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Design and implementation of a fixed-frequency adapter
<75 W with very low power consumption
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EPA 2.0 (9"'-'5"“ 338 External Power Supplies)

EPA ENERGY STAR Version 2.0 EPS Voluntary Specification
(Effective November 1, 2008)

Energy-Efficiency Criteria for Ac-Ac and Ac-Dc External Power Supplies
in Active Mode: Standard Models

Nameplate Output Power (P ) Minimum Average Efficiency in Active Mode
no (expressed as a decimal)
0to < 1 watt 204807 P +0.140
> 1 to < 49 watts >[0.0626 "Ln (P )] +0.622
> 49 watts = 0.870
(LLETAIL.1 M %>0.84)

(was >0.84 in previous version 1.1)

Energy Consumption Criteria for No-Load

Maximum Power in No-Load
Nameplate Output Power (P )
no

AC-AC EPS AC-DC EPS

0 to < 50 watts < 0.5 watts < 0.3 watts 1.1/ 5<0.5 W
(<0.5Win 1.1)
> 50 to = 250 watts < 0.5 watts < 0.5 watts 1.1/ A4<0.75 W

(<0.75Win 1.1)




EPS 5.0 (“feilRZ 2" i1 EH I HEX)

EPS 5.0 (ENERGY STAR® Program Requirements for Computers)

EXETEQ?‘J AEIZRB = mA) S BEFE Defines E. e for different types of products as a
Typical Energy Consumption

Rﬂ‘?éi*ﬂfﬂ%‘lﬂﬁziﬁ¥%uﬁﬁ§, TECEET?'J/L}:_E%%@EE: For the desktop

and notebook product categories TEC will be determined by the following formula:

Erec = (8760/1000) * (Pygs * Tost + Psjeep ™ Tsieep + Pidie ™ Tidle)

Hrph, FrAPXxSHEMENEE, BUNARW): RETXSHYEREE,
KRG 1EREEDE; TEC Erpc A TFREH(KWh)ABAL, RARAEL
1"57';%5‘7]”1&15 H‘]gﬁ Lﬁ\ll?.%% where all Px are power values in watts, all Tx are Time values in %

of year, and the TEC E.. is in units of kWh and represents annual energy consumption based on mode
weightings

Eéﬁﬁgﬂ&?ﬁﬁﬁgﬁﬁﬁ E% The light load efficiency and no load consumption is

more important

RBERERH ﬁN
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EPS 5.0 (“geiRZ 2" it E#10 B EXK) (&)

EPS 5.0 (ENERGY STAR® Program Requirements for Computers)

Eicc BV R EICAEL

E.cc requirement desktops and notebooks

A ‘
ZEatE, ZiE AT EHL(KWh)
—%ﬁﬂ-%#}l(kWh) Notebook Computers (kWh)
Desktops and Integrated Computers (kWh)
o ar A?é Category A. < 148.0 A?é Category A. < 40.0
'lrclgcl?l(:kWh) B2 categoryB: < 175.0 B category B: < 53.0
C?é Category C. < 209.0 C?é Category C. < 88.5
Déé Category D. < 234.0

« ERUAETIE: 2009F7H1H(BI5N: EXRANEKXEXRBE2010FE7H1HER)

Effective from July 1, 2009 (except: game consoles from July 1, 2010)
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*;‘?Eﬂ'?&% Improving Efficiency

* LH\ %‘E ;E i}E Sources of loss:

- ;:F;Ej:)'gl *‘f‘, Switching losses:

1

2
Ploss(switching) = §°CDRAIN VDRAIN(turn—off) | st

- EE 5&5}% EE.EZTIE"EQ E(] *J'Ell *‘f‘, Losses caused by leakage inductance:

1 2
I:)Ioss(leak) = E ) I—Ieak | peak | |:SW
* = L\bé E‘ ‘M/:xl: Ways to improve efficiency:

- IZ%ﬂE;:F ;&’ﬁiz FSW Lower the switching frequency Fg, ->

- B%ﬁ&;é H-—,l HT} E"‘J i}l_'=ﬁ 1:& EE,J_JTZ Lower the Drain voltage at turn-off 9 ‘ﬁ'}ﬁé J:F 9& valley switching

szi%

é %jz H-‘T */Fﬁ z )i iE frequency foldback at light loads

onimnnt. ON
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(S L

|3£1EE ﬁ Reducing No-load Input Power

E Ej] EE,E %’:L,\ ?J\ %‘% Static losses in the start-up circuit:
- BIBEEFENKBS]

‘
ﬁ %% EE, 2JIL Start-up resistor permanently drawing current from the bulk capacitor

¢ IZ% 1&)% ij] EE,E% -TFJ'El %‘I:E E{J i’%.'/f:xl'_' Ways to lower the start-up circuit losses

—_ ;Tlé FH 9 |\ 'E"B E ij] EE, [‘E. With external start-up resistor 9 )-l_;l| ij] EE. I)lL*& 1EE Extremely low start-up current

;ﬁt ﬁk )E ij] EE,SJZI:E i}ﬁ Integrated start-up current source 9 9& |‘7.l-—_| H.‘T ;'Iﬂ- ;}ﬁl:] 1:& 1EE Extremely low leakage when off
- EERMBREFFERRL

i = I)lL.ﬁL IJILEﬁ)\ Connect the start-up circuit to the half-wave rectified ac input

HV rail
NCP1351 =
o~ - )-I_;II Bj] EE. BE.
- o Start-up resistors
Vcc
—3]
— 2] Egd

REEERH ﬁ“
ON Semiconductor®



B’éﬁ’;ﬁﬁ’iﬁ])\ﬁﬁﬁ Reducing No-load Input Power

i 5k LS S .

R A/ Selected from bulk connectio %0 peak
R __ lstartup
startupHW 0
T 11

% % HRst art upHwW
Mains | * Cb I k 10.0M 30.0M 50.0M
input = Cou ' ' tme i secs

[+ vee [}
auxiliary
VANSRVAN :lECVCC wi ndi ng
P. «x
Rstartup

= > [152 0 &b . o S
RstartupHW 4 B-:I: 1&21 /o E’J HI:,-*% Brings a 21% reduction in power

LA ||
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NCP1237/38/87/88

ﬁﬁﬁfgﬁ Value Proposition

The NCP1237/38/87/88 series represents the next generation of fixed frequency PWM cd
applications where cost-effectiveness, reliability, design flexibility and low standby power are compulsory.

QM###TE Unique Features F_"Z}Eﬁ%lﬁ Application Data

2010EQ1 L™

Avail. in Q1 2010

= High-voltage current source = Fewer components and 3
with built-in Brown-out and rugged design ‘ _
mains OVP = Extremely low no-load

= Freq. reduction in light load standby power
conditions and skip mode = Simple option to alter the Bual Ao

= Adjustable Over Power max. peak current set DSS ocp | Ltath e
Protection point at high line NCP1237A Yes Yes Yes

NCP1237B Yes Yes Yes

NCP1238A Yes No Yes
:,E\:Eﬁll‘i Others Features NCP1238B Yes No Yes

= Latch-off input for severe fault conditions, allowing NCP1287A m °”:V ies Yes ;
direct connection of NTC Egggggi - 226 = a
= Timer-based protectign: auto-recovery or latched NCP1288B | AV only | No Yes
= Dual OCP option available
+ Builtin ramp compensation | i IRIB L1 B HIR M LS varous
- Frequency jittering for a softened EMI signature options available depending upon end applications needs

= Vcc operation up to 30 V

375 B Market & Applications JTH B $ 3215 2 ordering & Package Information

= AC-DC adapters for notebooks, LCD monitor, game . NCP1237/38xDR2G - NCP1287/88xDR2G
console, printers . SOIC-7 2500p per reel
. CE applications (DVD, STB) PP O, DW

EBEESH ﬁ“
ON Semiconductor®




NCP1237/38/87/88-H & J& shin 3 L &

NCP1237/38/87/88 — Built-in Startup FET

FEER TIEFH T R SAERME
V| n 1& E EE,J:TZ u % EE, A flyback auxiliary winding supplies

__ ‘ VCC biasing voltage in norm#ondition to save power

%mmm
5

KB R 485 78 B BT (8] Hign

‘ startup current to reduce charging time

time

\ o

A Vees | BlxT g, (K#I4R S 3 Bk
JJ: EE,E% % EIJ j:ﬁ %‘\:E Low initial startup current to prevent

damage if Vcc pin is shorted to ground.

JToiashFEH ! um::i> R EBIRIRT B FEE
No startup resistor! Saves PCB area & saves power

REEERH ﬂ“
ON Semliconductor® y



NCP1237/38/87/88-zh7s B L B (AL Th &E

NCP1237/38/87/88 — Dynamic Self Supply (optional)

V
T iEEze “ o
Howitworks... ) |—SW = = [~ =—=—7==7"7" AN S A~ o
O~/ __|"¥aw
VCCoff
) ON/OFE
3
() 10.5vi12v
IR
Current source
p— x4 OFF
10.00M 30.00M 50:-OOM 70.00M 90.00M

EE.IET'-—E'J'l%. Power ON = EE,,;’;‘E/},‘_?-—Ef-ﬁ Current Source turns ON = Vch:ﬂ_; %Eﬁiﬂjﬂiﬁﬁlﬂ V. is rising; no output pulses
VCCEU ijSVCC(on) V. reaches Ve, > EE‘;};‘E?E;& |ﬂ Current Source turns OFF =2 VCC-F l‘%,iﬁ] m Hﬂ()lfll V. is falling; output is pulsing
Vcc_r\- Bﬁgvcc(oﬁ) V, falls to Vcc(off) 9 EEijlf.i}ETEf'J‘Ei Current Source turns ON 9 VCCJ:;'l';Eﬁ] 'EH HJ-](;FP V. is rising; output is pulsing

ij] Ij“LE E 1:/H\: EE' Dynamic Self-Supply [”] 9& éﬁ'ﬁﬁliﬁﬂﬂ g;%gﬂ' No need of auxiliary winding!

REEERH ﬂ’N
ON Semliconductor® y




NCP1237/38/87/88-W A &l B 57 F8 I

NCP1237/38/87/88 — Dual startup current level

Startup current

8mA [~ =

WA B R VL BBV,
$§1&’Bﬁivccglﬂw RN K A
"':[:-H_j' ik EE'E& ,Ei i Startup current is off

z fﬂup cu_r‘lr-ent ! EWEI:; itl\jll::/ o A V/ when V. reaches Vg o

prevent damage when V pin

is grounded.
500uA \ , /
' - =

0.6V / Vee(off) Vce(on) \Vele
Ve BEZV T B RAHAZE S BT
Fit, R B E SR 2RI TV, .

Startup current is activated when V¢ drops to V¢ . Hence, the voItage
never drops below V¢ after startup.

LA ||




NCP1237/38/87/88-#y N\ & & K & B iR i3 [ fR3A

NCP1237/38/87/88 — Brown-out and Mains OVP

______________________________________________________________________________________

tov(blank)
blanking filter
— Vhv(ov) 250us —|s HV OVP
l 430V QF——>
1R

i HV timer
HV 4‘- D
& % 61ms

X & ! -

o— ! — Vhv(start) 1S Brown-out
.| Cbulk ! - 112V Q
= ! l R

AC input ! [

i HV timer
O ‘ Al
! thv
Iy Iy |
GND H — Vhv(stop) 61ms

______________________________________________________________________________________

AN kxy2 I By ok ) kv Ms 2 BTN
M ASZHV 5| B S0 520 REIERE XN BRI B
[ —

Detection independent of Ripple on HV pin Can be connected to the half-wave rectified ac line

EBEESH ﬂ“
ON Semiconductor®




NCP1237/38/87/88-#y N\ & & K & B iR i3 [ fR3A

wwt NCP1237/38/87/88 — Brown-out and Mains OVP
Vhv(start) -8
Vhv(stop) f %
| | [\ [\ [\
] (]
0 (]
0 0
0 ]
0 0
. ] 7
Starts time
only at
Voot timer
restarts
One Shot t
\ < . >
40ms min. \
g time
DRV?
Brown-out

L—I_E HTJ- *ﬁi}nslj Timer-based detection [”:l

»

time

) B R s AN R ER

Passes full line cycle drop-out

LA ||




NCP1237/38/87/88-i1 &R 3R

NCP1237/38/87/88 — Over Power Protection

Vdd
lp 4 Y
; Vtol
HV (J——HV sensing (J)
AIP tO be lope = 0.5p x (Vav - 125)
. compensated

ILIMIT ==

FB D \'bo
) via rocs [ S/ |
= o t;ne block — | "
tdelay tdelay Rsense g

F I E AT R ST AR 57 7 EEIICS) 12

Need to compensate for the effect of the propagation delay .5 /_— /'I'E i& /ﬁ E The compensation
Current creates an offset on the Current Sense signal

i‘__'l-_ ﬁ{% *Fl Over Power Protection ﬂl]:> Egi k Eﬁ] II:I:Il Ij] z%ﬁﬁ‘—L Maximum output power clamped

onimnnt. ON



NCP1237/38/87/88-W 17 {%3F BI1{E

NCP1237/38/87/88 — Dual OCP threshold
iR R B8 R A WRERERY , WHNERE
VOUT Fault timer starts VOUT Fault timer StartS/Utpm still in regulation

|
v =
\ Jﬁ% : ‘ :\\
\ load %\ ITransient N\ Over
\

Y N

B 213 ST Mg o R RARRIERAEITE i
Skip Output load Skip Output load
CS3|H CS3| i CS3IB
E0.7 V BJE0.5V MmE0.7 V
0.7V at CS pin 0.5V at CS pin 0.7 V at CS pin
BN AR S ) &S FTELE A
Accommodates large output power transients Suitable for printers

XLERIF TN BE(E R IE1R T B ER, U T 2 B R AR TR A Th g

These protections use the Up/Down counters, like classical analog integration.

REEERH ﬂ“
ON Semliconductor® y




NCP1237/38/87/88-4 ms#k BTk

NCP1237/38/87/88 — 4 ms Soft Start

N A

%E/ EE';ﬁf' Z— ﬁ &A)_I_;Il without soft-start
A voltage / current
+H- -
/ WEAF Bj] with soft-start
» F[g]
time
A VCC

= S ML s 2L
By k EE. l};ﬁ‘: X E ,‘f—f‘: 117323’2 Max. current setpoint envelope

» B8]

»

< > time

4 mSHﬂ' |‘Eﬂ EI‘] “%"Q?”iﬁﬁ ij] I1/E 4 ms “digital” soft-start operation

4 msiﬁ')—ﬂ Ej] 4 ms Soft Start [”:l ::> %E j] )E ij] *E 1ﬁ Stressless start-up phase

onimnnt. ON




NCP1237/38/87/88-$i X & E

NCP1237/38/87/88 — Frequency Foldback

Fsw
A

o e R ;

Skip

fOSC(min) """'"'x"" :

VFBskipin VFBroLD

T FFSRE MR |p > IR

Switching frequency lowered at light load Increased efficiency

FXIEIE KHZ ey, A AN

Switching frequency clamped at 25 kHz No audible noise

onimnnt. ON




NCP1237/38/87/88 —MEH1&X 1k &

NCP1237/38/87/88 — Recover from Standby

VFB A

VEB(fold) ==-sssessseasssanseanssansenssosmsonsssnssncsnnssasonssoncssesncsnnfaflosancs

Vskip(out) .
Vskip(in) ~=wmmmmemee i A i R

DRV skip Exits
‘ ' ¢ : | ‘ 5 soft-skip

Time

[ — cedecans - cedececccccaas costeccccccccagdlodecalaaa

..........

CS setpoint4

Soft-skip

'\.% A

Time

iES|B) LRy
J£—1AZ|TLDH
B, FNEFFEREk
IEJIHH *Eﬁ Soft-Skip

mode is left as soon as the
voltage on the feedback pin
reaches the TLD threshold

:L,\ A %ﬂ‘_u)nll (TLD)IjJ Bt [”:l::> Ei = Js ﬁﬁﬂ:lu\ ﬂﬂ}_‘_ H_J-IE_.I

Transient Load Detect Function (TLD)

Improved Load Transient response time

onimnnt. ON




NCP1237/38/87/88- S §i{R 3R

NCP1237/38/87/88 — Latch-off Protection

o Ve Vdd
VLATCH
x OVP 2 é High_Latch A

5V

B 573 1>
" % [] Low_Latch O K
- . blanking filter QpF— \*“:“:”‘“ \“\
: - En
g : gIg \ Latch! >

Brown-out
Reset HTJ- I‘E—J

time

TRERIINTC) MG BEHERIZEEZEZIC

An NTC thermistor can be directly connected to the IC
=

L

= ZRIIMER TR D

Less external components needed

REEERH ﬂ“
ON Semliconductor® y




NCP1237/38/87/88-5 i %M

NCP1237/38/87/88 — Slope compensation

V:.l Eﬁil'i&%l\ % ’ Z: Igﬁ'ﬁEI 9|\ _ELB iﬁiﬁ: There is a built in slope compensation with no external setting
% IE l;‘_l_:l:\_ tl: _‘IEI_ ?40% )I-IJJ i%&ﬁ Ij;_I E:%SI' i&?‘l\ 1% The internal slope compensation is activated if the duty cycle is

higher than 40%

CS 3 | Hﬂ] ijlrl., ;}ﬂ\lj iu E,‘] ﬁil'i&%l\ %gﬁ}% /TEES mV/% The amount of slope compensation is 5mV/% observed at

CS pin

Internal PWM setpoint

VILIMIT --
VILIMT =0.2V ---

>

0% 40% 80% 100%  Duty Cycle

onimnnt. ON




EFH Eiﬂ%@ Application schematic

o o
© I~ = ?(l
] 0 5+ é d__ 1 TR
AN DN R gH O '
© 1 DC output
o—t &0 87 P
AC input D8 D3 *.-L.COUT g
o SR 4
A R m W | aTCH H B I ]
2
S
) e GND Q1
NTC A cs vee B
L~ 4 5 |!<1
a0 &b GND DRV |
| NCP1238B65kHz
GND

ERXERH ﬂ’N
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1 IRE: [ eg I A

Power stage: Schematic of flyback converter

Tr

o o L £
& & L 15 T3 4
. S o ° le
9
O | &3
gl T3 A8
AC input A XK
\ Q1

- - — » Nsec
= lg N =~

Rload

-
Vout

zax+54 Mu
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Power stage design: Bulk capacitor

* iﬁ] II:I:Il Ij] z Output power Pout ¢ IIZié] Eﬁ])\ EE,;}%; Average input current I

in,avg

I I — 1q

out in,avg \V/

P

out

=V

out
bulk ,min

° i\:ﬁ TE iﬁ'])\ljj z Estimation of input power Pin ° -ir_|_§k EE'?é_\l'{E Bulk capacitor value Cbulk

P_ = POUt C . Iin,avg 'tdis
In n bulk — AV
bulk
FRIZFEPARR R ARER Tk BEX {§ R uset, =8.5 ms

n Estimate the n based on the EPA standard

onimnnt. ON



HIRERIT: VB

A Power stage design: Drain voltage
Vas(t)
Vds_max - - - - - - - - - - — - — — — — — — — — -
g
=
A
§
& >
N
=
trec
tOff ton
! | L
4 Tsw | t

LA ||




1RE T EERREm AL

Power stage design: Transformer ratio

g }j'i ‘%% E égl tt'%,ﬁ ﬁﬁ 1§FH Q1 E{J VDSS Transformer ratio — consideration of the Vg of used Q1

Ke '(Vout +Vi ,diode) V

_ " clamp
0.85-V =20V =V, i max o = Vv,

20 Vfﬂ?ﬁfﬁ/‘j:ﬂz %Eiﬁij)%‘,‘fﬁ%‘%‘;% The 20V means margin for clamping diode turning-on overshoot.

)x g& §| J ?‘]] g& E,‘J }i ﬁd- EE, }:T:Vr Reflected voltage V, at primary from secondary

DS, max

V - Vout T V5 dioge N = N e
" N N prim
Eai k E 7‘_'.':!:\'. ttDCmaX Maximum duty cycle DC,,,
S BEN (CCM)ITIE FEHESBER(DCM)ITIEENT X
In CCM operation: In DCM operation doesn’t depend on N:
DC = Vr DC _ Vout . 2: I‘prim ) st
_ max
maX Vr +Vbu|k,min Vbulk,min Rload,min

REEERH ﬂ’N
ON Semliconductor® y



BIREIRTT: BIRSUHR

Power stage design: Current ripple

A
Ly I i t

o E P R bR R - ,
EE,I}II.,IL av The average shared transformer / / _
current reflected to primary winding I_,,, IL,avg <

g

- Y

| . I in,avg lin,avg .-

Laavg — DC ton tofr ton %

max =

A 4 >

‘ Tow . t

ﬁl&.?:% *E 9& E(J -Q—Ii& 6 Ir: '_H E/ I]r] CCM_EDCMI«E Choose the relative ripple & |: it affects the operation in the CCM or DCM

* J‘E_ ﬁ})][ﬁﬁ‘)\iﬁi‘HﬁFﬁ E’] 6 Ir_}HE'_, . j'JO 551 O For universal AC input design use the 6 Irin range 0.5 to 1.0
ol
r

* Bﬂl)‘”&/)lbiﬁ)\lil‘lﬁiﬁﬁ E’] 0 I .7’]0 82 1.6 For European AC mputl I .
use the & 1Irinrange 0.8 to 1.6 peak ~— " L,avg
Al Al :é]r'IL,avg
o, = I .
Lavg Al = Ipeak o IvaIIey Ivalley = IL,avg ) 2

onimnnt. ON
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] LY2N

Power stage design: Primary inductance
QE%’%%}]?&?%?H EE,},E._,‘Z\ Transformer primary winding inductance L

prim

Vbulk,min -DC
F,, - Al

5)7;'[:, ﬂ?}] g& éﬁzﬂ_ E,‘] EE,}?;‘E E,‘] EEE j(i’él ﬁ*ﬁ{ﬁ Maximum RMS value of the current flowing through primary winding Iprim,RMS

max

L

prim =

2 Al?
IprimRMS = DCmax ) Ipeak -1 peak -Al +T

;ﬁfﬁ)ﬂ é’&é}’géﬂ E|,\] Eﬁ,iﬁf E|,‘J Eai ki’a‘] 7:71"&13 Maximum RMS value of the current flowing through secondary winding ISeC,RMS

| " peak Al Al
sec,peak —
p N sec N
2
2 AIsec
IsecRMS - (1_ DCmax)°(|sec,peak - Isec,peak ) AIsec + 3

onimnnt. ON
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Power stage design: Q1 selection

Q1 "—Ej" %*}E%‘E}:‘z i?( %?%j&iﬁ] II:I:Il Ij] %(Pout) E{] 1 % Conduction loss at Q1 should

be approx. 1% of the Pout

out

100- 1 prim,RMS 2

R DSon S

uj\é }ﬁ *E :J:Eiz% %é&%ﬁ*ﬁ 'Iﬁ é' E,‘J %%14: « Then the right device is chosen by parameters
VDSmax’ |

EE. 5}215}:?_.25)““ EE. BH. Rsense E,‘J ii*% Current sensing resistor R, Selection

Viim P — | 2 R
— 7 primRMS

sense — sense
111,

peak> ton’ 1:off

sense

4 =} = 2z )
ﬁ/f@gfzﬁ#ﬂf)fﬂywz The 1.1 factor means 10% margin for L, and another
parameters spread, to be able deliver maximum power.

REEERH ﬂ’N
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Power stage design: Secondary rectification

: &%Dl]‘iﬁ D1 selection:
D1 fiﬁff EE,}:TZ Reflected voltage across D1
PIV =V N +V,_,

bulk ,max

DISEENHTEESHEN, one
N out& H&Eiﬂ] QA V_’E The next important

parameters for D1 selection are lg; jeqk: o @nd the fast and
soft recovery

iﬁjﬂ:‘l EE@CO Ut *1 Cout selection:
EEEIJ\Z-E@]H:II EE.%_\"COUJAE Minimum C_ ; value

) DCmax
out 2
V

.F

out,ripple sw

C, S VFHIR A 23 BB f A (ESR)

The maximum allowed ESR of C_ ,

out

C

V
t,rippl .
ESR <M gmmamsy

Dominant part
sec, peak nantp

| — /1 —1. 2
Cout ,fms - Sec,rms out

ZWEREKRBIFELC,,» FERMELEE

Ql/& it is recommended to use more parallel C
output voltage ripple.

out fOr lowering the

REEERH ﬁ“
ON Semliconductor® y
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EIREIEIT: SHOLM S
Power stage design: Clamping network
E;:é '7&:‘ EE'}-:I_S- *LI] It‘FIJ %% (TVS )-j:[l] f-FIJ %% I:I:l *JIEII‘ $% ';H_ﬁ dﬁt%'ﬁ:—lt E{i better at no load conditions
H,‘J Ij] z TVS - loses in the suppressor:l
Proro = Eamg - Fay = = L
2

clamp clamp ~ ' sw

) V

F . clamp

eak ' osw
P V V

clamp = Vr

leak

RC D%H{ﬁ-_ Bﬂi%_{'% IEE,ﬁ?Zé:F?)I‘:(EMl)ﬂ['ﬂ]F_"ZEﬁ better EMI response

RCD clamp — 1t iteration:

. . 2

2 Vleak Vclamp V
R | — P __ " clamp

clamp |_I y - k2 -F clamp — R

ea pea sw clamp

V gamp BRI H A R BT AR DR AL
Cclamp > i;_(_lt:lf.{E These values need to be optimized for the no load
Vripple . Rclamp . FSW consumption and losses in slow clamping diode D2

onimnnt. ON



TVS$HL 5 RCDEHA EL &

TVS vs RCD clamp comparison

__1_1_F5P.‘q's___l____ 10 Zep 09161826 Tek Preview 0 Acgs 15 Apr 09 12:36:56

AN e e e
S HICOE g FEa R TR

i

VY.Vl

oy

T 5 . . - ) fc1| 1oov 4.0us/div
ical 100V 1.25GS/s  800ps/pt
. ) : . : ; §R1| 100V 4.0ps BC1sg2ov

|R2| 100V 4.0us

Zoorn 1 oh3 — Wzic1|62.5V  BOOns Blz1c3|62.5V  B0Ons WziR1|62.5Y  800ns W z1R2|62.5V  B00ns

Zoarn 1 Chl —

HARTVSmBIEIRER HAIFTRCDI® B #k$E
Drain voltage ringing with TVS as clamp Drain voltage ringing with RCD as clamp
it F $HAST R B R FEIR gy

Different Ry, in clamp used

Ch1 — J@EJE prain, Ch3 — S35 & clamp node

Iy
ON Semiconduchor ©




-}ﬁ%iﬁ(s R) Synchronous rectification

ol o
© ~ = E_L
g & SN a= TR
N A €T o | y
R5 DC output
O — 2y
AC input D8 RDAMP D3 *.-LCOUT Q
O B H—— S
al 8 IC1 _Lc1 +|_ch ) &
X & n LATCH  Hv [ g
o
< e GND GND Q1 6
cs vee E —
- . RDRV |;j_ GND Ic3
—— GND DRV —1 /
GND D1 DRV vee [
NCP1238B65kHz
A onp MIN_TOFF B
ROPP % COMP MIN_TON
u 4
@ cs TRIG
NCP4303 1 R
© GND ©oTr
1l
1 ..
) |
M~
(2
GNDYGND ¢

(o8]
%L
A~
<
N
=0

.  SRIZHISENCP4302H 2 ETH Los i

SR controller NCP4302 available PC817 €2

GND GND

« SRIZHIFBDASO3EF2010F L1h So o

SR controller DAS03 coming in 2010
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'L)‘L *E Agenda
¢ %ﬁ E{J “ ﬁlé fﬁ\z E”g* New ENERGY STAR® requirements
° ‘?%Fé %ﬁ %EI,:JHE-: ﬁﬁ lgﬁ'ﬁEI %E& E{J tl:# 'l‘EE Needed features to meet the new specification
i %ﬁ E,‘J j:fc_'-‘;I ﬁ'-jlj ’:’% /% 5” N C P 1 234/38/87/88 New controller family NCP1237/38/87/88

° iﬁi“'}fgg‘%" : EE,;}E .Eﬁ Design step 1: Power stage

Y WIS T [ A
* X1 Tw 3%2 : 12/2E¥‘h12: Design step 2: Set the compensations

* iﬁi""'fg%?): 7‘_'.':!:\'. ﬁiﬁ])\ ﬁE’,*—T& Design step 3: No Load Input Power

o iﬁ i——-,'j}gg%4 . Eéé % Design step 4: Magnetics

¢ iﬁi_-‘-’lﬁggﬁi5: EE,EZ:F:Ht Design step 5: EMI

* ?‘)J -’I.JJ;;}E 7‘1_\-1:&7,]__\-1@] Preliminary demoboard example
e L4t

I ZA Summary
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T £ #ME(OPC)

Over power compensation
ij. éﬁ%l\ ; %2 I]r] ?‘)J Q& ﬂl’lﬁ EE. JIL» ig. EE. JIL EE T / \_tﬁ% KE The overpower compensation affects the primary

peak current, by the following formula:

| _MJFV : tPRi_ .M +V .. - .ROF’P
PEAK R bulk L gOPP R off gOPP R
sense P sense sense
“ﬂ‘é )—E_ ﬁlé u —F J‘ZE/L\\Z_Et'H_ % ij Ek%l\ 1% EE, BH. 1_E Then the overpower compensation resistor can be calculated:
R _ 1:PROP ) I:esense
OPP
p " Jopp
1.%&%1\1“‘" EEBHW oMl fB, BEEEESBIEN(CCM), HMHINERTAAN
/E ’ ':I:l @ = vaIIe . 3& Over power compensating resistor affects only the | ., value, butin CCM is the output power given by
foIIowmg formula where | e, pYays arole:

2 2
Pout — E /A I—prim ) st ) (I peak IvaIIey )

REEERH ﬂ“
ON Semliconductor® y




— I B RIF
2"d [evel over power protection

HEFMER I Z RO FARTP, G0N T K E R IREIR

The overpower compensation affects the 2" level over power protection by the addition of bulk voltage feed forward.

\/ ran Fz
ITRAN — %_ (Vbulk _Voff ) Oopp '%

sense sense

SEFMEREA TR/ N R R~ —3, RIBY4EFFIZEIIERRE

The overpower compensation can be used for reducing the transformer size to ¥z and keeping the peak power capability.

EBEESH ﬂ“
ON Semiconductor®




i3 #FH#ME(OPC) B FFRA&i%it
Spread sheet design of OPC
EOPCIRIT R FHRIE, FFBEBIEERYMRppBREI e lan-

1=V
Pout& Ptran E,‘J J; } I]rﬁ,l OPC design spread sheet was created and the user can choose the right R, and it's effect to | | Pt and

peak’ “tran’

tran

DN

Output voltage Vout [V] 19
Inputs: Primary turns N1 [-] 100
Secondary turns N2 [-] 25
Ramp Comp at CS RaCo [mV/%)] 5
Maximum int set point Vilimit [V] 0.7
Sensing resistor Rsense [Ohm] 0.235
Propagation delay tprop [ns] 100
Primary inductance Lp [uH] 560
Vin to lopp ratio gopp [uS] 0.5
Over power comp resistor Ropp [Ohm] 680
Switching frequency Fsw [kHZz] 65
2nd level overcurrent prot Vcstran [V] 0.5

BNIFIEH, NCP1237/38/87/8811% % #5 will be available soon, while NCP1237/38/87/88 will be released

RBERERH ﬁN
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i3 #H4ME(OPC) B FFRIg T

Spread sheet design of OPC

Ipeak & Itran vs line input voltage Pmax & Ptran vs line input voltage
3.5 140.0
3.0 120.0 —
—_—
g /
_ 251 g 100.0
< —_— =
820 — . 80.0
= e —— g
x 15 = .
3 £ 600 7 ——
=
1.0 g 40.0
. < .
£
a
0.5 20.0
0.0 T T T 0.0 T T T T T
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Vin [V] Vbulk [V]
e peak == |tran ‘—Ptran — Pmax ‘

7_1_ EE'*E_t(CCM)1%*#IEﬂEE,JHI&{EEEI}IL(I eak) A1§IV3||9 \Bﬁﬁﬁvin
J:ﬂ' LE)EE_HE1 EI'JE‘jCﬁ"H:'IIﬂﬁpoutﬁﬁﬁvmmtﬂﬁﬁtﬁﬁ"]ﬁo

ale
§\ ?1 |A é EIJ %I\1 ' Keeping constant I, in CCM mode tends to |, decreasing with increasing the Vin. That's

why the maximum output deliverable power P, increases with increasing Vin. Choose the right compensation.

REEERH ﬁ“
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Loop compensation

E _F ]‘Zl_i IX_X,I i_IJ: _F ﬁ EE. % %1:% Download the work sheet at:

www.onsemi.cn/pub/Collateral/FLYBACK DWS.XLS.ZIP

LA ||




AT\ Y e o |
'L)L*E Agenda
¢ %ﬁ E{J “ ﬁlé iﬁzg,,g* New ENERGY STAR® requirements

* "fr{rré %ﬁ %m:;HE-; ﬁ ﬁ éﬁ'ﬁﬁl g E(] #% 'l‘EE Needed features to meet the new specification

i %ﬁ E,‘J j:fc_'-‘;I ﬁ'-jlj ’:’% /% 5” N C P 1 237/38/87/88 New controller family NCP1237/38/87/88

° iﬁi“'}fgg‘%" : EE,;}E .Eﬁ Design step 1: Power stage

LAk Ly [ g
* X1 Tw 3%2 : 12/2E¥‘h12: Design step 2: Set the compensations

* iﬁi""'fg%?): 7‘_'.':!:\'. ﬁiﬁ])\ ﬁE’,*—T& Design step 3: No Load Input Power

o iﬁ i——-,'j}gg%4 . Eéé % Design step 4: Magnetics

¢ iﬁi_-‘-’lﬁggﬁi5: EE,EZ:F:Ht Design step 5: EMI

* ?‘)J -’I.JJ;;}E 7‘1_\-1:&7,]__\-1@] Preliminary demoboard example
e L4t

I ZA Summary

RBERERH ﬁN
ON Semiconductor®



PR = B A EEFRRIER

No load input power reducing approach

LK
[
RCLAMP

rRg C5
— "_1 DC output
p ND1
1

@, N I
AC input D8 +I_LCOUT 9
O 9
8 8 x
A XA m V41 NUSTETY
2
FB \ éﬁD
(V)
NTC 3 cs vee @
- 4 5
&b 6D GND DRV
1238B65
GND

L w Y
ROPP 2] [ﬁ
2 3
GND [
> Gl ]
. 4 1 2 E
J_c4 3 _;I"f 2 =C=3
I PC817 IC2
Ix o
GND GND TL431 “‘i
B%ﬂE'EE %%5 i}l_'=ﬁ EE,E,Z Decrease the transformer leakage inductance ip GND

1% FH % ﬁ bFﬁ z }i 7—~E &EJUEJ ;HH *EZ_E% E,‘] 1:.£_|:'-‘;I ﬁ'-]IJ %% I C Use the controller IC with the frequency foldback and skip mode features
Z: flf,ifF ij] Ij“& E 1:/H\: EE,(DSS )I1’E (VCC EE,«"Ei%:' 7]” ) Do not allow the DSS operation (V cap increase)
H:II E)rlHEEVCC& %Eﬁﬂh g‘%éﬂﬁﬂ-i}f:ﬁ ,|5||qz ;R—F ’ illzg 7]” ?Fﬁﬂj] gjj'zr.éﬂ IE él-‘f[ ’ 9& |‘7.|'—,| DSS In case of low Vcc and high

aux winding leakage increase the aux number of turns to disable the DSS

;}Ei /J \VCC%EH?L EE, K 1E(E_I- ﬁll::', %2 I]r'ﬂ EMI ) Decrease the value of the Vcc damping resistor (may affect the EMI)

RBERERH ﬁN
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PR =S EAM AN REFERVIR TR

No load input power reducing app+Qach

g 5 §*L
m
5 & 8]
GND D9 R5 DC output
O u S 3 ——
AC input D8 N +IJ__IC:OUT Q
O B ' g 9
g a8 IC1 J_cn . T T
N N m A atcH  wv [ 4
2
o
) e GND
NTC 3 cs vee B
i I 4 5
GND GND GND DRV
NCP1238B65kHz
GND
— Ll
ROPP 7
w
e i

GND
OK1
4 1

Too [
® % i_t%%l\/l 1 ﬂ: 9&*}'91 %—E Try to save the M1 switching losses I Jj Peatr sz
° ﬁ[, ﬂfr "EIEM_L EE.EH Optlmlze the clamplng circuitry GND GND L
° Biﬁﬁ &_T_E ;}ﬁ, nn FF E’J ?J\%E Reduce the losses in the secondary rectifier and it's snubber
° B§1EETL431 1ﬁ B Decrease the TL431 biasing
* %?EI— }i,lo'f EE. IZE. éj\ ;)zllf, Ifi / J \ 5]% 5)2;'?, Decrease the cross current through the feedback resistor divider
° 7.] Fﬁ'ﬁ ﬁ Ek EE,;)ilf,iﬁE "_,\ E’J I{IE Set the stable operation for the all loading currents
° Z-3t1§FH éﬁ IIII:II EE,}:TZ 7R 7INLED Do not use the output voltage indication LED

R3
1
—J

9]

R1

N
—

RERESH ﬁN
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'L)L*E Agenda
¢ %ﬁ E{J “ ﬁlé iﬁzg,,g* New ENERGY STAR® requirements

* "fr{rré %ﬁ %m:;HE-; ﬁ ﬁ éﬁ'ﬁﬁl g E(] #% 'l‘EE Needed features to meet the new specification

i %ﬁ E,‘J j:fc_'-‘;I ﬁ'-jlj ’:’% /% 5” N C P 1 237/38/87/88 New controller family NCP1237/38/87/88

° iﬁi“'}fgg‘%" : EE,;}E .Eﬁ Design step 1: Power stage

LAk Ly [ g
* X1 Tw 3%2 : 12/2E¥‘h12: Design step 2: Set the compensations

* iﬁi""'fg%?): 7‘_'.':!:\'. ﬁiﬁ])\ ﬁE’,*—T& Design step 3: No Load Input Power

o iﬁ i——-,'j}gg%4 . Eéé % Design step 4: Magnetics

¢ iﬁi_-‘-’lﬁggﬁi5: EE,EZ:F:Ht Design step 5: EMI

* ?‘)J -’I.JJ;;}E 7‘1_\-1:&7,]__\-1@] Preliminary demoboard example
e L4t

I ZA Summary
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M FEDA,

Area product A,

¢ ;‘5& EIJ ﬁ%/q E‘E*RAP H,‘] EX(%ﬁ{ﬁ m4) There is defined the area product A, [m?]
o Ao ABYWE OERW, [MmAS5EREEERAIMABIFF rodoor

effective window area W, [m?] and iron cross section area A, [m?]

AP :Wa Ac

* ij:% 'I‘;&J‘EE ) _I%— éﬁ&blt 1{ H,‘] Ef—‘(é iﬁ 'H_ Allows fast, effective and optimal magnetic design
* E é, /ZA\E'EEZ;EI-\-;&'E% I:I:l Should be published in core datasheet

REEERH ﬁ“
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1)
2)
3)
4)

E I:l *I.Ilﬂ $KU Window utilization factor Ku
KuB B EREMETESTOER LR, XEOMAR

=7 ==
'._14 _F ﬁlj X ? 5'!} I]rlﬂ Ku is a measure of the amount of copper that appears in the window area of
transformer. This window utilization factor is affected by:

g&é@ g% Wire insulation
g&ﬁﬁ( IJ_'_l ?ﬁ_ ;&) Wire lay (fill factor)
23?, ?Fm E%ﬂ Bobbin area

B AS - A > —_— b
g )%2;% ziﬁig;%z z IEj %* BI% |%_'| Insulation required for multilayer windings or between windings

Jil

HAE OF AR E7E0.35E0.485EF

Typical values lay in range 0.35 to 0.48

REEERH ﬂ’N
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ﬁﬁgiﬁu(load The load coefficient K, 4

Y N —_— L WARN 2 St A A A4 70 B s17
s B TTHREE R ERZ I o0, HEE L B (5%)%
Bﬁ_ﬂ:tﬁlﬂl Flux density in magnetic should be designed at | .., with some margin (5%) to avoid saturation
¢ 1dl_( /TEE \ﬂzﬁ é'g %%‘&1 OO% E{J IOUt ? Do you really need 100% lout for 100% time??

%—Z:ZEE, E)L)}Eklj\ﬁééi'é,'?ﬂﬂ' ! If not, decrease core size!!

I
out,RMS
KIoad _ |

out,RMS,max

7_|_T1§IJ Example:
- FAEMMEABRESSA BRERSFHTEFEXXNEIR

Maximum DC output current is 3.5A, but it's only needed for transients

o 'IJG;HH i’>] ﬁ*ﬁ{ﬁ{i 1 . 75 A(HEE I/I\ 1 Oﬁj\%n) The long term RMS value is only 1.75A (at least

10 min.)

* ﬁﬁ?&éﬁﬁ{ﬂj’\]o5(ﬁﬁﬂlﬂ) Loading coefficient is only 0.5 (not 1) —> EZKRT,I-EIJ\

core size is smaller — > E?(é K&%H -TI-DEIJ %‘EE I/I\ loses in core and in copper are smaller

RBERERH ﬁN
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AR R BRI R T E

Flyback transformer core sizing
E —F itiﬁ])\%{fl: —F ) Eéé ;E'I: R ﬂ- lﬁg *E j:EAP ;&;E'H- % The core size can be calculated by the A,

factor in case of these inputs:
1. ?f?*ﬁ%%%%& Converter parameters: Lprim’ Ipeak’ Kload’ 6 Ir, DCmax
2. FERULCERKHEIBEEB,, M I RINEF,, B RIHE TR B AT core maximum fux

density B,,, considered with the hysteresis and eddy current loses at switching frequency F,

[ -

3. SUBSE(MRRRBLEERAEKY, BKU) (IR R R BB

Jprim S 'Jsec) Winding parameters (utilization factors for primary and secondary windings Ku,;,, Kus), (current
densities in primary and secondary windings Jim, Jsec

A — I—prim - peak2 K . \ DCmax N \/1_ DCmax . é1r2 +12
b =

Bmax R J prim Ku ‘]sec ) Kusec 3 (é1 ¢ T 2)2

prim

IRFE AT AT AAR R Ap B B L 7 7= am P e 432 18 = O BELES

Now the appropriate core can be selected from the vendor products list by the A, factor .

RBERERH ﬁN
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é%gﬂiﬁi'l' Windings design

¢ "f‘]]g&g%gﬂ JL ?‘Q Number of turns of primary winding
_ L prim |
prim B A

max C

peak

NT

\h pr— Ay
* JIA g& é’;j%gﬂ m_ él-& Number of turns of secondary winding

NT,. = N -NT

prim

° ?l:m E}] é}% gH E ;& Number of turns of auxiliary winding

NTaUX _ VCC +Vf,Vcc . NTseC
\/ +_\/f,cﬁode

out

LA ||



SERKE

N -z, -
l, = ‘E‘;’ peck _ MPL Y] |, << MPL

in case of
max ll’l r

g Air gap length |,

I

M PL ﬁﬁ J‘EE&'&E core magnetic path length
Ho

e =
fﬁ@é—Ef- > permeability of vacuum

\

“++
H EZ II_‘,\EZ K permeability of core

E{FEHEE. RMBYIFRT, RIS LIEER2

. Ly . AC
SRERFTITE M, EARSHEE DS 524
/:—l,lz,'?li In case of use the EE, RM, pot core divide the calculated Ig by
factor 2, because your core has 2 air gaps in magnetic path
MPL

RBERERH ﬁN
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AT\ Y e o |
'L)L*E Agenda
¢ %ﬁ E{J “ ﬁlé iﬁzg,,g* New ENERGY STAR® requirements

* "fr{rré %ﬁ %m:;HE-; ﬁ ﬁ éﬁ'ﬁﬁl g E(] #% 'l‘EE Needed features to meet the new specification

i %ﬁ E,‘J j:fc_'-‘;I ﬁ'-jlj ’:’% /% 5” N C P 1 237/38/87/88 New controller family NCP1237/38/87/88

° iﬁi“'}fgg‘%" : EE,;}E .Eﬁ Design step 1: Power stage

LAk Ly [ g
* X1 Tw 3%2 : 12/2E¥‘h12: Design step 2: Set the compensations

* iﬁi""'fg%?): 7‘_'.':!:\'. ﬁiﬁ])\ ﬁE’,*—T& Design step 3: No Load Input Power

o iﬁ i——-,'j}gg%4 . Eéé % Design step 4: Magnetics

¢ iﬁi_-‘-’lﬁggﬁi5: EE,EZ:F:Ht Design step 5: EMI

* ?‘)J -’I.JJ;;}E 7‘1_\-1:&7,]__\-1@] Preliminary demoboard example
e L4t

I ZA Summary
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A E ST PRI R T IL?

How to improve EMI of my design?
—RELE MR

~ 1 D output

Digg DDE
-,
.
o, —
. Tr
* .
e, 12N
0. $‘
0“’

ﬁcmu@%ﬂ%/ &K

VAR

H

l}ll.?f-ﬁj ll:l:ll nes I&ﬁ%

DC output filter

-
.
.y Lest
Lo 3
Ko T T T L
(@] o
Q
g

¢ SRS
. 5 Clamping loop
“‘ K Y '.'..‘. ................................ :
R BN i
D’RVdampmg B EFF IR :

: Power switch loop :

* Fﬁﬁ T ﬁ ﬁ-_l' L/Fﬁ EE./}IL E’J H BE}Z;E& E’J ﬁ* i’]r‘_ Z—I'-)L ’J\ All switching loops with RF currents should have small area
o LIBANMERERAS RN REKR, BNEEBRBFE M divide input AC fiter at two chokes

to decrease the parasitic capacitance coupling

* CY'?& |‘7.|'—_| ‘ 7|'|‘}:T: /E)\QTL/FF' EE,;ﬁf E’J EE;ﬁ}Z{E& CY — closes the current loop for the RF currents injected via

transformer

onimnnt. ON




— /5 T A s
—REZIMERIT
Diode snubber design
¢ Qﬁ ,IIIII % BH.}_‘— é 1: j:h_‘Z%A %E& E’] "'I:% ‘fIE BH. *}'L Snubber resistance should be close to characteristic

|mpedance of ringing circuitry

Lioar sec —/ R 2R AT 00 21 B 25 [ 25 it s B 2%

the transformer leakage inductance observed from secondary side

L
leak,SEC —_ oI
R = Ll Cd - }i rE_',l _1:&%_' EE,ﬁ' reverse direction diode capacitance

snubber
Cd

« ZIMZRBIRCHT 8 H & HHEX T A RERE/), (B5H8E LT bR

é tFSE'lK RC time constant of the snubber should be small compared to the switching period but long compared to the
voltage rise time

Cauper = 3+4-C,

snubber
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PCB Layout tips

DRV loop Clamping loop

AR IE R HETI N = HEWS B AT IR IR 5

*/Fﬁ EE.iﬁ"f, Capacitor pads arrangement for better

filtering RF currents

“IRERE NS

Diode snubber
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'L)L*E Agenda
¢ %ﬁ E{J “ ﬁlé iﬁzg,,g* New ENERGY STAR® requirements

* "fr{rré %ﬁ %m:;HE-; ﬁ ﬁ éﬁ'ﬁﬁl g E(] #% 'l‘EE Needed features to meet the new specification

i %ﬁ E,‘J j:fc_'-‘;I ﬁ'-jlj ’:’% /% 5” N C P 1 237/38/87/88 New controller family NCP1237/38/87/88

° iﬁi“'}fgg‘%" : EE,;}E .Eﬁ Design step 1: Power stage

LAk Ly [ g
* X1 Tw 3%2 : 12/2E¥‘h12: Design step 2: Set the compensations

* iﬁi""'fg%?): 7‘_'.':!:\'. ﬁiﬁ])\ ﬁE’,*—T& Design step 3: No Load Input Power

o iﬁ i——-,'j}gg%4 . Eéé % Design step 4: Magnetics

¢ iﬁi_-‘-’lﬁggﬁi5: EE,EZ:F:Ht Design step 5: EMI

e W

* ?‘)J L}iﬁﬁ 7,1_\-1:&7,]—_\-1§|J Preliminary demoboard example
o it

I ZA Summary
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Preliminary demoboard

HAIR65 WEIEAIERCES(19 Vs )

A typical 65 W notebook adapter (19 V output)

(#]y‘EPS 20%}%%% optimized for EPS 2.0)

LA ||




458 T R FE %

Schematic of preliminary demoboard

HAIg65 WEIBAKIEHC (19 Visith)

A typical 65 W notebook adapter (19 V output)
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L m
210 FUSE 1,2A S 5
. ox g
2z iA| | == ol 525;_ 82&3_
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Y o ”\H'Dg . +19V/3.5A
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Foe ;| ol 3 R oo
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T: slizellzo ™ 0 : N
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LB HE L R 48 il e — ab A
Btz 4% £ N1F8YE 7R R BE?
Demoboard Efficiency measured with the DC cord
BERZSKEN1.05K, HEBEIRA0.75FAEK

The DC cord length is 1.05m and copper cross sec. is 0.75mm?

o POUTm:'N 115 Vac/60Hz 230 Vac/60Hz
s 87.10 % 87.37 %
;2;’@ 87.52 % 87.63 %
g‘;;’@ 87.54 % 87.88 %
(21?3{/0) 87.79 % 85.96 %

115 Vac K /E3087.32%; 230 VacKEHIRER87.21%

Average at 115 Vac is 87.32% and at 230 Vac is 87.21 %

RBERERH ﬁN
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i — / VA
18 7R T ﬁgﬁ Demoboard Standby Power
;TQFH NCP1 237 E,‘] 5&; %*&Eéﬁ& 7H:Ii ﬁiﬁ])\ ﬁlé$¥_, Light load and no load input power with the NCP1237

V
N 115 Vac/60Hz 230 Vac/50Hz
I:)OUT
10 % 86.55 % 83.74 %
(6.5 W)
5 % 85.40 % 78.72 %
(3.3 W)
1% 77.49 % 73.77 %
(0.65 W)
ZS ZX No load 51.1 mW 73.5 mW




Efficiency [%0]

90

S o AB % .
Iﬁm*ﬁﬁgﬁ& Demoboard Efficiency

88 -
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84 -

82 1

80 -

78 A

76 -

— 115 Vac - NCP1237

— 230 Vac - NCP1237

74

72

30 40 50 60 70
Pout [W]
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E IS BT

00 Demoboard conducted EMI

80

70

60

50 | !: | ”.

a3
=]

:_ . ‘” i .
| BRI Hm mlllm...

100K 500K ™ 0M
Frequency(Hz)

KA ZE 465 kHzBINCP1237BE)IE ;R#R 7E230 V/50 Hz &4
—F ;% %&(2 . 72 A) E,‘] 80% HTJL E,‘] EM I 80% of full load (2.72A) at 230V/50Hz NCP1237B 65 kHz

onimnnt. ON




NCP1237B100kHz$n % ] zh

Tek Stopped SlnglelélQquJ-ZB?B 1OOkHZ frequency Jltterlng 08 Jun 08 16:37:51

125MS/s  8.0ns/pt
HcCi1 s 5.8V

(IR1| 2.0kHz 2.0ms ] 2.0ms/div

f2: 105 .4kHz
Af 12 .21kHz

(QR1| 1: 93 2kHz
Refl — DRVSRZR DRV frequency

LA ||




NCP1237100kHzInFE & E

Tek Preview SlnngSN@PlZS?B 100kHZ frequency fOldbaCkOJunOQ154501

. l ’ | L' | - | ‘

——————— .
1 TR T T U gl vl H L LT LT L T 1011 Lk | e i ot o i A e o i o 1L L L]

1.0ms/div
250MS/s 4.0ns/pt

c1| 5.0V

IC2| 500mVv Byy- ]

IR1| 50.0kHz 1.0ms Wcz s 1.04v

(JR1| f1: 25 .56kHz t1: 4 .652ms

BRi|E: 290k, £ oo ] Ch1l— DRV, Ch? — FB, Refl — DRV frequency
AffAt: 45 71MHz/... 1/At: 618 8Hz

LA ||




20% 5 25 2 i 25 BT RY 5 BB 735 Ml [z

Load transient response from 20% to 100%

Tek Stopped 94 Acqs 21 Sep 08 1? 38 35

jici| 100V Bwy- 100us/div

ic2| 20v By- 250MS/s  4.0ns/pt
fc3| 500mV % Bw- BEc4 s 1.52A
lic4] 2.0A Q

icsjtr: -6 Gus
t2: 614 .0us

At: 620 .0us
1/At: 1 .613kHz

Ch1 — Drain, Ch2 — FB, Ch3 — Vout (AC coupling), Ch4 - lout

-3 B F ELLILIAL |



i 2, 21 2000 53 F BT BY 57 25 B 755 Ml 1z

Tek Stopped Loadoemanment response from 100% tesza%m

jc1| 100V 100ps/div
icz| 20v 250MS/s  4.0ns/pt
ICSI goé):‘lv ; Bw- B cC4 1.52A
ca| 2
ical t1: -6.0us
t2: 794 Ous

At: 800 .Ous

1/At: 1 .25kHz

Ch1 — Drain, Ch2 — FB, Ch3 — Vout (AC coupling), Ch4 - lout

Iy
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° iﬁi“'}fgg‘%" : EE,;}E .Eﬁ Design step 1: Power stage

LAk Ly [ g
* X1 Tw 3%2 : 12/2E¥‘h12: Design step 2: Set the compensations
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o iﬁ i——-,'j}gg%4 . Eéé % Design step 4: Magnetics

¢ iﬁi_-‘-’lﬁggﬁi5: EE,EZ:F:Ht Design step 5: EMI

* ?‘)J -’I.JJ;;}E 7‘1_\-1:&7,]__\-1@] Preliminary demoboard example
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,'E‘,'\ZE Summary

A Al Re K 2 B B S G ¥R s i B s TR BEIR 2 2 S IECH

i = 1
}EK;,R Meeting the most recent requirements from ENERGY STAR® or IEC is possible with the classical Flyback
converter

mﬁﬁﬁﬁﬁz}i%&ﬂ%ﬁ HATH BE RV FTISHI 2ENCP 1237/ 38/ 87/

881:;'51 :L_*I:I:I T I‘i The new controller NCP1237/38/87/88 with the frequency foldback and skip-mode
at light load make it possible

E E.I- TITE{ I_.l a: 87% HIJ :I:i,] Hlf,';‘\ Average efficiencies above 87% are possible
E E.I- ZHAET;TEE1 1&? 300 m WHIJ ﬁiﬁ)\ Hb%% No-load input power below 300 mW is

possible

TU;‘—IMEE:HOO mWHYZS ﬁiﬁ“)\ E3E, HREITHICKE L

/%1*5[ EU /l\ EE.I)_ -l'-|_ Z‘ )_J?, I Ij] $ iaﬁ No-load input power below 100 mW is

achievable, although the controller alone cannot ensure this. The whole power supply must be designed to reduce power
waste.




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
www.onsemi.com/powersupplies

onimnnt. ON




