (FCCfM)

RHEEESH ﬂN
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S FHL I

S BRI (FCCrM)

Frequency Clamped Critical Conduction Mode

D Z'Llé dfk H"_,I' EE, u||,}_,| HH %_L At light load, the current cycle is short

Q BAERE TR ERN, RaRRANIERETBHE
UIL}—J HH 9% X H_,l' |E_|,| (DC M) When shorter than the oscillator period, no new cycle until the

oscillator period is elapsed = dead-times (DCM)

Q &1 S @R 8 LA MESE

X B} 8] = Th &

A H(PF) %A PR (R

ifigﬁi"gﬁﬁﬁ) On-times are increased to compensate the dead-times =» no PF

degradation (ON proprietary)

N current

_—— Inductor current, I

Input current, 1,

i i
L

DCM  critical mode

REBXEESH ﬂN
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NCP1631 T {E-SnZE AR R F HEER (FCCrm)

NCP1631 Operation - FCCrM

D 'Y_FCCI’M ;F;Eﬂ;ﬁ K%EH_‘_L In FCCrM, the switching frequency is clamped:
'?Fédiﬂj_,ﬂ—,l'&?f Eéiﬂi _.|' =5 “H‘J"-/FﬁK IEI/E Fixed frequency in light load mode and near the line zero

crossing

'%Eﬁﬁ?&ﬂ”ﬁﬁ% EE.*E:T:%(CI’M) Critical conduction mode (CrM) achieved at full load.
D FCCI‘M'ﬁt 1{%% ﬁ :IE:JZ:}HE',_ B Ij:_l E(] LF]E', 5—351 FCCrM optimizes the efficiency over the load

range.

D FCCI‘M_Q.TE/J\% %ﬁfé':l:*)ﬁ(EMl)ilb\i& Ell‘ﬁ/l:ﬁzz}* | FCCrM reduces the range of

frequencies to be filtered (EMI)

H FCCI‘Mi%{im /J\RTJ- EE,’,.E_,Z FCCrM allows the use of smaller inductors

" Z— % j( EE,Fi u BE %IJ l/l:ﬁz—ﬁ— No need for large inductances to limit the frequency range!
=30150 pHEE % (PQ2620)i& % ES T EHEIRESEEARI300 W H E.g., 150 uH (PQ2620) for a

wide mains 300-W application

Q3R E TR FE(RAZEAT BUSHALNE, BE— 0 B0E RERY Frequency

Foldback reduces the clamp frequency at light load to further improve the efficiency

RERESH ﬂN



NCPlGBlﬂiﬁiﬁ&ﬁ NCP1631 Frequency Foldback

a iﬁ)\lj] g;ﬁid\iu 1&? ﬁi 'I&Ij] $ EE'EIZ(PLL) HTI ’ %H'fﬁ*/ﬁﬁ.%ﬁ"%{f& The clamp frequency linearly decays when

P,, goes below a preset level (P )
((Ewy/m. _ Rping ' 1054A _ Ryping  (p, ), ZPFCER AR IR K
| PLL B 5|6 R i1ZE P,, is programmed by the pin6 resistor (Pin )HL 1.66 15810 1% (P,) is the max. power

deliverable by the PFC stage
T f5l: 40% 513 K 130 KHZzER E 55 2 B B S 2 I 7

Example: FF at 40% load and a 130-kHz nominal frequency

160 _ O\—/E:
140 I:sw(max)nom — —
F 120 / - [
sw(max) o / P o o
IFF 80 // t \ ] il
Il \ o
] 105 pA } -
40 1 G [+
20
0 T T T T
0 20 40 60 80 100
Load (%) SIBI6H M BBIEIELE FINER . | FRIRH I ZE
Sl ga e 105 pA, AT HIR7REEFTHERILE Pin6
D fﬁ'{ﬁ&ﬁgﬁﬁﬁ;}_ﬁk IJ\ Gradual decay of the clamp frequency pins out a voltage proportional to the power. The I,
\— ulr current is clamped to 105pA and used to charge and
| I{’EZzlEﬂ H‘ﬁ' No discontinuity in the operation discharge the oscillator capacitor

Q #5728 B A M B BRI E s KA (2020 kHz, £ 0Lk F2Ei2AND8407)

A resistor across the oscillator capacitor sets a minimum clamp frequency (e.g., 20 kHz - see application note AND8407)

REBXEESH ﬂN
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?Féﬁlﬁs Light Load Operation

I input current (2 A fdiv) 5 25% 52 %], load, 90 V

éﬁﬂ?ﬁﬁ%)}ﬁ/]\ Frequency is reduced at light load
> ZHAREDCMIE, B/ FFKIinE

‘ Heavy DCM operation to reduce the switching losses

yE IZ H-‘-J' |\Eﬂ Dead-time

ERFHFHTRCMIME

CrM at heavy load conditions



"H:Eﬁﬁ'éﬁ No Load Consumption

Rk BIE 54\ BEFE
%14: Conditions Line Voltage Input Power
(V) (mMW)
115
230
O Frequency Foldback (R = 4.7 kQ) 115
Q 2 separate V,,, sensing networks for FB and OVP for a
total 185-pA leakage on the V,, rail (*) 230 134
O Frequency Foldback (R =4.7 k Q) 115 38
U one V,,, sensing network for FB and OVP for a total 48-pA
leakage on the V,, rail 230 82

D ;‘SHE,‘?Y:E?)OO W NCP16315E %*&Ei}”\u ‘/[%Elc Measured on the 300-W NCP1631 demoboard
a 9]‘%."|3VCC\ 3%51680 kQ EE, BH. éﬁXZ EE.%_\'J;& EE, External V., 3 * 680-kQ resistors to discharge the X2

capacitors

D ﬁﬁﬁ}iﬁﬁ*x{ﬂjﬁﬂﬁﬁﬁﬁ?&, ﬁ?%ﬂ?ﬁ%1¢?ﬁﬁﬁg§ﬂ Frequency Foldback

improves the efficiency in light load but also in no-load conditions e
(M BRIATERHRELE Default demoboard configuration

RERESH ﬂN
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NCP1631HB§%Q NCP1631 Fault Management

Eﬁ])\i}i Brown-out 'IrTeErr;E; Vf

‘ 5 Shutdown . Vee
RIE{RFP undervoltage protection : TsD | . m L

S0 5515 Latch-off condition
EEI ij?& Die overtemperature Vee OK :
JBFVee THERF ol e /8 I
ImproDer VCC level for Operatlon ooooooooooooooooooooooooo 5. ooooo .
Rt 3| B4R LAY BT AR/ :
Too low current sourced by the Rt pin

30-

blar\k‘i‘rig — ;r:)tﬁ-llao:.r? pA)
time :

Fault
management

AEXARN, BERFZETHMRE, sEFEMRIK: <500 pA

In OFF mode, the major part of the circuit sleeps and consumption is minimized to < 500 pA
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NCP1631i3 it &P (OCP)

NCP1631 Over Current Protection
S D curren
2) ICSEE,IHLECSgIHil]J:{%*#O VEE:J:T: les t 3) EICSE_:L_Z]_O HA, Ekﬁmk . 5" 1%

maintains 0 V on CS pin
P If 1.5 exceeds 210uA, OCP s triggered

Rcs
—(Res lin) +(Rocp *les ) =0 = s = lin
Rocp
Vaux2
Vi I pieiim E 1 Vour
oD
| 1 // vnuxi a LZ
i 7 2,
§°_ EM Current Mrror s .M—“ = H
§o— Filter I Cin 'm | oCP L4
| L [[The pin ! W Loy =210
voltage i My
maintaineld = i
o0V \ : los l DRV2 5
CS'» ; i 1 i I MJ
— iles is cs In-rush C
- = proporiona .- 1|_/VDMG1 DRY1 H o
les - coil current) lin-rush = 14 pA / = (from ZCD block)
[ Negave ciam T 1 T i
JT_ ) = E DRV2 §
Rocp
ROS
L hn +
Y = S .
I O 5 EE 1’721’:% RCS(Ei'ﬁE) Select R freely (optimally)

XEEELF U Rocpiﬁ}_‘f PR Roce sets the current limit

1) NCP1631sM fa BB £V,
Q Rcsiﬁﬁ1‘&1& Minimized losses in Reqg

/I\Q%ESIZE %*‘% E’] EE,I}IL NCP1631 monitors a
negative voltage, Vg, proportional to the current drawn by both

interleaved branches, I, .

RHEEESH ﬂN
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NCP1631H it i&$F(OCP)
NCP1631 Overcurrent Protection

tsi;li’ljg)z:?acitor Er,mw:)arator Icsk'q:'z:l.o HA HTJ' ’ OCP;:F**I‘ﬂ ’ VTONl
NAN BEEH MK ENBBEIRETF0.54(ICS -

e to PWM latch
210 p A) When Ig > 210 1 A, the OCP switch closes and a
current equal to 0.5%(l.g — 210 u A) is injected into the negative
v OA1 V?n input of the Vo, processing opamp
REGUL + SKIP
Cl /<fovp D> B IE L5 T R A b
”‘31 > OFF Eljéﬁ%_v_ the on-time sharply reduces proportionally
to the magnitude of the over-current event.

IN1 0 5*(Isense - 210p)
a VOPAMP
/ [ “(from BO block)
S
-> Vton during (t1+12) )
-> 0V during 13 (dead-time) S2 —=< In-rush

-= Vton*(t1+12)/T in average
(high durmg

dead-time)

a I'T’E?El‘ﬂj %ﬁ’ 1)32&?%7%1‘51115 No discontinuity in

the operation, out-of-phase operation is maintained

4 Tﬁﬁi AE Eﬂ? TR 1,‘1: HH IEﬂ T EE BE JJ: OCP Bj] 'ﬁE No i Veontror (1 V/div) |

need for preventing OCP from tripping e A
during a normal transient e

*%ﬁﬁ BE*U @5};{, The current can be accurately limited

RERESH @‘N




NCP1631;R i/ H it fa

NCP1631 In-rush Current Detection

Ics |

ESATEREM(s>140 A)
(LB 7%) 5% 146 L 3R A

Disables output drive when signal is high
(lcg > 141 A) (7% of |, i)

| PMet (from ZCD block)
rom oc I
Iin-n.lsh - 14“AL© / @ vwgg "

RKESHANERIRERE, KATHE
ERREEEE, FTERBRCRBER
JRK . XEHEIRE) 518 Al BES 1R T

MOSFET. whnen plugged into the mains, the
bulk capacitor is abruptly charged to the line voltage
and the charge current (in-rush current) is huge. Drive
turn-on during this time can damage the MOSFETS.

| — B BB TIE, Eﬁ.ﬂﬁﬁ?ﬂlﬁzﬁ
{%*F?%ﬂl_’. Circuitry to ground the In-rush I

I protection once the circuit begins operation

- —_— - —_— - —_— - —_— - —_— - —_— - —_— -

REEERH ﬂN
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NCP16313d E{RIA

NCP1631 Over Voltage Protection
d &IR(FB) R ERIF(OVP)ZH LI T BI(FRHETTR) separate pins for Fe

and OVP (redundancy)

Q XAMINEEEAMBER2.5 VARIS%, HTEZ. BRZE

\Y V4
OVP @, :F The two functions share the same 2.5-V internal reference for an eased and accurate setting of the OVP level

Vout (bulk voltage) Vout (bulk voltage)
Rout1 g g Rout1
|~ B || B
FB
2] g . FB o
—a] [ral— 13 fra—
Rout3 § § §
_ e Rovp1 Rout2 . 5
—]&] 11—
Rout2 g g Rovp2 s o
7 g ) T
OVP OVP
— 8 51— £ —z| Elay
FiEl: OVPHIFBHA— I RIBMEL Jii%2: OVPHNFB A A E 31 B B2 13 I 2%
Method 1: One feed-back network for OVP and FB Method 2: Two separate feed-back networks
Vout(ovp) 14 Rout3 Vout(ovp)  Rovp1 +Rovp2 Routo
Vout(nom) Rout2 Vout(nom) Routl + Rout2 Rovp2

REBXEESH ﬂN
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50 ms;H 2B 8 B4 K [E (B O)fRTF

Brown out Protectlon W|th a 50-ms Blanking Time

SRAHRE e @A) | e o

: : : : : T : : : : : Bl BB & 4 $5 FEBO S 1E fi
AW ...... . RS P SN VA | e, 3T AR IR S B NI
' ' i ' : : : : IR IRE S Forthe blanking time,

the BO pin voltage is maintained around
the BO threshold not to delay the circuit
restart when the line has recovered

- __E__.__ _. — __._:_.__ — ,_ — _,:
V, (100 V/div) |

| 20 msHt 8] B 2 2% o B “

|| 20-ms line interruption

Ch2 100"#’ 5‘wM1U Ums ChEJ" 3?8"#’

D ?JJL,\ EH% ETI |\ET.| %_\EL:.F5O mSE,‘] EE EE.;}E EF' Ii"ﬁ Mains interruptions shorter than 50 ms are ignored
d fléj B,% Eﬂ' I\Eﬂ %I}Hj] II_% Egﬁj:# HT} I‘Eﬂ %;}Z The blanking time helps meet hold-up time requirements
D BO ?l | ﬂljf\l] EE, }:Tz FH :,F Eﬁ’l.'% The BO pin voltage serves for feedforward

RHEEESH ﬂN
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NCP1631 pfcOK/REF5VIES

NCP1631 pfcOK / REF5V Signal
DprOK %’%ﬁ‘éﬁﬁ ﬁ:)'—“'.:. FH/;E |‘7.|'—_| T?i’ﬁ?*&% The pfcOK signal can be used to

enable/disable the downstream converter.

APFCEIE'E T{ERTpfcOKIE S B S EF(BV), BHMZEMEBTF iisnign

(5 V) when the PFC stage is in normal operation and low otherwise.

H prOK %—%j] 1[3-% EE,SIZ El{] %'ﬁ: The pfcOK signal is low:

» HRHMEPFCRMMB ZEZMEM KA (RIEMESRHE. HxA. RIEF
:J:F \ iﬁ])\i}j_l > |‘:.| I‘Eﬁ/% f?ﬂ A Rtg | HHH:FE%) Any time the PFC is off because a major fault is detected

(UVLO condition, thermal shutdown,UVP, Brown-out, Latch-off / shutdown, R, pin open)

u PFCEQ ﬁ?%%ﬁik EE.J:TE ﬁ'll- E,‘J}E ij] *E 11‘_L :,HH I‘Eﬂ For the start-up phase of the PFC stage until the

nominal bulk voltage is obtained

DprOK% I Hl%\l] ﬁgﬁﬁ 1’E5 V EE,;}E( EE.;?T.E ﬁg jj 5 mA) The pfcOK pin can be used as a 5-V

power source (5-mA capability)

RERESH ﬂN




4 Tarc| August 2009
NCP1631 Excel Spreadsheet
Fac [Hz] B0 Aclinc Frequency
Vacll %) A0 Acline rms lowest level [generally 35 % or 90 % in wide mains applications)
WacHL ] 265 Ac line rms highest level [generally 265 % in wide or European mains applications] Cellz to be filled
Wout{nom] [l 350 Wished regulation lewel For the output voltage [generally 330 % or 400 4 in wide mains apps] Proposed values
Wewp %3] 410 Owver-Weltige Protection Level
<ff (=] a4 Expacted sfficiency at low ling, Full lond - uze 34 X 2z 3 default value if wou don't know
Pout ) 00 Maximum cutput power
Fout(FF] %] 150 Output power below which the PFC stage should reduce the switching Frequency (Frequency Feldback)
Fose [kHz) 240 Oscillator Frequency (The Frequency in cach branch of the interleaved PG iz Foscl®)
Fidsfon) [iz3] 033 MOSFET on-time resistance @ 25 0
Theld-up [mz) 0 Hold-up time. Fut 0 if no hold-up time is specified or if you don't know.
[Veut)min ) 30 Minimum cutput Yoltsge pou can accept ak the end of the hald-up time - Don't fill thiz coll or put any walue i no hold-up time iz specificd
X0O%pk-pk (=] T Peak bo peak low Frequency rippls accsprable acrass the bulk capaciter a7 3 perasntage of “Veout[nam]™). Chaose T30 you don't know.
Fc [Hz] 20 Turgeted Crossover Frequency
Power Componcats
Chalk{min] rFl TEN Minimum Chaulk capacitance meeting the low frequency ripple and hold-up time constraints (*]
Chulk ] 1010 Your selection [7) Do mot Forget to check that the ESR iz low enowgh to arcid any over-heating of
Lzale [rH) 40 Proposed minimmm L1and L2 induckance nok ba have 3 permanent DO sperstien in any Branch (recommended) the bulk capacitor. Tou cam wse 121 A as 2 starting value for the balk capacitor rms
L, L2 (pH] 150 T our ind choice. It iz dzd ba zelect it higher or squal to “Laale” current [estimation based on ANDE3I5S or ANDEAOT cquation]). Doublecheck on the
IL[max], IL2[max] [A) .o PAaximum current Flowing through L1 and L2 bench that the bulk capacitor heating is mot excessire
IWi(rms), IL2[rms) &) 20  Mlaximum rms current in L1 and L2
AMp et [min - 158 Minimum Turn Ratic (Maw: turns number For ausiliary winding]
Pprfaux 5] 0.0 Tour selected turn ratio
Fibridge) ] £4 1 Dicde bridge losses assuming 3 1-¥ forward voltage per diode
Pon[L1], Per[L2) W] 24 | Mer M2 conduction loszes nzsuming that Fids(an] doubles st the highest junction temperature of peur spplication
P(O), PID2] ] 0.4 lezzez in wach of the D1 and D2 boost dicdes [3szuming 3 1-% Forward voltage)
Brows-Dat Circuitr: o - - -
WacBOH i [ @ Generic NCP163 1 Application Schematic
WacEoL ] T2
Fba i Fac [E3] 10 Yo zan kake 105 by deFault L") -
Cha_cale [WF1 225 H
Cbo [nF) 220 VourChochoize (rhandard value <lars ko "Cha_zal="] (1] @ L
Rbel [K2) 413
Fbo2 [K2) 120 EM i
Kbo [E3] 153 | BO scale down factor (For information] Filter — M Ac line
Fower Capa
Femin] (2] 4.0 4. Earth
R (K2 162 T our Bt choics, Select o reziztor at lzazk 155 higher Far margin e
PinHL ] 425 wer apability of your PFC stage bused on the selected "AE”
Frequency Control
Cosclth) (pFl 217 B o[ L
Cosc (pFl 220 The oscilater capacitor pou actually select in L -
Fawimax) [kHz] 118 0 Clamp Frequancy in each branch [ne Frequancy Faldback] Ll 2 j
RFF (K2 72 PinE resistar
Rfmin (K] 220 Reziztar placed acrass Coze ko 2ot "Fawlmin]™,
Faw(min] {kHz] A0 Minimum Frequency per branch resulting Fram your "Ffmin” choice Yiznxz
Feed-back and OYF arrangements and Compensation - i| Lq lecitz
Rfb2 (] 27 Youcan choose 27 k by default R
RFED [12) 138 zedl D4
Rrb1 (k2] 4400 Rpat
Cp_cale [nF 4 & T Yoot
C‘CF‘ : ["f__] 1101? The computation of the compensation elements ["xx_cale”] targets m ,,_ HeOK 7 o
'“E:a < E"F% 1 bo the specified crozzower Frequency and B07 22 the phase margin —|H 1 -— M
P waie [&m] T [assymptotic approximation] :"«?&,— R g & L
Fa (2] 330 —»\EM;—I =
Fz [Hz] 207 Croszover frequenay and phaze margin rezulting frem the selected Cpy - RFF = & Wiz M2 LoD
Tm (¥} 55T compensation clements [azsymptotic approximation] ] o . || Z @ ‘E
Curreat Sease Hetwork g % L B
lin{ma) 3] EE 0 Plaximum input current
Fisenze_calc {méx) 51| ‘alue that makes the Rsense dissipation = [ 0.2% * Pout) I i C 1
Fizenze [mez) 50 Your "Fizenze” choice = OwvE: bk =
pRztnze [mw’] SED Lazzez resulting from wour Rzenze choice [Full load, law ling) n F“'CF'
Racp (K2 15 “aluz rezulting Fram your Rzsnss chaice R
Serse
ZCD resistors REIEEH =
Frzcdiimin], Rcd(min] (k3] FHI Minimum value of the Fiacd resistar [ -

Q ERE R 5 A BExcel B FFRIERITEIMEBTTH (Wwww.onsemi.cn) a (simple but

easy to use) Excel Spreadsheet (www.onsemi.com) computes the external components
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']8(*% Agenda

Sebs
H I‘E_I_Ijl\ Introduction:
s TEAPFCEARLENIR Basics of interleaving
" E%{jﬁ% Main benefits

D NCP1631 %ﬁ;ﬁ EI"M_&'%EYPFCT§$U%§ NCP1631: a novel controller for

interleaved PFC
Yoo
- :%'I-*E '_E_' EE Out-of-phase management

= NCP16313Z#F{F F %% /)N B B The NCP1631 allows the use of smaller inductors
= FEZETHE Mmain functions
D 5’23& 2?5%&1‘& ﬁlé Experimental results and performance
» — %I General waveforms
" Lﬁ‘gﬁl Efficiency

D ,'::Tl,'\ é:é: Summary
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NCP1631&E T4

NCP1631 Demoboard

LR ESE R
300 W PFCTl
Fe i eR

Wide mains, 300 W,
PFC pre-converter

MURS50

- LLILLA |



Ul

KBUBK

J_ C18

T 68onF

NCP1631/&E 7§ B

NCP1631 Demoboard Schematic

MRV, HBiF17.5V, BEEEFPIX
. BERMERVRIP

The circuit is latched off if V. exceeds 17.5 V.
Could be used for thermal protection

C10
4.7n

E

Type = Y1
|
1

{—

C16
4.7nF

Type = X2
R123
680k

R121
680k

L N
85-265 Vrms

Type = Y1

R122
680k

R41
1800k

R42
1800k

Vout

Q1L
2N2907

R43 R44
1800k 1800k

D16
1N5406
N}
1
D5
. MURS50
=—
_|__NW\_\—/ Vaux2
- R21 et R17
1N4148
0 22
DRV2 /—AAA— X6
IPP50R250
Q2
2N2907
< D4
- MURS550
X1
I_.\.A.A.A./_l
_E,VWH—/ Vaux1
- R16 D14 R7 x4
1N4148
0 22 IPP50R250
DRV1 /—A\A\—9

OVPin < 820k

R32
1800k

R18
560k
R25
27k
R33
18k

Cc15 R34 I_E
20pF 270k

c2

100 pF/450vV

== 390V

R40 150nF
1pF
27k 6 W
33k
= R37
- 4.7k
D22 Ri2
NC NC
DRV1
DRV2
D23
NC

R24

50m (3W)

0 pF/25V

Vvee Vaux1
oo
i NC
1
{132

in

300 W. FEHETEEPFCTEEHASE 300w,

wide mains PFC pre-converter

1

NI
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Lon (5 A /d|v)

Chz

Ch3 5.00 Vi

oy @ A div).

_:,7)2|‘f, Input Voltage and Current

Ch2 200 \r'

Mgk 2.00 VR

Bw MS UUmS

D IE!IIJ ﬁi*sl' ’ iﬁ)\ EEUILEJZ%&IECCM/BZ}F/ As expected, the input current looks like a CCM

L/ﬁl:l $ }i T_E %2 ﬂr] éi i}ilz At high line, frequency foldback influences the ripple

M| mif L 2 B BT,

ERRERH ﬂN
ON Semiconductor ® '




i&ﬁ?@mk Zoom of the Precedent Plots

Q 555‘% '?’:I—:.I_.Egz’l_\ i&ﬁ?lﬁ%ﬂ?ﬁ% These plots were obtained at the sinusoid top
| EE,ZZ;‘E ujl\dzﬁ 11_L*/Fﬁ$ E@Z{‘E"?% ij] The current swings at twice the frequency of each phase
D 1&& %— 3_& 5;’[{2)%3% HTH:E *gﬁﬁj\itiu 180 ° At low and high line, the phase shift is substantially 180°

REBXEESH ﬂN
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3 JF 51| Refueling Sequences

Ch] 100V%Ch2 100V BwM200}.lS Ch3J' ?52'\-"

2.00 V<&

D CrI\/I H’] 1&3& ;ﬁ@%ﬂk EE,E HTJ-%'FE;:F 9& CrM at low line with valley switching

D I_.l )L IJII..Qi‘L-iZK EE.E HT

line (frequency clamp)

&

E*}ﬁﬁlfﬁ(*ﬁﬁ%%ﬁ{ﬁ) Fixed frequency operation at high

D WEFFIJ '|E|é]E ;R_F%ng'r*ﬁ Iﬁz Out-of-phase operation in both cases

RHEEESH ﬂN
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N NS
HEQS[;)”\“E Efficiency Measurements
D iﬁ] Hj %Eﬁ r.%ﬁ j‘\] 390 V The output voltage is generally 390 V
D 5(#:]:300 WE FH ﬁﬁ%_ ,Eﬁ] ll:l:ll %;ﬁi% For a 300-W application, the output current is:

n GEHERT770 MA 770 ma at full load
u 20% nl %‘kﬂ{l‘ 154 MA 154 ma at 20% of the load

D W‘j %'Fé %}ﬁi Hx u*ﬁ I_,l I I)I-"J B2 Both currents are generally measured with the same

tool

D &L:J:ZO%ﬁi‘kﬁTf iﬁl])\ljjzj'qGB W If @ 20% of the load, the input power is 63 W

d Eﬁ]ﬂj EE.I)IL]. mAEE %i&%ﬁk 1-mA errorin |, leads to
= |, =153 mA > KEX er= 100 x 390 x 0.153 / 63 = 94.7 %
= |, =155 mA 2 BERL er= 100 x 390 x 0.155/ 63 = 95.9 %

D 1 mA'ia:IE % 1 2% El’] Ab'ﬁ% 7J|J ! A 1-mA error causes a 1.2% difference in the

efficiency!

H ElO%&ZO%ﬁE}Z 1I:|:TI)H|JEH__I-EE'EEQHEI'L.‘ ! Measurements @ 10% and

20% of the load need care!!!
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NN =D _
HEQSIJH\“E Efficiency Measurements

D Lﬁ\léﬁt Z:FI\ERHQ:FEI:? ﬁ-ilj *ﬁﬁ The efficiency does not only depend on the control mode
Q B, MOSFET. Z#RE. EMIEKSEERS F N BERT The inductor,

the MOSFETS, diodes, EMI filter... play a role
Q filgn, FHATR LA R A 200 pH PQ2625 2% 5 5% F 150 pH
PQ2620 EE, oAy H'T H(] Bt 9&% 7:|| For instance, if we compare the efficiency with a 200-pH

PQ2625 inductor to that with a 150-uH PO2620 one:
Efficiency @ 230 V

80 e S A PR

¢ S MR 5
< 976 \./ Frequency Foldback
E 97.4 .4 limits the difference at
2 472 // light load
E 97.0 —e— 200 pH

96.8 / —=— 150 pH

96.6 /

96.4 ; ; ‘ ‘ ‘

0 20 40 60 80 100 120

Load (%)
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e TP -
18 7N BER Demoboard Efficiency

99.00
98.00 e _
97.00
g _— —
= 96.00
[&]
c
Q
S 95.00 - /
i
94.00
——115V
93.00 =230V
9200 T T T T T
0 20 40 60 80 100 120
Load (%)

| ?’:I_:ZO%E 100%ﬁ E*JZ?E ’ ZFJAE%M%*#% In the 20% to 100% range, the efficiency remains:
. 1&23?,1%% EE,}:TE HTJ'%J_:F95.8% > 95.8% at low line
» S&EBER ST 97.0% > 97.0 % at high line

A EL{ERiFHEwww.onsemi.cn, SR NCP1631EVB/D&E#] Rrefer to
NCP1631EVB/D at www.onsemi.com for details
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Ad == v 77 2
'LH'H*/I:B'I' ‘1ET_E Tweaking Frequency Foldback ...
Q BETEPfCOK(5 V) R 3T fe £ 5| Bill i) 3& A0 2 fR
A resistor can be added between the pfcOK (5 V) and frequency foldback pins é—D_@

O XA, SRERHAL = KRR 55 e

Doing so, the frequency clamp decays more sharply: ' =

Al RIZEN EINE Programmable nominal frequency fow(max)

1 —

sw(max)

. —— i
: HWERTRI R, v
| R1 addition VreGuL = R, 7R, g
! !
: N\
|| ,I ' VA :
i v I| ; N
R, -105pA REGUL R, (5V +(R1'105UA)) REGUL
R;+R,
== 7 . 327
Al YRFE s /NI Programmable minimum fredGency Vieecu £ bt FPFCIHER

(VrecuL is proportional to the PFC power)
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VA
ﬁEﬂ*ﬁEEﬂ' Efficiency Improvement

99.00 99.00
98.00 98.00 /
97.00 97.00 /

4
~.96.00 —. 96.00 /
o o

- = —
5 / 95% 4|ﬂm =Rr1 \ & 0
S 95.00 #=R1 S 95.00 A
S s R1 addition / £
wl L
94.00 | 94.00
1 1% ——115V 1 1% —t—115V
93.00 ==230V 93.00 =i 230V
92.00 T T T T T T T T T 92.00 T T T T T T T T T
0 0 20 30 40 50 60 70 8 9 100 0 0 20 30 40 50 60 70 8 90 100
Load (%) Load (%)

D *}E% %% E_Il I Hjﬁ-l] _I: E,‘J EE, BH. ﬁll?, iﬁ/ﬁ? EEi 1&}/@1 z A resistor on the oscillator pin sets the

minimum frequency

O #iefER, A, PFCER#E10%FN20% 51 8 54 T TIEE & IR5AE

(20 kH Z) With R,, the PFC stage operates at the minimum frequency (20 kHz) at 10% and 20% of the

load
D 'Iujz: :-I_J_ ﬁﬁzﬁﬁiﬁ—iﬁﬁ:ﬂﬁéﬁﬁﬁ 5—351 The tweak further improves the light load
efficiency
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IET_I $ Introduction:
s TEAPFCEARLENIR Basics of interleaving

" EE3:17[,7: Main benefits

D NCP1631 ﬂ?ﬁi‘ﬁﬂl‘]’ KPFCJ: %IJ ag NCP1631: a novel controller for

interleaved PFC

n RFEIE outof-phase management
= NCP16313Z#F{F F %% /)N B B The NCP1631 allows the use of smaller inductors
= FEZETHE Mmain functions
D 933@ éf‘:i%&'l__&._ ﬁlé Experimental results and performance
—ﬂ§5}§2ﬁ2 General waveforms
= BE §5Z Efficiency

D :E'\ 2}5 Summary
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,'E‘,'\éﬁ Summary

LIENPFCEAFEAB/ MU, EAIERE, HBCIMIE

,E, + :}'JI,IJ\ EE./}ILQIIEZ Interleaved PFC allows use of smaller components, improves thermal
performance, increases the CrM power range and reduces current ripple.

O NCP1631 LA B FICTH FEE M iaE & X ZH 2 X i PFCE
ﬁﬁéﬁ'ﬁﬁl EI,‘J éﬁﬁ"f’%'li ’ Eal\ﬁﬁi'ﬁ:*&'}\ The NCP1631 provides a single IC solution which

incorporates all the features necessary for building a robust and compact 2-phase interleaved PFC stage with
minimal external components.

Q FCCrMESNR R EXFFER/NRERETENTZER AR SENT

'ﬁE Its FCCrM and frequency foldback allows an efficient operation over the load range with small inductors
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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
WwWw.onsemi.com/powersupplies
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