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Designing High-Efficiency ATX Solutions
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Practical Design Considerations & Results from a 255 W Reference Design




i)‘(ﬁ Agenda

¢ ;:Jrl.l, :)I-EI-.*/-J_‘ }ﬁﬂ] I_'Eiﬁ 35}? Regulation and Market Requirements
o 255 W ATX%% 'I«Q '\L'|_EI‘J E *,T;}Jl_l_l,;'@': Target Specification for the Reference Design

A ) . )
¢ ;ka % 5« Architectural Considerations

o iﬁ i"’ﬁ‘?%& §/|\ EE.)‘J?\EQ EI‘J 9% %=%};€'\)§'\ Design Approach & Key considerations

for each stage

— ThBEREBKRIE(PFC)ER prc stage
- iﬂ:% EE.;J;?\(SMPS)EQ Main SMPS Stage
- ;Kéﬁﬁﬁ Secondary Stage

¢ 5')1'] ﬁtéﬁ% Results

* /§\ é:é.: Summary




i)‘(ﬁ Agenda

m— =
nl "I‘-!"
TR EAY ]
IJ-I \I l
I ll

o

o 255 W ATX;%% 'LQ 1-|_ EIJ E *-F;:Jb Y3, Target Specification for the Reference Design
¢ ;ka % JEs Architectural Considerations
o 'LX 1-|_ "‘f:l:& §/|\ EE.)‘J?\EQ EI‘J 9% %=%};€'\)§'\ Design Approach & Key considerations

for each stage

-J-
| oo
ﬂ

\.'_i.

— ThBEREBKRIE(PFC)ER prc stage
- iﬂ:% EE.)\J? (SMPS)E& Main SMPS Stage
— /Aé&Eﬁ Secondary Stage

¢ )IJ-I\'J 'ﬁt A % Results

* /§\ é:é.: Summary




HIREMRANEE

Drivers for Efficiency Improvements

[FEREFREECEZUNERAZERNBFNEREN —NEER R

Reducing Energy consumption has become a major goal for governments and consumers across the globe

ﬁkﬁ%%ﬁ@ﬁ‘i‘ﬂ%% ‘ﬁ"é&*&'—‘? H 1,E< i’%ﬂ’\] ﬁ':'ﬁ;%jz Businesses need to adapt to these ever

increasing demands for higher efficiency

“Zi @ﬂ;ﬁ” ﬂlﬂ%éé'é Z; H.'ﬁ'iﬂ_’, j:f_ j(-'ll-'-l'_ ﬁg%{%ﬁ\éf “Green” groups are continuing to constantly

push the boundaries

égﬁﬁuﬁf_\z |:'ﬁ':|E%%&E*ﬂE’Pﬂﬂﬁ%?&&?ﬁﬁ]ﬁ%ﬁﬁﬁﬁ'ﬂ%':%3}? Higher integration into

end-products and smaller form factors are also pushing the need for higher efficiency

RAGMNEBHRZFENSERE ZXRE , ABRKEZHER cany cnaviers
of increased efficiency are gaining lot of attention and garnering increased rewards

TTE L SIEREKITH(CSC)R— N E M AONEA S , XEKE KX DHD)
i‘l’ﬁ*ﬂ?’z ﬂ.'i E"J %ﬁgi‘&gi The Climate Savers Computing Initiative (CSCI) is an influential group that is

pushing high efficiency requirements in computing

- Eéﬁigg}éﬂﬂwﬁimyi*nmqq y ﬁﬂkﬂ’\]ﬁﬁ?‘&ﬁﬁ%%fﬁiﬁ This group has the

most aggressive efficiency targets of any major group or regulation agency world-wide

- ﬁﬂﬁ]ﬂ’ﬂi]ﬁ!ﬁ*ﬁﬁﬁﬂ%iﬂﬁ;ﬁéﬂ y quﬁﬁ:@?E%EEgBO PLUS Their specifications were

quickly adopted by other groups, including 80 PLUS in the US




THE ™ SIRE RT3 (CSCU)RERER

CSCI Efficiency Requirements

Year 1

Year 2

Year 3

Year 4

Time Table

July U7-June 18

July 08 - June 13

July 109 - June "0

July "0 - June "1

Minimum Efficiency Targets
{ia 20%, 50%, 100% of rated o/p)

Energy Star 4.0
B80% , 80%, 80%
FF=0.59

82% , 85%, 2%

55 % , 88%, 85%

87 %, B90%, 57 %

Equivalent to

80

PLUS

Purchase Commitment
Most recent EnergyStar Compliant PC
85% PSU
88% PSU
90% PSU

100% 100% 100% 100%
==20% ==a0% 100%

==20% ==a0%

==20%

o TR, B3, Google, BEE. B/RMEREZE I REE

8/ . o .
ﬁSWEEf ﬂ[ﬁ_l j] With active involvement from Intel, Microsoft,

TWHRSE | XH

Google, HP, Dell & Lenovo this is a very influential group

o A, CSCINAWMERFHBFEDXMWSZDRFE LIREEXR
gsﬁ E"J -‘L-l_%:ﬂl?z I:Iﬁl:l E"JE("L;E In addition, CSCI members are asked to have minimum

purchase commitments listed above every year
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SER1T
Reference Design
NAFEITEF WSIERERITHI(CSCHE=F(2009F7A E
201046 A) B #5(580 PLUSHISIlver B #rE L)Y S 2E 18 1T arx

reference design that meets Climate Savers Year 3 targets (similar to 80 PLUS Silver targets) is presented

jz255 W%%iﬁ '\L'|'%'|'5(TJ Iﬂ,;‘;ﬁﬁ* EI\J ;iﬁﬁﬁmiﬁ The 255 W design was built

to real-world specs

— g'gf T3RFEOEMBIHAE Specifications from 3 major OEMs were incorporated

— WRAHEATXR ST I3 standard AT dimensions and outputs

— PRERIIFME sandard protecton features

— BRI N ITTZE M e tnisned unit was fully tested in a rigorous manner

%éﬁzﬁmﬁizlsﬁ §/|\i§ -\L-l_ BﬁEﬁ%BﬁEE_IJﬁ*Lﬁ:%E/@ Overall cost of the

system was a key consideration during every design step

XSZRITRAN BRI E BB FH(LLC-HB)IERAFTNE

LLC-HB Resonant Topology adopted for this design




ZEZRIT-B AT
Reference Design — Target Specifications

B ASEE : 90 VacE264 Vac(100 Vac, 115 Vac., 230 Vac
%ﬂ 240 Vacj] h‘ﬁm EEJ_ ) Input range: 90 Vac to 264 Vac (100 Vac, 115 Vac, 230 Vac, and 240 Vac

as the label voltage)

m Il:l:ll ]jJ ZE : 255 W Output power: 255 W
MIHEE : 12V, 12 Vg, -12V, 3.3V, 5VH5 Vg, oupu
voltage: 12 V,, 12 Vg, -12V, 3.3V, 5V, and 5V,
ﬁlé 7;&% 312 Efficiency requirement:
- 20%'5'\ E‘Z*ﬂ 5% E‘Z H:_I- _I%_ a: 85% Above 85% at 20 % and full load
- 50%ﬁ E‘Z H:_I- _I%_ a: 88% Above 88% at 50 % load

IjJ$Iﬂ§&(PF) : 230 VaC\ SO%ﬁﬁHﬂ'Eﬂ:Og Power factor: > 0.9 at 230

Vac, 50 % load

‘?%.lt' *ﬂ:ﬁgﬁ g jz (FEM P) : 1& a: 1 W Standby power requirement (FEMP): < 1W




ZEWRIT-W AR

Reference Design — Output Loading

5 oo BREF (A) | FHBEFA) | SONARKEBTR | 20%7A K B
Max Current Full Load (A) 50% Load (A) 20% Load
12V, 13.0 9.5 4.75 1.90
12V, 7.0 5.12 2.56 1.02
12V 0.4 0.32 0.16 0.06
3.3V 8.0 5.03 2.52 1.01
5V 15.0 9.44 4.72 1.89
5V, 3.0 2.39 1.20 0.48
BIE(W) 361.2 255 128 51
REMER > 85 % > 88 % > 85 %

Efficiency Requirement




% %ﬁﬁiﬁgﬂ E */'T‘ Efficiency Targets by Stage
o AT REBSWHEBEMBIR , M RRRELIUHEHIEHN
Ly
RBe

e
7N,

}&g sk To meet the overall efficiency target of 85%, each stage has to meet a minimum efficiency

Secondary
Standby)

Multiple
Outputs

196% @ x  194% @ X 195% :
SKH85% M AT BRI N B EAERCEEFRAR/LE @ 0 t-------

Min. efficiency needed to achieve 85% overall efficiency (across load/line)

c AREZERKEEMBEFER , BIREN, RBILANEMFIR

A N, /
-L-|_ %BMﬁﬁi 1; éﬂ] % /-bl:,\ In order to meet the minimum efficiency targets, the architecture, key components,
and overall design has to be carefully considered

¢ EHREXFEFENSERITERIAXEERER , ARMIARE

- S ~
Eﬁ{ﬁ EI‘J /Q\E‘X_,ZIK ' ON Semiconductor’s reference design has achieved theis objective while still keeping the
overall cost down!!
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Topology Comparison

MFF R IERK LLCHHHE R BIRHMLIER
Dual switch Forward LLC HB Resonant Active Clamp Forward
5 a':'Lﬁ'L'l' Easy to design EEEXEIQ 'L'|' Hardest to design Eij‘(ﬁlﬁ l-l- Ha}rEc;est to design
TESS R‘J";ﬂﬁﬁi@: Leakage sensitive gi??:iﬂﬁﬂControlled Leakage R ;Efrii’g;el\lo leakage
Transformer :ﬁl%ﬁﬂjﬁ%{’ﬁ 1Q operation A:%Z% ﬁﬂ?;“ﬁ'ﬂf 2Q operation %2% ﬁEL"T‘éﬂE 2Q operation
tFﬁCﬂi”@ EE,EE%Lower creepage tFﬁCﬂi”@ EE,EE%Lower creepage 1—?);5 _I%_”@ EE,EE%Higher creepage
MOSEET 500 V (600 V) ;;ﬁo j;’ %(‘?2%%\{2 800 V
250 K BB gn 1 A BN IMAER , IHERBER
MOSFET . 2pcs high current .
2pcs high current 1pcs high current, 1pcs low current
i tH A B5g 1T FrEE & 5% 1T (1N 15%)
Output Choke Conventional design No needed Conventional design (smaller by 15%)
T IR == 175 = 4 S 2b = = I
B R IT wRESUKREN (REES) 5t
. . . Needs higher ripple capability (more . .
Output Capacitor Conventional design losses) Conventional design
RRXBE RABBRRE R TR RABBRRE R
Cross regulation Good with coupled choke Not Very Good Good with coupled choke
-—-—-—-l—I-I-I—I—I—I-I—.—.-.—.—. .
FkH R BT 5% JRLLS C¢is S B e,
Switching Hard Switching * Soft Switching Soft Switching Yo o
»
A —_ — v
REK & ‘en = = et®
Efficiency Mid " uiigh, Highm®®
LE BN T - W W




I%jﬁ%ﬁ*ﬁﬂ‘%*@ﬁ# Topology Options for Main Converter

o HHIIRBLMBENERRERLEEE

Output Power level and Effigiency requirements dictate specific choices!

N é*ﬁmi% : _ )
75W INTFEXR , 21 =E
: INEES , 1188
FULL BRIDGE PHASE SHIFTED
. PFC gu® EEENg, . -Switch, 2-Diode 1-Xfmr, l-Inductgu
3 T N ~ 22
AL 21T K ERERL BRI \
ACT%/E,CLAMP Flyback 0’ 2AFFR , 2= 1§\£E§§ IR
2-Switch, 1-Diode, 1-Xfmr ACTIVE _C'-A'V'P FWIg(ZVS)
2-Switch, 2-Diode, 1-Xfmr,g-Inductor )

BRE : 14N,
AZHRE | 141 TES

FLYBACK REG

=
ANFFE | AN | 24
SR interleaved LLC(ZVS)

4-Switch, 4-Diode 2-Xfmr

XXﬁ*EEI/#ﬁ 2| (29 : 4%, 2R

QR Flyback NZIRE , INEERR

1-Switch, 1-Diode 1-Xfmr LLC Resonant (ZVS) 2-Switch, 2-Diode, 1-Xfmr

ot fﬁ;f% ELcﬁaﬁ(ﬁE&Eﬁ*) IAFE 2
\J

REims) - A, BFFEER 1/\‘&9&

IN=RE , INEE INZH/E | MR X, 24 = INEE||E , INEERR , 1IN ER
F'-YBA_CK'CTR'_- 1AEE.!§15WFORWARD ¢ EE 1AEﬁ.g o FULLBRIDGE -

or

—— o e o e oy,

[ ERE ] S [ ATXER ) .

ADAPTERS ATX POWER SUPPLIES 1

BRERINER
Traditional and Emerging Approaches

LirERS |

[ NO®EBOOK ADAPTERS
n

10 W 1 100W 250 W 500 W
IJJ$ Power

LA
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Topology Summary

XXj“* l:ﬁﬁﬁ EE;:*E?I\%M 2-SW Forward or other Hard Switching topology:

i ;FHE;TéFH 1—Fﬁﬂ:9€ Does not facilitate soft switching
¢ ;Fjﬂ_ E;Téﬁﬁ Iﬁ ?/F g;ﬁ Does not facilitate sync rectification
° ﬁ‘é?‘&?&ﬁ Lower Efficiency

° XX}F* .I—.E)‘%&E"J MOSFET'& ﬁE?E?&(VdS*I rms)ﬂiBO% 2-sw forward has 30% worse

MOSFET figure of merit (Vds*Irms)

¢ mﬁi'ﬁ:}ﬁzﬁﬁ _I%_ (QE %%‘Fiﬁ ||:|:I| *}Ei}ili) Higher cost in Magnetic components (Transformer +

Output choke)
o %F%EZ/I\j( EE.‘;JiIi/EEJ:TS :*&%:' 2 high current/voltage diodes required

o %/I\Iﬂ $MOSFET%B§EE§&%&J# Heatsink required for both power MOSFETS

CEED T




LLCREREiRE R an LS

Benefits of LLC Series Resonant Converter

SHTERAINETAEL | BRIEIREXNHRE AN THEEMNRE
E’g ﬁ A EEJ:TS %u Eﬁ H:II ﬁ?ﬁ:}ﬁ IEI Type of serial resonant converter that allows operation in relatively
wide input voltage and output load range when compared to other resonant topologies

TERGHERR Bk E(tank) THEBERERNEE N T ERPF—

R %g _4\@'&75142 Limited number of components: resonant tank elements can be integrated to a
single transformer — only one magnetic component needed

*JJ é&ﬁ*%&ﬁﬁﬁ%ﬁfﬁﬁﬁ%ﬁ:Tﬁg EEJZ_IS}F*(ZVS) Zero Voltage Switching

(2VS) condition for the primary switches under all normal load conditions

g EE.\;JZEJ:F;% (ZCS)FH a: )ﬂ é& :*&% Zero Current Switching (ZCS) for secondary diodes

i—Fﬁ}F;&*ﬂ EE.W?%(EM |)?F§E1EET~EE% gi\ﬁ% Soft-switching and lower EMI are additional

benefits
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PFCEREER IR H

PFC Efficiency Improvements
* E- %iiﬁ: I'ﬂz*ﬁﬁ(CCM EEDCM/CFM) First, select the mode of operation (CCM or DCM/CrM)

« HECIMAMCCMEMAME , ZHFEFFHEDIRMBENS TI4%NWHERS R

ON Semiconductor has >94% efficient solutions for both CrM and CCM applications

T 'ﬂz*ﬁﬁ Operating Mode

\
Egﬁ/‘f—i Main Feature

4 IL ﬁﬁ% EE.E:_IK E,\;EEEEJ:F* Always hard-switching
T~ (CCM) EE@EEEij( Inductor value is largest
Continuous Conduction Mode =

> igjﬂ_*ﬂ EE.iJilf.Ei/J\ Minimized rms current

4 IL 3'555@% %Eﬁ igj:l_ﬁ Ea.ﬁﬁaij( Highest rms current
(DCM) gj%, EE.FE&\ B%{E Reduced coil inductance
Discontinuous Conduction Mode e = /4

> REMRME sest Stability

A IL Ilﬁ g?“'?f EE.EZ_‘K ﬁmttﬁi Good performance to cost
. (CFM) igjﬂ_*ﬂ EE.‘;JiIi?F?Cj( Large rms current
Critical conduction Mode g st o .
. FRIMBEREE-EMIE L E

Switching frequency not fixed — EMI becomes harder
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Considerations for Different Operation Mode

= & \ =M B AL Al .
o 5(7] CCM ﬁﬁ = , EE ﬁ1‘¥ ﬁkfﬂ = EE}& . For CCM, high efficiency can be achieved by:

— LT REFRBHREFRBELSRENES , Bt , HHESEERR
Eﬂ_a:l: ;& 5}ﬁ$ tg& ﬁ? EH %I) Optimal switch selection (at light load, switching losses dominate, so it is more advisable to

sacrifice Rds-on for faster switching)

- {EFH i‘FX'UﬁEﬂE :W% Soft recovery boost diode
- iﬁ*%éﬁjtlj\ﬂl‘] EE.E?\' y )Jﬁ@"‘fﬁ?ﬁﬁ (ﬂﬁ*ﬁﬁﬁ{ﬁ) Inductor sized for copper loss reduction

(Core losses are low)

o 5(7] DCM/C“V' ﬁ'ﬁ E y ﬁllg 3\37# ;EEFLI, _I%_ ﬁll::: #& . For DCM/CrM, high efficiency can be

achieved by:

- ﬁ'ﬂfr EEJE&.ZEE;ER y F%{ﬁﬁﬂ/ﬁ?ﬁﬁ%ﬂ%&ﬁé%éﬂ?ﬁﬁ Optimizing the inductor core for low core loss

and low high-frequency winding losses

- iij::xp TE.I" E Bﬂjﬁu ?F?Cﬂi EI‘J 3:|: 9& Selecting a lower Rds-on switch

== S S < — N
- R 1 )69\ }E = }l_ES — *&% Elg ﬁjaxF Less attention to be paid to boost diode selection




PFC — fitHZh EE

PFC — Output Power Positioning

BHERE ooinumber 75-150 W 150-250 W 250-500 W >500 W

NCP1601
NCP1606
NCP1653
NCP1654/55
NCP1650

_ ﬁgﬁé%ﬁ#l: Better fit exists

EE%\$3FE§% EE:&Ilﬁ ﬁ“T.lE" EE:EE% Fixed Freq. DCM & CrM

Ilﬁ ﬁ*% EE,EEE Critical Conduction Mode
Eﬁ% EE.E:T:E Continuous conduction Mode

* ;TLJt25O WEFH ﬁﬁ% ) I#*ﬁﬁﬂlﬂﬁ—ﬁ)ﬁ@lzié‘iﬁﬂliﬂ% There is a grey

area in the mode of operation to be chosen for a 250 W application

e XSZEIRITIEFETCCMPFC , FANRZH/REFRSMEHINCPL654 ror this

reference design, a CCM mode PFC was chosen using ON Semiconductor's NCP1654




PFC - E& S BHEXMOSFETER

PFC — CCM MOSFETs Choice

20N60C3 15N60C3
2 3@PE# Rds(on) = 0.19 W £ 3@PFE#1 Rds(on) = 0.28 W
8% Coss = 780 pF #tHEA Coss = 540 pF
FF < i (Coss) SHinE FF < #(Coss) SHinE
Switching losses Conduction losses Switching losses Conduction losses
100% 1 £ Load 1.28 W 1.34 W 0.88 W 1.98 W
210 W N suborr: 2.62 W (=) ANt sub-total: 2.86 W
50%%1 Fload 1.28 W 0.34 W 0.88 W 05W
135 W Mt subtotar: 1.61 W Mt subtotas 1.38 W (0
20%1 #load 1.28 W 0.05W 1.28 W 0.08 W
54 W Nt sub-totar: 1.33 W Mt sub-totar: 0.96 W (°°
2
o P max 8v2V
S BIRFE conduction losses: Ponmax = Rbs (on) (\;Aj -[1—%}
acLL out
o n 2
HCossS MR i 5% "CV2dv==C,/25:V** . f
Switching losses caused by Coss: 0 3




PFC — &£ S B EAMOSFETIE R (4)

PFC — CCM MOSFETs Choice (Cont’d)

Efficiency of 270 W CCM PFC based on NCP1654

(Vin =115 Vac)
HEFNCP165489270 W CCM PFCHIRERM (FaI A BB E= 7115 V)

7 RN

97.0% Y
o 96.5% - : |
= ] ] —— 20N60C3
5 2 96.0% [
W= /‘r' — 15N60C3
i 95.5% 1
95.0% .
0% 50% 100%
' Output Power

Al Th R

o BEA, FF %Lﬁ% HMENESR. FEXRAFT , SIEERK
E«JMOSFETE{#&E{ E;&o At light load, switching losses dominate. In some

conditions, MOSFETs with lower rating provide better efficiency




PFC - EEZSBEENXNHE —REEEF

PFC — CCM Boost Diode Choice

FEZRE

Boost diode

MOSFET

MOSFETs

« EELZSHEN(CCM)BRES , AEZHREMN Izgy (Q)F(, +
t, + t )R Kt EZMMOSFET M A FE — & HI FF X FE i cem

operation, the Ixgy (Q,,), and (t, + t, + t,) of boost diode impact the switching losses of
MOSFETs and boost diodes significantly




PFC — &S BERFE = R EikE ()

PFC — CCM Boost Diode Choice (Cont’d)

400  40.0ff
g 4~
200  20.0ff
%]
s £
g s 0 g- 0 DN\
8= 3
&0 = NL N
i \\J
-200  -20.0 ~J -
-400  -40.0f
12.996850m 12.996860m 12.996870m 12.996880m 12.996890m

time in seconds

=
-
-
-
-
-

S

Id MSR860

Id MURS860

« HIWMSRB60IXFHEIRE —KE (BIKE B Hs=th/ta=3 , &

6]k & B8, faiQrr=700 nC) A LA K F

MSR860, with s = th/ta = 3 and Qrr = 700 nC, reduces the switching losses

- **ﬁﬁ A soft recovery diode, e.g.




PFC - &S BERAE - RELEG)

PFC — CCM Boost Diode Choice (Cont’d)
c NTH-—TRAEH , XEI|H/L %R

To further improve the efficiency, here come several choices:

— BLESIC)ERE=-RE - SME=RE
Silicon Carbide Schottky Diode — zero recovery diode
s XRZRERMES MR , BEXE MK

This provides better performance at added cost

— Qspeed QRYIPFCEiEE — MIRE —RE(FIREBE s=tb/ta=1.3 ,
I 11k & BB 75 Qrr=35 nC)

Qspeed Q-series PFC rectifier — soft recovery diode with s =tb / ta =1.3 and Qrr = 35 nC




NCP1654i £ 5 15, (CCM)PFC 270 WH A

NCP1654 CCM PFC 270 W Application

98.5% |
98.0%
97.5% |

96.5% —115Vac
0 -

05 5% f\ 230 Vac

95.0% | T

94.5%

Efficiency

0% 50% 100%
Output Power

PFC MOSFET Q1 = 20N60C3
PFCZ#R&E D1 prc piode 1=Qspeed LQAOSTC600 100 VachIgE = T95%

Efficiency > 95 % at 100 Vac
PFCHE R B B prc choke = 650 mH

* Eﬁﬁ*%ﬁéi'ﬁ: , ‘H\E%Zlggwtﬂﬁ By selecting suitable components, efficiency is optimized

« BREATRKINAAEZRERSE , BEEBRAEECHTLABRITRE ? sutsome

people might think the boost diode costs more, what other solutions can be used?




PFCERER R B

Summary of PFC Stage Considerations

o HE250 WEAMIHEEHE , &S BEN(CCM)MIER S BRI (CrM)/FFELFH

*ﬁﬁ(DCM)%BﬁE & {/ﬂ\: E!&E’g ﬁgi‘& Both CCM and CrM/DCM PFC can provide good efficiency at power
range around 250 W

° %ﬁ’?ﬁ?l‘éﬁm E"J iﬁ i‘l‘%{ﬁ}f—i%;ﬁﬁ |E_| The design considerations for each topology are different

° RT.I':_FCCMWE ) E.“’Xﬁ** gfﬂ%ﬁ%%{ For CCM, high efficiency can be achieved by:
— LT RIEE optima switch selection
— FEAFIREFAE ZMRE sot recovery boost diode
— EBREERPHBER , BADMRFE ESIRFEBRIR) nuctor sized for copper loss reduction (Core

losses are low)

i RTH:DCM/CrMﬁ'EE ) Eﬂ«lﬁ# %fﬂ%‘ﬁ%%{ For DCM/CrM, high efficiency can be achieved by
- 1t1|$ EE,@WE y %1&@/@@%@ E&ﬁé}%’éﬂ?ﬁﬁ Optimizing the inductor core for low core loss and low

high-frequency winding losses

- iﬁ%%%’ﬁ Bﬂﬁﬁﬁﬂ'\] }F;& Selecting a lower Rds-on switch

- R %ﬁé\ 5i,%~}|' E — *&% Elg iﬁ?& Less attention to be paid to boost diode selection
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Key Components used in PFC Stage for Reference Design

« NCP1654 , KFSO-8¥ %65 kHz CCM PFCIZHIgs

NCP1654, 65 kHz CCM PFC controller in SO-8

o PFCIRFE prc choke
— PQ3319 PQ3319
— BRMERNG50 ILH inductance is 650
- 0.1~ 50;@%#‘]%&%2 0.1*50 Litz wire

e PFC MOSFET prc mosret
— SPP15N60C3, 15 A, 630V, 0.19 Q Ry

e PFCZ=#E prcbiode
— Qspeed LQAOBT600, 8 A, 600 V

=== @
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o 255 W ATXZZ1&1THY B PRI Target Specification for the Reference Design
o BRFJZEE Architectural Considerations

o RITHEERBNBEIRERRIKTEZE R R pesign Approach & Key considerations

for each stage

— NRABRIE (PFC)ER prc stage
m Eif: HFT ;;':;, -E JJJETI\ (‘ )‘M” ) S )FS{ Main SMPS Stage

— /Aé&Eﬁ Secondary Stage

¢ )IJ-I\'J 'ﬁt A % Results

* /§\ é:é.: Summary
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Topology Options for Main Convertor (Cont’d)

iﬁ;éé%wiiﬁ;:*ﬂmﬁimﬁ% Advantage with Soft Switching solutions:

i—Fﬂﬂ: 9& % ;E _l%_ '&ﬁl\tt _I;J_ ﬁg )‘&%u t&'ﬂi EE:EE :F %(E M I) Cost effective, highly efficient and lower EMI due

to soft switching

B ’EHuIE;%&(ACF)%uXX BRI R B A (LLC) R IMEM IE# A T80 PLUSH
85 P LU Sﬁg/j&jj_ 3I< ACF and LLC are being used for 80 PLUS and 85 PLUS solutions

EACF:.I:EH\ 1‘@ l:F' 1E1 g r.’l[d] H J'Fgulb Self-driven Sync Rectification in ACF
E@LLC*E?l\ m I:Fl EI‘J H -LFEIJIL Facilitates Synchronous Rectification in LLC
EACFHRINE IR ER/NISUSH B ELLCHINEH P LTE R L IERE

15% lower output inductor in ACF or No output choke required in LLC

E y} i‘lﬂ *IJ FH J_ 5%@1&/ (A (% 2 % FE? 1’E) Better Transformer core utilization (2Q operation)
-JLEI itF J’j\E =]l ).IJ;DI-I R I 1/E y M ﬁ,ﬁ R _.I- E /J\ Allows operation at higher frequency, thus smaller size

T EME—R80 PLUSSERITHRABRENM(ACF)., AL
~m—IREl, X85 PLUSmﬁE*&?%lﬁl‘l‘qﬂﬁ?zTXX%@ﬂﬂ
i %‘Q‘(L LC)o Active clamp was used in 15t 80 PLUS ref design in past. In order to )

show another example, LLC was chosen in this 85 PLUS efficiency design
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Design Tips for Light Load Efficiency
- BEURFBRARENZVMNEFET)(EERESERNZHE
i&‘/fi'j:ﬁi) ) ;Téﬁﬁ Eﬂﬁ;&]ﬁéﬂfﬂ% %1&%9&*&% Reduce switching losses

with soft-switching operation by selecting FETs with low capacitance (trade-off with low Rds-on)

XFT o< IE 3 LLCHFER | AR IER
Dual switch Forward LLC HB Resonant Active Clamp Forward

FETEmHEZR | 1560 pF 1560 pF 930 pF

Total FET Coss

S BEE 400 V oV 200V

Turn-on voltage

S @ 4.8 W oW g 1.1 W

Turn-on Iosses(loo kHZ)

XA BER 25 A 1.6 A 2.0A

Turn-off current

;lel\zﬁ Tﬁ*%Turn—off losses 08 W 04 W g 06 W

(25 ns, 100 kHz)
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Design Tips for Light Load Efficiency

RERT , BEETHE0.1 WHEEEHEE L !

At light load, every 0.1 W counts!
— Bloso Wi B RSN B |, 20% R &84 40.6 Wi FEFLAE1R FHAE
H1.2%

For a 250 W output system, 0.6 W loss reduction leads to 1.2% efficiency improvement
at 20% load

£240F300 WHY Kt BATX R &g |, BB ME
B (LLC)¥EBr(HB)IBIRAFANE ) B — TR TV R IR 5
=, EEYEMOSFETAIRAMNZBEFX(ZVS)H
K, BEBERSNEUMESEX

Within the high-volume ATX application space of 240 — 300 W, LLC HB Resonant topology is
a good solution to achieve higher efficiency at light load due to ZVS on primary MOSFETs
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The Optimized Operating Point
o EHRIFUEHLNAFEN TEMRTERXESBREE

Gain characteristics shape and needed operating frequency range is given by these parameters:
— [ %@(Lm)/%ﬁ?ﬁ%‘?ﬁ EE.EZ(LS)J:'S Lm/Ls ratio
— 'L%j:h.:‘iﬁ% ﬁEJTE'FFEI‘Jq%‘ﬁE Bﬂjﬁ Characteristic impedance of the resonant tank
- ﬁﬁﬁ Load value
— ZR[ERR[MEREE transtormer turns ratio
. TR (fop) B0 THE M2 T IR (fs) it B 2R 3|
fop = fs The operating point of fop = fs is the most attractive
— .I_.E?sz*ﬂé& Eﬁjﬁ Sinusoidal primary current
— MOSFETHIR R E RS ELILAE

MOSFETSs and secondary rectifiers optimally used
- AEHERABENNB(EE 2 HBNFE KBS BEVDbUIK) S EE
BXANITES

This operating point can be reached only for specific input voltage and load (usually full load and
nominal Vbulk)

5
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Normalized Gain Characteristic

2.0
‘ I /E\ \\/ Q=200 — B& Lignt éad ——Q=0.05
18 +— Lm/Ls=6 o - :Qig.s |
/ :\\\ Region2 & R
1.6 u u ——Q=3
LA\ ZV'S — ot
1.4 . \ = —Q=5
. N - _
. \ n —Q=10
. / SN : —
g // r . Region 1 — Q=100
% 1.0 / | | —— Q=200
S ————
~ 081 . e N ———
N
0.6 - :
Z( / : T
0.4 - \\
: =0.05 - Eﬁ Heavy load T — |
0.2 / . y
. T
0.0 w T =
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
S mmm === — —————
BIX : ZCS IXﬁE Region3: ZCS region \’§’1 Izﬁzlz . ZVSI{,EIX Region 1 and 2: ZVS \/\

=== @
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Secondary Waveforms of LLC with Diode

a) Fop < Fs | - b) Fop = Fs

= gﬁ,%ﬁ EE.;ﬁ, rectifier current

- gﬁ,%ﬁ EE.ES rectifier voltage

C) I:op > Fs

3 =
1EXL'E Assumptions:
1. ;ﬂé& EE.)‘ﬁJEE J—.E ?)ﬁ;& Secondary current is sinusoidal

2. I ¢4ﬁ§ T~EET:|_: i%#ﬁ’bﬁ $ Fs Operating state is in resonant frequency F..

L LA ||
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Secondary Current Calculations

%Eﬁ Equations

24 V/ 10 A% &

24 VI10 A output

12 V/20 A%

12 V/20 A output

HHER-REBRR

RMSIdiOdecu”em_ | T ID_RMS = 7.85A ID_RMS =15.7A
D RMS — lout T,
T RE SR
Avc]d:de::;ent: Jout ID_AVG =2A ID_AVG =10A
B 2
ﬁg;&%am
R I, o =15.7A I, o =3L.4A

| =1_.-
D_PK — lout
- 2

BIfE#12 VEIE , LLCHRING MM L RERMEAEZEE

Even at 12 V, the RMS current is still in the acceptable range for LLC topology




SEAH2FINCP4302H BRI T BRBR AT R

Synchronous Rectification Solution using 2 x NCP4302

1

Ra
22, > I
Tieen]iu
NCES2E 28 SR
5%&8 S22
5]
- (B +12U
M1 — 35 turns
M2, N3 = 2 turms 1H132?R Ci1al EE?
M4 — 1 turn 2ng
Lm = &28 wH N2 03 == —_
Ls = 115 uH 12CUASEN R1e T T
1 feTme
] {5 GHOL
J_ ci -
hd | B3 22880/ 25U GND1
ML _I 1ER
FOLa4 AN * —1—+
E4 BR 04
+Ubal k& 1M4148
z
. F‘ﬁ_ﬂ—liwqi4a
SRR11NSRCZ - L
| es o —— FOI&+2aM 158
DF!U_HI@—“j— Tisn 4 TEI
BRIDGE (3 7% —
@ 12CHEREFN 4 T12 —
R14  |3n3 R L
a3 (€ wa e B s T 5L
g “Jieenliu
SPP1iNSBCE T
— =_ 2"_%19 HCP-$382A BHDL
DDU_LL‘.I@—“j— MURL&E |
. — = 3 .
GHOEr H*MFE’? SynC S|gna|

.I-.E'T:I_: EF' 1%%*“ (patent pending)

REXESH
ON Semiconductor®




Fop= Fs N RS ERRE

SR Operatlon for F = F,

Ici| 20V gRi| 20V 1.0us - AFZEHRMOSFETIIES 1.0us/div

§c2| 2.0V [R2] 10.0A 1.0us SR MOSFET gate signal 5.0GS/s 200ps/pt
IG:3 | ?UOgA Q EIHL% %l)lb Rectifier current .GS| A BSV
Hcal 10 - A BEHRMOSFETIREE

SR MOSFET drain voltage

I - ﬁﬂﬁ%ﬁiﬁik Trigger input

L LA ||
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The Operation Point of LLC HB

2008,08,21 16:53:00_]

[tok

A3\ Y

Normal

YOKOGAWA 4 75 1 100M5,5  10H54liv

| <Z2:5k»
[ N

R MOSFETH

ROREEVDS — |

Vds of primary MOSFET

T

T

WiReEREF —
I:I:I EI‘J %)\ﬁ: Current in 5 E

resonant tank ......... ......... ......... . ................ .........
TS 11.680s :
14X : 85.6]1644kHz

T

CH3 10:1
50.0 U div
DC Full
| cHa 10A:1V
0.200 Asdiv
| DC  Full

Edge CH3 f
Auto
Z6.5 U

o iﬁ *Jf‘iﬁ)ﬁ ngsﬂ‘] 77 kHZ The resonant frequency, f,, is 77 kHz
¢ 3%% HT_I' E"J I'f’ﬁﬁﬁi 2'5 ﬂ‘] 85 kHZ The operating frequency at full load is 85 kHz
¢ *)J é& M OSFETI 'ﬂETZE:-.-E EE:J:TS 3:: 916 (ZVS) Primary MOSFETSs operate at ZVS
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Key Components of Main SMPS Stage in Reference Design—Primary Side

« NCP1396 , EESEKFIERLLCIZE S

NCP1396, LLC controller featuring high voltage driver

o ENEIRMEEMRLR , T EFVMRFBRBTT B RkE R

Integrated resonant tank solution, i.e. the leakage inductance of transformer acts as resonant
inductance.

— EE35% ¥ EE35 bobbin

— bR BN Lm=630 pH

— EIREBERNLS=80 puH

— 1‘)]%“:?&7] 33[® , 0. 08*80 REL 3% Np = 33 Turns, 0.08 * 80 Litz wires
AR BER2[E | 0.2*254 Ns = 2 Turns, 0.2 *25 Litz wires

o *JJ é&{)n\u MOSFET MOSFETSs at primary side
— STP12NM50, 12 A 500 V, 0.35 Q Rygion
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Key Components of Main SMPS Stage in Ref. Design — Secondary Side

KA2P[E S B RESEHRIZBENCPA43023 iz H[E Bk
MOSFET

2 pcs of NCP4302, the synchronous rectifier controller, to control SR MOSFETs

MOSFETR{EE R 25

MOSFETSs as rectifiers
— STP8ONF55, 80 A, 55 V, 5 MQ Ryg o

—IREERLSEFRMOSFETHEL , LUR/NFE X B B35

Diodes in parallel the SR MOSFETSs to reduce dead time losses

— MBR20L45CTG, 20 A, 45V
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o WRITEBRNMBNBEIREIIREZEE S pesign Approach & Key considerations
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— ThBEREBKRIE(PFC)ER prc stage
— Eﬂ:* EE.IJ? (SMPS)EQ Main SMPS Stage

=
ll’\ 4"( ..i--ﬂ'l(
-

° /Ijllj'l_t % Results

¢ /é\ é:é.: Summary
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Topology Options for Secondary Convertor

o NWRRXBEMNFHRERFE+33 VHl+5 VI FRATIRE

New stringent requirements for cross regulation require zero load operation on +3.3 V and +5V

outputs

« HBLERSEA. BREMBERE., WBRAKREELAEHER

Stacking transformer windings, coupling the output chokes, Mag-amp approach is hard to meet new

requirements

Input Voltage

I

DRV /—

GND

MAGAMP

—1 Regulation
Circuit

D! 7 - sz

ratio
= [ SV

1
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Topology Options for Secondary Convertor

b LLC¥1%*E?|‘2§M5&€%IEH*}E% LLC HB does not have an output choke
- Bt , eFEEERER+12 VAL , EFRES~£+5 VHl+3.3V

ﬁ H:II E"J Eﬁ.'lﬁﬁﬁﬁ So, it lends itself to moving to a single +12 V output followed by a dc-dc stage
to generate the +5 V and +3.3 V outputs

— ﬁéﬁ*@ﬁ%fﬁﬁﬂﬂ'ﬂ 53&*%&1.&-.1@5 This provides better cross-regulation
— A, BTEMFITDRLAIBR(+12 VE+5 VHI+3.3V) , BERR —

IJﬁ T§|§ IIJ-jZ However, the efficiency is a challenge due to additional power processing stages (+12V > +5V
and +3.3 V)

)

W +5 V#ﬁllfl
+5V Output
Efi-Ei

L8 L =

DC-DC
Converter

+3.3 Vi i

+3.3 V Output
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Why Synchronous Rectification in DC-DC?

0.50

0.40 /

0.35 —Diode
/ Voltage

0.30 {

0.25

0.20

—— MOSFET
Voltage

0.15

Conduction Voltage (V)

0.10

0.05

0.00 +=———== . .

0 2 4 6 8 10
Forward Current (A)

o ZTIREIEMEM(0.35 VE0.45 V)IF8EMPR 9 3.3/(3.3+0.45)=88%
Diode forward drop (0.35 V to 0.45 V) limits efficiency to 3.3/(3.3+0.45)=88%

LA
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Design Consideration in SR Buck

RER WL+ ARER (R TH R IAFE ?

What can be done to Reduce Power Loss?

HHMOSFET , BESERH , EZREIIRER

Upgrade MOSFET, Reduce Rdson and chose low Qg

HEEDMEHRERKFET , BUR/NIEX BT B RFE

Add Schottky diode in parallel low side FET to reduce dead time loss

EAEREFE(DCR)REKA B

Use inductor with Low DCR

ATHXMFERRA , REFEHSM(200 kHzZE400 kHz)

Use reasonably high frequency (200 kHz ~ 400 kHz) due to the switching lost

18 hn EN &l 8. B’ A (PCB) 2 # F 0 B

Increase PCB layers and copper thickness
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Design Consideration in SR buck (Cont’d)
#ﬁﬁ%ﬁg Layout Consideration:

« BRESNZETSdV/ATHEZ , MRz (&P EES mmzx0.2

9& __l-) Sensitive signals should be kept away from the high dV/dT trace such as gate drive (minimum 5 mm or 0.2 in)
o ELEXFRRITS , REREZAN R ZEPCBIRtEE — M o & #F

/j{jj_ ZI< In some practical design, noise isolation technique is also an alternative solution for compact PCB board

o EEZICHIMOSFET| & ATMEME , FRBIEEMTT e vosrer

gate traces to the IC must be short, straight, and as wide as possible

b | —-I ")]-‘ th EIJ“ = /”_E“T”ﬂ: \' \éi-&gﬁ:%:ﬁaﬁ%_\_:}_{b Minimize the “Star” or “T” trace length

on gate traces

e VCCERBARO.LILFHREXN)NIMEEEICRARIMRXE , X
iﬁ’,ﬁ%%?ﬁ )g E_I- ﬁlt:', :tﬂ_j, E The VCC bypass capacitor (0.1 F or greater) should be located as close as possible to

the IC and connection to GND must be as short as possible
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[5 25 ff B A2 A P RYMOSFETIE ¥
MOSFETSs selection for SR Buck Application

Vin =12V &% HIGH SIDE
{KIJEBf/f Low Gate charge

S EPEH E R —MFair Rdson

{Ki##% Low SIDE

ITEBERSEE Fair Gate charge
- K-S EPH$ Low Rdson

i ﬂiﬁFET*ﬁ% ':F' TE'J' EE,?'JE'\% IJ—'_l ITE'J' The losses in the Low side FET is dominated by conduction losses
ltt y %Eﬁﬂﬁﬁig Therefore Rdson is the most important

i Eﬁ#‘ﬁFET% ﬂ[ﬁ]ﬂ:%i@ﬁ High side FET affects the switching speed
- EHit , EERN R XBRQswHl TBARgEH /ML , RIS EEIIRdson4ERF1E
;EE7J<S|Z Therefore, it is important to minimize the switching charge Qsw and gate resistance Rg, while maintaining a reasonable on-

resistance Rdson
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Key DC to DC Buck Converter Components used in Reference Design

o 28ENFEESEHRBEIREIBENCP1586 , A F5 V3.3 viai

2 pcs of NCP1586, the buck converter controller, for 5 V and 3.3 V outputs

— NCP1586 N ERXRERFEHIZHEE , AT ILEERMOSFETR X S B

NCP1586 built in non overlap timing control prevents cross conduction of rectification MOSFETSs

i EE.)\J?\*JE\;}I{ Power chokes
— EBRENH 5.75.7 uH

« MOSFET
NTD4809N, 58 A, 30 V, 14 mQ Ry

REEESH ﬂ‘N
ON Semiconductor® .
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Key components for Standby Converter in Reference Design

« NCP1027 , #8700V MOSFETHY65 kHz PWM3IZ 4188

NCP1027, 65 kHz PWM controller featuring 700 V MOSFET
— ABEERBEMRIL , RABERTHAATRBRIAMEYE , ERTRE
EI’S) CCM I'ﬂE The efficiency at full load is optimized because it allows deep CCM operation thanks to the
adjustable ramp compensation feature

- ﬁﬁﬁg 7;\& '?%E‘ EIJ ﬁ1t y ?%éﬁ': E;EJEI gﬂ I'ﬂf*ﬁ Z_EtThe light load efficiency is optimized thanks

to the skip mode operation

¢ ?%‘*IL@EJITS%% The Stby transformer
— RFAEEL19% 5 ecL10 boboin
— FR[MEI105[E | EBEEL.4 MH rp-1057, 14mH
— RBEEAGME ns-67
— HB[D EH20[0 Naw=207

i :*&% Diode
— MBR20L45CTG, 20 A, 45V
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— ThBEREBKRIE(PFC)ER prc stage
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;MIJ iﬂ; é';il Ei‘i Results

/§\ é:é.: Summary
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255 W, 85 PLUS ATX Power Supply Reference Design

Resonant Technology
for Increased I—o 12 Vb
g : ! Efficiency and Lower EMI 12v 012V

85 - 265 Vac ” o a

o PFC Diode /
Filter > J_ NTD408 Converterf—o -12 V

NCP1654 I
PFC I — —
= mm o
il Q. NCP1396 NCP1586 5V
2 Resonant  Half Bridge
] Controller Driver . .
= Il T¥1 NTD4809 T

= o GND

3|

Continuous Conduction Mode d Q‘J’ é
= < NTD4809
MBR20L45 =
O'f;'tf;ﬁ j IIE 5VI3A 5V MBR20L45
Standby NCP1586 033V
. MBR20L45 g A 2
NCP1027 | 4
SMPS
Regulator —
/" 4 ,9 NTD4809
Highly Integrated J-

"\

Current Mode
SMPS Regulator

TL431

20% | 50% | 100%

Specification load | load | load

+ Multiple-Output
+ Non-Redundant | 85% | 88% | 85%
+ PFC 0.9 at 50%

GreenPeint

From ON Semiconductor

Climate:
Savers 3

=== @




230 Vac., 50%% £ 8By A BB 7R

The Input Current at 230 Vac, 50 % Load

DR AAE0E 140039 | ¥has  Norma
YOEDG L 4 214 | R e [ s
o1 Pngra [0E CHI 141
@, Ie kAL fur
- L P e
REFHE
Vbulk
£ . B ﬂ.-‘-l:llul'

DN

Edge 31
Input Current i1
0.9 A
Pas (1D 4l 16AU His (E1) 99 16A
Eex (C1) 3999520 Res (CA) 1.21757

FregCC4) 58,8751 1HE

° 230 V&Ciﬁlj A N 5%& E:_I- IjJ gg E i&ﬂg 0991 PF =0.991 at 230 Vac input, full load
* 230 V&Cﬁf A N SO%ﬁﬁ HT_I- ]i'l $ ?&ﬂg 0952 PF =0.952 at 230 Vac, input, 50 % load

LA
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Efficiency Results

B A Input 20% Load 50% Load 100% Load
100 Vac 85.35% 88.61% 86.78%
115 Vac 85.57% 89.12% 87.59%
230 Vac 86.25% 90.69% 89.73%
240 Vac 86.69% 90.93% 89.86%
115 VacBf EXR
Requirement @ 115 Vac 85% 88% 85%

LA



RERM 13 45 3R

Efficiency Results
A FRZ B 0B 1% FUIB 5 I B Y BERX B 785%

Efficiency > 85% @ 4 line voltages and 3 loads

91%
89%
e=fil=>/0 Vac /50 Hz
—_ ==#==230 Vac / 50 Hz
ab -
Eb e 115 Vac /60 Hz
;;& > ==¢==100 Vac /50 Hz
[
Q 0f -
) Q{Q 87%
> U
85%

20% 50% 100%

DU (53U i i 2 R B 0 L)

Loading (% of rated output power)

Ty
ON Semiconductor®




ﬁi H:Il EE'CTSIE%E The Output Voltage Regulation

DC Terminal Voltage (V) & DC Load Current (A)
Load

12V 12Vg 5V 3.3V 5Vsb -12V
o | MM A ] VM A VA A V)] A N A

20 12.01 { 1.90 |12.02 | 1.03 | 5.01 | 189 | 3.25 | 1.01 |4.99|0.48 | -12.78 | 0.06

50 1197 | 4.75 1197|256 | 498 | 4.71 | 3.22 | 252 | 496 | 1.20 | -12.37 | 0.16

100 | 1186 | 950 | 1187|512 | 493 (943 | 3.18 | 5.02 | 491|239 |-1195| 0.32




ﬁi?ﬁﬂ#ﬁ’ﬂﬁ&iﬂﬂﬁtéﬁ% The Thermal Result @ 100 Vac, Full load

___ LLCA BTN

85°C LLC-HB transformer
is 85°C

_ IRANRERENNR

33°C The ambient temperature
outside the case is around 33 °C

%&ﬁﬁgﬁiﬂﬁiﬂﬁ The thermal performance is optimized.
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Summary

c ATRERESWHREEN , EENEHZENE—ERNT
SRFEEEXREE

In order to obtain high overall efficiency for the power supply, up-front architectural considerations and
component selection for each stage are critical

o EEXHUFAXRMINGH , BLLUASERMHPFCER MM L ER |
FRESSTNOEMETRYBE R E SR

A soft-switching topology, coupled with highly efficient PFC stage and output stage are required to meet
the new efficiency requirements of the OEMs

o« EHREXEZMEIBEY PLUSRENSEZRITET LM,
mENS NI ERE R

ON Semiconductor’s 85% PLUS reference design offers a fully tested, robust and cost-effective solution

_ XBRRE RS , BUTHAN  ATETHER IR

This solution can be optimized for higher efficiencies and other output power ratings




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

LU




