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AC-DC Converter using the PFC Inductor and LLC Resonant Transformer
with an Integrated Magnetic Core

Young-Jae Noh‘, Cheol-Ha Kangz, Meas Sarang, Eun-Soo KimT, Jong—-Seob Won4,
Dong—-Hee Kim5, and Young-Soo Lee®

Abstract

An integrated two-in-one transformer applicable to PSUs for a 120 W LED TV is proposed. This
transformer comprises a PFC inductor and an LLC transformer placed and integrated on an E-1-E type
magnetic core. Performance is evaluated by observing the coupling coefficients of the proposed two-in-one
transformer under various air gap topologies. Among the topologies studied, an integrated transformer with
centered air gap shows stable operational characteristics with a minimized mutual coupling (interference).
Furthermore, applicability of the proposed integrated transformer to PSUs for a 120 W LED TV is studied from
the viewpoint of integrating different magnetic components into one core, resulting to low weight, low cost, and
high power density.
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Fig. 1. Conventional circuit using an individual PFC inductor and
LLC transformer.
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Fig. 3. The configuration of the proposed integrated 2-in-1
transformer.

(a) The flux of offset direction (b) The flux of overlap direction
Fig. 4. Effects of alternating flux.
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Fig. 5. The change of the magnetic flux through the
maxwell 3D simulation.

(a) An integrated transformer (b) An integrated transformer
used the side gap used the center gap

Fig. 6. An integrated transformer due to air gap.
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(a) L' measurement method (b) L™ measurement method
Fig. 7. Measured method of L+ and L-.
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TABLE 1 TABLE I
COMPARISON OF THE COUPLING COEFFICIENTS (k) MEASURED TRANSFORMER PARAMETERS
Side Gap(k) Center Gap(k) Primary Inductance Lp 467 .7uH 467 . 7TuH
Measurement (PSM1735) 0.053187 0.001992 LLC Secondary Inductance LS 6.623uH 1.762uH
resonant
Maxwel | 3DSimulation 0.039548 0.001501 conver ter Leakage Inductance Leql 59, 59uH 87 70uH
Magnetic Mode!ing 0.007026 0.003202 NON/ND) 9(36/4) 18(36/2)
Air gap Inductance L 245.4UH
at PFC side 1.2mm( X 2) 2. 4mm PEC - . " o
urn-ratio
No. of turn
Veasur ing at PEC side 53Turn 53Turn Core EERO8L-7
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‘0 0, l ‘,
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AL Ay AT Ay T AS T g AT AT A 0 " 120
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A £ A A Operating frequency in PFC (f) 62.5kHz ~ 360.5kHz
§R4r‘):7(A79%AeG:7A’g{AP7: A 'R s A (11)
HrHos HrHofe HorHofr 8 Resonant frequency in LLC (f,) 251.9kHz
. . ; Resonant capacitor (Ci1) 6.8nF
Rpp= - Ryg= R yy= —— (12) - —
A T Ay A T A el T Switching device in PFC (Qs) STD13NM6ON
Switching device in LLC (Qr, Q) STD10NMG6ON
f[/v
= (13) Control IC L6599
" oA
l > - -
P (14) W) Bl GRS AW A5, 90 WA Aol
044 g1 042 g2 L
M 2 (18)9] k,v LLC &% Wet7| wollA dAE =}
Zx:

a3 109 SUM8EE WAFHS E9
7

3

4 glen] AW Azte A% 2
=) 5 2~ S >~
71E Tl Af AE 78 5 Uk
H (™ s gt s I i i 0 -"';"l
6| 0 ~ R Ro+ R+ R, 0 ~ Ry 0
ba R 0 0 Ryt By + By = Ay 0 - M
e 0 - Ry 0 — Ry Ry+ Ry+ Ry, i+ Ry — Ryq 0
CIZN 0 0 - R 0 — Ry Ro+ Ryt Ro)
(15)
b~ &
ky =1 (16)
¢ 7¢d
o (Bt Bt Ry — Ry, 0 ~ Ry, 0 0 \! o
py “ R Rt Rt Rat Ra  Rag 0 - 0 0
b 0 ~ Rier Ryt Ryort s 0 0 - R N
on[ ~ Ry, 0 0 + Ryt By — Ry 0 1o
{”’ 0 — Ry 0 - Ry Ry+ Ry+ Ry i+ Ry = Ry {“
P 0 0 - R 0 = Ry B+ Ryort Ro)
amn
4~ b
k, (18)
b= bp
k= \k +k, 19)
PFC 19 w3 LLC &% Weh7] @ 23 A+
= 2316), 18)= Tl £d & 5 ler 4 (169 &,
ek H
T

PFC Q19 E thol A wAle

A5, ¢,) 7 LLC 33

(po_dp)@ PFC QIEH ol &S 713 A%
(py-0p)° HIE HolA

°]& &a PFC QIYE w3 LLC X7 |de] 4
3 A% AgE A (194 #Zo] 78 4 qivh 1 A
Side Gap A-&A] A3t A= 0007026, Center Gap A
SAl A7 Ales 0.0032027F Ygke o]= Center
Gap A-&A17}F Center Gap A€ Bt} 12 Az 43
AFTELS & 7 Sk oo #dd dAWES % 2
o et

4. A9 21t

2 =RAE 120W BAEEEFS 7 E PRC ¢
ek LLC &3 AWEE shutel sofz #8-3to] A
st om, AHAMO0Va™ 264Vac) W WellA A
087 FH4F 24V/A4A, 12V/2A00 dis) 27k Ads)
9&‘4. # 32 3749 W] sevgeln, ¥ 4= A&
| AwEe Fe4Aen a9 115 21" 1370 =
2% 6(a)9] Side gapel A-&d FHWIS LY
olvf ¢ 1478 29 167h4= Center gapol 28
SEHATIY AYsEer Az IEAU(Vin
90VAC, 200VAC, 264VAC)el diste] ¥4
60W(24V/2A, 12V/1A)9}F 120W(24V/4A, 12V/2A)% o)



E

371 A4 AC-DC 7HE 267

shutel stobw FAshE PRC I9E < LLC 33

(a) Experimental waveforms of the terminal voltage(Vqs, (a) Experimental waveforms of the terminal voltage(Vey,
Vas) and current( I, I12) (Vii=90Vac, P,=60W, 4us/div.) Vas) and current( I, I1) (Vii=200Va, Ps=60W, 4us/div.)

(b) Experimental waveforms of the terminal current(ln,  (b) Experimental waveforms of the terminal current(l,
It2) (Vin=90Vac, Po=60W, 1ms/div.) I12) (Vii=200Vie, Po=60W, 1ms/div.)

(c) Experimental waveforms of the terminal voltage(Vqi,
VQs) and Current(ln, |T2) (Vin:200VAc, Po:12OW, 4US/diV.)

(d) Experimental waveforms of the terminal current(ln,  (d) Experimental waveforms of the terminal current(ly,
I12) (Vin=90Vic, Po=120W, 1ms/div.) I12) (Vie=200Vie, Po=120W, 1ms/div.)

Fig. 11. Experimental waveforms due to the input voltage Fig. 12. Experimental waveforms due to the input voltage
90Vac and load variation. 200V ac and load variation.
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(a) Experimental waveforms of the terminal voltage(Vy, (a) Experimental waveforms of the terminal voltage(Vai,
Vos) and current(lr, Ir2)  (Vin=264Vi, Po=60W, 4us/div.) Vgs) and current(lm, Im) (Vim90Vse, Po=60W, 4us/div.)
_______________ o) =10 ot B e e et s o L S E S LT Y 3] (2 (&)

(b) Experimental waveforms of the terminal current(ly, (b) Experimental waveforms of the terminal current(ln,
I12) (Vi=264Vye, P=60W, 1ms/div.) It2) (Vie=90Vie, Po=60W, 1ms/div.)
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(c) Experimental waveforms of the terminal voltage(Vas, (c) Experimental waveforms of the terminal voltage(Vai,
V) and current(lm, Ira) (Vis=264Vic, Po=120W, 4us/div.) Vea) and current(lr, Ir2)  (Vin=90Vi, Po=120W, 4us/div.)

e e s e e e e e o I ) e (2) (x)
T . v T T

(d) Experimental waveforms of the terminal current(ln,  (d) Experimental waveforms of the terminal current(ln,
It2) (Vin=264Vae, Pe=120W, 1ms/div.) I12) (Vis=90Vse, P=120W, 1ms/div.)

Fig. 13. Experimental waveforms due to the input voltage  Fig. 14. Experimental waveforms due to the input voltage

264V ac and load variation. 90Vac and load variation.
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(a) Experimental waveforms of the terminal voltage(Vq,
VQS) and Current(ln, |T2) (VinZQOOVAc, P,=60W, 4US/diV.)
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(b) Experimental waveforms of the terminal current(ls,
I12) (Vii=200Vy, P,=60W, 1ms/div.)
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(c) Experimental waveforms of the terminal voltage(Vq,
VQS) and current(ln, |T2) (VinZQOOVAc, Po:120W, 4US/diV.)
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(d) Experimental waveforms of the terminal current(ls,
I12) (Vin=200Vsc, P=120W, 1ms/div.)

Fig. 15. Experimental waveforms due to the input voltage
200V ac and load variation.

269

e | £ | v | i | g | i | curnrs | e | st | s | sy | st | mee | v (5

waveforms of the terminal voltage(Va,
(Vin=264Vy, P,=60W, 4us/div.)

(a) Experimental
Ves) and current(lm, Im)

& &

e | £ | vt | i | g | i | urnrs | e | st | s | sy | st | e | v (5 Tai
T v v T

(B, mRT Esm LI
=, == 2T o=
= ==

e

(b) Experimental waveforms of the terminal current(l,
|T2) (Vin:264VAc, Po:60W, 1ms/div.)
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(c) Experimental waveforms of the terminal voltage(Vqs,
VQ3) and current(ln, |T2) (Vin:264VAc, Po:120W, 4US/diV.)
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(d) Experimental waveforms of the terminal current(lr, Im)
(Vii=264V)c, P=120W, 1ms/div.)

Fig. 16. Experimental waveforms due to the input voltage
264V ac and load variation.
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(b) Efficiency characteristics of PSU using an integrated
transformer
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(f) Efficiency characteristics of PSU using an integrated
transformer

Fig. 17. Efficiency characteristics due to the input voltage
and load variations.
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(b) PSU board applied to the integrated transformer

Fig. 18 The prototype figures of the conventional PSU
board and the PSU board used an integrated transformer.
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