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A Novel LLC Resonant Converter for Single-Stage Adapter
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ABSTRACT

In this paper, for adapter with power level below approximately 60W, a novel LLC resonant converter
preceded by diode rectifier with a capacitor filter is presented. Due to the switching operation of the auxiliary
switching device, the proposed LLC resonant converter can deliver power with the high efficiency
characteristics from the universal line(110Vac/220Vac) and load conditions. The operating schemes on the
proposed converter are analyzed and described. A 60W prototype product is built, tested and verified.
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ALl E 2~ L., |6826uH| L, | 681.2uH
S7FFAYE s | L, |2359uH| L. | 2302uH
N(N/N2) 9(63/7) 9(63/7)
ALSAANAE | Gy | 68aF | Oy | 120F

o} EFD2025

¥ 2 HerE e sz

Table 2 Specifications of the proposed LLC resonant
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conver ter

28 A (Vin) 110Vac~220Vac
FHHd 2 AR 19V / 315A

=9 &P 60W
29T () 111.9kHz~120.5kHz

126.1kHz~139.0kHz

FRAF IR/ fi)

127.2kHz / 115kHz
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320uF (450V),
470uF X 2 (25V)

[
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o

IRFP460 500V, 20A,
Rpson=0.24%

MBRF10100CT
100V, 10A, Vy=0.75V
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[e)
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Sk o] = 110Vac/ 220Vac
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G R7=10W

C R 1 £ RE&=20W
T R_L-1) R5=30W

GpR 2.f) ;. R4=40W

: ] R3=50W

G R g.f)

ST i) R2=60W

G 1R.5.-f) pag

G R o6 f,=123.2kHz~134.8kHz

1 =125.9kHz~134.6kHz
e

: el V. =265.6V0~357 Ve
Cy(Rgf) 3 TSy

G y(R 7.1)
Fnin=111.8kHz f=127.2kHz
2 03610 la e
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FREQUENCY/RESONANTFREQUENCY
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Fig 8 Voltage gain characteristics due to the load

variations at the same resonant frequency
(fr1=fr2)
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..... o . i
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Fig. 9 Voltage gain characteristics due to the load

variations at the different resonant frequency
(fr1>fr2)
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549 4 Qe Ha
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Ik we o He  AuEghs)
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erlEE ¥ 19 2o
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=l AeE ¥ ACYEAY (110Vag)ol A skt
Aeaz FAE LLC 33 AHE e} & ACY
& (220Va0)ol A 7 e FXEgaz FA49 LLC
AHEHE HdPd4E483F 60W(I9V/ 3.15A)°]
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g 109} 29 11+ Atd d‘ﬂ Hol Ayugos
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of o554 9 FA~YAFITHATE A=
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24 AR, I AV, Vol
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S A(ZVS: Zero Voltage Switching) 52 < }
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Vo=19pc Pe=1.9W f.=134.6kHz 2us/Div.

:200V/idiv :1A/div CH3:200V/div CHA:1Adiv
(a) 19v/ 0.1A (1.9W)2uhe| CER} Mt/ M7
(a) Experimental waveforms of the terminal voltage and

current in the load condition(19V/0.1A(1.9W))
(200V/Div., 1A/Div., 200V/Div., 1A/Div., 2us/Div.)

I
—T1
G-
Vcd
] T2 |
L : - K/_

V=1 QVDC Ps=30W fs 128. 1kHZ 2us/Div.

2000/ div 1A.|"d|\.r CH3: ZDDVfdlv Ha1AMdiv

(b) 19v/ 1.57A (30W)Lmje| SHR} Mot/ HMF

(b) Experimental waveforms of the terminal voltage and
current in the load condition(19V/1.57A(30W))
(200v/Div., 1A/Div., 200V/Div., 1A/Div., 2us/Div.)

Irq |
X |
[oZ
Ve
. /_| T2

Vo=19Vpe  Po=60W fs=125.9kHz 2us/Div.

-200V/div 1 Afdiv CH3:200V/div CH4:1A/div

(c) 19v/ 3.15A (60W) e cHRF Mt/ HMF

(c) Experimental waveforms of the terminal voltage and
current in the load condition(19V/3.15A(60W))
(200V/Div., 1A/Div., 200V/Div., 1A/Div., 2us/Div.)

210 UATQF 220Vue(311Vpe) Y el CHXF MO/ A F
Fig. 10 Experimental waveforms of the terminal voltage
and current in the input voltage 311Vpc
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Vo=19Vpe Po=1.9W f.=120.5kHz 2us/Div.

100V div 1AMiv CH3:100V div CHA 1A dIv

(a) 19v/ 0.1A (1.9W) el CHRt Mt/ M7

(a) Experimental waveforms of the terminal voltage and
current in the load condition(19V/0.1A(1.9W))
(100v/Div., 1A/Div., 100V/Div., 1A/Div., 2us/Div.)

b/—vab

-‘/__ln

[ Vo=19Voe  Po=30W fe=114.4kHz 2us/Div.

100w/ div 1AMiv CH3:100V/div CHA 1A div

(b) 19v/ 1.57A (30W) Kol ShRF MUY/ MR

(b) Experimental waveforms of the terminal voltage and
current in the load condition(19V/1.57A(30W))
(100v/Div., 1A/Div., 100V/Div., 1A/Div., 2us/Div.)

[Vo=19Vpe  Po=60W fe=111.8kHz 2us/Div. |

100w/ div 1AMiv CH3:100V/div CHA 1A div

(c) 19v/ 3.15A (60W)mjo| SHRF MRt/ HF

(c) Experimental waveforms of the terminal voltage and
current in the load condition(19V/3.15A(60W))
(100v/Div., 1A/Div., 100V/Div., 1A/Div., 2us/Div.)

T8 11 LA 110Vae(155Ve) & Mol THRF Mot/ MF
Fig. 11 Experimental waveforms of the terminal voltage
and current in the input voltage 155V

| Vo=19Vpe Py=60W  f;=125.9kHz 2us/Div,

1200V div 1AMdiv CH3: 200V div CH4:5Adiv

(a) UHT 220Vi(311Ve) L THO| TR} MY/ TR ¥ FoldtfR
(a) Experimental waveforms of the terminal voltage,
current and out current in the input voltage 220Vy;
(200v/Div., 1A/Div., 200V/Div., 5A/Div., 2us/Div.)

Veo=19pec  Po=60W fs=111.8kHz 2us/Div.

1100V div S1AMdiv CH3: 100V div CH4:5AMdiv

(b) TR 110Vie(155V) & mhe| ThAF MY/ NMF 2 FsiMF
(b) Experimental waveforms of the terminal voltage,

current and out current in the input voltage 110V
(100V/Div., 1A/Div., 100V/Div., 5A/Div., 2us/Div.)

Jf 12 e eleinel wgll me TRl MeHR 9 RolNE
Fig. 12 Experimental waveforms of the terminal voltage,
current and out current in the wide input
vol tage range
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o \ \ -

. o N ; .
Vo= 19VDC  Po=57mW _ 10ms /Div.

CH1:200V/div CH2:1A/div CH3:200V/div CH4:1A/div
(a) =2 UM 220V, uhe| CH7|H2 A] CiRp M/ HF
(a) Experimental waveforms of the terminal voltage and

current under standby mode operation in the 220Vx

input voltage

(200V/Div., 1A/Div., 200V/Div., 1A/Div., 10ms/Div.)
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(b) =2 LT 220Vyc mHe| CHY |2 A| TR} M7

(b) Experimental waveforms of the terminal voltage and
current under standby mode operation in the 220Vxc
input voltage

(200V/Div., 1A/Div., 200V/Div., 1A/Div., 1ms/Div.)

‘/—Vah
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o T
— Vea
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Vo= 19VvDC Po=57mwW 10ms /Div.

CH1:100W/div CH2:1A/Miv CH3:100V/div CH4:1A/div

(c) 2 AT 110V Mol H7|MEd Al SR} Me/HF

(c) Experimental waveforms of the terminal voltage and
current under standby mode operation in the 110V
input voltage

(100V/Div., 1A/Div., 100V/Div., 1A/Div., 10ms/Div.)
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Vo= 19VDC  Po=57mwW
CH1:100W/div CH2:1A/iv CH3:100V/div CH4: 1A/ div

1ms Diwv.

(d) 2 MR 110V of CH7 |ME A| ShA} HMY/AF
(d) Experimental waveforms of the terminal voltage and
current under standby mode operation in the 110V
input voltage
(100V/Div., 1A/Div., 100V/Div., 1A/Div., 1ms/Div.)
OF 13 S eiriet el nie iy el Al SRt Moy aE
Fig. 13 Experimental waveforms of the terminal
voltage, current under standby mode in the
wide input voltage range
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(c) Input power in the standoy mode under load conditions
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Fig. 14 Efficiency characteristics for each input

voltage (155Vnc/311Voe) with load conditions
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