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;ﬂ:;lﬁ$n1:@ H(J LH‘E;& E *I]_( Energy Efficiency: Regulatory Agencies Targets

° Bﬂ'ﬂ&'f#jﬂ,( dfk) %-\:E Standby (no load) Power Reduction
1813 EE,J_ El’],u El:lﬁl]ﬁ25%/_£7—'f%1ﬂ1ﬁ_t-r Iéﬁ% El’] ~25% of total energy passing through power supplies

is in standby mode[13]

° 'Iﬂ'ﬁiiﬁ’, E,J;EI., IR ) ] EB%ﬁE’T%*ﬂﬁE*% Concerted effort by worldwide regulatory agencies

i T‘E}"Iﬂs ﬁg?ﬁ Active Mode Efficiency Improvement
o B 1d EE,J_ E’],L,s b':Fl 2’]ﬁ75%;57_11’|51‘§_t-|_ Iéﬁ% El’] ~75% of total energy passing through power supplies

is in active model*3!

® Ij]& X ‘5[1: _I__E(PFC)(—E ‘“’/EZ:}'JZ ) Power Factor Correction (or Harmonic Reduction)

« B MIEC61000-3-2#5E (R B8 . HZK) Applicable with IEC61000-3-2111 (Europe, Japan)
%E_b EXATE ‘l’l_i',g;kljlz .;&(PF)>O 9 some efficiency specifications also require >0.9 PF.
>H1an: “BEIRZ2"4.0"RITEHLITE example: computers (ENERGY STAR® rev. 4112)

@ KEMCO

Korea e-Standby
programi]

TOP RUNNER

:Ih A u:imlinn Cavernment

_I'ﬁ' Htplllmml of the Enviranment
anid Water Resources

PROGRAM

P g Awustralion Greenhouse CHTice ENERGY STAR
China CSCI®] Japan Top Runnerl® Japan Eco Mark[19] Australia AGOU] California CECI®] Europe ENERGY
(ex-CECP), program program cocH STAR®E
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Update on Energy Efficiency Regulations - Computing

1+ EH computing

—t*ﬂ. Desktops:
“HEE B5. 0B SE, 2009F7 1A% %

ENERGY STAR® 5.0 effective on Jul. 1, 2009

80 PLUS" R i+ E ol S {E R 1T B (CSCI)

80 PLUS & Climate Savers Computing Initiative

ob Ay A ) .
° ﬁj\g& EE’,&Q =F é’& Tiered efficiency levels

FE LB EEERS N 4EEZ 2 2.0k ShERELELE)

Laptops (More information at ENERGY STAR® 2.0 for External Power Supplies)
i ﬁ‘é§5[ Efficiency: 2 87%

"/f#*)l(;;iﬁ)ﬁgﬁg, Standby (no load) power: < 500 mW

HEREE rr = 0.9

wianzse Gy
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Update on Energy Efficiency Regulations - STB

* e v
(ERETTED

*[Uﬁ%(STB) Set-Top Boxes =

“EEiE 272 0MF, 20094E18 1A

ENERGY STAR® 2.0 effective on Jan 1, 2009

RREEITAIESZE 7L, 2009F1H1R%EM -

Europe Code of Conduct version 7 effective Jan 1, 2009

FRERTHRALIFE HE’,%%TEC(:F o) HT/E)'&% FR standard is based on maximum

allowable TEC (Total Energy Consumption in kWh/year) or allowance

¢ ﬁ‘-ﬁ'iﬂféi BE ﬂﬂ/k?*ﬂ.] ;éﬁ!(ﬁ 23?, D EE%‘-) Base Allowance depends on the type of

STB (Cable, Satellite, etc..

° Bﬁj]ulj] Lﬁ\lé"’_é- BE(DVR %) Additional functionalities allowance (DVR, etc...)
* EE ﬁlé%%g BE(:F o) H#/E)Zgﬁﬂj Ij] LH‘E%Q- PR+ IZWJI] Ij] LH\E?‘Q_\I' FR Annual Energy

Allowance (kWh/year) = Base Functionality Allowance + Additional Functionalities Allowance
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= b5 Ry — MmN A
'S Be AL SE B T # RR - Bl 7S BR FR
Update on Energy Efficiency Regulations - SSL
& Z&Eﬁ HH (SS L) *T-,E\- Solid State Lighting Luminaires

EEIEZ 271 14T 200042 A 1 A FFIAL S T

ENERGY STAR® 1.1 effective on Feb. 1, 2009 Lo
o K7SBEFE N E off-state power: 0 IIEI

« AR BEALCRAR/ ) B R ARIB L FA RO R R (BB AT« PAMKTE) T A [5)

Minimum efficacy (Lumen/Watt) requirements by applications (downlights, outdoor lights, etc...)

'Iﬂ$$& PF = 0.9 %1'5‘#%&'1@% for Commercial
= 0.7 $+5(¢1I—‘HEEFH for Residential

“HEIREZ 271.21F B 20094 T X FEF 5%

ENERGY STAR® 1.2 effective in 2H2009

““BEIR Z 2"t FLEDKT B AY EL'EZE5K ENERGY STAR® additional
requirements for LED bulbs

cINEREZE rr = 0.7

* %Eﬁ?&é}’f Lﬁ“é?&% %ﬁg%[ EE,}}E High system efficacy - high efficiency power supply

BFERREFHIFELYHRAGERES, 15w Ewww.psma.com, SEPSMA FEHER#EE

For exhaustive and up-to-date information on agencies and regulations, check the PSMA energy efficiency data base at: www.psma.com
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BEmd it B RIRENBRARSSEE, TTRNRSR, —F)

Efficiency Targets for Single-output Computing Power Supplies (Servers, Blades, All-in-1)

Efficiency (%)
20% of | 50% of | 100% of
rated rated rated Effective
output | output | output Date
power | power | power

Levels Specification

« Single-Output
* Non-Redundant 81% 85% 81%
* PFC 0.9 at 50%

Start
June 2007

] —_—
-] = —
a’ « Single-Output m
O * Non-Redundant 85% 89% 85% June 2008
q') * PFC 0.9 at 50% 4
|\ i
[ .
— s Allin 1 PC
0))] esel | Single-Output Start
19 ) + Non-Redundant 88% 92% 88%
| | Py Gold June

* PFC 0.9 at 50%

/ \ ¢%% \Q \_I_
N 2 1Ak
€8C1 |- single-Output E"] Ab;;i E 1:]_-
Platinum (. Non-Redundant 90% 94% 91% Target ﬁb 7N
" PFC 0.9 at 50% Target for this
reference design

Sources:

¢ 80 PLUS® : http://www.80plus.org/

+ Climate Savers® Computing Initiative: http://www.climatesaverscomputing.org/

« ENERGY STAR®: http://www.energystar.gov/index.cfm?c=revisions.computer_spec
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%%iﬁi‘l’ E *ﬂ_i Reference design goals

o Y B E EIMREB(EPA) R S 8EEK (80 PLUSIRZRE & 2R)

Must meet highest EPA eff. requirements (80+ silver or gold)

o WMIE S —1RH(FERiIMac-0.23 dm3) must fitinto Allin-1 PC (Apple iIMAC — 0.23 dm?)
o B N JESE B 902 265 Vac input voltage range 90-265 Vac
e BRI --12 V43 52/ s T single output — 12 V divided into two terminals:
=> FHinF: FFEIREINZ standby terminal: delivers power all the time
9&&.\ ;ﬁ3ﬁ$%50 MA\ 50 ma in off mode
- 11(5&*%5&100 MA 100 mA in sleep mode
- TYEFRINER K5 A 5 A maximum in active mode
=> Bifinf: TERNTREINFRGERAKLS A) rower termina

delivers power in active mode (15 A max.)

®* Hx j( ,._,\Eﬁ] I|:|:I| Ij] $216 W Total maximum output power 216 W

i LLLILE ﬂN |
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PFCE&]‘&,*:ZF PFC stage selection
¢ ZIKEFH H‘]’iﬁ])\ﬂ]%j{??S W, MI%%PFC Input power for this application is >

75 W => need a PFC
¢ § ?}Itt ;"'Ec -'El-i- ﬂE'-1Z|S?E 1#53%'11 *Eﬁ EI‘J 7‘5 ;’E ON Semiconductor offers solutions for three modes:

I{'E*E;T:t Operating Mode EE%LLI‘#‘,[E Main Feature
:E'\ %ﬁﬁﬂ: 9& Always hard switching
‘L%gngej'- EE*EZ_E% EE.E.Z{EE-E* Inductor value is largest
(CCM) HAIRERERD

Minimized rms current

: NCP1654

j( i,"] 7‘3_ *E EE. 5)2;{, Large rms current
lERGmiEs | TXAECEE

Switching frequency is not fixed
(CrM)

. NCP1606

kié] ﬁ*ﬁ EE,i}iII:_, Large rms current

$ﬁ$%ﬁ1ﬁ ”E ﬁ—Ef- EE.*E:_EE }/Fﬁﬁ % PR Frequency is limited
(FCCI‘ M) gﬂ% EE,},.E_,ZB%{EE Reduced coil inductance
in: NCP1605

LIS ﬁN -



PFCE&&%-FCCFM PFC stage selection - FCCrM
300 W. TmEBREMANSEEPFCEEMNELER

Efficiency of a 300-W, wide mains PFC has been measured:

Efficiency at 100 Vrms

-~ NCP1605 (FCCrM)

|

NCP1606 (CrM) NCP1654 (CCM)

P0% 30% 40% 50% 60% 70% 80% 90% 100%
Output Load

0 RBBILE, FCCrMEREEXNEmE . FMRFEERANAE

Frequency Clamped CrM seems the most efficient solution while keeping reasonable cost




PFCE% 1t -1 %l 8%

PFC stage selection — controller

ﬁﬁ]lﬁﬁﬁ ':F H(]_%ﬁﬁﬁ%'l‘i Some features useful in our application:
L/H':' X%FH__L ”/— ﬁ—r %*E‘t(FCCrM) Frequency Clamped Critical Conduction Mode
%*J\ %‘lE.. I_.l J_ F Ej] EE. IJILI + Lossless High Voltage Current Source for Startup
NCP1 605 iAFtJIS }:_l ,HH Fﬁ 5':115% %%'f:—l-f *ﬂ*ﬁﬁ Soft Skip Cycle for Low Power Standby Mode

STBE:D E j NC - '|9&J‘$3—£ 5}%:. Q& Eﬁl/ ﬁﬂﬁ 7&?" 1'1'2; Fast Line / Load Transient Compensation
Veontrol [ 3 | 14] overuve - “prO K” j: P FC E ,le_, Q% Signal to Indicate that the PFC is Ready “pfcOK”
FE | 4 13| STDWN +I—
ce in% % LicOK/REFSY VCC /E, . 10 V§ 20 V VCC range: from 10 V to 20 V
C5 ouZCO [ 6| 1] vee Eﬁ Il:H A}_ {% *F (UVP)& J_ 1% *F (OVP) Output Under and Overvoltage
ce[7] 10] DRV Protection
O5C/SYNC E E GND = Eﬁ])\i}i (BO)*‘_?L. ;}”\IJ Brown—Out Detection

19

,L\,sﬁJZZK NCP1605 integrates all needed features for all-in-one power supply and
thus reduces overall cost

NCP1605& R T —I&H RIRFT R = E04F1E, BEULFE(E
> &

i LLLILE ﬁN |



_.iﬁﬁﬁiﬂﬁ:zp Power stage selection

D1 lo

Cr Lt )
Lm<= Nnp ﬂ .

S A T
MEBR

Half-bridge LLC

B IRSHALIE R

Active clamp forward

—%’H’é P
B
i
L]

}ii%ﬂ Flyback
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,iﬁﬁﬁﬁﬁ-LLC{ﬁ% Power stage selection — LLC benefits

» BRERBLISIRGL IR AR S FFTE AT A BE A AR FE I AN i D 2K

,E, __ﬂE Series type of resonant converter that allows operation over relatively wide input
voltage and output load ranges

PR: 1ERMERE T RERR TN EREREEE

}j—l ‘E’E FH' Limited number of components: resonant tank can be partially or fully integrated into main

. Eﬁﬁﬁ%&gﬁ

transformer

IR LA NS R T ERER

*(ZVS)

» Zero Voltage Switching (ZVS) condition for the primary switches under all load conditions

R REFTEMEASEZEHETERM

. Zero Current Switching (ZCS) for secondary rectifier under all load conditions

* Nz F 18] LAY [E) 2
=ML, SN FHLEBRETIMEM)RITE

Cost effective, highly efficient and EMI friendly solution

—
—

1B i 325

-3 (ZCS)

Vv aiE /}lL(S R) Simple synchronous rectification (SR) implementation




~}ﬁ-ﬁ ;J:Z :‘I: fﬁ“%’% Power stage selection — controller

ﬁ HE Features:
- 50 kHzZ2500 kHz El"] %’ﬁilﬂz High-frequency operation from 50 kHz up to 500 kHz

N C P 1397 - 600 V%}:TZ 5; ij] EIX ij] %% 600 V high-voltage floating driver
1 - -—_l-i” T /J\;:F %$ﬁ$(3%* r—)Adjustable minimum switching frequency (3% accuracy)
Coodis [ 11O 16] vboct 100 nsZ?2 ) B4 -—,l-'lﬂ TI5E X HT IE—l,l Adjustable deadtime from 100 ns to 2 us

c:::- % % :1': - - %ﬁ 9[‘ _LB—J- 1” T $AF Bj] ?E 1/\ E'IJ F Bj] r— ﬁ” Startup sequence via an externally

adjustable soft-start

= Eﬁ)\kh—: {%*F éf |‘—.| %‘Jﬁ Eﬁ)\ Brown-out protection combined with latch input
FB | & 11 | Miower ﬁ:.l:/:E H_,I- E’J E Fj] 'lj_g&_LE” | j%ﬁ —.l-/)"_,{%*):' Timer-based auto-recovery

0T | 7 10l GND and immediate Iatched OCP

Skip/Disable E 9 | Fault  ~ Ef%ﬂa-iﬁ/% H'—.I Eg %U ;E 9& H'—.I iﬁi)\(i’tﬂk}% :,HH *Eit) Disable input for ON/OFF

control (skip mode)

- 300 IJ.A E,‘] 1&?%*)1 EE.;}F[‘: Low startup current of 300 pA
- 1 A/O5 AIII%{E EE.?ﬁf&’l‘&/i}E*&HIX Ej] lﬁlé j] 1 A/0.5 A peak current sink / source

drive capability

Fﬁ =3 *&_iﬁj-*&ﬁlﬁ%%'éﬁ’qé j:zt Common collector or emitter optocoupler connections
NCP1397FH:,F ﬁs*ﬂ,r-ﬁﬁ H’J'ﬁ[};ﬂ’ Benefits for all-in-1 application:

ZzﬁﬁEQEtﬂ""J—ﬁ% >IWER__|'BE$U No driver transformer needed => size restrictions
* lI'EIj -ﬁrﬁﬁﬂjkn ﬁﬂ*ﬁ_ﬁ >LE ﬁ*ﬂ,ﬁﬁﬁlﬁ Simple skip mode implementation => needed for standby
° féﬁ-%-’;—‘.zﬁﬁ _-l-llll.ﬁ*F >B§1&ﬁk2|: Simple OCP implementation => cost impact

0 NCP1397Z2LLCHIEKMSHMIILEAEAE

NCP1397 is cost effective and reliable solution for LLC power stage




R B R - B B A i &b

Power stage selection — SR justification

I /‘\%ﬁliﬁ*‘ﬁ%g

5 | 2HY2.33% — — ¥t {

2.;3 % of output powe(r) >\‘ *E;% ) H-j-VI_% E’]

Losses calculated for
4 lﬂ.’,%SRF_‘lZé'*PH / one Shottky diode
Here should be

, SR turned off /

2 - 7T<FH $A I_J w _T.E
~ FIMOSFET(ZIK

ﬁé WHINEN2.17% )it B AR
1 2.17 % of output power

Losses [W]

v — | Losses calculated for
one SR MOSFET
T 5ﬁitﬂﬂ]$|ﬁ"11-4% (including driving)
0 1.4 % of output power
0 3 6 9 12 15 18

Output current [A]

] S THRERLINERN, FAPBRSR)BMABEXIBIREARER

Synchronous Rectification can significantly improve efficiency above certain output power

i LLLILE ﬂN




Eiiﬁﬁ ;J:Z SR:J: %IJ%% Power stage selection — SR controller
ﬁﬂ‘] AEFH I:I:I E(J—lt:bﬁmﬁll‘i Some features useful in our application:

= I1’E7_CCM& DCMF— FH Operates in CCM and DCM Applications
- EJ—.E E’J Q&T EE,UH,*:‘I: /)r"J (ZC D) ™ H —.l- 1” TE I—EI 1E True Secondary ZCD with

Adjustable Threshold

E ij] "%_I'ﬂ': EE,F‘Z%I\1E' Automatic Parasitic Inductance Compensation
NCP4303 }A EE.IFIE I)nIJ (CS)EIJ [.’l[Bj] E’]SO ns?&l‘ﬂ H-‘T I‘E—'_I };'-T_:,]‘E 50 ns Turn off Delay

from CS to Driver

Vee] 1 O 8 JDRV ?;:EIE1:,I:I\:9|\:|;|ZB %%?% I:l ’ uﬁﬁ ?CCM*E;—EE Interface to External Signal for CCM Mode

Min_toff | 2 7JGND ﬁﬁﬁ’:%?fﬁ])\ uiﬁ)\?%l—f*)l*Eﬁ Trigger Input to enter Standby Mode
Mi;é(/)n 3 6 | COMP _ 5 VCC EE,:F 913 a‘é E,‘] Ef 'IH __'I-_-'I_ EEE /J\Tej"ié HT,I- |\Eﬂ Adjustable Min Ton Independent of Vcc
disable L4 5]cs  Level . s ,

- Hvce EE,:F T 9& B9 CINE _"I-jl_ B/ 9& 7] HT,I- |B] Adjustable Min Toff Independent of Ve

Level

- 5 NZ 5 Alll%{a EE,;};{H'Z Ej] ﬁlé j] 5 A/ 2.5 A Peak Current Drive Capability

= EE.J:TZ :}HE- _I%_st.28 V Voltage range up to 28 V

- 12 VﬁS VEI{] |‘j EIZ ij] %t”.‘i Gate drive clamp of either 12 V or 5V

1EEF ij] &'f:—lj:*}l EE,;)H,;%’ %‘E Low startup and standby current consumption
= E— |—_| I1’EL/FﬁK 500 kHZ Maximum Frequency of Operation up to 500 kHz
1= =
i NCP4303 R ES MR T EIR(SR) R S E e BN 25
NCP4303 is high performance driver for any SR system

LIS ﬂN -




)ﬁ?&lﬂﬁ%iﬁ%ﬁ/?&f?ﬂ Secondary SR turn on/off
o NESTHENEMNERRBTER(SR)RIZEH BER usage of SR

boosts efficiency above certain power only

o ARHA H B N S R 25 B (SR) TAE S IR BE opertono

SR for low output
VEC)  NcP4303 T

GMND
CHAOFF
£g Dﬂ circuit
for SR

2z q Wout
T D3 I i
L1
| |

Emz
m? Cs []RLDAD
|
Ewa D4

e

GMD
e i,
| I pry
J.E'. Qs
cs D;I
Vee EJD Currentamp.
MCP4303 LM324

FERBFEHHBERBEERRXARTEIR(SR)

SR needs to be turned off based on the output current information

1
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)ﬁﬁ%iﬁ%ﬁﬂiﬂ{%*}ﬁ OTP for secondary rectifiers

« BAMILHEGEL18 A, HANFEIORRERRFUER, BIFEHIFX
EEJ}F\ZI:%EI QEEEFE?ﬁiI Max output current is 18 A. In case of fan or secondary

rectification system fail serious damaae can occur to data or SMPS itself

SR coaoler
[ ———— b |

Wout

iﬂf’ [] RLOAD

&

L1
M=l
T
g FE circuit
n OTR
Yoo primary L MCS1002
oI " CMP

RIT .

ToFB ! ;Iﬁt .

Oz
i 1

Tolatch R18 ;IH‘EF .

FERPFAXBIE, BHLEEEES, FRMEESEBMRATRERE
]|:> =, REFXEFEFGELHINBER XA B svps needs to be protected

against over temperature and provide a signal to PC for fan speed control and to shut down prior the

SMPS would fail
LIS N
Semlownsucter ©
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‘f#*ﬂ%iﬂ Standby management
B— RIS, AU T iR T 5 TR F SN ERTF %5k S5 7

According to All-in-1 spec the power terminal has to be turned off during standby mode by an external switch

RG gl |
D10 I circuit

Y Y g YTYTYTL

ON/OFF ON/OFF
remote
for main output
B
% TL ® Power
| |D|5 | output
N2
.| C5
—
N3
< R10
—1 ® GND
v
STBY
® output

compare to PFET

5EPFET#Ltt, NFETIREHKA S@EMEIR

NFET provides low R

WILLLLY



— ok s
TC*.T.EQUJ ﬁE*ilgl Complete block diagram

it

™ [+ 0] oin §| a7 ﬁ%
" .I.Tl STEY L
.\ 0z ik Sync, Rect, SR CHIDFF
- — Bt ' — - MICFF FF [—@
% ) II::IIj - s NEPEIS e oarcult Ucr?rﬁut
SYHE DRY oo
B Discharge F‘_ "}ET _T_LE!_} Power
cz W ty A3l R4l Rs ol output
&) | [eon 1T % — °
circuit T—m—
Fan, )
STEY
) , - es os "V
— -l Wee /—H—- T =
RS 10 GHD
o o Fand
= ]
o
DRV Mup|HE ld I |
EMI - . L el SYNC DA
fitbar e | PFCeircuit |re LLG sircuit | Sync. Rect. FB gircuit |RE Fiourm, amp,
e ol | MCP430a NCS1002 LM3z24
MNCP1605 MCP13T | Vo OTe 1
ferd Ria k18 R1Z mr 1 | N
BB ETDWN PFc_m!E E A _::Iiﬁ . I / IR
W D& 3 | m = = / / )
] oTP 2
B A | | [ /

FCCrMISRIEL REY ZVSIRAREIER S, SREEAH. &  amptwFe
RERS, B/ LLCHIMEIER TR AT B RERS B W
PFC@% R ﬂ- Eﬂid\ SR improves eff. under Disconnects pwr. output

- - Medium and high loads ;
FCCrM maximize eff. of front ZV'S maximizes efficiency, LLC topology during STBY

stage, reduces PFC coil size minimizes dimensions
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Il

NCP1605'I&'H'IYE%=Z NCP1605 design worksheet

HNCP1605 Excel Spreadsheet

oL, Turchy | Jaspary 2007}

Pieise emer yoar apecification
fi

ik Gapacito ard Soal specifl caton
raik

T3] -M.l'r\..r.i.'!\-: CApETICE resatng el b Tratiancy opls mnd Rakd-Up BT canreinis |
TnaT (L)

aknd sdinge (o] Chome T

e fHe} 50 Ackes kegwercy
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200 pH PFC B B4R

FIR AR

=>iE/ )N BRI

200 pH PFC inductor keeps low operating frequency => EMI impact
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PFCEx

E%EI PFC stage schematic

D4
1M 5408
= WHubalk
2, W 06 ®
- MEREED .
R12
mg — R1|= =
e L SPP2ONED — -
01 10
From bricige R21 Mmspares s ||_ - L To power
o R25 ij_ [] & R22||& R23 g I —
rectifier iz ¥ - = slage
BRZ rRa2 []3
R38 R3G
1B Qi R37 % =
(51 -
—_ — a1 o
- BCEOT-1BLTISMD i 7V 1 8
RS3 RS M ™ = RSS 756 [ =
Wi = . 1Y Q14 =
[ @ BCEIEA ]
IC3 ~
sTBY HY RS 2
e v = H]m o 81k
WOTRL 0P
FE STOWN C36 Q[]
CSIN PRCOR L ®
ZCn WCC
CT DHY RO2
40 DEC GHD = R94 13k -[:I:IIZI
Ro an HCPIB0E 15k —
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|¢

T

3 AT B ?

Resonant mductance location?

ﬁl\ —LB EE. Yo% External inductance

ﬁﬁ;ﬂ’ Benefits:

o WITRIETERE S Greater design flexibility

d EMHFE%#E&E Lower radiated EMI emission

o F|H #RE 22 25%2H Transformer winding utilization

=] Tﬁ"ﬁﬁﬁ T4k 2% BB B By S 2H SR R
1‘}]—& EE./}IL,; FH :FL_/uL'f%*F Possibility to use aux.

winding on resonant coil to sense primary current for OCP
KE Drawbacks

* é%'éﬁ 14:5'&% Worse windings cooling
. ?‘]JQ&E Q&Q@Q%H'J;'—EJLEEW Primary to

secondary insulation is more complex to achieve

[——|
|

'¢

~
\

I:I VA EE,,':';;,\ Internal leakage inductance

r~ 4
5

ﬁl“,*’%‘ Benefits:
° %}]Q&E Q& é@, 2% % :_F J—I}l, Primary to secondary insulation is

easy to achieve

* é%éﬂi’%ﬁﬂ%#%ﬁ Better cooling for windings
* 'fi_;ﬁi'ﬁ: One component only

TE Drawbacks:
‘n' 'H'K/ﬁ Iiiﬁ{f& Less design flexibility
i ﬁ?’_EMEmﬁTl'ﬂ,‘f_ EMI radiation
* m*gEZZL_—rﬁ;FBEEE,IJ_%E%E/I%UIME'EE Eddy

currents in SMPS metal cover due to stray flux

° ié@ E(J é}j%gﬂ%? |:| %lj FH Pure winding window utilization

> 7|‘§Bi§?}ﬁz£§iﬁéﬁﬁ§§iﬁi'l‘ External resonant coil is better for ultra slim design

LIS m -



|_ L Ci%::.hlf?ﬁ% ﬁgi'#:%ﬁ LLC resonant tank parameters

EFETRE: RHETERHIMERIER

Selected solution: Standard transformer + external resonant inductance

'E}:TZ%%Transformer: ?‘]]g& EE.},?X’ Primary inductance Lm: 430 HH
5}% EE,}E,‘Z\ Leakage inductance le: 55 IJ.H

I ESPIEN

G5

IR 5 BN 5R4A

i%*}f‘ig% | Resonant coil: LS: 30 HH

:lf, Turn ratio prim. to sec. 1 = 175

E%& tt Turn ratio prim. to aux. N5, = 11.6

ilél:*h?i EE,E Resonant capacitor: CS: 2X12 nF
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|_ L Ci'é’iﬁﬁ%ﬁ%i:{tﬂl‘ﬁié LLC resonant tank model
¢ iZiﬁi‘HEFH ﬂiE%ﬁiﬂiﬁ&ﬁ"%ﬂﬁ&{’E%iﬁ#ﬁ EE.I,.'_':Z This design uses transformer leakage

and external coil as resonant inductance

° ﬁE1EFH T*ﬁﬁg T model can be used

T model

i a9 ldeal transformer
Cs Rpim L& et e Rsec
{ "._'.-' i E YO L i Tx? ; '-,.'l Wy
n m u : 4u AuH m
24nF 50 30uH 28.4uH 28.4uH ] [ 2
Vac :
f ™ '| 1 e I ..-_' o REG
AN, ] ~ Lme | )
i C4015uH | 4 ¢ 0342
; | T L
! R R o E I 1
"0 0
Kk = 1_L|k Lel_LGZ_(l_k).Lm
L
m f— .
L.=k-L,

I TIREFMRHBLELMB S 51EiRk=>TE 718 m Tk

T model reflects the fact that Lm also participates on resonance => transformer gain impact
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éﬂ% LLC stage gain characteristic

S _.|.
nE

LLCEx 18 &5

0.100

0.090

0.080

f,,= 87 kHz@ V,,, =350 Vdc
0.070 N, f,=103kHz@ V,,,,=385 Vdc
f,,= 124 KHz@ V,,, =420 Vdc

0.060

0.050

Gain []

0.040

0.030

0.020

0.010

0.000
1.00E+04 1.00E+05 1.00E+06

Frequency [Hz]

o\ PR T R S 0 TSRS B

Selected resonant tank provides narrow operating frequency rang
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L L CHN4K i FE 5% [

LLC primary side schematic

W bk -
MURATEDEMD Voo yyspdldae RE5 | I
BO & PFC OK L L .
('S
R123 5 8k IE?’ gy oon iy I i )
— FWax  MUFF 1IIH-I- A §=:|2ﬂ 4
= : o £ ﬂﬁzu E
==
< 5 . = mow " g | “
IF E - 1, ﬁ ; - o - E B 1 el j Em{l
—L g,i gl &l g ~1 = R1EE & Ri45] & - Pa EE
= m + - = el . T8k b NCP1387R Ch 1k = = E_:lm .I
gl 2a]ay e 2 H| (e . LT w e ;
al | 5| & =l & = o= 13K %T * Z?I'IT i —1—13?: 1m i 5
- | L | . | } -+ C35
= e8] i
b2z D23 S —
St = §
TH4T4E_MID  TN414E_MID @
K1
R117
L
Dl

[F=:TF

|
NCP1397 R FI U AE4R 4 (OCP) R B/ AARA R L L L CEYigit

NCP1397 simplifies LLC stage design by implementing dual OCP and skip mode

=
B
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: Weo

T MCP4303

C5

GND /(;\ — /\‘ 2
l " T
r w—.ﬂ#’l p— - — .
DEy — P - ( | out 4 ] Rds_on

IEJ-'IJJ;.T.EIJIL(SR)IQ-Vl- SR design

G B FEMOSFETHiEE SR MOSFET losses:
- -E'fEE,L\ﬁ Conduction losses

cond

|
vl
_é"_] T => ﬂﬁgﬁpﬂ*ﬁ Rds_on selection

NS1
E? g ‘Em - l‘-.l leiﬂ?ﬁﬁ Gate drive losses
Emsz D4 drv Q F ‘Vce
" J_Ei_ o' - => L_?}F I -J EE.T% gate charge selection
Rl DR | - (KR EFE Body diode losses
= MNCP4302 | GHND

B35 8 i (SR)I=H 25 A AL AT T R E

., 7Y
Poody ZTt'Vf +(Iout Zj ‘Ryyn

R TARIE SN IR AT GE R FS AL BERE SR => S MEERBE. SHARENEERBRY
controllers consumption and gate drive losses in Mo, E(FEAIPMIPEFE ZINE Affected by diode Vf,

standby would hamper standby efficiency dynamic resistance and parasitic inductance, external

It is critical to turn off whole SR system in standby

mode

Shottky to be used

i LLLILE ﬁN |




ﬁﬁ?&}sﬁ ij' %:ﬂ:_ _,}E,Z SR — package parasitic inductance
¢ *)ﬁﬁ&*%?%l%ﬁﬁé%ﬁﬁ T0220$T E_I%FH TO220 package is mostly

used due to cost and also simple soldering process

|
: - -
wds 'L/\_
I [ ] 1 = | -
| r———t— ———— — Isec
:: : _— 1 F—
1 UL_drain URds_ON UL_source |
n | _— —= ]
II '
12 I L_drain Rds_ON L_ source
T ]l e m mm mm o mm mm mm mm e mm e e e e e -
TO-220AB A_GND

° %‘I_:I:_ EE. ,“._,\l &L }'"I_:I:_.I—.E ttq: Q& EE./)IL c() 3. ‘f{ E’J}_ |Z=|: Parasitic inductances L, and

L create vol age drop that |s proportlonal to the secondary current Isec(t) derlvatlve

source

d Vds EE,}ZT: tt hé& EE./}IL J‘jf.éu %':E EE'ZIZ The V4 voltage reaches zero level prior secondary current
* H 'Lf?ézuiﬁi%'] 1:415”1 EUT EE.J— HT Q& EE.UIL'fHﬁ HFJ i EE.:F > 3?5[ Baﬂi SR controller

detects zero voltage in the time the secondary current has still significant level => efficiency degradatlon

o %/Fﬁzﬁd Isec(t)/dti@%— y L\E'SZTB ‘fﬁ‘ﬂ % Higher frequency or dlg/dt is, higher efficiency drop will be

i LLLILE m |



Bl SRRt FESE B

SR design — package parasitic inductance

- EH T’I‘&1EE—rL_I3H?nEI’JMOSFETH‘J XA B REEAFIR ™ E misissue

becomes really serious when very low Rds_on MOSFET is used

=
“
: ﬂ:.lrl!Pu
-ﬁ'l."IJ

—

El & E iz # SR controller
with Vi, ,.4= 0 mV

\
- E— 2
Bl & RI=HIEE SR controller

with Vi, ,cq=-5mV

10,0 Am0ns'ty
i 50051 IT &80.0penl
o [ 3

g B BAAMA(ZCO) B0 VIR S R SHI B R A KA

Jﬁ%&;ﬁ,MOSFET—r % H__I' IE—IJ SR controller with 0 mV ZCD threshold provides longer
conduction period for SR MOSFET
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NCP4303&F 4 B B4 ME

NCP4303 parasitic inductance compensation

LYY D + Uout e Edl Weied HonaMog Tng Deplsy Doscis Moague Maske pMath Uihs:
LL +_L Tek  AUH :'ﬂmg-e- o . 15 S2p 00 15:22:11
T T T T T i T T T T i T

______________________

DRU J}I shift_cs

To internal

TS
4 7 M AT SR A ?%j
SRR BRI M B . wm#% _____

L.omp Can be done on PCB or

using ferrite bead

8

o |
Uds

, , , Isec . Y- R )
e i -f—mq— IA%&EE.UIL SR MOSFETITE[E
UL _drain URds_ON UL_source UL_comp Secondary SR MOSFET gate voltage
D _— _— _— S current
- MW Y Y\ ) -
% L_drain Rds_ON L_source T Lcomp {
CS GND comMP

SR MOSFET conduction period is maximized when NCP4303 implemented with compensation Inductance

7E:EFFFHE Note: Patent pending
5£: $$E§*ﬁﬂﬁ$¢5ﬁ1§ﬁﬁ %rii._ EE.EY@?‘I‘{% Note: Parasitic inductance compensation not used in this PCB version

WILLLLY
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BH &7 (SR)iZIT-MOSFE T #

SR design — MOSFET selection
¢ |__| Jf%;ﬁf,MOSFETI{/EE%;: EE.}:TZJ:F;E%'T’-—F SR MOSFET works under ZVS conditions

=> | j EE,'TEI EE CiSS EE,?‘;'(CQS'chd)%n |‘j EE,}:TZ ;;%/:'_E Gate charge is given by Ciss capacitance

(Cgs+Cgd) and gate voltage

d 12000
Cod 10000 - Cigy
_I §SBUG h
“TCds 2 o \n
K Ifl—' 2 \ T — Cie
5400!] \
 — {.}‘ ca“
Cgs 2000 ] ~I__
! ; i
S 10 5%50 Vnss 10 15 20 25 30 35 40
GATE-TO-S0URCE OR DRAIN-TO-S0URCE YVOLTAGE (WOLTS)
MOSFET Qg @5V Qg @12V Rds _on @ 5V Rds on @ 12V
3;9_3.2 type [nC] [nC] [mW] [mW]
IPPO15N04N 101 245 1.9 1.2
|]]|:> FDPO47AN 39 96 5.8 4
IRFB3206 55 133 3.3 2.3

i LLLILE ﬂN




IEJ-'IJJ;.T.EIJIL(SR)IQI+ 1]

1 & TR IR ¥

SR design — gate voltage clamp selection

Fop=120 kHz
FDP047 AN

—Vclamp=5V
—\Vclamp=12V

e
~

Total power loss [W]
w

0 3 6 9
Output current [A]

NCP4303 with 12 V gate voltage clamp to be used

12

Il W {ER®12 VITTHEERNCP4303

15

18
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BIZEM(SRRZLBIKE, HSREB/KXHALIEE
SR final schematic with SR turn on/off

SREIB/XFAFX

SR on/off switch

R25
-y
12 100
o8 1_Hmﬁm R = EC& STBY anioff
e Elory U wee e Bl 8 &S % B % Q6
é G W M_TOFF R3S 1& ND uf‘_ E E uz:_ E E E TENO4N e
= COMP BAIR_TOM Ra4 L —0
¥1 |52 —] <& TRiG LR T]‘:I_ =0
1 10k - g
FOPO4TAN A6 _LL.:::.J_L#!' I
- NS — 1k 100n | 1u DY
RE 4.7R i Raz ] 7 70
- e e T S S S i i ﬁ_“aa
NP TR =
. D
ORD02
- NS2
FDPOATAN IC2 - “FEEF
R7T s TRI: 228 N .. | e e e
A 10k L] coMp MIN_TON == RN 16k r
T !'!' GMD  MKN_TOFF [ REY Ok |
oRY it
< oo e M —] caghoon | I_ ——
Hel - 7 tii | OCP ampifier
€ RED | cas L L~ o8 |
£ 27R | i I
| I NCE1002
| | R22 330k

MR _RERA  NCP4303, HBESIE fo——Sm——_ N Ly

> &b 2 o\ —_— . V— \ Al M
tlé;kﬁbﬁi Schottky B i8] K% Bx %8 5% A1 Bt 18] 18 5 SRZB/XH LLB#R N~ 32 2
Improves efficiency EE. H. ) ) SR on/off comparator IA—;& EE./JIL,.;.\ JJJ &ﬁiﬁ%ﬁ
under light loads PH ncPa303 with min. ton and Secondary current sensing and amplifier
min. toff adjust resistors

|]|]:> HEa. StthtetARSER

Simple and cost effective SR implementation
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Fan 1

) RE3
To
R126 | o ) All-in-1
R74 I
Fan2 PC

R125 QK2

Dl

To PFC latch D34 1
To LLC I_at_ch

D33

II[IC> HIE E S S i PFCE 2L L CE & I $9i 5< ]

Either PFC or LLC can be latched-off in case of overtemperature

Rasnsse. @



iR im =18/ < ]

Power terminal on/off

- . +\Eut
= ==c15 EEE
| stanory B it g

d Cons], and To All-in-1 PC
§ £ output RTN
e s filter ®
iﬂ_z
i L =

] N MOSFETi{#{XkS@EE it

N MOSFET provides low Rds_on

SR

WILLLLY




%ﬂg&ﬁg Primary biasing

¢ _'1Z|§1:ﬂ,m FH Eﬁ%% =] }:TE )E ij] Ij] ﬁlé HV startup is needed for All-in-1 application

To X2 discharge R1 i

]'L"'\‘:.I[ ] 1
Ta Viulk o1 c2 R2 (e
- II Ia b N et SI0_1 i
D5 l‘
R26 I B c3 ;
IC3 Q1 I 3

ki L 4 it
—] ETBRY  Hw J_ & S’
— ) ML [— _= ]
—_— Vi Y fe— ' RE RO ri A y
—] FB mTowN p—
—] csmFrcor p— ducs sor_2
— zop vt - .
—] oav f—
— o=c GHD xn
=
C52 4 053 [ll D32
T T R117 | 2.2
I|—| |—
i y R123 c
212 L 2 _H{'SE /]
— =z vEQOT [ 2
— max wueP —:ru
— RT N e T
— =0 W _:I__H": f_
—] FE rl sy f— _T_,;r 3 z
— L] 'S

NCP1605f& 1L #14k IR &

NCP1605 simplifies primary biasing

—
—
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X2E AR
o 0B SR TEN FHM T

=

_,E% X2 capacitor discharge circuitry

E EE.IJ_ Tﬂ?l—hT&' H:II ): X2 EE,%\'ﬁ& EE, It is mandatory

to discharge X2 cap after is application unplugged from mains

® XZﬁﬁ EE, EE, Bﬂi%ﬁ ﬂﬂ’?%*ﬂ, ﬁlé%% X2 discharge resistor increases standby consumption

To Vaux
pEcn
QP F1 |
W’E_I—\AL,— | ==5 ==8I
wpu :ﬁ,.,ﬁﬁ ci | %L %
_f'Yl-ﬁ;'Y'\_._ ._G_N_D_
i R R AR B, AN
Charge pump helps to decrease standby input power by removing X2 cap. discharge resistor
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,'El,'s _,E%*&EE,E%@ Total board schematic

[||]:|'> ZHREFFHRBENTE—MHUBRETR

ull All-in-1 solution from ON semiconductor

-

R LLLLLIE |




%%i&ﬁ'@ H‘-Tﬁi?ﬂ!lﬁl Reference design photo —top side

)J’l'g& Eﬁg Secondary capacitor

\ 460 HH & e 2F

Output connector

PFCEQDFC stage

EMIGER 25 Bl & RMOSFET
EMI filter RiFtEES AN

SR MOSFETs and STBY
switch on cooler

LLCE% 18 ¥ FE =% .
/T
LLC Resonant
. Transformer
stage inductor
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SZITE F-IKALE
Reference design photo — bottom side
NCP1605 PFCH:#l| 28

NCP1397B LLC3#=Hl 2§ ncrisoze Licent.  NCPIBOSPRCent.

NCS1002%3 /= 2§

NCS1002 regulator

LM3245 K 28

LM324 amplifier

2PNCP4303EH & ik # 25

2 x NCP4303 SR cnt.
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. 1 3F b5 .
J:F = s BB SMPS efficiency charts

94%

920 91.7%

0 ol
B - \\

3'88% \‘a‘87 8%
S /] 88.5% 87.8%
S
£ 86% ///

84% II /

82%

. —230Vac —110Vac ||

80% | |

. 0 3 6 9 12 15 18

Output current [A]

I S %151 280 PLUSTRR BEMME

Reference design meets 80+ silver specification
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FRERENE, SAERTEANRESFILE

SMPS efficiency charts, comparison with original solution without SR

94%
92%
M_\\
90% — i
_\%
?88% . T \
O
84% - — 230 V (ON reference design)
— 230 V (Original SMPS)
82% =110 V (ON reference design)
l J// =110 V (Original SMPS)
oo L1

0 3 6 9 12 15 18
Output current [A]
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\A i
B2 ZBER Light load efficiency

\
1800 N\ — No load

—50 mA load

1000

Consumption [mW]

O I I I I

90 115 140 165 190 215 240 265
AC voltage [V]
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ﬂ%?ﬁﬁ%ﬁﬁ?ﬁ Detail losses distribution

9

sl @ Vin=110 Vac
B Vin=230 Vac

7

Pd [W]

R LLLLLIE |




E@ZI{’E Future work

ERS R B E RS, ATit—5 1275

Implement parasitic inductance compensation in SR stage and thus further boost the efficiency.

FRAARBE S EEFRMOSFET &I B LB E, PE{KIREIIREE

Use different SR MOSFET(s) and gate clamp voltage to reduce driving losses.

[ —

j}_l:_—'/'j?ﬁt 'ﬂf, PFCE& ﬁE 575[ Further optimization of the PFC stage efficiency

:,I:;ZEIIE}I' ﬁE’, §5{ ’ iﬁ E8O PLUS%?& LF]E',S_(‘ ;m:}'ﬁ Boost efficiency to meet 80+ gold

specification ©
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:E's ZE Summary
ZHREFSHD SRE S ENHIB0 PLUSIRE BE S H IR TT Hion
efficient 80+ silver reference design from ON is now available!!
FINCP16053E A1 HIFCCIM PFCEHZBIRIE MUBEMLE R, 315
PFCH R Tl Z i)y, X548 A9 pfcOK 5 S R BB I
LLT%"SE%] 1{ T —ﬂiﬁﬂ‘ﬁm 9:'9& %;}E EI,‘J 1ﬁi_|_ FCCrM PFC stage driven by NCP1605

provides excellent efficiency results and minimizes PFC inductor size. PFC OK signal and skip mode featured
in this controller simplifies design of All-in-1 PC SMPS

FINCP1397 IR B AYLLCH R IR 1 A AR B RIHARET 68 0 AR
ﬁkZIK E,‘J i‘j_ijzllfj%*):' (OCP)EFH LLC power stage driven by NCP1397 provides high efficiency,

skip mode capability and cheap OCP implementation
FANCPA43035K 5 B [5] & it 25 4% [E] 20 B IAIMOSFET S FL B [8] {E
Ziic, WNMRABRNZESRS. XK= A0 B [ETHAIDIEER] IR

- =
Zj] *ﬂ%—f, Synchronous Rectifier driven by NCP4303 maximize the SR MOSFET conduction time — thus
maximize efficiency. Voltage clamp on the driver reduces driving losses

§ﬁ%¥§1$?%1ﬁﬁ§%lﬁl+&ﬁﬁ*5&|CE|"J 5‘?:%‘3'21% ON Semiconductor

provides full support on this reference design and mentioned ICs




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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