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LED PSU using an Integrated Transformer of New Shape

Jong-Seong Joo!, Young-Soo Lee?, Ye-Chang Heo!, Eun-Soo KimT, and In-Gab Hwang'

Abstract

In this study, an integrated 2-in-1 transformer for a low-weight and low-cost light-emitting diode lighting

power supply is proposed. In the transformer, a power factor correction (PFC) inductor and an LLC resonant

transformer are placed and integrated on a single magnetic core. The amount of mutual interference,

represented by the coupling coefficient, between magnetic fluxes generated from each magnetic source is

minimized by using the new shape core of an integrated 2-in—-1 transformer. The design consideration on

critical conduction mode PFC converter and LLC resonant converter using the proposed 2-in-1 integrated

transformer is described, and the overall performance of the 150 W LED PSU shown through the experiment.

Key words: Integrated transformer, High power density, LED lighting power supply, LLC resonant converter,

CRM PFC converter
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Fig. 1. Conventional LED PSU using the individual PFC
inductor and LLC transformer.
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Fig. 2. LED PSU using an integrated transformer and its
operation waveforms.
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(b) Flux superposition
Fig. 3. Flux flow patterns on the dashed line box.
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(a) LED P using an 2-in-1 integrated transformer
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(b) Flux cancellation (c) Flux superposition
Fig. 4. The proposed the 2-in-1 integrated transformer for LLP
PSU.
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Fig. 5. Core shapes of the proposed 2-in-1 transformer.
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(a) EIE core (b) Core of 2-in-1

Fig. 7. The core size of the proposed EIE transformer and
2-in-1 transformer.
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TABLE I
MUTUAL COUPLING COEFFICIENT(K) OF THE PFC
INDUCTOR AND LLC TRANSFORMER IN THE 2-IN-1
INTEGRATED TRANSFORMER THROUGH
SIMULATION AND MEASUREMENT

Mutual coupling EIE Integrated 2-in-1
coefficient(k)/ transformer Integrated
Core Parameters Side gap Center gap transformer
Maxwel| 3D Simulation | 0.0361 0.0046 0.0019
PSW1735(Measured) 0.0434 0.0038 0.0014
A(mm) 34.20 A(mm) 48.00
B(mm) 10.80 B(mm) 8.75
C(mm) 45.48 C(mm) 21.40
Core Size(PFC/LLC) D(mm) 12.10 D(mm) 14.30
E(mm) 10.88 E(mm) -
F(mm) 10.80 F(mm) 14.95
Yorupe 16,708 | ‘1€ | 15,35
Air-gab(mm, PFC/LLC) 1.82/0.23 1.52/0.16
PFC Turn-number 42T 51T
LLC Turn-ratio(N:/Np) 11(33/3) 12.7(38/3)
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Fig. 10. Equivalent circuit of LLC resonant converter.
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TABLE I
MEASURED VALUES OF TRANSFORMER
PARAMETERS

Primary inductance L, 569.6uH

Primary I.gakage/Magnetizing L/ L 46.5uH/
inductance Y 523.1uH

Secondary inductance L, 3.778uH

r esLoLnCant Seondary Leakage inductance N2Ly, 83.0uH
conver ter Equivalent leakage inductance L., 118.1uH
Turn-ratio(N¢/No) N 12.7(38/3)

Air gap l, 0.16mm

Resonance frequency fr 254 .9kHz

Inductance L 147 .3uH

PFC Turn-number N 51T
Air Gap l, 1.52m
TABLE 1III
SPECIFICATIONS OF THE LED PSU

Input Vol tage Vin 440V

LLC Output Vol tage Vour 24Vq0
resonant Output Current Lout 0.7~6.3A

conver ter Qutput Power Pt 1500

Resonance Capaci tor Cr 3.3nF
Input Vol tage Vin 90~305V 5

PG Output Vol tage Vout 440Vg
Qutput Current Lout 0.04~0.39A

Output Power Pout 1700
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(a) Terminal voltage(Ve, Vo) and current(ly, I12)
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(b) Terminal current(ly, I2) under V=90V,

Vour=24Voe and P=15W [1ms/div. ]
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(c) Terminal voltage(Ver, Vaa) and current( I, I12)
under V=90V, Vour=24Vpe and P,=150W, [4us/div.]
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Vour=24Voe and P,=150W [1ms/div. ]
Fig. 11. Experimental waveforms according to the load
variation (15W, 150W) when V;,=90Vac and V=24V
(Chl: 300V/div., Ch2: 3A/div., Ch3: 300V/div., Ch4: 1A/div.)
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(a) Terminal voltage(Vq, Ves) and current(ly, Iv)
under V;;=200Vyc, Vou=24Vyc and P,=15W [4us/div. ]
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(a) Terminal voltage(Ve, Vo) and current(ly, I12)
under Vi,=305Va, Vou=24Vpe and P,=15W [4us/div. ]

(b) Terminal current(ly, Im)
under V;,=200Vy;, Vou=24Vy; and P=15W [1ms/div. ]
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(c) Terminal voltage(Vyr, Vos) and current(ly, Ito)
under Vi,=200Vx, Vou=24Vy; and P,=150W, [4us/div. ]

(d) Terminal current(ly, Im)
under Vi;=200Vxe, Voui=24Ve and P,=150W [1ms/div.]
Fig. 12. Experimental waveforms according to the load
variation (15W, 150W) when Vi,=200Vac and Vou=24Vpe
(Chl: 300V/div., Ch2: 3A/div., Ch3: 300V/div., Ch4: 1A/div.)
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Fig. 13. Experimental waveforms according to the load
variation (15W, 150W) when V,=306Vac and V=24V
(Chl: 300V/div., Ch2: 3A/div., Ch3: 300V/div., Ch4: 1A/div.)
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Fig. 14. Efficiency characteristics according to the input
voltage condition.

Fig. 15. Prototypes of LED PSU board using the 2-in-1
integrated transformer.

TABLE IV
COMPARISON OF THE COST AND THE POWER
DENSITY ACCORDING TO THE TRANSFORMER TYPES

Individual PFC Inductor 2-in-1 Integrated
and LLC Transformer transformer
Cost $1.61 $1.08
Transformer s L
Power Density 100.7W/ inch 159.1W/ inch
Core and g .
Bobbin Size 3.35%inch 1.109inch
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