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Development of 1U rack-mount 98% efficient rectifier
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Abstract

A 1U rack-mount telecom rectifier with single phase AC input and a 2 kW / 54 V DC output is developed, achiev-
ing 98% peak efficiency. This rectifier integrates a >99% efficient ZVS CrM interleaved totem-pole bridgeless
PFC with an existing three phase LLC resonant converter (>>99%). This paper mainly focuses on PFC designs. A
simple, noise robust zero current detection scheme is unveiled, enabling ZVS across the full AC input voltage range.

And only Si devices are used.
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2.1 PFC (hZEQEER)
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Fig.3 ZCD circuit and operating principle.

(a) Photo of the ZCD circuit

(b) Thermal image at Ta = 25°C

Fig.5 Operating temperature of the ZCD circuit.
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2.1.2 2ZVS (Zero Voltage Switching)
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Fig.6 Theoretical waveforms of CrM PFC.
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Fig.7 State plane trajectories of i and vos.
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Fig.8 Principle of ZVS control when vin > Vo/2.
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Fig.9 Waveforms at full load.
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Fig. 10 Calculated switching frequency distribution.
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Fig. 12 Block diagram of interleaving control.
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Fig. 13 Inductor current waveforms at full load.

20255128 E2% $28|

214 |\EVT7 I MV
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Fig. 14 Four-legged two-winding structure.
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Fig. 15 Magnetic circuit.
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Fig. 17 Magnetic fluxes in the core.
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Fig. 18 IC /1R 2R, (REFH#E 10 ms 2152728
WCHITFEB > T 28 680 pF & Uiz, RV E i
FAT/12R 0.99 L EZ R TE TN 5.

Fig. 19 E A1 7 4 WV R 7% & LW IEZEBN R 2R .
JRCERHET TR 99 % i 2, RAZNZE 99.20%
R L. GaN % SiC Zf#H+¥ 3" Si-MOSFET (3
ZHITKO95V65Z5) ZHWT V5.
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Fig. 18 PFC power factor.
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Fig. 19 PFC efficiency.
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Fig.20 Three-phase LLC resonant converter.
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Fig. 21

Equivalent resonant capacitor C; 1¢p.
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Fig.22 Current waveforms.
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Fig. 23 Three-phase LLC converter efficiency.

Fig. 231X 3 LLC Oz TH 5. 1M 3 M
FhEd 200 W AT X7V 2 AiE 2 £ > TY]
DEDLS. IKNHJHIPI TR 99% 2 A THD,
BARRIHR 99.2% 2L T 5.
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Table 1 ICFRA=DIERZ R .

Fig. 24 |& PFC 35X U 3 #H LLC Z#5# L 7= B D4}
HTH5. RMIZHEHDTFATH O, HIEES -
BhFEIRIE R TEEE, I 8k SMD EE# L
TWa. 4Rz L.

Fig. 25 l& FAN Z#5# L 7z #k7r — XIC D Tz SME T
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JEAL, BT ¢ Y AREIC XD I A IS 5.

Fig. 26 IR Y A7 LED L0, FREEKICH
ZMHBNERIR, (5, B~ I AL, FAN BR#)%
WA 5. TNSHNICHFS LRWEEZEHRL DD,
Fig. 27 D LB D RAFRARNH 98 % 2R L Tz

Table 1 Specifications.

Parameter Value

Input Voltage 1 ¢ AC90 ~ 110 V/ AC180 ~ 220V
Peak Efficiency 98%

Power Factor >0.99 @Rated output
Output Voltage  -46 ~-575V

Output Current 0~ 35A

%g”ent Protec- <110%

Ripple Voltage <200 mVp-p

Operation Temp. -10 ~ +45°C

EMI VCCl class A compliant
Interface POWER GOOD, Remote OFF

Communication

Protocol Modbus

20255128 E2% $28|

Fig. 24 Rectifier board.

' Rectifier Primary | Secondary
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FAN | 1 | 12 vout
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' + POWER GOOD
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Fig. 26 Rectifier block diagram.
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Fig. 27 Rectifier efficiency.
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Fig. 28 Module expansion portfolio (excerpt)'.

4 BREER—LT7+UF

BV aT—TWA 2 EMHIN B EREHFIEEAIC S B
DIHATWS. SREIFIR LI Basic & #aE, (LR,
AV R—T x A A5 EAE & OB 2R e R T,

Fig. 28 139 TICBEL & N TWL B RAMR 96%D
AC-DC &Y o — )V T OB R R— 7+ U F
MORMLIZLDTHB. T I EIBEFR LIS
LHAAE NS, FAFEHHR ARG TR, B
@ bic & 2 3 A MHRECC R E 2 X S .

KR ENR I8N MG LI LT, TNEHTH
L C&E7/ AC-DC Y 2 — )VEHC A es 2 M
UE, COz BEHBEIZAER 1,200 t DHEATE S (COz
PEHH SRR - 50423 t-CO. / MWh & LT 1

BICHEM L),

5 &&&

S E MR F OB IC BT % mRh = 7% PFC %
FAFE L7z, KEK7% ZCD mIEg> 42 A )& i T O
ZVSEfEL 2 U =TI, = L C#iEZ T %
MEVT 7 MIVORRICK 5T, PFCIE 99 %D &
W FEB LT, RTFAFREH O 99 %D 3 1
NVFT7 2 — A LLC EifR O V=2 LA ED
BT, B 2ah® 08% 2 LTz,

LAk - el A Bl B ER T S L L B, &
FfiziEsk L, E67&5/0N e, @itz HIET.
TXIVF =R ER LR BRZE L, migmnD

FRTATRE/R A S DOMEICH L TV &E 720,

BE 3R

CPE R, R RS, R CRSL, e OMEKR, Ta

B AC-DC Y 2 —)VO#L], GS Yuasa Tech-
nical Report, 20 (1), 9 (2023).

. TEEAsE fth, %72 99%, 5W/cc O=#H LLC &ifi

(2020).

72 R, 52, 48

LGS AT Y, THERNE, YaEiit Y R UERR

%, 'RFFH 2024-130867.

LGS AT, AR, KBRS, AR, 7T

BE, iy, \IEKE, RIGERE, DC—
DCaYN—=REBXUTA »/N—%, Kk 2025-
142604.

LGS 7Y, THERAME, 34HLLC I > /N—x  HFEF

57501341 =.

LGS a7y, TN, AAEK, JIREERE,

KETEs 7501267 5.

LGS ATy, THEMME, AAEK, JIREERE,

KERTES 7768296 5.

. A. Chiba, K. Ishikura et al., “The Potential of LLC

Resonant Converters Equipped With Split Resonant
Capacitors: From Three-Phase to Fractal Struc-
tures”, Proc. IEEE Int. Power Electron. Conf., 1711
(2022).

18



