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AT AE)

ﬁIjJ$ ?&&IE Why implement PFC?

ﬁ

RIMEKIE Ac line

I_'E EE.'E'% %iﬁﬁ%{,ﬁt it —/I\.I_.E§§ EE,J:I_: The mains utility provides a sinusoidal voltage V,(t).
° |in(t)E|"J ﬁ;’lﬁ%ﬂ*ﬁ ﬁZHWJ-E:.F ﬁ%?, The shape and phase of | (t) depend on the load.
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AC Line Rectification Leads to Current Spikes...

Rectifiers Converter

-|:[ Bulk
Storage
'[Capacitor
1
\%

Im(t)

\"AN()

D

High current
spike!

|E%ﬁ%ﬁ

EEI&/ T E ?‘:iﬁlﬂ Ih $ Only the fundamental component produces real power
115 EEREZETH Liﬂzﬂﬁﬂ\(?lb IJJ$) Harmonic currents circulate uselessly (reactive power)

4% BB A E 8 DN The line rms current increases

ENZEEE ﬂN




j\(%ﬂ"]ﬁ*&ﬁ EE.?;’E‘E' Too High rms Currents!...
QAN EERSBREAHIRONAE

High rms currents reduce outlet capability

" Py = 119 W, V00 =85V
. Im(rms) 2.5 A
> HEHE
e I:)ln(avg) 119 W, Vln(rms) =85V (W)
. Im(rms) =14 A Ssvr\r/]eer
W
. (W)
| I-I | ~ i 16/2.5 = 6 W5 88 monitors
o o .
I.l N2 16/1.4 = 11 EBPH resistors
ﬁ
(Iin(rms))max =16 A
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IjJ $ ﬁ*ﬁ‘;ﬁ Power Factor Standard

CZ Class C B4 Class B IEC61000 -3-2

BRI

Lighting
quipment?

FEXTE & NO

Portable Tool?

Three Phase
quipment?

& YES
R ;
Special Waveform AZN Class A
P<=600W?
“““I‘ § NO ........ NPC*” %m*ﬂ‘m
K W50 B8 = 58 Y
H B Mandatory for
» . -
Y Dé& Class D I i PC, TV sets
e, o Monitors

.................................... P>75W

o FREME T ERH R AR B HEN3I9

The standard specifies a maximum level up to harmonic 39
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NI REABRIER

Need for a PFC Stage

Diode Bridge PFC Stage Power Supply
- 5 ~< > < >
a ) . N
i 1 o o
AC ——— A L
= ! ;L Bulk LOAD
Line . | Controller [ | : Capacitor
' 1 .
] . : + : |

Current
reference

~t
} . ",‘ coil,pk

¢ FHETMRBRENG K HIE L B RUR S — MEREE (bukLE)

A boost pre-converter draws a sinusoidal current from the line to provide a dc voltage (bulk voltage)

. ZEBNR 1y %ﬁﬁﬁﬂ?ﬂﬁﬁﬂf*ﬁﬂfgﬁft . The current within the coil is made sinusoidal by:

- iﬂﬁ?%ﬁﬁ—/l\IEgﬁg}ﬁ(EﬁuﬂiT) Forcing it to follow a sinusoidal reference (current
mode)

— ;E‘_—H iﬂj,}rh%J 5 %= JIIZ(EEJ_*ET) Controlling the duty-cycle appropriately (voltage mode)




I#E'ﬁﬂiﬂi Operating modes overview
+ BREFSERE=MEANBRAF

ON Semiconductor offers solutions for three modes

T 4EHE T operating Mode F EB4FE Main Feature

B Rk Always hard-switching

| ELSBEEN

. _ BB BB & K Inductor value is largest
T T Qontlnuqus BREBERERD

> Conduction Minimized rms current
| Mode(CCM) $lEn: NCP1654
||k;?~§,'FjE*§_t ﬁ;&ﬁ Eﬁijﬁ.j( Large rms current
m S I
’ %P RTEE

Critcial Conduction Switching frequency is not fixed

Mode(CrM) #ilin: NCP1606

SR EIE RS FEEX BREBERK Large rms current
ﬁ%?‘&ﬁﬂ%ﬂ Frequency is limited

Frequency Clamped 2% BB e B /)
Critcial Conduction Reduced coil inductance
Mode(FCCrM) i : NCP1605




FCCrM : —ﬂ%’;&ﬂ’ﬂﬁﬁ FCCrM: an Efficient Mode
- MRFFHINASEENLUFRESWHE ARG R Frequency

Clamped CrM seems the most efficient solution

e 300W, TEEM ANPFCHIRRMEAI T : Efficiency of a 300

W, wide mains PFC has been measured:

Efficiency at 100 Vrms

TENMRE

— NCP1605 (FCCrM) BIG T &

i 20095 —%FE
H MR PFCF

: I FRHELT 25 &

The complete study
MEELEES () NCP1654 (CCM) will be published in
— the PFC handbook
revision that will be

released in Q1 2009.

FO% 30% 40% 50% 60% 70% 80% 90% 100%
Output Load




Eiﬁﬁﬂﬂ’i) %T%sk New Needs to Address

o ATXEIRFTENSRE High efficiency for ATX power supplies:
— FEUTRESMEZRE ;- Efficiency is measured at:

e 20% P

e 50%P

e« 100% P

80

PLUS

out(max)
out(max)

out(max)

BRONZE EII.'I{ER y

o HEEKRABM Slim LCD TVs:
- RS EZRS Components height is limited
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BE'JEE:T:%E’S} PFC Interleaved PFC
* FE(Pinavg/ QIR N NPFCEAE — N — B APFCE Two

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

in(avg)
L1 Ip1
LYY YL M
oq (o BT
Ac line o , ]I‘E
in (t) Z{; E;_—__'_
NCP1601
Vin) oty | o Ip2
Lk ] I
o (Ip(tot)
(0]
EMI 4 . I(E Vout
Filter e —X S |
AN — o
Z‘S NCP1601 :l-Cbu"( LOAD

C MRFEAMEM R R W2 EET( )P (o ) SRR A

W/ 1f the two phases are out-of-phase, the resulting currents (I )
and (lp..n) €xhibit a dramatically reduced ripple.




ﬁ%ﬁﬂ’i)ﬁ-&b Interleaved Benefits

- FEFEZTHEMHER : More components but:

— 150 WHIPFCLEE300 WHIPFCE A Z1%1T A 150 W PFC is easier to design
than a 300 W one

— EHRILEY 75 = Modular approach

— ANEELSERN(DCM) PFCRE—1CCM PFCH##28% Two DCM
PFCs look like a CCM PFC converter...

« FFEMUERERZBERB/NTHHEBERERIMR Eases EMI filtering and reduces the

output rms current

« HABEDCM PFCREEI T RFFHE only interleaving of DCM PFCs will be
conidered

N ACHENNEENA

N

~ - |
BNUENN RN
W’”)phasel / S (eoil

o Lootlonsez N [T
. ~/
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ﬁil %ﬁﬁ;& Input Current Ripple

'f-l_A}_kEIL tot /I_:\ﬁ

A EE./)ILEIJ a0

What is the ripple of
the 1 ¢ total input

current? 1 Ipg
oo B
,:c Iir;e o I‘E
NCP1601
Yin(t) oty | 2 .
= e
1
o %& —z % D(tot) v,
Filter = —| | —73
AN -
jﬁ NCP1601 =15Cbulk LOAD
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'L-I_Eﬁl EE.IJILQ?& Computing the Input Current Ripple

BRI : Let's assume that:
-V, MFF R BREJLNEEA R T ZERY v, and the switching period are

constant over few cycles

- BN D L RS EE X T/E The two branches operate in CrM
ﬁ:;ﬁﬁﬁp %/R . There are two cases:

= Vi <Vo /2 (B or d>0.5). DANEZ\N AN
AEFANANSANAER, BASKESEABG 7 N> | N N
£ RIAF|I2{E The on-times of the two phases overlap. The \,// \\// _ i \_
input current peaks at the end of the conduction intervals.
- V,,>V, /2 (8%& or d<0.5): A /\ N
v ot N /N
L;@,ﬁﬁzsm WASROESSENINER NN\
. N/ /

1A B|IE1{E There is no overlap but still, the input current peaks ~ ~ y

at the end of the each conduction time \/ \/ \/
ﬁﬁﬁ NGV (d _ton %‘Z{m ?‘J’)\‘/f% H:Il EE./)II#&?&{E Using (d :to—nzl—vij
Out TSW out

, we can derive the current ripple




B . ... Finally,..

Vout V t
Vin(0) <=2 Vin(t) = =%
P55 A BR o
(% %5}}'?,) () = <|L(tot)>T _ \F\iin _ Vin m(a\ég)
Averaged input current S in Vin(rms)

(line current)

o7 V, V
RSB (Nutm))pp:hn.[l_ n_ J (mutot))pp:hn.(z_o_utj
In

Peak to peak ripple

I {1 B8 R 4% ('L(tot))pk = 2.1;, -{1— 4.(VV°ut_ ] (|L(tot))pk — 2.1 .[1_\/o_ut]

Peak Current envelop out ~Vin) 4Vin
A V Pin av 'Vout
'ﬁ“ﬁ EE./JILEM% (IL(tot)) = Iin ’ 2.V OUt_V_ (IL(tot)) - 2 (V L 2

Valley Current envelop Y out — Tin) Y in(rms)




B\ BB Y I (B SUR

Peak to Peak Ripple of the Input Current

Pk to pk ripple (%)

120

100

[ele]
o

D
o
I

o
o

N
o
I

o

(AIL(tot))p
I

n

out

> (%) vs (v_

TV, =V,,/2

&k, 8UKRA0

Rlpple is 0 at
\ Vin =Vou ! 2

0.25 0.5
Vin/Vout

0.75

B ASURANEBURT (V,/V,, )

B The input ripple only depends on
the ratio (V;,/V,,):
FBIEELS BRI A unlike in
CCM :

- EE,E&;F@'T/IEFE L plays no role

- SUKBDHASBURT 518

The ripple percentage does not depend on the
load

FEARELIR(V, /V,,=0.3)H |
BB N +/-28%(1E 1E 5% B 8 B T
A, BB RN180°TEREIRSR
S B T) At low line (V,, IV, =
0.3), the ripple is +/-28% (at the

sinusoid top, assuming 180° phase shift
and CrM operation)




1. Eﬁ%ﬁgﬁkﬁ)ﬁ Input Current Ripple at Low Line

- HVREERTV, 28 , MAERRRBGEZSERNHEPFCHER

When V, remains lower than V ./ 2, the input current Iooks like that of a CCM, hysteretic PFC
oo TE FANE 5L IE 3% B 4% B 0 4R 4% 2 1H 355

(I ory) SWiNgs between two nearly sinusoidal envelops

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

— Iin(t)

—~5

i {5 BB R TR ER

Envelop for the peak currents

Current (A)

AEERIEL

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 (%)




EI&E&E’J%A EE./JILQ)E Input Current Ripple at High Line

- HVBE(V,,/2)8, RMEEFREEERN! WhenV,, exceeds (V,,/2), the valley
current is constant!

2R

In

. b%ﬂz[—o‘“R} x=PFCHi APRFT it equates ( Vavhelre R, is the PFC input

impedance

Peak, averaged and valley current @ 230 Vrms, 320 W input

(Vout =390 V)

>0 in I/ou/2 H:'I-
E li (1) '$
2 25 in\"/ | ToEUK
@ o No ripple when
8E 15
- 2
= 8 /
5C 10
I
>
X 0.5
o
o

0.0 ‘ ‘ ‘ S~ m(avg)Vout _ Vout

0.00% 25.00% 50.00% 75.00% 100.00% 2 -
time as a percentage of a period (%) in(rms)




éﬁﬂﬁ'#ﬁk EEJJ?L Line Input Current

5(=H=§/|\§3‘3'z , TEIE?K’:)BZH’J%Q For each branch, somewhere within the sinusoid:

2-(lu)r

(! |-1>T_sw

AN FHER IE LM BERZ MR E L EBTR The sum of the two averaged,

sinusoidal phases currents gives the total line current:

lin = <|L(tot)>TW - <IL1>T +<I|—2>T

33 2
RIRFEETER BRI Assuming a perfect current balancing:

2-(ly)y  =2-(li2)y_ =lin
BN ZWIEEBRBE |,(t)

The peak current in each branch is [ (1)

SW




;EEE,EE,/JILE,‘J /Jll.}ﬁﬁ AC Component of the Refueling Current

- FEEERGHEHZMEBR)S THEZREINHMEX © The refueling current (output

diode(s) current) depends on the mode:

— M1 Phase 1
_— *EL\JZZ Phase 2

B FHCCM single phase CCM B FHCrM single phase CrM 55 .CrM Interleaved CrM
ﬁ T, A E P A M T, B P 9 S ﬁ T, B E P B A S
rms value over Ty, rms value over T, rms value over T,

- [V 2 [V 2 [V
out 3 out out

1 EEL LA ﬂN




- EHSBEASTR(EEMRE) :

BT KERBREBRR

A Reduced Rms Current in the Bulk Capacitor

Integration over the sinusoid leads to (resistive load):

7 kit =
F£#HCCM PFC #icMsFCoM PFC | X ﬁc;'\é'ém:cc”\"
Single phase CCM PFC Single phase CrM or FCCrM PFC nterleaved CrM or ECCIM PEC
—HREBENE 2 2 2
Ea'sﬁ'(lD(rms)) 8\/7( outj 8\/_( outj 8\/—( outJ
Diode(s) rms current 2 . \E .
(ID(rms)) 37 Vin(rms) "Vout V3 |37 Vin(rms) *Vout 3 |37 Vin(rms) Vout
eEANER | [ (] (]
Hllgms) sy (B ] iy (B J to/2 | i }
C(;?rre)?](t:"(:?r rms) 37 Vln(rms) Vout  \ Vout 97 - Vln(rms) out  \Vout 97 - Vln(rms) out  Mout
C(rms)
300-W, _
Y ID(rmS) 1.9A ID(rmS) =2.2A ID(tot)(rms) 1.5 A
out™ -

IN(rms
. 3&%& TR K MR /D E JﬂE B3R Interleaving dramatically reduces the rms currents
> M\ THFE, &R , RS T A S reduced losses, lower heating,

increased reliability




ot

Summary
Single FCCriV stage Interleaved FCCriVl stage Single CCM stage
General : 3l]l]l-l'1:§,il:.:ide General : BIJUI-]‘;‘g,i::ide General : 3l]l]l-]‘:‘;,il:|:ide
Abir jrnax (A) Independent on L i 100 A Independent on L Depends on L
i ILphiman = 6.3 A
Inductor [I_er_s;m_aﬂ_—_iiﬁ_ﬂ

L*lé = 9.9 mJ

ICl'rrns'[rnaJ-t] {A} 1.7

Total MOSFET I o5 |
conduction - m i 2R | Tz Vhimg
losses (with 4%.[ﬂ]z. E‘E"”“’] i 16 W vy | 1 16 W
helow 3| Yy g || 1
MOSFETs) i |
I 1*SPP20NG0 I, I 1*SPP20NG0
MOSFETs | or2* SPP11NGO ! 2" SPPTINGD | or2* SPP11NGO
T T T
| | i High speed
| ; | diode (SiC.)
Diode Ultrafast | 2 * Ulrafast : Low t, diode -
| i |
! ! ! j
| |
i i
i i
i i

2
[ Bz | G
155[’?]_@2 S‘Jﬂz_[’?]z_[lp;ﬂ]z
8 Ve Your 3 Vi You | Vour
DM: moderate
CM: high

Vowr

EMI DM: high
complexity CM: moderate

Characteristics Compact design Low profile designs Compact design

Comparedto CriM, FCCrM allows the use of smaller inductances (due to frequency clamp)
The inductance for the single and interleaved FCCrM stages is based on a 130 kHz frequency clamp (high frequency design).

The switching frequency is also supposed to be 130 kHz for the CCM stage.
oy EMEERE "nN
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REN  EIMNFE...

¥ 9 B it T4E The master branch operates freely

Interleaving: Master/Slave Approach...

o MHZEH180°FHF The slave follows with a 180°phase shift

EEBRE : 1K

FCIMI{ER(FCCCM, F3E

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

l)Main challenge:

BRER BB M BEER : SEEZI

Current mode: inductor unbalance

Voltage mode: on-time shift




32%:—5% : gﬂﬁ*ﬁ1ij5$ Interleaving:

Independent Phases Approach...

o BMENEZH M TEFCrMEFCCrMAE T Each phase properly operates in CrM
or FCCrM.

e WD EZHEEBERESLIIZEE180°4H% The two branches interact to set the 180°
phase shift

- FERE ﬁﬁ/ﬁﬁﬂ'\]*ﬁ@ Main challenge: to keep the proper phase shift

AN S B E s
| ] / On-time perturbatlon for qne phase

CrMI{ER A
RIFE S BT[]
Y — N3 Al A
f£180° fH B R 1L

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




XXNCP1601H$E,‘JEJ¢EE General

Principle on a Two-NCP1601 Solution

o ZBBR = Fx 593 2 5l lm 55 BB,
*E_t(NCF’l(SOl) The solution lies on the Frequency Clamp Critical Conduction mode,
unique scheme developed by ON Semiconductor (NCP1601)

1

« FANCP1601 Iz F MR IZAIPFCH XX : Two NCP1601 drive two independent
PFC branches:

- tfﬁﬂﬂ éﬂﬁﬁ ?*ﬁlﬁlﬂﬁ/\"iﬂﬁmu’éu Auxiliary windings are used to detect the core

reset of each branch

— IRHEF H_f AR H Z B E £ The current sensing is shared by the two stages for
protection only (Over Current Limitation)

c MNP XIETBEEIRI The two branches are operating in voltage mode




I_.IE IE}%E}Z Synchronization: the Main Challenge

. —/\EEZJJE’%(DRVZ) gl AN XA © One driver (DRV2)

synchronizes the two branches so that:
— X1 (DRV1)EZETEIUE E/GF BEZ N S Branch 1 (DRV1) cannot turn high until a

time t has elapsed

— %2 (DRV2)E2tHN T EEIRIE — N FTEY S B L Branch 2 (DRV2) cannot dictate a

new conduction phase within 2t
e I : Hence:
- EREEMBIEERNF , 8N MO XHFAXRMNENR2t , BPMHEACRERRERXN

In fixed frequency operation, the switching period for each branch is 2t and the two phases are
naturally interleaved

— HECMENF | FFRMFEZHBFREHBEREN , HAEFRHEIRE

In CrM, the switching frequency is that imposed by the current cycle (T_,>2t) and must stabilize out
of phase.

o FH{UAMZ BT S A EERVER (AT E Fwww.onsemi.comZ &
2008 FEMZEE# HEVIFMAIN FZ12) Possible slippages are

contained by a phase compensation circuitry (refer to www.onsemi.com
for detailed AN available in Q4 2008).




NCP1601 E"J Iﬁlﬁﬂﬁg NCP1601 Synchronization Capability

50 pA

et =
OSC pin O
J 1100 Aoy - >
Cosc 135V

S CLOCK

IR%E31E3.5M5 V
Z[B1HRS% The

oscillator oscillates
between 3.5and 5V

SHiH R E MK
F5 VAt
NCP1601/=4 —
PNETEP The
NCP1601 generates a
clock when the

oscillator goes below
35V

e ESHET
EEI BN o)

M The clock
signal is stored until
ZCD is detected



IEF230V,,. , PEAFEER

Operation @ 230V Medium Load

rms?

Tomes 1T e @ARUBERR I
: : : = : : ' : ' Each stage operates in fixed
frequency mode

T > : i : : : : 1 o FAADZHWESE
| ' ' | | ' ' ' ' DRV?2 Both branches are
synchronized to DRV2

o 2t dEARE -
DRV2Fk# A new DRV2
pulse can take place after 2t

0 IR ALK E N
DRV1Bk™ A new DRV1
pulse can occur after t

« BN EZNTFRBEER2:
HEEMNERHEIEN

2+
: . DRV2 :

SYNC1 |

DRV1 The switching period for each
o E'S'I:iu' v . Chz 'én'w"m M'il:'l'ﬂ' i ;J._. - ;4.3.\.;' branch is then 2t and they
. . .OMS .
%E 20.0 V operate out of phase.

0 RESYNCEB®REE T3.5 V(ANCP1601 THEITE) , — NN FIRMAREL L

A new drive sequence cannot take place as long as the SYNC signal remains higher than 3.5 V (see NCP1601 operation)




1& EE»;ZTSs ﬁﬁﬁ?ﬁlﬂf’%)ﬂ. Operation at Low Line Full load

- BERIFTHEASERN

. SYNC2 I : The circuit operates in critical
: : S i R S - . conduction mode
; | o WD ZEWELSE
+ A0 T TR, b DRV2 Both branches are
: U ) 1 { rJ U l_j synchronized to DRV2
34f. .| I 5. 1 . . 2t IEUHMKRE—ANF
_ oRv2 FIDRV2fkH | {8
T et S RS S NPT, T P (T MOSFETHT FF X #EiR |5 2
ey ' . 3 ? RS E L A new DRV2
pulse can take place after 21,

i w\nw\j but the MOSFET turn on is
: : - ; : delayed until the core is reset

o SRETR R <Rt oo 1 0 t dEAURE -
| 1 DRV1RkH , EMOSFET
of....5. RPN TR | AFREREIRCRE
: : 5‘ ' : ORV1 j {i A new DRV1 pulse can

' i A - : IS o ok s occur after t, but again, the
w V. Ch: 20.0V % MS5.00ps _hd J oV MOSFET turn on is delayed until

0.0V ! the core is reset

ERZEEE ﬂN




ﬂﬁﬁ&ﬁ%ﬂg _gﬁ'ﬁi Remarks on the Solution

« NCP1601 IT4EiEEEEME T The NCP1601 operates in voltage mode
- AN XEEHRNSENERMEGHERBIINIFRER same on-time and

hence switching period in the two branches
o BT FH A coil imbalance
- % "r]ﬂ:iyiﬂﬁﬂ Does not affect the switching period

- “RPEREND XN REFEEESR “Only’ causes a difference in the power amount
conveyed by each branch
!

ling L R
line2) L [ phaced
i i :< >= time
- WINIXEZE T&'JHS?E_LI'T’IE The two branches are synchronized but they operate
|ndependenﬂy.

- RIETIHFEES %I'ﬂf*ﬁﬁ(g EE./JM_/./”'J) Discontinuous conduction mode is guaranteed
(zero current detection)

— RBCCMIEERMXBE No risk of CCM operation
— EFAFTE N0 ZEH ACrMI{E#E I Both branches enter CrM at full load




1IN5406

>
5 1
LPRIM = 150u 5 ] 1 ' v
LSEC= 15u MURSS50 \ | KQ
. N
L F 12} J N ——
° D15
f’wvi 1N4148 zRg . .
— - X6
S oy Application
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DRV2
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EE,E%W ... Theboard...

e, 300
W PFCTR ik

%ﬁ Wide mains,
300 W, PFC pre-
converter

<4 REEH
MmeERiR
Vee(F =2

AT R)

Buck

converter to
provide Vcc

(not used
for test)

P ANCP1601 8,5
Two NCP1601 circuits
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ﬁiA EEE*I] Eﬁjﬁ, Input Voltage and Current

Ty @ ATG)

Vo Govidy) s | Ve Qeoviy)

guog 59:‘: MS UUmS Chi J- 124\, S 2133 392 MS UUms Chi J" 64 V

° ﬂﬂi‘ﬁﬂﬁE’J B ABRE LEBCCMET As expected, the input current looks like a
CCM one

- EEELKE , WERRIBYLHIFNE T SUR At high line, frequency foldback influences
the ripple




VI
ﬁﬂ:ﬁ Zoom of the Precedent Plots

Chi 'SUOVBw EUOV B';.IMEUO]J.S Ch1..||" 125\-" Ch2 200‘v‘ Bwl'\-'ISUU]..lS Ch1f 318\."
Ch3 2.00 VQ& Ch3 1.00 V&

o IXLEEURLK TE IE 5% B T EP3K 18 These plots were obtained at the sinusoid top

o BRUSNTXBEBMEBMEIRS The current swings at twice the frequency of
each phase

- HEEREMSELE , HBEZR _L180° Atlow and high line, the phase shift is

substantiall 180o
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ERNFEFIZBTER

No Overlap between the Refuellng Sequences

Ch3  2.00 V&R 2.00 VORy

« KELKFEACM, BEFXEI crm at low line with valley switching

- BELBXH EE%$I1’E1‘ET(%$& LJJ‘J-L%'J) Fixed frequency operation at
high line (frequency foldback)

c WHBERTHELAMEREBILESE No overlap between the demag. phases in both

casSes
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a3
’ﬁﬁ'é}')llli Performance Measurements

o 5')-1']%%14:@1:' Conditions for the measurements:

BHERARE R, KBELE T IIETI00HHFHITUE The
measurements were made after the board was 30 mn operated full load, low line
FTEN ERERXEPETEIE IR FTIELHITH Al the measurements were
made consecutively without interruption

R H B EERPM1200XPF, THD. lp\meBEITAE PF, THD, I,y were

measured by a power meter PM1200

RFHP 34401A JT A REBER HIWEZEN BV, me Vims Was
measured directly at the input of the board by a HP 34401A multimeter

X FHP 34401A FRAKRMEV,, V,, was measured by a HP 34401A

multimeter
MANERBEOTLANITE : The input power was computed according to:

P =V .PF

in(avg) rms) Iin(rms)

*ﬂﬁﬂﬂ:s Efn‘is %b_(l.}% Open frame, ambient temperature, no fan




7;&$ VS ﬁ;ﬁ Efficiency versus Load

100.0%
98.8% -
. 230 V, s :
P— — —
=~ 97.5% - : :
S : :
5 : 120 V
0, 5 ms
S 96.3% :
o :
1y O05.000(jsem = == m ————— T E— g —
: 90 Vrms
93.8% -
92.5% \: I I I I I I I I : 1
30 60 90 120 150 180 210 240 270 300: 330
. Output power (W) .
20% P, P max

Jz_«n%IET:E_
AR XY = SRR B2
RAHREBH |, %
R AR N
B (90 V,
T8 AR
85 kHz , i#fH
,

L, =L, =150
HH)
Results obtained in
a relatively high
frequency
application allowing
the use of small
inductors:

(85 kHz in each

phase at 90 V
full load,

rms?

B E R TEBESTBERNM20%EN100% 5 E Z [BIBIHZE The plot portraydirelemitiondy)

over the line range, from 20% to 100% of the load

O WMRIBLK T T95% ! The efficiency remains higher than 95%!




FF o< 39 2 (1£ 1E s% Bh &2 RV TR F) Switching

frequency (at the Sinusoid Top)

100.0

90.0

70.0

40.0

Switching frequency (kHz)

20.0

80.0 -

60.0

50.0 -

30.0 -

_|l 85 kHz "
W0V, . @ —
//-\\

120V,
— —— CrM lowers the
230 Vs switching frequency

Frequency foldback >

<
30 60 90 120 150 180 210 240 270 300 330

Output power (W)

Q J’Z‘.gfi/'.l_‘ Tgf EEJ:I_S:}E. Wﬁ*ﬁ%fsw (T:I_:J_.Egﬁﬂilflzfﬁlﬂbﬁ:‘nt )Eﬁﬁﬁg@ﬁ*% The plot portrays f,

(sinusoid top) over the line range, as a function of the load

U PFCERIETFT HMAEHCrMEIN T The PFC stages operate in CrM at full load




/J\éE Conclusion

R EEINAIPFC Interleaved PFCs

— /DT B A EBIRSUR Reduce the input current ripple

- B&ﬂi 7 j(’éi ’ﬁ’ﬁ%ﬁﬁ EE.‘B;'E Lower the bulk capacitor rms current
FINCP160112H — T 5 Y R 45 3\ A7 1R 75 2 Two NCP1601 provide an

efficient solution for interleaving
ﬁé IS * ﬁ , 1@&tﬁ$)§iﬁ$1ﬂ§f§ﬂ: . Besides interleaving, this solution takes
benefit of.

— FCCrMIEZALIL T 3 Z The FCCrM mode that optimizes the efficiency

— ADCM PFCTIL{LAIMURS50 = & MURS50 diodes optimized for DCM PFC applications

— SR RIR(EEL) Frequency foldback (light load)

ZBRARETE—1300 NW, TEhEEBEREMLEHT T MR The solution

has been tested on a 300 NW, wide mains board

E— MR ABSEE R (M20%F100%) , F£90 V, . F3RI T 95% K 3

95% efficiency at 90 V,,,. over a large load range (from 20% to 100% load)
165 Iy R EENPFCIZHIBS IETEFF A H A 16-pin interleaved PFC controller is

under development




'B(*E:é Agenda

e B|= Introduction

= DhERE R IE /Y E AR R 75 R Basic solutions for power factor correction
= EHERFTESK New needs to address

o REINMINBEREBALE Interleaved PFC
» HZANAY4FE Basic characteristics
" i‘J\l'_L H"Jﬁ’iﬁ%jﬁ?ﬁ A discrete solution

AN
= MBE Performance

« FHFPFC Bridgeless PFC
= R ABNIR =T m A NS

Why should we care of the input bridge?

= FEHHERTF R Main solutions
= |vo BarbifRJ5 = vo Barbi solution
» JTIEY800 WAL FH Y MEBE Performance of a wide mains, 800 W application

o é|:| T2 Conclusion



“RE BT the diodes bridge

"N
] EMI % %
| 5 71 T PFC
Ac line %% N — EQ
— PFC
e | 1 ot stage
— —

o ZHETXN RTRL IS B EHITEIR The diodes bridge rectifies
the ac line voltage

« MPNZRERLSFE Two diodes conduct simultaneously

o PFCHIABERMBALHNEBEERZHRE The PFC input current
flows through two series diodes




=R EHT o A RRIRFE

Efficiency Loss Caused by the Diodes Bridge

« REMAZMERNFEITER : Average current flowing through the input

diodes: \/,
I
o ZIREHTHIZHFE ; Dissipation in the diodes bridge:
Poridge = 2V “lpridge ® 2Vt - 22 Poy
n-rw 'Vin(rms)

o TRV, =1VH(Vigme =90V 1 11V,=1Vand (Vigmg), =90 V:
Pout

I:)brldge ~ 2%-

ERTEMA@ 90 V) F , —MEFRRE KL Z%E’J"‘&

£ In low mains applications (@ 90 V,,.), the diodes bridge
wastes about 2% efficiency!

v
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EZFE"J%%PFC Basic Bridgeless PFC

FF X8 T HPH2 R BM1 M
Switching cell when PH2 is high
M1 is off

PH1
T Nwlr_v\
Ac Line f\)
L
PH2

—k

FF R B T HPHL A SM2K M
Switching cell when PHLis high
M2 is off

AL ELLS ﬂN




L:LIE¥3&I1’F Operation with Positive Half-Wave

QA PH1AG , PH2RW{K : PH1is high, PH2 is low:

M1538 : S &AJ[E M1 is on: conduction time

M13TF : BB [B] M1 is open: off time VN
D1

PH1
T YA
Ac Line (V) 4
L
PH2
<>J|§
M1

O M2 N —REFPHEMER T — 1N MEH
M2 body diode grounds PH2 as would a diode bridge.
ENZEEE ﬂN




Lj\ﬁéléf&I{IF Operation With Negative Half-wave

PH1 is low, PH2 is high:

d PHIAK , PH2A G :

M25 18 S BB (8] M2 is on: conduction time
M1$TFF: < BB [E] M1 is open: off time ZS Dé
PH1

T Y
Ac Line (V) |

T >

PH2
I —k

WA@%%Q& %BJ«X%*%$TEZZ§J Both line terminals are pulsating at the switching frequency

Qs 1@ E 1R = (Voyt) The pulsation swing is high (Vour)
QS ig s EERHITEBAEMIER HF noise that leads to a tedious EMI filtering

ERZEEE ﬂN




\Y/e) B&fbl%ﬁﬂ'i lvo Barbi Bridgeless Boost

« PHL » JI(E « PH2 »
PH1 PFC — PEC
Ac Line f\) PH2 -
T A N
1
p NV
x xRVt k

M IMNPFCEX{B R : Two PFC stages but:

—— NIz 85 , TTERNED E’9¥5BZ One driver with no need for detecting the active half-wave

,m'& ﬁ Fﬁ' & Improved thermal performance
-~-BHTXRABRENPFCE , AL 2 , EMIBIEID I MAR As with convential PFC

stages, the negative phase is always attached to ground. EMI issue is solved




EE,/JILﬁEE. Current Sharing

— 84 TYEARIL
HERRELR T
EHIMOSFETH

2% Bl Part of the active
phase current flows
throught the inactive

MOSFET and coil!

—ab 7 B E R 7J7I'I1FE’JMOSFET7’HJQ£I

Part of the current flows..
.. through the supposedly inactive MOSFET and coill

1 EEL LA ﬂN




Wi/l\ig@%@ Two Rreturn Paths...

/N ST RE B
. < —Small low frequency impedance
PH2R [E & i —
PH2 is the positive terminal l'>|
PH1 JI(E W Body diode
+ 0V
. * = <
Ac Line () [} pHo v -
1 in _ o~ >|
1 DRV A NN ~ . |
X [z % = L
Rsense 1
— VW
MOSFET & MOSFET is on ) L

MOSFET>< B MOSFET is off
%E @./}lb@lﬁ@fﬁi%ﬁ Need for current sense transformers

ERZEEE ﬂN




300 WJ?!EJ?JE Schematic for 800 W Prototype

« PH1 » PFC stage

L1 D7
;f' o brid 0.2m CSD10060
iode bridge
}le PHl\_Nm
* D2
ci5 c16 @ 1N4148 -
1pF == 1uF N 4
—l— Type = X2 Type = X2 PH2 g
. | DRV1 R12 R16
RETURN i e =
R18
10 31
e e '
Tupe = v2 D2x 9 2+SPP20N60 (TO220)
ypl . c17 1N4007 10nF 163V
1T 1pF
Type = X2 R14 R13x R12x R11 R19
il
. I 390k 680Kk 680k 180k Vout w0k TETURN
ci8 Vpinl VWA VWY
4.7nF
Type =Y2
ci4
e « PH2 » PFC stage
Type = X2 L Ds
0.2m CSD10060
2
_,_7 D4
c1 1N4148
R23 100nF / 63V § R3 X7 % €9
680k 470k T
13 22 — R20 R21
1uF R22 R17 o 15k 3R
Type = X2 680k 10 32
37 =
_]IE X1
R21x 2 2*SPP20N60 (T0220) -
680 RAxx D3 n
2.2k —V\\—]
R20x  “RETURN
10k
o cs ® -
S e ¥
2.2k
Earth R4 |+ c11 , _rc12 .
330u / 450 V 330u /450 V
33m
90 to 265 Vrms AN/ T }__
50 or 60 Hz line voltage RETURN -
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EE;E%#)T(/H\EH_ Board Photograph

NCP1653
FIMC33152
MOSFETIXzh 88
NCP1653
And
MC33152
MOSFET driver

RBEEFHRES
FEEV, HBE

Wide Mains [
idgeless FFC

L]

Bulk converter
to generate the
V.. voltage

(NCP1012)

o EBEERS ﬂN




\
JHT
L“H
&=
N/

"/
Eﬂ:ﬁ Typical Waveforms

Cline QO AMIV) - F - ' N ' -

L]
i T

; out $ . out

CS (negative sénsing)

.’_; B s TN T S A

Vin1 (mput voltage for branch

ooV {_!1.: 'H]lll'r'l‘n Ms. l.'iifms Chi 700V
100V h Ch3 100V

« XEBFKERT A TAHER
full load (I, = 2.1 A)

o ‘CS'RETREMND XHMOSFETH R (BREESRMN A HEE) csis

representative of the current flowing into the MOSFETSs of the two branches (common output of the
current transformers)

ﬁil EE.?ﬁT%IE 33'!-\ E|5|5| gf. The input current is sinusoidal

Ch2j 'r'n'ﬂ'ﬁr-:-j: W5 00ms T 7 36V

(.‘1'

i.u

/ﬁﬁ?ﬂout = 2.1 A) These plots portray typical waveforms at

W EREERE 1!N



ﬁ@ﬂﬁﬁ@(E&EﬁéﬁE’ﬂ]ﬁ%ﬂ) Zoom of the Precedent Plots

(top of the Sinusoid)

J

. ﬁ?é»«? =100 kHz The switching frequency is 100 kHz

s XEREEHZRZCCM PFCHIEFZELL The waveforms are similar to those of a
traditional CCM PFC

ERZEEE ﬂN




LB 3T 2
ﬂﬁgﬂz;ﬂ“ Performance Measurements

* 3')-1']%%14:@1:' Conditions for the measurements:

BEERERAR, REELE T THETI07HEHITUNE The

measurements were made after the board was 30 mn operated full load, low line

FTEN EREREPETIE IR FIELHITH Al the measurements were
made consecutively without interruption

R H B EERPM1200XPF, THD. lp\meBEITAE PF, THD, I,y were

measured by a power meter PM1200

X FAHP 34401A77 R 3R 1E 58 5% i 1 v (2 22501 E Vi ms) Vingms) Was
measured directly at the input of the board by a HP 34401A multimeter

K FAHP 34401ATTRAKRMEV,, V,, was measured by a HP 34401A

multimeter
MANERBEOTLANITE : The Input power was computed according to:

I:)in(avg) =Vin n( PF

rms) Iin(rms)

*ﬂﬁﬂﬂ:s Efn‘is %b_(l.}% Open frame, ambient temperature, no fan




ﬂ$5@ttﬁ§ﬁ Efficiency versus Load

100.0% .
: 230 V, e :
98.0% : e —
o :
_ . 120 V, :
o .
°\: 96.0% o — —
2 0V \
GCJ : rms :
S : 3
LL g 8

92.0%
90.0% P ‘ ‘ ‘ ‘ ‘
100 : 200 300 400 500 600 700 860
20% Pax Output power (W) P max

QZEE T R T HAEM20%E]100%HI3ZFR The plot portrays the efficiency from 20% to 100% of the
load

QFE0V,  HAET , TRABERERI}N94% ( 100V, F95%) At90V, ., full load, it is about
94% W|thout fan (95% at100V,.J)

AE R 20%40 | &’d“?‘:f% Fa#IE96% At 20% of full load, efficiency is in the range or higher than




TH Dﬂttﬁﬁ THD versus Load

THD (%)
5
o

5.0

0.0 : .
100 § 200 300 400 500 600 700 800 900

20% P Output power (W) =)

max

max

« EENEEARN , BEKAXE ( THD ) REFIEEK THD remains very low on

the whole range

- P B T on Bumiaianess ON



/J\éﬁ Conclusion

FINCP1653%% &8y EHFPFC 2 EH & #H (100 kHz) A bridgeless
PFC controlled by the NCP1653 has been developed (100 kHz)
REEELMAEHB00 WhIE)., TABALFEITH. ER)FEGT
# 1T T M The prototype was tested at full load (800 W output) without
fan (open frame, ambient temperature)

EXERHGT , NIEHHREREOV,, FTHMM%ESR , 100
VrmS_Fﬂﬂ 95% In these conditions, the efficiency was measured in the
range of 94% at 90 V, . and 95% at 100 V.

THDREFIEFE 1K The THD remains very low
TN TRDBNASZ — NS RBY R = Bridgeless can be

an efficient solution for high power applications.

NMAEZICERERY  FESFEEMNEFE KM An application note

P4

Al

IS being prepared and should be posted in Q4 this year.
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e B|= Introduction

" IjJ’?‘ .?&*ﬁEmgﬂKﬁﬁ)ﬁEgﬁ Basic solutions for power factor correction
= EHERFTESK New needs to address

o REINMINBEREBALE Interleaved PFC
» HZANAY4FE Basic characteristics
" ﬁ:‘ﬁ E"Jﬁg}ﬂﬁgﬁ A discrete solution

e
= M BE Performance

« FHFPFC Bridgeless PFC
= WA AR S 5O0F B A%
Why should we care of the input bridge?
= FERYHEIRTTZ Main solutions
= |vo Barbif# R 2 Ivo Barbi solution
= [T RY800 W R A B EEE Performance of a wide mains, 800 W application

o QE ¥ Conclusion
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2:I:'LI:. Conclusions

HFTEIESR © New requirements:

« ZEMNANFLRT(LCD TV) Compactness and form factor (LCD TV)

o WE ( ATXEIR) ( Efficiency (ATX power supplies)
FTEVER IR A = A LUR B IX EFESK New solutions can address them

REINHWPFCH K T : Interleaved PFC brings:

x‘&$ Efficiency

« BYIRIT Flat design

° E&iﬁﬂﬁ%ﬁl Improved heat distribution

« BEPFCERIBEREEFM /) Reduced rms current through the PFC stage
« R F] Modular approach

FoHTPFC : Bridgeless PFC:

o MARGHMFEREIE T — haves the losses in the input rectification
o oR T BR Improves the heat distribution

fﬁ%ﬁé%ﬂtfi%ﬁgﬁﬁﬁﬂgﬁﬁ ON Semiconductor supports

these innovative approaches




For More Information

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

* 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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