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LCD TV Power architecture and LED backlight

o MEREBITHIAFZEE Lco-TV Market
- ﬁg$% B%ﬁﬁ#—:’!% Power Reduction Trend
— MY LED % G& BB #1 &5 I Edge LED LCD TV Backlight

d 26@42;#%EL|PS§%'IQ'E+ 26" to 42" H-V LIPS Reference Design
o 46/A73 TR Ea B Eﬁlﬁﬁﬁ'(PSU) BEE RN T ZE 46/47" Power Reference

(PSU) for Fﬁ/ Backlight solutlon

NCP1631893Z$E T INZFEHLCrM PFC interleaved Frequency Clamp CrM PFC with
NCP1631

— SXHNCP13790 A 15k 25 JiE i 7 B35 2 8% Quasi Resonance Valley lock out Flyback

Converter with NCP1379

— XHANCP1053AIECOEF#HF X H.E /5 ZE Eco Standby SMPS Solution with NCP1053A

o 46/479&_1' 5'[';7:7% 46/47" Backlight solution
— L|PS-“_?%H§ LIPS Inverter
— 1)”“%KLEDH|X£}]%§ Edge LED Driver
i E:,F NCP1397E|,‘]§FH Elé*ﬁLLCE??&%% Dedicated HB LLC converter with NCP1397
* E:FCAT4026E|,‘] g iﬁiﬁéﬂ%‘liiﬂz ij]%% Multiple Linear Drivers with CAT4026

e ,E\.Q_E Summary
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LCD-TV Shinments bv Size
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Power Reduction Trend

1,000 o ERHABEERE ) RIRBEHEHR
m 52-inch Bﬁz{EEI{lE&’f:—bf*)l*E—tT B9 ﬁb%‘ﬁ

#042-inch Regulatory pressure and Green Marketing
# 40-inch being applied to reduce power consumption
32-inch in active and standby mode

e ¢ HEAREERA L REN A

40,42-Inch New technologies focused on improving
backlight and panel efficiency
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- 32-inch -~ \‘_ (=

Source: Sharp o

LCD TV power consumption (W)
=
, /
/

1W per inch of screen size, or better
10 471l L | 1 B L 1 | |
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Year Panel
components

¢ BEIEZ 4. ORI B MR R AR BT overn

Proposed revised ENERGYSTAR TV regulations (V4.0) will lower average power targets backlight
— 423:~THEA208 WB’1§115 W 42" TV to go from 208 W to 115 W

— NIRRT L AT AR BT 3. O HSE Y/ N T 26 ST RY AL EL S Backlight accounts for two-thirds of
Impact ALL models mcIudmg <26” which eaS|Iy passed V3 total LCD TV power consumption

—  HTISEITXIE20104E5 B 4 3 New rules are planned to be effective
May 2010

"”jl> ﬁll::: .:'.ﬁ-IEEB%{&g"]SO% Power consumption reduction ~ - 50% over 2 years

WILLLLY




600

$a
o
o

On Mode Power (W)

200

I REIRZ 2" 4. ORRHRAE

Proposed ENERGY STAR rev4.0 Standards

m LCD #* Plasma 4 Rear Projection YWersion 3. ee—pcooosed Yersion 4.0
Eomgarab.fe Wewab.fe: Screen Size ﬁnchajs} : : *®
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BRI, HhAZHEHE
_EH(]LED S EBAR very

few LCD-TV pass proposed new
standard most are Samsung LED

Fiy
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HirEM HE: 20104E9A

Target Effective Date: May 2010
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LCD-TV LED Backlighting

100% —
/2%
50% 2
22%
0% -

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
LED Backlight in Notebook | 16% [ 32% | B1% | 97% | 100% | 100% | 100% | 100%
==ip==| ED Backlight in Monitor 0% 1% 4% 8% 15% | 21% | 34% | 54%
=—| ED Backlight in LCD TV 0% 3% 10% | 22% 32% | 40% | o0% | 66%

Source: DisplaySearch July 2009

=) LD B4 STA2012 457 #145/20-329%( 296,400 57 &)

LED TVs is forecast to grow to 20-32% (~64 M#) by 2012
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Comparison of LED LCD TV Backlight Options

St LEDE Y& B IT edge-it LED BLU

B FRLEDE Y B IT pirect-type LEDBLU

LEDIRz) 35

LED driver

SEHE. FFE, REIEREERET
Ij] ﬁg @é&'li?ﬂ’@ High voltage Boost, buck, linear with

Vf adjustment

ﬂ'E Ekﬁ%& 7]]] _% ﬁﬁgﬁ'li Boost or Buck plus

Multi-channel linear

ﬁt;ﬂ' Merit

= &b 7 . -
L HES& High Power Efficiency

. RIRIT RG AT SR BLEDIE 42

Good system reliability independent LEDs performance.

J ?ﬁ@}'ﬁﬁkﬂﬂ%ﬁ Cost down of system
o FEFEBEM simLcoTy

° 55?,2@ ’ 5(7]' tl:f;"{ E'{i Deep blacks, better contrast
e BFIEIAIE Local dimming
i :E| *E?EE ﬁt—%%“lﬁz Scanning for higher frame rate

° 1&%&%% Low power consumption

° E%‘T"E@1§%%E¥ Complex signal processing

Z:li Concerns

L %é}fuii?a& @.@é_:':#[ System Noise & EMI
o ERARXRZINERTH(BRRER. BE. R

Faray .
=] ) Using lots of external components (Inductor,
capacitor, diode)

o BUIAPRHE! Thermal limitations
s ZENAS, EAHLEDFIEHZHES

High system cost due to number of LEDs and # of Drivers

O 1% QEE Picture artifacts

>ﬂ’7]7‘£,‘f(‘,‘|_EDé‘€5§é‘Edge Lep> 90% 7
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Power Architectures Remain Varied

EFI'? EE,;ESignal Powe
}iiﬂ Flyback
%*E**ﬁ Resonant HB
30-80W

PFC

s 57 F EEART crm
REAIERMGICIM

Interleave FCCrM

HFE BN coum SR Backlight Power

70 - 400+ W }ii%j[ Flyback /ig*}ﬁﬂéﬁ Resonant HB
24 /150 V+FAFLED® ¢ for LED
HV-LIPSHJCCFL/EEFLE 3t

for CCFL / EEFL

50 -300 W

=3 ]

524 VE R SHV-LIPSHRH#E
IC5)  aHmigitbEneE s RakE

Thin TV design impacts solutions choices as well

i LLLILE ﬁN |




32;@#%&L|PS§%iﬁi‘l’ 32" HV-LIPS Reference Design
32§#Sﬁiiﬁiﬁ§§k)§%iﬁi+Lﬁ\g*rﬁiiﬁ26/42§"—f For 32” (highest volume size)

with possible extension to 26/42”

- 2009¢3H .J:_I_'ﬁ Available since March 2009
— 3 CCFLE (I EN#Bi1295%), B RZEZFFEEFLE JE ror cerL (5> 95% of backiight) with

possible extension to EEFL

- $ EE.E%*& ’ ;&Fﬁ 775'_1 EIEEI i 7.|__\' & ﬁg %%%ﬁﬁ EE,;}E (LI PS) Single PCB with LCD and Inverter Power Supply

LLL

'I‘iﬁf tt*& E E"]ﬁ% Very Cost effective solution
- %%ﬁ yl\'?%*)l;l: ;& EE.;}E No extra Standby SMPS
- ﬁ-f_’lj $E?§% E(J CI‘M Ij] z ;&*QIEEQ Straightforward CrM PFC

Fir B9 X 52 R FR3E 3 BIKIC key onsemiics
— NCP1607 CrM PFC*?E%U%% as CrM PFC controller

— |}|(.3bp1%51 ﬁor NCP1219 %1&%*&‘5“6%1‘%3\‘,H@ﬁiﬂiﬁ?ﬁ?ﬁ%ﬂ%E as Flyback with low power
standby mode
L X6503 MinOsemi%%*&r‘q%U%% Microsemi Backlight controller
- é*ﬁ%& i%g%% ’ %%E#‘ﬁ -E-_’IIX ij]%%(ﬁj\ﬁ EE,E%) Full Bridge High Voltage Inverter without High Side Driver

(discrete circuit)

. P TN S .
- JIHSIZTB%IH% Jin balance solution

i LLLILE ﬁN |
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32" HV-LIPS LCD TV block diagram

LCD Back-light

Current
b= balancing p==
and sensing Cold
Cathode
Fluorescent
Lamps
| Lamp regulation
OCP, OVP > Y

Backlight Inverter Controller: LX6503

ON/OFF, Dimming,Synchro,12Vdc

14 Vdc-Audio
12 Vdc
5 Vdc

5 Vdc-Stand-by
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HV-LIPS LCD TV Complete Solution

Green PO | nt®§%iﬁi+i*é’ GreenPoint® Reference design documentation:
http://www.onsemi.com/pub_link/Collateral/TND360-D.PDF
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46/475~T BiES % (PSU)

46/47" Power Reference (PSU)
d %!’g‘j?%?]%g’giﬁsgaﬂﬁ??‘m, ﬁg*f%iﬁ40/42§#§k52/55_§-‘—]_ Higher power LCD-TVs

Fﬁ :J:{i;&/EEEIEEZEI] HE igﬁlﬁ E Performance driven project focusing on power stage only
1&?90 mWEI] *&1&1#*)1 %‘E -||'+hl- ECO“;E |‘7.|'__| *E—t Very low standby < 90 mW with ECO “OFF mode”

7v £H

— AZtE :_Etl/l:ﬁ K"E'IEH_LCI'M PFC*E = ﬁt, )(SI Interleaved frequency clamp CrM PFC for higher efficiency
- ﬁ 1_70 W}i l%(igj:% Hq :.FIL,\ 1Z|§1 ifi& = L/Fﬁ EE,[},—\ Up to 70 W Flyback converter for the overall Signal
Processmg and Audio

— EH=1X200 W/400 VA F 3 I up to 200 W/ 400 v available for backiight

« MBI RERHREFFFIC key onsemiics
aﬁﬁ H’JNCP1631 % :_Et FCCfM PFC* ﬁ:]ljﬁg New NCP1631 Interleaved FCCrM PFC controller
— H AR ED]RERTFINCP 137 9/ IS ik I B AL 1 25 1= HI 2R BN CP 1252 [E] ZE 35 2R Bk B2

1” ﬁ'-TIJ (PWM)* ﬁ':.llj E’g New NCP1379 QR Flyback with valley lock-out or NCP1252 fixed frequency PWM controller

— NCP1053A = L\lé)( 1&’[2-]:*}-[, [:,*%;:F 9& EE,I},_\ NCP1053A high efficiency low power Standby SMPS
d 1&@}%‘1&'11’ Low profile design
- ’r’r— A-%ﬁ: %Eﬁl*}it |—J}J—1EE$ 13 mm( 5 _Ié.l_r—ﬂE%: 175 mm) 1st phase: < 13 mm on top of PCB (<
17 5 mm tota

Irh-—

- t : I) EX EE,EK*&J:I_JF_ﬁEa:S mm(,._,\féj_fiﬁﬁﬁ':lZS mm) 2nd phase: < 8 mm on top of PCB (< 12.5
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46” LCD TV Power Block Diagram

St-by / ON

Mains Input
90-264 Vac

Power (PFC + Flyback + Standby SMPS) |

i LLLILE ‘ﬂN
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46” LCD TV Power Solutlon_Umt (PSU)




A6E~THREBMPFCHE
46" LCD TV PFC Solution

o %]‘i\-,300 Wﬁiﬁﬁ&ﬁg%ﬁ{ﬁ(:rlvl PFC Up to 300 W Interleaved Frequency Clamp CrM PFC
— BETIMREMRETCM(ECCMIEY), BEFJRAMREMTCCM(ECrMIEH) seter emi than

CrM (= CCM), Better EMC than CCM (= CrM),

- Eﬁ& E'I‘J IrmSFH :F’-fﬁ] II:I:Il EE,%_\I- 'ﬁl‘:?CI’M&CCM Lower I .. for output C: better than CrM and CCM
- E/J\ El(] g& Rﬂ- ) iﬁi—'—iﬁéﬁ%ﬁj\:_ﬂélﬂ z . Eﬁé$g$;§iﬁ'ﬁ_ Smaller coils size designed for ¥z of

power: better for SLIM design

— IIEEMOSFET. Z¢ [ & —R&E X M2 B/ RIFRAELE (5322 CrM PFCRT R 4E 1
*E é' )%JL:JHE,- 1/|\$3_ch E,‘] gﬁ'ﬁ: Power MOS, coils and diodes split in 2 smaller standard parts (= 32"CrM)

o %ﬁ*?%“%E'NCP1631 New controller NCP1631

- }/Fﬁggﬁ{ﬁ*” :.F Frequency clamp to
* Ei% ﬁﬁﬁ;*t&?%ﬂ'ﬁﬁ%[ Improve EMI and efficiency
® ;&Fﬁ E’JVE{E&};JZZKE(]PFCQE Smaller / lower cost PFC coils

— I“PFC-OK"iE{it# 1 B £ {5 2 Output voltage information with “PFC-OK”
» Improve reliability and avoid under supply working conditions

¢ 1:51/\%*&(]2?%2 EE.1I§F'E- % H&ZKTJ_$ Easy SLIM narrow range version

- %_Ir $ H(J FCCfM (1/23—£ %jét:—tt)ﬁﬁ a: 140%264 VE,‘] ?Ea EE,}_:I—S_ :}HE'_, Simple FCCrM (¥z Interleave) for narrow range

140-264 V

- ;&Fﬁ 5 3235# jiﬂi: EE,E :}HE'_, H}iZIK?'éﬂ;l E(] jTE,#I: Similar parts as 32” Wide Range

"”:> gz%g:itl:ccrlvl PFCFH :J:Ij]ZEjC:J:ZOO W&ﬁ'%iﬁﬂ' Interleaved

FCCrM PFC for > 200W & SLIM design




PFCH%'J\.@E PFC Summary

Single FCCIM stage Interleaved FCCrVl stage single CCM stage
General m.ﬂ’i;me General E ﬂﬂﬂl}‘:‘;,iglde General i Eﬂlll;:ﬂ:,i:;lde

Al oz (B) Indepenident on L 10.0 A Independent on L Depends on L
I
Inductar | Wrrsimmg = 3.5 A
C L= 99md
Total MOSFET !
conduction ‘- I i
losses {with @{ﬁ]z % i 46 W 3| bgmg ]z [1 TN ]] 46 W
below | My e | ]
MOSFETs) | i
I 1" SPP2ONGD I . I 1" SPP20NGD
MOSFETs | o1 2* SPP11NGO | 2 SPPTINGD | or2” SPPT1NG0
T T
i i High speed
| i diode (SIC.)
Diode Ultrafast : 2* Ultiafast Low tr diode Y
i i
! 1
| i
= ! ] > H
Bl - [ Baz : [5& .
— 2 (%) (3] | 20 o2 (B8] (ny =A%) (B 17
LI L | B Vigmay Vour | Vows I Wiz Vot | Vi I
EMI DM: high DM: moderate
complexity CH: moderate CHM: high
Characteristics Compact design Low profile designs Compact design

Compared to Cr, FCCrM allows the use of smaller inductances (due to frequency clamp)

The inductance for the single and interleaved FCCrM stages is based on a 130 kHz frequency clamp (high frequency design).
The switching frequency is also supposed to be 130 kHz for the CCM stage.

i LLLILE ‘ﬂN




FiT R ea B PFCH BEIE 467 Lcd TV PFC Schematic

B8D1 o
GBUB0S X D1 1N5406
Gnd_Lug 1l N4 N , N
CNao1 L2
L1 50uH 200uH  nc_9 RTL  NTC2RS5
) 8 L201 D2 MURS50APF
) ™ o e >
T PFC_OUT
1 c1 c2 1
c3 ca 0.47uF 0.47uF
e . e == a50v 450V
- - R1
Y 1nF Y 1nF Y
D3
I R2 MURSS0APF
I i +—<_JPFC_OUT
C5  X2100nF 275V Q2 STPONKS0ZFP Lcs
CFs28 b cr ~
R8 Q1 STPONKS0ZFP D6 MMSD4148 E 10nF 500V 450V CNoo3
1 2 M o 4324075
D
D5 MMSD4148 E N Backlight
o—3
;e’a o o—2] Input
4 — Power and
L4 8.7mH Q3 | | 8 Si gnal
R15 BC808-25LTT
CFs28 M A
R6
1 a7
D
R20
™M J106 INSTALL
D8 MMSD4148 L J7 1 I
4 cu [ 4 T ciwo
R28 NA NA
Ls 8.7mH Y R39  NA
R3 Rl 1K R12 1K
Cl2 X2 WF 275V » O_UVP
1 0.065 2W 5% R16 22K > FB_PFC
zcD1_10
R17 150K  R18 150K  RI19 150K : Il NCP1631
R14 22K
zcp1 1
= tlze02 7 zepr 2O <__JvCC4
FB_PFCY, 21 kg prc-ok {12 <__JPFC-OK
3 1
R21 150K R22 150K R23 150K Rt DRVL
41 osc onp 2
51 veontrol vee H2
<RELAY1 t—C Freq-FallBack  DRv2 AL c1s|
BO_PFC 7 10
<RELAY2 80 Lateh OFF bl POWER_BOOST
8 1o ||
co1 cis ovPuVP cs
T T 2
L c19
swi 220n c17 T cis L 680n < won] R37 R36
- 4 220p T O_uvp c22 n 1K 10k
2200 sl R35 e
R29 nF 2 a1 R4l R33 R34 N 0 T
120K 20K 270K 39K 10K NA C16
RELAY SPST }
ETE VA 74 PCOO01A
D11 1N4007 [
A4
F1
FUSE 6A-250V F2  4R7 1w
» Standby_supply
LINE_NEUTRAL RV5 + *
90-264_VAC_INPUT ;“k c24 /VE c25
TVR10471KSY 3.3 UF 400V 3.3 UF 400V
L FG FG FG N 7
cNooL
4333-WO5ST

R LLLLLIE |




463 ~1 15 fm R IS IR BUA T &R
46" LCD TV QR Flyback Solution

¢ &;ﬂ&?*&%ﬁ Flyback converter

— B RINZFIAT0 W(325E~T1% 1T 450 W) Up to 70 W max (50 W for 32" design)
— 3%533%5@& EE.}_ j] ( '3329&_”‘5 él) Ekiﬁﬂj EE.:JlLﬁEj] 7‘\]4 A Up to 3 output voltages

capability (= 32") with 4 A Max by output

® ;E‘i%:*h:?fi;%ﬁ%*&%% Quasi Resonance Flyback Converter

- u EEiﬂE EE,E J:F 9& ’ B%ﬂ% EE,E% ':F':,l:jt Reduced EMI with minimum voltage switching
- 1:&1% Ell‘] § é#% 'l‘i‘t ’ i‘j_ %jz/ ;.LEL E% H-‘T */Fﬁ z B% 1EE Best safety behaviors with frequency going down for overload /

short circuit

%ﬁ E,J NCP13791: *IJ %E New NCP1379 controller
- AERMERRFRFRIMEBEFR(IRZINBIK), BRIIZEHITSFRINE vaney-

lockout system to keep minimum voltage switching down to the 4th valley and avoid high switching frequency at light load

- AITEERENXH TRRIRRN, ERDIRTEE RRTF S ERL varavle requency mode

for ultra low power mode to keep high efficiency over wide power range

— ﬁiﬁi{%*}q 9 % |‘:‘| %\)lji-E_y, E ij] E{.‘i 100 ms W 'E"B/'_i HTJ-'E% Over current protection with latch or auto recovery

100 ms internal timer

i LLLILE ﬁN |
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46" LCD TV PWM Fixed F Flyback Solution

® PWM ] E*ﬁi%ﬁ;‘%ﬂ%?ﬁ%ﬁ PWM Fixed Frequency Flyback converter

- 50 kHZ IEI Eﬁﬁ%ﬂi}( ;#:,'UEJ ﬁ'-TIJ 50 kHz Fixed frequency Pulse Wide Modulation
- ZFFEACCM, HEZMEAEAERREHRTERBE/ZXIZE Aow

natural CCM to improve current form factor and transformer coupling / cross regulation for multiple outputs solution

¥ﬁ E,J N CP 12521: *IJ %% New NCP1252 controller
- —.I- 1” T ;:I: aél/ﬁjz ’ i?%i% ﬁ = 14:TEJI§,H :,HH *E_t Adjustable switching frequency with skip mode for light

load conditions

— —.I- iﬂ TJ ?FA )-_‘-I ij] Adjustable soft start
- /}IL{% *F 9 r|'_l 100 mS V:_l _LBL-E, H__I- ag  Over current protection with 100 ms internal timer

* Hi l_lﬁlg*h_?*ﬁ_t E,J Tl_*é{tjj_ﬁ Alternative solution to previous QR mode

- FH :,F *E I_,I EE.E&1:&1X 'lo_l_ (*fﬁ ﬂ'-]IJ 1_LE$E |__|) Both designs on the same PCB (position for each controller)
- J:F aéiﬁ z *H |__| Both with the same switching frequency
- %%ﬁi'ﬁzd‘ﬁ |E_I (QE ’:’% N Ij] $ MOSFET\ :*&%‘-& EE,E) Both with the same key parts

(transformer, Power MOS, diodes and capacitors)

] FTFIhEE70 WEVEIBE RS KB ES PWMER EF X BIR

OR Valley lock-out or PWM Flyback SMPS up to 70W

i LLLILE ﬂN |
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46" LCD TV Flyback Schematic

l—>>\l2

L201 10uH
1

200
750875731
S 1
PFC_OUT
R252 R251 1
33K 2w < 33K 2W c200 =
100 500V
D201 *
1N4937 | 3
doa1d 11
+ +
N 1 2 c20 c20
2| =|
D207 470u16v]_ 470 16V]
3 = =
10220
MBRF20L80CTG
R203 33k D205 goo7 ar7 12
6
PFC-OK VEC3« o of
. + +
R214 BAV2L c20 c20
10k 2D200 2| 2|
MMsz15TL L+ 470u16v|_ 470u 16V]
c217 = =
D206 47u 25V 5
4 MMSDA4148 R213
A
1C200
MMSD4148 NCP1379 c213 470 4
| 8 [ +
zcD cr uim c22: c22:
2| 2|
330p 3214 R215 470u 16V 470u 16V
- MID200 220 — ==
B BO o1
% R216
220
6 Q203
cs cs vee STPSNK70ZFP
L D209 o af
c210 | R217 27 JE + +
68p P — 2197 c2207
MMSD4148 470016V 470u 16V
ca11 c212 R218 = =
R21: = — R249 cs >—AnN"——— 4 c28
1K 8K2 c215 100p 1KV
n 220p 3K3
L R221
™ o 0.47R 2W CN403
AV 1000 R220
3 c216 1 ark cazs
—N__" v 1nFlll
100 50V BC808-25LT1 R255
PC101B < 4
R209 100 10m|2w Kv2
NS A
SFHB17A ™ VCC4 D——" NN =
o
R226 1K MMSD4148
" V1
o
PC101A
SFHBI7A Razi MMSDA4148
4
'
D216 Q07
BCB58ALT1
R231 16K2 MMSD4148
KvS2
D219
Ic201 d
AN
b \ D221
R232 6K19 MMSD4148 N
+
o
TLA31BCLPRA Kvsi R242 T MMSD4148
2K2 B C232
470u 16V

R228 1K

Regulation

T >VS2
i
.
200
Z| 470u 16V
D208
o MMSD4148 L
Q201 -
BCE58AL.
o R210 R212
1K 1K
PRegulation
l_»Vl 1202 10uH
. 2 —>vs1

Q205

BCBS8AL.

DVS-Stby

R219
2K2, D217
MMSD4148

—Regulation

L_P_‘

C224
2| 470u 16V

R223
1K

CN202
4324-03S
vs2»———34{ | Backlight
ﬁ:l controller
= supply to
VS1) Backlight
board
CN201
4324-11S
VS2 % Flyback power to
bj Signal processing
IE, and Audio board
Vsl =

i LLLILE ‘ﬂN
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46” LCD TV QR Flyback Waveform

Tek Run: 250MS/s Hi Res
T
[

] - 15 1R s T HFHQR mode with valley lock-out
: : C1 Freq 5 e .
S o — %%F}é%ﬁi, FH?{EEI}]@*EKw.m valley lock-out for low P
. C1 Max s
' 72V — uﬂaiklj] $*51%$§1E$ﬁ$ With lower frequency by P Max

° Tﬁ‘E‘BJ‘;‘é& Top Trace
— Vin =400 Vdc Pout =34 W

Echi 2'0'0;' - ' 1;.0'0'; 'M'aél.o'o;isé c'hi;\.' ';20'0\}' fg_]susrl'z;oog - 175 A at 427 kHZ

Tek. Run:fZSOIVIfS/s | HIL_irRefs . } : o _ V max = 572 V

N /v' S b FE'E"B]‘QQ?, Bottom Trace
]}W+ B18 Y _ V|n:400 VdC Pout:7OW

— Vmax =618V

: / _ 2.62 A at 39 kHz

ok
| f

Chi '200\.' e 30005 TR Y 200V 26 jun 2000
E .o0a 13:55:14

[:> @E% AR A 2 Y — 5 S5 S

Valley lock-out is a Key improvement of QR mode

WILLLLY
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ECO Standby SMPS Solution (1)

i EES_LkIjJ Z;"z]‘j;\-,S ngm ECO;:* @.iz s Dedicated up to 5W max ECO Power Standby SMPS
- P, < 90 mW for P, ,, =40 mW @ 230 Vac

° jEﬁiﬁéﬁaijclﬂz/J\a:E) WE"]’J‘E!%FH‘T%*R EE.?‘W,TI%&LEE% Ideal for small dedicated Standby TV uP

with Py, < 5W

— ﬁk%_ 9:':;&*% }j—: =NCP1053A Integrated High Voltage switcher NCP1053A (400 mA / 40 kHz MaX)

¢ _Lz‘_ﬁ imﬁ *EZ_E%?;:EIIE}I' ECO"‘SE ﬁg ’ % 9&}/@1 z & | CIj] z ?ﬁ %% Eﬁﬁ Hysteretic mode improves ECO performance

with lower switching frequency and lower IC power consumption

o REIRAZFAEEZEEREN(DCM), PEIRFXBRFE, LUARGR BEEER

£ = 2748
EE.J:TS ftHlL H(J Ij] $Ty‘1 %‘\:E Low frequency mode allows DCM to reduce switching losses with limited reflected voltage to avoid
power dissipation of voltage clamp

¢ EE,;?IT_, & BE ) ;}_ﬁk ﬁ ﬂ ﬁlé E|,‘J ﬂ;TsEE I\ET,I Eﬂ_i, Limited current reduces possible noise issues

:> i KN ADCMATFECOFHFXEIR

Hysteretlc Low Freq & DCM for ECO Standby SMPS

i LLLILE ﬂN



ECOFHFAXBIRETE()

ECO Standby SMPS Solution (2)

o ﬁ*ﬂ,ﬂi @,‘EE" Standby relay
— BB FEFN AR EEEGEXES AN BBENEBIFRESE, EEE
I EE,}}E EE,}:I_Z El{] PFCE?I])\XE (BO)&&?@%(FB) Ij] ﬁ‘é%’) Disconnect all “parasitic” standby load (Mains

filter with X2 capacitors and discharge Resistance, BO and FB of PFC connected on mains voltage...)

— 7:E230 VaC quﬁﬁé"] 100§ 150 mWEl,‘J Ij] z Provides savings of ~100-150 mW @ 230 Vac

— HEBEMIHLIERSE BIZREREGFY/ 518), H5 VENLBIRALE siecty controled by Tv pp

(Standby / ON) and supplied by 5V Standby

o —J-L_ECO“ Elﬁ/*lﬂ;: ” Optional ECO “ON / OFF switch”
1EEﬁkZI:2 A/:I-O VE'EBE%?F;&OXQ&)LE;FT%&\EE EE,I}— i*ﬁ Low cost 2A / 10V non-isolated

switch (secondary) to disconnect pP supply

- 9&|\7H *EE%E)‘( Z:ﬁgui%?§§iﬁﬁ1fﬁf E%E ij] OFF mode definition: Will not start with remote

control or any other signal

— 230 VaC%1¢T§$ﬂﬁi)\ﬁEﬁ1&$20 mW P,, <20 mW by no load @ 230 Vac
ECOF X" FiB/XA"TNEE, TH/ERERIFEFX

ECO switch provides “ON/OFF” without Mains switch

—
—
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ECOfFHF < B iEgER

ECO Standby SMPS efficiency

o
o
|

Efficiency (%)
S

% —Efficiency / 230V

—— Efficiency / 120V

0.03 0.04 0.05 0.10 0.25 0.50 1.00 1.50 2.00 4.00 5.00
Output Power (W)

m[ > *Iﬂ*ﬁﬁ/?ﬁﬁ OFF mode / no load: Pin < 20 mW @ 230 VaC (15 @ 120 VaC)

1N
o

w
o
|

N
o

ﬁ*ﬂ,/40 mWﬁﬁIHj Standby / 40 mW Out: Pin < 90 mW @ 230 Va.C (86 @ 120 VaC)

WILLLLY



ECO |=7|=[|,7:|:9é F_,l \,}iﬁ/@ ECO Standby SMPS Waveforms

Tek ETIE 10.0MS/s Tek SR 250MS/s N Acq‘
I
£ |

| ? T aiiw @ NCP1053A9:|:9§*.U e imEBE KB

SR EEUUUUOPITPUOS IO S RO PR PO uu,. Drain Voltage and Current of NCP1053A

i L : o ' witcher
1 R o S B 0 Vi & 200 mA/div
A AMMMM AWMWL—JWM /}' l‘“/ - !“"/ o 5% 5 VA1 A=5 Wi Forsv e 1a =

i S

1 H i i H
Ch | BEIIRY T Ch | TR W 4.001s CR4 % 334mA 24 Aug 2 p
fchi| o 2o W TOORS TR A 24 Aug 2009 i 200mA % ug 2009 5W Output

1
1
)
1
1
1

12:49:20 12:51:19
Tek SR 10.0M5/s 3 Acqs Tek Run: 250MS/s H'i 1I}es
L+ | 1
1 5
.......... - T T T
i A 384us | A 20.24ps
1 @: 384ps 1 @: 20.16ps

- : : A ZE: Z,%?&?E*ﬁ:—ct Left: Hysteretic Burst
-

O O S ~(100 ps/div)
i M d e A&: ligﬂfug,l,ﬂﬂ Right: Detailed cycle

—(4 ps/div)

4

.
TI
| : ‘
1 H H H H
200V A TO0Hs CRA N 394MA 24 Aug 2000 S 200V M4.000s Chad . 349mA 24 Aug 2009
ha 200maA & s Chd 200mA 13-52.0n
Tek ST 10.0MS/s 3 Acds 17RO Tek EEE 250M5/5 37 Acas
I3 | 1 [

T e [ pma e JUERERZR Top Trace: 90 Vac

i

. B L o F[B]1EZE Middie Trace: 230 Vac

i

1
. 1 1
} ‘ ‘
- . . ] + e kS .
| I PRI MU " _ o JEERITELR Bottom Trace: 264 Vac
I
fCh i I T To0RE ERA A 24 Aug 2000 200V “ T W4.00ps Chd L 349MA 24 Aug 2009

ch4 200mA & 12:54:02 Chd  200mA & 12:55:11
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F

1
|
—

4
="

I§I ECO Standby SMPS Schematic

T100

750871014 D100
3 9 L100
Standby_supply” 5] 2
R100 _Lcmo J_c1o1 1 3 _E 10uH l
100K 1/4W 220p 400V 10p 1KV 4 ha C102
R101
T D101 1N4937 T 5 Z 470p 16V 1K J100 X 2 ON-OFF Switch
‘ 1
L 10 wsmu} CQ Optional
" PCI00A ___ SFHBITA 3K rz0zs
§ VS-Stby
o104 1.25VREF
Q101 BCBOB-25LT1 R104 . af
3 2 VCC2 10K 1 + c103
VCC4< KVvCC3 Y a7y 25V
MMSD4148 4 2|
h R105
D105 D102 10K
veel R120 0
R113 4K7 MMSD4148 BAV21
R114 HV Barrier
%2 — < JVs-Sthy
PC2008 - D109 MMSD4148
srHaiza <vi ?>Regulation
D108 MMSD4148
RELAY1>>— <__JSTANDBY
D110 MMSD4148 zp101 SZ5VITL
RELAY2) —ﬂﬂ—«vm
R103 8.2K
R106 ¢ R107 R108 R109
470 47K D103 47K 10K o D102 SZ15T1
- 1C100 A+ MMSD4148 <
cl04 —~ CP1053P44G =T=c105 —4 00 ﬂ «vs2
10u 25V 1 vee GND 8 47u 25V PCZOOA BCB858ALT1
D106
SFH517A!> MMSD4148 R110
7 K
PC100B 4 Controlin  GND [ 107 riz2
- Y
3 s NA
SFHBI7A ] GND MMSD4148 R115 1K
Q10
4| ¢ power Drain BCBABALT R116 1K BCBABALTY s .
R117 470 —L— 100F
47K
NA
VS-Stby
- PCO01B < POWER_OK
[y SFH817A
N POWER_OK CN101
4324055
5
119 vS.Sth 2 Standby power and signal
22K -Stby > 2 To Signal processing board

STANDBY<
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46" Flat TV PSU - Backllght Interface
i ké-_ EE.I}?E{}{? %ﬁ% Interconnection on Power to any Backlight solutions

— 400 VdC PFCE? Hj :_l:;‘.E1 :LtZOO WIj] K Be j] 400 Vdc PFC Output supply up to 200 W capability
— RH“PFC OK"E S (BPFCHEST300 Vdcl 5 7~ 5 B ) prc ok signal (High level it v

PFC > 300 Vdc

- >Ag& EE,J— EE.I}— (5 V& 12 V) Secondary voltages supply (5V and 12V)
- ?}TEL\“ l}— Eﬂ?"(PG) QA EE,?‘}LT%&\EE%%& ﬁll_",* ﬁ'-iu E't Power Good signal to inform both TV

pP and Backlight controller

izﬁﬁgﬁﬁ %7‘3_5% Separated & Dedicated Backlight solutions

— BIELIPSHFCCFL/EEFLE S High voltage LIPS for CCFL / EEFL
o 2N EimIRENEENCP5111 5 Microsemi®s Y= Hl 88 with 2 High Side Drivers NCP5111

and Microsemi Backlight controller

— %Eiﬁiﬁﬂj @,Eﬂé—*?ﬂ_ LC(lOO'SOO V), }ﬂ %LEDQEEJ%% High DC Output Voltage HB LLC

(100-300 V) for LED Driver

° ;iéﬁﬁ %ﬁ E"] NCPl397&1ﬂ“%ﬁLEDEB ij]%% With new NCP1397 and Edge LED Drivers
—_ 1’%%24 VdC-l-F-*??’L L C classical 24 vdc HB LLC
i E TFﬁiﬁﬂEg—l— H(] NCP1392/93'E§-H_FH %:1:52;624 VJEE’:’% Proven NCP1392 / 93 design

from classical 24 V Inverter

— ff%%iT%(PDP)gﬁﬁ %lﬁig*ﬁ%%’ 'ﬁ'miﬁ"ﬂj**‘ﬁLLCﬁﬁ PDP dedicated Power

converter with dual outputs HB LLC solution

° ﬂtFﬁ*ﬁE'}NCP1397? %Uﬁ% #iﬂﬁj]m;&}__iﬂ'}_?ﬁ;?%ﬁé With new NCP1397 and added

Buck or Boost converter

i LLLILE ﬂN |
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46" LIPS Inverter

e SINESTIEBYHaR B rigner power Lep-Tvs

- Lﬁ“é:f}_%§40/421§ﬂ'§i52/55¥ﬂ'&ﬁ, EACCFL_IEEFL:“:\' With extension to 40/42" or 52"/55”

for both CCFL or EEFL

- %}A32 f-ké-#l_l PS ?%&Z‘f Follow on of 32" LIPS Reference Design
- é*ﬁ IEI EbFﬁzZVS ) —_l- ﬁlé-'r-lij-'- I__I "IJJ/: ﬁlé j] Full Bridge fixed frequency ZVS with possible synchronization
- _‘H_ ﬁﬁ 5[ ) 1EE EE.@%**}E&IE%Z kT EE,;};{, High efficiency, low EMI and sinusoidal lamp current

¢ gm L I PS*ﬁﬂ& Dedicated LIPS module

- -_ELi%§46 ;@F#@;Zﬁg%&liﬂ%r_/g/\ J/Zlf 5@/}‘6?13 mm) To be interconnected with 46” Power

Reference Design Step 1 < 13 mm

— 7KFH Mi |Crosem| ﬁll:',j: ﬂ'-]IJ 'E't L X6503 Microsemi Backlight controller LX6503
- j( R 1-1151 HH EE,T‘}L, EI:' 1:',1? /E E’] $3m EE,IHL.:'ZT*I EE,E&Hi Separate balancer board standard in large format LCD-TVs

¢ Fﬁm &ﬁ%éé-QWIC ON Semi IC’s
— 2T SinIEEIsENCP5111, RABEBIUR/NEHS500 VIIEMOSFETHIR T 2 High side

Drivers NCP5111 to improve efficiency and reduce size of full bridge 500V Power MOS-FETs

- 1/|\1_I§_ %QIZ ij] %% g E %% ’ 1:;% ﬁ:l\: PWM 1% "'I:? gﬁ?‘ﬂ g& wI\IJ 1 single signal driver transformer to provide both PWM

signal to primary side

¢ FH:.Fﬂ.E E}#iﬁi-l- Low profile design
- 1|&EQHJ—TJ— 1&1+%1¢T EE.E&HQJ:HF_ﬁE:FlS mm( _Ié_l_ 1EE:.|:17 5 mm) <13 mm on

top of PCB (< 17.5 mm total) with modified HV Transformers

LIS ﬂN -



463 ~] 15 3% 25 T REAE [
- — — 46" LIPS Inverter Block Diagram . _
LIPS - High Voltage Back-light Inverter I

Current
Current | balancing

sensing Board

| Lamp regulation\y
OCP, OVP r I
- ¢ PWM 1 Back-ligﬁt

wt [ Gl |
PWM2 | | X6503 < ‘
‘ ON/OFF, Dimming,Synchro

Open lamps
protection

Mains Input
90-264 Vac
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46” LED Backlight Power

i %I-R:J.E_‘I%-Ijj Z’I';Z Eq;ﬁg-ﬂ EE.?J”_, Higher power LCD-TVs
— A R ZE X #F40/423K T8 52/55F T 1T with extension to 40142 or 527755
— EHFELEIBFERERLLCEEHESE 1B LLC dedicated to Backiight power
* LpE/NF100 /120 WRIRZ F AT LA FE K FINCP1379RY A& ik S s A% 1 25 or

Flyback with NCP1379 could be considered < 100/ 120 W

- %Eiﬁiﬁ II:I:II EE.J:TZ E?%j] LEDHIX ij]%%ﬁ:lé EE, High DC output voltage to power directly LED drivers
ézﬁlgﬁﬁ L E D EE,lﬁ*iik Separate / Dedicated LED Power module

— T $-Tl-$t§46§€' 71@[% /_/‘ ?8 mm) To be connected with 46” Power

Reference Design step 2 < 8 mm

— TERATUNSETXLEDIR EHEE with embedded Edge LED Drivers

¢ F)'—I:FH "'"%;T:%Eé-%{ZIKIC ON Semi IC’s
- -Ir-||:.||- _ﬁl#-lﬁ E_'l[ Bj] ﬁ% H,J aﬁﬁ N CP 1397?‘}] Q&WHH: ﬁ':.llj ﬁé New NCP1397 primary side controller with high side drivers
- ;Fﬁ El’] 61_1%95?, |EELED%|: Ej] j: %IJ CAT4026 y ™ J—.E r_,l EE,J— (Vf) ”l-/)n\lj Ij] Bt New 6 channel linear

LED driver controller CAT4026 with V; monitoring

‘=I-H-

¢ 1& E}#iﬁi-l- Low profile design
— %Eﬁl*}itﬂrﬂE?S mm( ._,\l—J}_'_ﬂfE%:lZS mm) < 8 mm on top of PCB (< 12.5 mm total)

i LLLILE m |




X FCAT402689% @i EDZ 40K 5 25

Multiple LED Linear Drivers with CAT4026

sglcl?’lg : Supply / Supply /
SMPS output SMPS output

output v v
Over Voltage ‘ | Over Voltage | Over Voltage

Protection Protection Protection
Under Voltage

Protection / « N N
Vf monitoring

Drive signal # Drive signal Drive signal

1toN
Current sense @ Current sense Current sense
and regulation and regulation and regulation
] Fauits/ Shutdown Channel 1 Channel N

el  PWM Dimming
o PITNHIRIKEN L A6 NBIE, fE ML IEWR G IR E SRR FAIR T T EIIHE singe conroler o arive

upto 6 channels with linear bipolar transistors used to provide current regulation and balancing

— 1:& & EE,ﬁ') Linear: No EMI and reduce solution cost

(not extra coils, diodes and capacitors)

1&%‘% Flﬁ E%:“J—.E r__l EE,E s ~)I-"J & EE,/}— 1” %U ﬂ:lilif %U K Limited dissipation thanks to “V; monitoring and supply modulation &

control”

I T F R X HRIR S HF e R 8

Dedicated SMPS to support output voltage modulation

i LLLILE m |




463~ St LEDIR ZN 2% FE AL T REHE E]

TRAREBIR
ALK, #
VA B E
Dedicated SMPS for

Backlight with
Modulated output
voltage

Mains Input
90-264 Vac ] ]

46" Linear Edge | ED Driver TV Block Diagram
LED Back-light converter LED controller I

150 / 300V dc
Output

OVP

Regulation
ON / OFF, Dimming
[ |

ON/OFF, Dimming I

pu—

S LLLLLNE ||
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46” Linear LED Driver Backlight Solution
@ @ MICONDUCTOR

[ Jll [1]

.-l-__ I 5l =",

o i i |
'%Fﬁﬁ%?ﬁ*, Eg.ﬂg*ﬁqzigﬂﬂﬁﬂn l‘%ﬁ%)ﬁ Special technologies with added through holes in PCB t

reduce the height

R ~F pcB size: 250 mm X 165 mm

I]I] BEIZIT: 3ERKRTFSmMmM/ESEXF12.5 mm

Ultra SLIM design < 8 mm / 12.5 mm total

i LLLIIEE |
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HB LLC for ultra slim SMPS
¢ ﬁ%%ﬁ%"ﬁl%ﬁ BE Limited number of components

- Z; %%)ﬁ *,._,\ }j: é& %= No secondary regulation coil needed,

- ,J\R _.l_ LB :fh_‘i EE. \_ié_hlgﬁg ﬁk?’j_: 'EE ﬁ% I:I:I Small size resonant inductance

partially or fully integrated in transformer

- EREF L (ZVS) RUENA S H ST AT IRIFEIEES 2

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

o 93 EE.I}IL :%(ZCS)EFEE ﬁﬁ 1L-|:TFH q:' hé& 1:& B Zero Current Switching

(ZCS) for secondary diodes under all load conditions

® Ij] 2233 %"E tlf, - :J:E j:l\ Q:I: *lji =] E Z$§ \-I_ Higher power density than other

topologies: Better for SLIM design

) BaE. R THRIAEESERE T X AR

High efficiency and EMI friendly for low profile SMPS

'II
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1E& R FB R

Resonant inductance loca

ﬁl\ —LB EE. Yo% External inductance

ﬁtﬂ' 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
Z:E_ 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

) SRR EL B

tion?

~ \
=L ~ O i
I:IB7 /) fﬁ Jo% Internal leakage inductance

ﬁl‘:ﬁ' 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

i é?%éﬂ%? H *lj FH ﬁtﬁ_ﬂfﬁ Poor winding window utilization

AN FREEIAY
| ﬁgfﬁlﬁl‘l‘ External resonant coil is better for ultra slim design

LIS m -
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Secondary rectification

Y [ | \t a
j EJ%IE EE E Push-pull configuration L) Bridge rectifier
Tot, Ine
O I S FaV¥al
N~ e e SN
% ‘ I# ﬁl V @
—_ Uout pluad
! i E B L[ lr
v > Ce
Tr IB.:Ig
;}
L1 in
/ b <
Ay L £
ﬁt%’ Benefits: ﬂt?:l' Benefits: Tez, Ica
d }:TZ B%ES_MEE Less voltage drop ° m%_ﬁ\éﬁgﬂ’ %'%\QE%%E H ﬁ*ﬂ Needs only one
— &Mii_jﬂi winding thus saves transformer window area
° v i i —
— = F =< Single package for diodes i _W%‘Eﬁfﬁ EE,J:T'\_: E{Eﬁ Lower voltage ratings for diodes
° )ig&é?%gﬂ I‘E'j ZCEEK EEE Doesn’t requires matching between
TE Drawbacks sec. windings
hé&g%QH Need additional secondary winding TE
o -EE-EEE\/—,Q Ry f C N KE Drawbacks:
™ 2N &—J‘E—Hlﬂj ,J E;@P_E@ Need good matching e . o .
between both secondary windings . }ﬁﬁi% 'Z:j‘(lﬁ]% Eiﬁjﬂj BB [ FO{icday H B335 v
° ‘I'R}_%%%T O *U}Eﬁ %X Transformer window utilization CHlljgpeenrtlgSFs)ﬁza—tirg%tsblg deal for high output voltage and low output
° _T_EIf}ILﬁ%-a.:I' EEJ_EI_J Higher breakdown voltage for
rectifiers

[—]
—

j‘> *ﬁguw é%liiﬁj II:E] F:‘LFH Bridge rectifier is better for HV output applications
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NCP1397 LLCEI:,I: %IJ%% LLC stage controller
Y51 Features:

- 50Z500 kHzHY = %0 T1E High-frequency operation from 50 kHz up to 500 kHz
- 600 V%Eiiij]mz f\j]%% 600 V high-voltage floating driver

Css_dis[1] O E Vhoot ot e . ek
Five [2] 5] Mupper AIET B /N RSN ER (+ 3%4EE) Adjustable minimum switching frequency (+ 3% accuracy)
ME —.— \ . .
Ctimer [ 3 EI HE - 100 nsZE2 pusHI AT TIFL X BF (8] Adjustable deadtime from 100 ns to 2 us.
Rt | 4 = %9[‘%ﬂﬂ-iﬁ *ﬁi}’tF‘ ij] 9‘3}".1 E’\]E f\j] ﬁﬁu Startup sequence via an externally adjustable soft-start
BO | 5 12 [ vec - 5@)\7’&&1%#‘ ’ zﬁél—j@liﬁ])\ Brown-out protection combined with latch input
FB | 6 1 | Mlower ao s 1 \— e
or —~ E T EREEIB R ESILENF$IOCP Timer-based auto-recovery or immediate latched OCP
Skip/Disable E 5 | Faue - R N T S8/ M3 (BB 2i#535) Dpisable input for ONJOFF control (skip mode)

- 300 pARYIRE BN Low startup current of 300 pA
- 1 A/0.5 AE{E B3R /ITEIRER B BE 1 1 A70.5 A peak current sink / source drive capability
Fﬁ & EE.’F&&%T’I‘&%%% B B8Rt $?§ Common collector or emitter optocoupler connections

7_ ﬁ'f;r-m ':F H(]ﬁl.',;;" Benefits for backlight application:

o Z;'EE'EEE[ Z\j]ﬁ'g_“_}_ﬁ'g >ﬁk2|§& 22 AL 111:4,’?} No driver transformer needed => cost and insulation advantages
® I‘E—l.l $F.‘L‘“FHEJ|§H Hﬂ *E—t_>ﬁ 1” ﬁlﬁﬁﬁeﬁ%‘ Simple skip mode implementation => needed for dimming

b ﬁimﬁﬁ \ uu,'f%:f):' >TI ‘é ﬁJZZIK Simple OCP implementation => cost impact

NCP13972 S Mt REREMHN AT E

NCP1397 is cost effective and highly safe solution

—
—

i LLLILE ﬁN |



N
Cd

AT RS S T PR AP R

Vee
Dboot (9
]
Rdis
— Css  Vboot Choot
—3Fmax Mupper
Rstart (F%Eimer HB
: =
—iBO Vee
—1FB Miower
-1 DT GND
| — Disable Fault
= = NCP1397B
Css| ctime]
Rtime Rfmin CT RS =|=

EH New OCP implementation

Vbulk

i 1§ FH C/'_f HTI & R rE HT 'E'% S f}[, T 1” T L ﬁﬁz BE 1“:‘[ /)nlj Adjustable delayed fault detection using C timer and R timer
i %_‘EL E%ZA% *F ’ %E‘CSS % I Hil] *;tE ﬁ:l\: J'/ﬁrl $ Z‘F’; -Tl-ﬁ Short circuit protection with frequency shift via Css pin

o FNETIE R 2k AN 2

si; _I_
QH. XR*E EE,UIL = u_,\ New Double phase current information from auxiliary winding of resonance coil

— 1:&5" ﬁ% & H& _TI? E,] ?‘]] Q& EE,;}%E ;,L,\ Very accurate and fast primary current information

- 1EE 7[.1’-':3&% ’ Z: ﬁ'ﬁy |—_| }_\ EE,ﬁ' Low component count without the need of High Voltage capacitor

) iiRe: B

BN SRLE 4 (AL RE T AL IR IR RV

Res. Coil aux. winding provides accurate and fast OCP

R
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iﬁ]l‘i‘l =X :IEiH%“ Output Voltage modulation

03 c2 2

$ +\out
gl [+ Vi
MNE -
3 ]

DEE—l ]: ' T @RTN CAT4026}‘A}§’£%57\
Re =T . ﬁg@ :& ER EE::K b ?E
o d | ) [] Lil:‘_}s ==/ JIL rE
ToLLCconroller .| JRY| '_!w" / = Eﬁ] Hj EE,}:TZ CAT4026

10
W+

] I sink sinks current from FB divider to
1020 3 @ To CATA026 increase output voltage

[I]=':-:-
b g&'l‘iLEDHEE]%%ﬁt% Linear LED Drivers iripact

— :5 FH J:I: 9& EE.?}E SIZ:,I:#Eﬁl] IIZH EE,}:TZ iﬁ ﬁ:tlj Dedicated SMPS to support output voltage modulation
° II:|:II iJI_LI,I—ED $ Efijtﬁf;"{;f: @EEH# ’ LLCZLFﬁJ~ II:H EEJZTE Ll\./,‘gﬁi ﬁgﬁ (2’\] -+ 20%)*,%}?1 LLC output voltage has to be

regulated in wide range (~ +- 20%) in case of big mismatch between LED strings

=> LLCE&I'{’E*/@I@ :}HE_, 'ﬁl:% LLC stage operating frequency range impact
=> *&’J\iﬁﬁlﬁ IJ_'_l § tt%1¢?1§ﬁﬁ EJISEJ ,HH *E'it Skip mode to be used under very small dimming duty cycles
- szt,ifFi%' 7]|:| Eﬁﬂj] EE.}:TZFH :.F I:EIE"/Fﬁ&'TEF?%fE Does not allow to get added auxiliary voltages for Audio &

Signal processing

* EE .I—.E ['ﬂ EE.}ZTE H:’.Sj)ﬂ\ljﬂe'.ﬁj( g ;1:1":1{(2,‘] i 20%)) Too much variation due to Vf monitoring (~ +- 20%)
° EE dﬁb%i}a%g‘ﬁj‘(g 1&$ﬁﬁi&(<l% by 100 HZ) Too much low frequency ripple due to backlight dimming

> g?,'l‘iglzf\j]%%1iﬁﬁ iiﬁ] Il:l:ll EE, ) iEJ *“ Single Output Voltage modulated for Linear Driver
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HB LLC schematic for Linear LED Driver

HEATHINE 1

_Pal_SiRE = E_P ;
tr i 1 —
- e ||=-H|||n [T —— A o
] o F] : ~== I i l 2 !
g i | Fi Ty +
[ i : 2= T k
2E A . = * [ e gpem
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Elﬁ*ﬁL Lcl}iﬁé HB LLC waveforms

N .+ 100 HZIF LR EHLLC LS B/ RIZIRY

— sl e w1 ETT{K(021100%) strong load variation (0
. + ' oo to 100%) on HB LLC with 100 Hz dimming

d "‘7]‘5-'5%, Traces:
— THER: #HHEFEMOZIL A (0.5 Aldiv)

Top: Output current from O to 1A (0.5 A/div)

— Hg]: ¥IRER2 Aldiv

Middle: Primary current 2 A/div

— JRER: e ELSE2 Vidiv (120 Vdc)

Bottom: Output voltage ripple 2 V/div (120 Vdc)

¢ Iﬁ%ﬂH‘: 50%'”5% Top picture: 50%

e S5 | - dimming
) ? ' \ - Eﬁ*ﬁLLCI«EE?&E*ﬁﬁ HB LLC works in
T ! 4 Burst

- Eﬁ“:l:ll EE:EJ:_I%_J‘j_;3V méiﬁ&i}i Up to 3 Vpeak

ripple on Vout

* FB@‘E"BH‘ 5%'“5% Bottom picture: 5%

dimming
- ifSTﬁLLCI«E?—;;Eﬁ*E—t HB LLC works in

— W EE FIEERESUE/NTF05V

< 0.5 Vpeak ripple on Vout
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Edge-LIT LED Backlighting trends

M

P& R~TEBRLED B ] ‘Mid-Size' Panel LED TV AR~TEMRLEDIBEM Large Panel LED TV
ANLEDA (5 38) 4 LED Light Bars (each 3 strings) 6 NLEDY (B2 8) 6 LED Light Bars (single strings)
LEDE& LED String ;100 V+ ,50 mA+ LEDE LED string : 200 V+,100 mA+

o LED%%” EEE(L ED% E{,;&%)Zzlﬁl ﬁﬁZ:IEJ ‘LED Light bars’ vary in configuration (number of LED strings)
—i%jclj]%LED Single LED Strings of High Power ("‘ 200 V+, 100 mA+)
—g %(‘Lt4$)$§z1fﬁlj]$LED Multiple LED Strings (up to 4) of Lower Power (~ 100 V+, 50 mA+)

I LEDIR B8 /5 E ML IEAZ| 1688

LED Driver solutions must handle from 4 to 16 channels

i LLLILE ﬂN
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Existing Large Panel Backlight Solution

CEL i_—; %/I\L ED@E{%% Every / each LED channels uses

Loosely ~100V
—

1

lc" .« EFDC/DCIRZf18EIC A dedicated de/pe Driver ic
q_cfi ::. G: I : 2t FHIEFATHEZEMOSFET A power MOS for the Boost
G—i|=e e T = IrmsHY K BB E% Alarge inductor with high Irms
::I—F’!\‘}T—E s EE (e « XH #%5:1:&% A large schottky diode
G o [ o KL B aarge ouput capacitor
Ao efm i “'i + ST EMOSFET LR S8 5t RATEEIR
R {@E cum e [E——0 i}r:u?grgleéct:) :dded Power MOS to provide dimming and short

iﬂm

ﬁl.',:’;’;“ Advantage. 3E1|-Liéi§ Independent Channel
= B LEDBIFEALER Ericiency and LED-Fault handiing
M ﬁiﬁ)\ B JE IAZEE Loosely reguated input supply
Z:E_ Drawback. EE@}&Z&&E%E Cost and Complexity

WILLLLY
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Existing LED Driver Backlight Solution
d Gi%_iéﬂn\“ﬁlﬁﬁLED %T‘JHJQFH HI‘JjCRTJ-E*& Eﬁiﬁ*ﬁﬂi Large-size panel power Module used for 6

Channel Edge-LIT LED TV
%ﬁiﬁi’a] /E’;ﬁ:’éﬁﬁ HBEj]%%|C+ EE,EZ@DC/DC%E+%9& Each channel has a Dedicated Driver IC

+ inductive DC/DC boost + switch

6iEiE=6 x (DC/DCHIE+EiSMFFX)

6 Ch = 6 x (DC/DC Boost + add. switch )

6@%26 X H'ZEJJ%%K: 6 Ch = 6 x Driver IC

WILLLLY




% EIE" 2t LEDME A
Multi-channel “Linear” Edge-Lit solution
° %'liﬁl\ ttﬁ% ’ i*%%—;&% E,‘JEE Cost effective solution to address a wide number of channels
— ST RRAEIE125 18N BIE (2T 3N EF BF) Easiy cascaded for up to 12 or 18 channels (2 or 3 controllers)
¢ IE ['EJ EE,}:TE JI:I:IIS.;)”\IJ Ij] lﬁg ij] ,75 iJﬁ —Jl-jl- BH 1:& EE,}:TZ VF Monitoring to dynamically adjusts Anode voltage
— fii’%ﬂ%VFmax LED & FATRFR]E 2 3 V Feedback regulates V..., LED string cathode to 3V
— IR LR I H Provide linear control
— PRE S ARINZEFE BN Limit the overall power dissipation
° ﬁlé 5_& E 1:,1—;23”@ _I%_ :.F 90% ’ -,Hﬂ-;jgiﬁgl]-%(?‘ljlbl_E DZ; @ @E%EDEE ﬁﬁ /:'_E) Efficiency target range >90%,

94% typ. (varies with LED mismatch)

® EE 9"‘;‘]31)] gﬂﬂ‘& 2% EIEEI'fzI:%r(BJT)?E 1:/|:|\:’§ H&' Thermal dissipation addressed by external Power BJT'’s
— DPAKE{TO-220% 2%, HIZANEIIRF prak or T0-220 with added heat sink

¢ m 5@'2: E LED $ ﬁf{ [‘E Address various LED string faults
— LEDFFE& open-LED
— T3 % LED%5 I%& Excessive Shorted LED

IIHC> ‘S EDIRRE . BT S BENEHA LS

“Linear LED Driver”: A cost effective solution for multiple channels
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ZIBE" & MXHTE
Multi-channel “Linear” Edge-Lit solution

L 6'1% 'iE @F% ill] T EETT_\' 6 channel confintiration shown Il__EED[C)whqo;lc;}iigF}’:E 1%:-':):'
LEDFA#R: #h7SiAT LEDRARFEE 293 V /

LED-Anode : dynamic adjustment LED Cathode regulation ~3 V

. - -
LED-LLCVOUT = % N "\LR\LN\LML&\L
LLC-OPTO ANODE-SENSE NENENFNEN
TL431
— F's C's nebwors
245 and options
B Channel CATHODE BUS
i ey H-SENSE
AV i :
ZvSCA bt | cATHODE[1'B
FDBK% ¢ BASZILTI [1:61 . oo
Valt =T 21
o Foebok LO-SENSE | ; SNERTH R 2R 4
ES L Option ; : External power devices
. . + ¥B-Diodes -
Faul\\agnostics : :
_L VA FEB oca C1 C3 wo SCA WCS e g B Channel (IOW G‘JA)
\S vwooooo Y.\
\ HORT H FLT-SCA
COPEM 6 C m BASE[1ZB] ; :
CAT4026 i B-Channels
SOIC 28-pi : -
Po 1 Py —<Epin RSET[1:6] A
& : .
ANLG  Sp——J ANLG ; : ; :
i GND i | : |
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g iﬁﬁu g&'l‘i” wujﬁ'é;—_'lgij]%% Eiﬂ%@ Multi-channel “Linear” Edge Driver schematic

|E‘*T‘T'“T!Ta| EIEZE M ELEDERE connection to the 6 Edge LED segments

i DPAKSETO220P BB ER
ZE&RIP ove T\}:T:{%#\F UVP  DPAK Iﬂ TO220FP Power stage
R - I
- ' o (LY e !
; o e S I :
— T ? =, E R |
o 2 A YL :
% == -
= i o=
E3 I ——————"- fl=1
- ! _g=¢=¢=$=¢=¢=t=£¢=m:@=m= !
~lllll; seeece . L1 FEEREEEREEEE 0
: £

EE.I)IL ,)l'll] Current sense

wEanzne Gy
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Optimized Dynamic LED-Anode control

LED-ANODE 200V oo TYPICAL EFFICIENCY " 'LINEAR' POWER DISSIPATION
=™ ™~ S ™ S ~™ T T T
20 T T T T ’ 00V ——6¢h: 200V, 100mA (120W)
——12ch: 100V, 50mA (60W
NEENEE VIR NV —100v _ oo
| | | | I | 95%7 (|L)157
I I I I 1 I 6 :: /
T - - g e
ARPNIRE-NIL V. P G 90% \ z 10 /
N R w E ///
2y iy 12y 16y 138v 85% N % 5 N /
LowesT cAtHope | 3Y BV a ;
il |2 13 [ 15 5]
80% ‘ 0
I 0% 5%  10%  15%  20% 0% 5%  10% 15%  20%
LED STRING MISMATCH [Pk-PK] LED STRING MISMATCH [Pk-PK]

° ﬁﬁ?ﬂﬂﬂ)ﬁiﬂ: LED $ E,‘] IE@E}’E Efficiency depends on LED string matching
i 200 V LED $ (Z: E EEE j"] 10%)1:%1#\: g"] 94% E"J Lﬁ‘léﬁ—(‘jz 200 V LED strings (with 10% mismatch)

delivers ~ 94% efficiency

¢ ?&Ij] z%% FIQ hé& 24]5510 W:}HE,— Thermal power dissipation levels : ~ 5 to 10 watt range

) e VB R I T B S 2 PR A B TR 4R

V modulation & control to limit overall Power dissipation

|9 B )

Tk‘sT

4
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LED Channel Current Matching

6% VARIATION vs BASE CURRENT CHANNEL MATCHING %
’ 1.0%
0.4%
> ]
> 0.2% o 0.5% 1
2 0.0% o I
< Z
g 0204 \\ (f) 0.0% | Il
Z .0.4%- > Chl Ch2 cha Chs
-0.6% ‘ = -0.5%
0 2 4 6
BJT BASE CURRENT [mA]
-1.0%
0.6% VARIATION vs LED CATHODE CHANNEL
0.4% 7 d %}]?&tﬁiﬁ@@ﬂg BE Initial channel matching tolerance = i 05%
: 05 >
E3 2% S ° BJT%*& %7ﬁ§1t Variation with BJT Base current . < 0.25%
Z 0.0%
2 e FATRZ 30 VZZ L variation with cathode o 30v : < 0.15%
< 0.2% . i
x 0.4% ° u_.\ﬂg ﬁ@@ﬂ*ﬁ}%'ﬁtﬂz Overall Channel matching less than & 2%0
> U 0
-0-6% T T T

3 6 9 1215 18 21 24 27 30 *&1:: H'] EE.IJII.. EEE*EJ#<i2%

CATHODE VOLTAGE [V
v Very good current matching < +-2%
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Optimized Wide PWM dlmmlng range

BRIGHTNESS vs PWM DUTY

100%
o
"y 10%
X
=
w 1%
d
d
)
@)
0% ‘
0% 1% 10%

100%

PWM DUTY CYCLE

1 EERESE B A E X
ﬁ *EE n% BE ﬁ':.llj No concept limitation for Linear

solution for very short “ON” time
CAT4026% EIKEhaR UL T
PWMiIREJE, T E#E5|RI=H

CATA4026 Linear Driver is optimized for PWM dimming with
direct pin control

FF o BB KM A B TS
ZB_E gi E(] Ij] $ Q 1{ Strong power variation

managed directly by SMPS and large output capacitor

ﬂ[":> 400 HZ PWM'U%%HES_L1&<1% Down < 1% for 400 Hz PWM dimming

WILLLLY
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Edge LED Linear Backlighting summary

i ?’EF' 1/\ 7I:I7 _iﬁé E,‘] 7‘5 7%;5 ’ B% 1& T l%l,l\ 7‘5 % ﬁiZIK Provides a suitable alternative with reduced total solution

cost.

i .|—.E. rET,I EE,}:TZ (VF)J:!:’E_””\IJ Ij] lﬁ-‘g)gﬂ ﬁg; o ‘ IJ\;‘:F1j[_, 1't Ij] z%% ﬁﬁ VF monitoring minimizes & optimizes

power dissipation

° %ﬁ ?{?&% ,;E': Ezﬁi * 9|\ —E"B Ij] $ %% 1"1: (1&};&2|: ;_}|I:J_) Thermal considerations require external power devices (low

cost type)

o BFRETMEZRIN(TcER, TMILBEER-BEIRFEIR) viinies em oo

inductors, No individual channel DC/DC)

° j:% 1:/H\: E % %' j] E,‘J EEEEE I_ E D @ EE Offers competitive Channel to Channel LED matching
¢ j:I:EE 1:/HEE % %’ jj E,‘] jﬁ:;ﬁ PWM iE.I ﬁllf_, ’ HE—%{%% E,‘] gﬂ%'ﬁ}_ﬁ'— Offers competitive wide

range PWM dimming with good linearity

i ij:% ﬁﬁ Bﬁ i////\ Ii-:ﬁ ’ Bﬁ JJ: L E D ;F E% & L E D ;_\EL E% *E ﬁ Supports Fault diagnostics against Open-LED

and Short-LED modes

I ZMEEZTRITRSEM LRGSR

The Linear is a easy to design and cost effective solution
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,'E‘,'\ZE Summary

7'-_.1:. EI] EE @.?EI. %ﬁ?‘iﬁﬂ%?&@ Complete roadmap of LCD TV solutions
— ﬂ I L|PS§%1&%‘|‘*’%@|\: 32" LIPS reference design provides
%‘I’Rd-CCFL E"]ﬁkzlgﬁt 1{7‘57#; A cost optimized solution for CCFL
ﬁ%?*ﬁ% ’ 'ﬁt'f't EE.E%}—E‘EZ?%26§42£TJ-'I&'H' Scalable to cover from 26” up to 42” with circuit
optimization
— 46*2 I EE,“E %iﬁi‘l’*ﬁ%{ 46" Power reference design provides
o EAh-E{T %g;ﬁll E'IJ EE.I}_(P FC\ l%ﬁtﬁz:?&&ﬁ-f*n EE.;}E) Power (PFC, Flyback and Standby) for any type

of Backlight
. 5(.‘1-* R #(40%“ 55;@#)iﬁi‘l’ﬁﬁ§ ’ g;f}rll, /J\q: 13@&8 mm}%}'ﬁ For large screen sizes (from 40” up to 557)
<13 or 8 mm

— A6FESTLIPS, SERKFLI3Imm, HTHEMLIPSEEi%it, I ACCFL/EEFLEMRIZHS

T A2 . . . . .
llﬂﬁ/|Ej l'_'-:IE ﬁ[:,jf% 46" LIPS < 13 mm with separate LIPS reference design provides a high end / high performance solution for larger
CCFL / EEFL panels

— 46FESTMFLEDAZE, F#E, 5EETFS mm, HEMLEDIREIESE&it, BRHKE
EHT—K"~m, ﬂgmlﬂﬁLED%?L?E1 LS BERY LR MY N LEDIR BI85 5 = 46° Edge LED

SLIM < 8 mm with separate LED Drivers reference design provides a low profile next generation for high end products with very efficient
Linear Edge LED driver solution

A/
ll%‘f:;é Approach

- RMERXBHEMLE, EBTERARE, FEMEiRIHEE, FMRFARELES, RES

¥ =11 4 . . . .
l_'ﬁifj |E_| 2% Z'i E Allow maximum synergy by re-use solutions, thus speeding up the design process and allow faster time to market of
new solutions thus keeping up with market evolution




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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