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An Integrated Transformer-based LED Power Supply with
Wide-Output—Voltage Control
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Abstract

In this paper, implementation of an integrated transformer applicable to power supply units (PSUs) for a
150-W LED with a wide range of output voltage is presented. The transformer is comprised of a PFC
inductor and an LLC resonant transformer, each of which is placed and integrated on an E -1-E-type
magnetic core. Integrated transformers with two different air gap topologies (i.e., the side and center gap
topologies) are considered in the design phase to investigate their applicability. The design consideration on
the LLC resonant converter used for the wide-output-voltage control ranges is described, and the overall
performance of the proposed system is verified through realization of it onto a 150-W LED PSU board.
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Fig. 1. Conventional LED PSU using the individual PFC
inductor and LLC transformer.
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(a) LED PSU topology using an integrated transformer
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Fig. 2. LED PSU using an integrated transformer and its
operation waveforms.
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Fig. 3. Structure of the proposed transformer.

(a) Flux cancel lation (b) Flux superposition
Fig. 4. Flux flow patterns on the dashed line box.
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(a) Abnormal oscillation waveform of the resonant
current( 1) (Ims/div.)
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(b) Zoom waveforms of the resonant current
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Fig. 5. Oscillation waveform caused by the mutual

interference(2A/div., 700mA/div.).
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Fig. 6. Position of the air gap in the integrated transformer.
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Fig. 7. Maxwell 3D simulation results in the integrated
transformer.
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(a) Top view
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(b) Bottom view
Fig. 8. Winding layout of the integrated transformer.
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PARAMETERS

Primary inductance Lp 1.2134mH

Secondary inductance L, 318.6uH

resLoLr?ant Equivalent leakage inductance Lﬁql 152uH
converter Turn-rat io(Ni/Nz) N 2.07(60/29)
Flux density(at f.)/Air gap AB/ /4 | 0.17/0.32mm

Inductance L 259.1uH

PFC Turn-number N 43

Flux density(at fyin)/Air Gap AB/ 7, | 0.2T/1.52mm

TABLE I
SPECIFICATIONS OF THE LED PSU
90Vsc ™ 305V

432V

120Vpc~214Vie/0.7A,
214Vpe~280Vpc/0.7A~0. 545A

PFC Input voltage(Vin)
PFC Output voltage

LLC Output voltage(Vou)/
Output current(loy)

Output power capacity(P,) 1500
PFC Operation frequency(fs) 62.5kHz ~ 350.0kHz
LLC resonant frequency(f,)/ 173.7kHz/

Operation switching frequency 72.73kHz~191.7kHz

Resonant capacitor(Cr1)/

DC Blocking capaci tor(Cs) 5.6nF/3.3uF

PFC &% 4%(432Voe) &
dd 3 e 288 ¥ LIC %Zjdﬂm UW‘%‘OE
LED Array9 3
B 9| =%
Ao} (Dimming Control) Az2 AFddds g 24
sto] FebdwrE ARddds gs FFste] LED 3

B2 24% 5 %‘E% shsick

= wwm, 120Vpc™280Vc)
43S 7[A]+= LED PSU

FARIE A, AL AP FFEAYY
PFC&e] 7% A8 A LA (90Vac306Vac) B el A
CRM PFCZHWH = U4 &9 A4432V) S AloshH,
LLC 9o A ul ZH A gA T H LV,

120V 280Vpo) ol Al &2 7158t es AAskth 53]
=2 EHAAR(V, W0Vpo)el 4$ Ao HAA
150WE 94 &27] Y& 8Bit MCUZS FallA A7
U s 2SS Adkeolh

kA 2 Ao s EFHAV)/HAF1) 280V
0.535A(150W) 9} 214V . 7A<150W> 120Vpe/0.7A(84W)
2 7b7F vy A Atk & 28 A" W] st
ulEoln ¥ 32 H&% LED 23 ALdA ] 244
ojt}.

a9 12+ F8EA9A4Y (Vi) 120Vae, =3 A (Vou)
214Vc/0.7A(150W) F-atzzdel A vk~ doste] 25



442 TEHYY] A8 W

ROUP2
oets. 2014 19:00:21 A D1 — 6day 1/16
10min/div
Ch2: PFC & &
Ch3: PFC FET
Ch4: LLC FET

Input voltage 120V,
Output voltage 214VDC, Qutput power 150W

Fig. 12. Experimental results of temperature measurement.

(b) Experimental conditions :

Z43 Axpelth. 19 12(b)¢} 2ol oF 3
BE Ao 2x7b xR o2E s gl ¥
S b CRM PFC ZAWE ] 2934
S RE(ERC)E g E S A & 4 9
1% 137 2% 14, 2 1590 ARl 10%
H3kel 100%014 22 CRM PFC 7AW E|the]
oA AL (Ve), 98 AFAn)e LLCER
22N Q) YUV, s dFIn)E
ggolty, AdZA3 CRM PFC #A¥HE RE
AollA AY9EAFIn)7E 022 A HAS
A&7} EAEHEE AAEI CRM &
€ T dom, LLC &3y gt
o A ZLL‘IT(Ilz)L ‘;}Z]' ?:}—(VQS)q] ol 3l
Rl

ox, E Ho
PNCrot T

ol
2L

_ﬁ—lEJIN-rJ&WJQ.-E:L
[SuR=Y

>

H:l

13=
o 29 AATL G2 ZVS) Eﬁrﬂ% skl g
i =3 gy 138 B a9 109 1%5—*3
AN AT PHEHALA}(Vin) 120Vacoll A 71 w2 =
A1 AR (Vo) 120Vpest T3t 2 A58t 2204
o] FRAHGFEoR LLC sANAMEHE ;
174kHz) Ft 156kHZ 191kHzol A S2ES & 5 9l

, CRM PFC ZWES ZA§ At 2 FHaelx
160kHz 500kHz 293 Fa5ollA 2w 917 o
of FHIHBAW)A A= 247+ F&Fa57F M2 A
A= Fao] glo] AEAEAEH wE M 4T
k1 oA E EAEXNS HolFr)

e @

4us/div
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(c) Terminal voItage(Vm Vas) and current( I, I2)
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(d) Terminal current(ls, It2)
under Vii=120Vae, Vour=120Vpe and Pe=84W [1ms/div. ]

Fig. 13. Experimental waveforms according to the load
variation (84W, 84W) when Vi,=120Vac and Vou=120Vpc
(Chl: 200V/div., Ch2: 2A/div., Ch3: 200V/div., Ch4: 1A/div.)
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Fig. 14. Experimental waveforms according to the load
variation (15W, 150W) when V;,=120Vac and V=214V
(Chl: 200V/div., Ch2: 2A/div., Ch3: 200V/div., Ch4: 1A/div.)

(d) Terminal current(l7, Ir)
under Vi=120Vxe, Vour=280Voe and P,=150W, [1ms/div.]

Fig. 15. Experimental waveforms according to the load
variation (15W, 150W) when Vi,=120Vac and Vu=280Vpce
(Chl: 200V/div., Ch2: 2A/div., Ch3: 200V/div., Ch4: 1A/div.)
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variation (84W, 84W) when Vin=277Vac and Vou=120Vne variation (15W, 150W) when Vii=277Vac and Vou=214Vpc

(Chl: 200V/div., Ch2: 2A/div., Ch3: 200V/div., Ch4: 1A/div.) (Chl: 200V/div.,, Ch2: 2A/div., Ch3: 200V/div., Ch4: 1A/div.)
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LED Output Voltage : 120Voc
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(c) Output voltage 280V

Fig. 19. Efficiency characteristics according to the output
voltage condition.

= uj CRM PFC 74H%E194 SAAFAn)7F A TS
FA grol a&EA Aol7t YEA] ges B
A

a2y 199 18

190X 59 ACHHALA

o

(Vin) z7d°ﬂ/‘1 ZHAAAAH A (Vou, 214V, 280Vic)
of e 5eE4e wH A ALV0] He 4
T8 100 AEA IS5 el v 2
FAFART FAFAS BEow olFete] 2907 F
A7) e 2

é?—ﬂ ot 32 WY | dAHF
Aol wel QOWolstol A= E&5A(174%)0] 7MAH
S 3o g 5 A

oy 20@e 71 /EAd CRM PFC AY9E 9}
LLC 3xW8717F 247 A8¥ Outdoor§ 150W+
LED PSU HE Apdlela, 79 20(b)= Alokd EF#
SH717F A-g9 PSU HE= Albxlo|t},

(a) LED PSU board with the individual inductor and
transformer

(b) LED PSU board with the integrated transformer
Fig. 20. Prototypes of LED PSU board.
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