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High-Efficiency and High-Power-Density 3-Level LLC Resonant Converter

Hyun-Su Gu', Hyo-Hoon Kim? and Sang-Kyoo HanT

Abstract

Recent trends in high-power—density applications have highlighted the importance of designing power

converters with high-frequency operation. However, conventional LLC resonant converters present limitations in

terms of high—-frequency driving due to switching losses during the turn-off period. Switching losses are caused

by the overlap of the voltage and current during this period, and can be decreased by reducing the switch

voltage. In turn, the switch voltage can be reduced through a series connection of four switches, and additional

circuitry is essential for balancing the voltage of each switch. In this work, a three-level LLC resonant

converter that can operate at high frequency is proposed by reducing switch losses and balancing the voltages

of all switches with only one capacitor. The voltage-balancing principle of the proposed circuit can be extended

to n-level converters, which further reduces the switch voltage stress. As a result, the proposed circuit is

applicable to high-input applications. To confirm the validity of the proposed circuit, theoretical analysis and

experimental verification results from a 350 W-rated prototype are presented.
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(a) conventional (b) Switch voltage reduction
Fig. 1. The voltage and current of the switch in turned off
period.
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Fig. 2. Proposed 3-level LLC resonant converter.
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Fig. 3. Key waveforms of the proposed circuit.
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Fig. 4. Mode operations of the proposed circuit.
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Fig. 5. The conduction pathes of the proposed circuit by
voltage balancing principle.
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Fig. 6. The key waveform for the proposed circuit voltage
balancing principle.

AYEAE X3k A (29 I FHFEE ze
Mode 4 3> Mode 29} 543 g2 My/M; *HX]
v ZVS7F 7bssith A AGE == Mode 15-H
Mode 47441 €] F2H-& wEaio)

22 Meots|z2o| Mot®y 2|

A HEFA T o] 294X MyMy7t © & Al 1

Y 59 HAY e AR =EshY KVL(Klrchhoff’s
Voltage Law)ell ¢]&] 4 (7)o] w3},
Vg = Vot Vo (7

Sl MyMgE | 2 A, 29 5] A e A
22 KVLel 9J&f 4 (8)o] w3ttt

VLol ¢J&) 24 (10)e] ==t}

Vi = Vot Vast Vast Vo (10)
471 A 9 (10)el 93] A (1De] =ZFHrh
‘/7.,71

V V('71 + V('72 V('M + V(‘r4 2 (11)



156 1EE % wdEEe 3-9d LLC 333 71¥E

+
W C.
+ :I: Vol
o
Coi=
_ 1 Cr3
Module n 2 I Viwe:
Cr4
FCoont | Cpr
L Ow
| L
rCe oo CBH_Z_;&%I_AL(} 2n-3+
:I: VMo n-1
+ 2 CrﬁZn-Z -
Ce i *
_ 1 CrﬁZn-l
VMoin
.4?5—(}7211 _

(a) Basic module (b) Expansion mode |

Fig. 7. Multi-level expansion principle of the proposed
circuit.
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Fig. 8. Equivalent circuit of proposed converter.

3.5

= A=0.1
= A=0.3
= A=0.5
- A=0.7

\“ < %‘A‘““‘
!
L2
/<

25

M
4
/

(b) Q
Fig. 9. The voltage conversion ratio by the A and Q..

o2 olgatel Y0l AFAGE BIe o
g3} g
V.
2 () - 1 — )
st \/(1+>\(1f—2))2+(Q€(F*7))2
o uj,

Qe = Z()/Re7 )\:LT‘/LHL’F:-}CS/-}CT‘7 Z() = \% Lr/(QCr) O] q—

A ADFH A QS olgete] wEF AR Q)
ZeAghu g = 2 QD3 P},

—= (21)

TABLE 1
EQUATIONS FOR LOSS ANALYSIS
Loss Equation
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TABLE II : ‘ A
P % ’ ¥ 3 R
PRINCIPAL PARAMETERS FOR PROPOSED CIRCUIT ¥ _ #\I‘
Items Values iLrl/ |4 Zero Voltage
Input voltage 390V : : | | .SW'tChmg .
V ir1[1A/div] Vg [100V/div] time[200ns/div]
Output voltage 195V
Output power/current 350W/17.95A (a) no load
Turn ratio 55:1:1 Ve Ve |
Lin(Li=Loso) 15.15uH e PANS e
L(Ln=Ls) 2.29uH ' | \ \
CC=C,2=Ci5=Cyy) 5.5nF ) ,
| :
TABLE 1T E i i
COMPARISON OF MOSFET CHARACTERISTICS : iLr1[1A/div] Vg[100V/divi| time[200ns/div]
ACCORDING TO VDS (b) 200

Items IPL60R360P6S | BSCI6DN25NS3
Drain—source voltage
breakdown voltage (V)
Continuous drain current (Iy) 11.3A 10.9A

Drain-source on-state
resistance (Ras(on))

Input capacitance (Ciss) 1010pF 690pF

650V 200V
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