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GaN-based High Frequency and High-power Density 2-in-1 Bidirectional
OBCM Design for EV Application

Minli Jia, Hao Sun
Navitas Semiconductor Shanghai EV Design Center, Shanghai, China

3.3 kW ~22 kW

1 Introduction

* The integrated design of OBC and LV DC/DC can reduce the system size, o-lovic A

improve the power density and reduce the cost.

 Wide-band gap semiconductor device GaN brings an opportunity to further
improve the power density of Power-Supply-Unit in EV.

90 kW ~150 kw

[0 System Topology
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PFC Stage(fs:100 kHz)

_— Bi-D DC/DC Stage(fs:450 kHz ~ 1.2 MHz)
R *Dl Q1-||£ Q3-||:| Qsjﬁ : i sHIf ss{l ss%lﬂ SHH . B : .
St | o | * Interleaved CCM Totem-pole PFC for Bi-AC/DC Stage.
prus 2 S e e Lo Ll o . . . .
: T | i 4l * Bi-directional CLLC with delay-time control of wide voltage range
i ” § : . o
R B I wty Wi ) output ,ZVS and high switching frequency (450 kHz~1.2 MHz )
A =" range for Bi-DC/DC Stage.
e kP * Hard switching full bridge for LV DC/DC.
n — T » Al 650V GaN devices for high voltage side.
o 7 Crvo ' T ' r2
st"E* [Yf[) Alsmj*}} ;S%Az s10-|EI s12-|EI ’
[0 Bi-AC/DC Stage
Table 1
.- —l Cool My ee— P - ngh Flux o _F?r_ri_t_e F 3 EE%UUIUITIE

Totem-pole PFC per phase parameter 2 09 ceduction

Vac 220 V $ o X
lac_RMS 16 A S 03

3 o
Vbus 400 V g Lz
1 10 100 1
f_Line/f_s 50 Hz / 100 kHz DC Magnetizing Force  (Oersteds) 50 kHz dESign 100 kHz dESign
}b 7) e
* Usually, the value of "**is set to 1 for per-phase current. Based on the
Lppe min = V /2 parameters in Table 1, minimum inductance satisfying the demand is 45 uH.

K Rippie * ﬁ T4e rms * 2 fs ¢ High-flux core, low loss for high frequency applications, volume is reduced by
about 20% compared with the traditional 50 kHz PFC inductor design.

[0 Bi-DC/DC Stage

- * LCresonant circuit as a
» FO [T second-order system is
*H % suitable for phase plane

> analysis.

* Delay-time control can
achieve high gain output
adjustment for DC/DC.
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Working Mode 1: [t ~t,]
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Modulation Strategy Phase plane analysis for half switching cycle

(=] 7 ]
Ly a1

[=]

BAEHARE - MM GaNFa LS B IS

navitassemi.com | = S



pcim

av I a S NN  9May 2023 15:05-17:00

. Paper Allocation: H01-8161 = 9 — 11.5.2023
- : ; - - _  NUREMBERG, GERMANY

-

[0 Characters of Bi-DC/DC Stage and Mag. Design

At the same 6.6 kW
power, the volume of

A
1R 1R _ e GaN  based  high-
i Gain<1 Range ;| aln>2 Range > . . . 0 frequency transformer
o JPPa 3N g « fs>fris maintained throughout 3 '_m@é— _is more than 50%
% 100" L B Anele | 102 the output voltage ran d ol | smaller than that of 5"\
g i'“““““““:'-“"-'l';'- """""""" ;#_'“" """"""" p g ge a n : .
= 120 : T 133 A : P | based design
B 100 o~ 1. 0o | keeping “V” shape. : ' -
S : f5 177X g | 366036mm>
£ 80 #,;!'" 11.17 % e | Angl | !
: \f, SANElS w1 0g | arger Angle a means larger : : %
-l TN TS TTTTTTTTT {00 system gain. l i
20 '-..“E .o v Angle 4 0.92 : |
Y073 o8 103 118 132 1490 * Narrow fs range and good for S
Vo/Vnor . ' >
transformer design. SOk 120K S00khz s
a, B, v, fs VS Vo Comparison of transformer volumes at different fs
[0 Functions of Navitas NV651X-series GaN devices
800 Vmax Fie Uity )
@ « 12~18 V for DRIVE to SK.
f{f.—; E o [ [ [ ] (] [ ]
‘”EM?"’@ A\ 2ves pi=—— * Integrated level-shift and deglitch circuit for improved anti-
Mode e e < { .
| é’*"’"“’“’ i interference performance
Drive —"*_ Vps . N
P o L R | 0 Y s . W—— | * GaNFast power ICs are easy-to-use, highspeed, high-
i @\ """""""" o @m‘f: ; B {_ performance ‘digital-in, power-out’ building blocks.
Protection I |
“@ 00 | * Monolithic integration of GaN gate drive & GaN power stage
©® o " eS| i .
Avicnomos B . s ) enables ~zero loss in turn-off because the gate-drive loop
protector | - i has ~zero impedance, eliminates parasitic gate-loop
GaNFast functionality Typical double-pulse test waveform inductance and prevents gate ringing and glitching.

[0 2-in-1 OBC Prototype and key waveforms
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Table 2 Main parameters of 2-in-1 OBC Vac : wl i
* VOlum:2.46 L / CHZ: VBATTERY _ ﬂ“ il ‘\”|'---wliuili.lw!wu
. . . d 39 kW/L ) |||||‘|‘ “Ii“‘JJW'
6.6 kW Bi-directional OBC + 3.0 kW LV DC-DC CH3:Vs 2 —
CH4:V,. o,
Parameters Value po-3 . R : *
V 85~265 V Y Ve adl oo ““ i) R
AC S o1 Fo,~1.2 MHz - \\/ \ / \
V 250~500 V, 280~460 V full load
BAT i U JUU: \/ \/ \V,
IAC_'V' ax 32 A e} 7% Pl R e K
I 23.5A
HVo_Max 3.5 Soft-start waveform at 460 Vo
6.6 kW charging, O i T EE ap MELTI8
Power _ _ ”
220 V, /6.0 kVA discharging v, ‘#——‘#-*— —_— 5?“'—'—79?»-—-—*
OBC Lpec 50 uH CH2vy g T \ / \ /
forc 100 kHz CH3:Vesse % <~
Res. Inductor 4.0 uH R e N R
. Pour=6.6 kW | R A
Res. Cap. 40 nF (equivalent) 806 kM
sw— P '\ ;
= ; R —— o~ S
Res. Frequency 400 kHz Steady-state waveform at 460 V
l:f '| Vo) Ay Frokt) 06 i Mncry 568 Fodi soe et
Trans. turns ratio 1.2 Power meter _ ;,u TR DR - —
LV LV VOUT 9~1 6 V (n om. 1 3 5 V) DC Source R RO N e rilcf
] CH1:/
LV Pyt 3.0 KW (3.6 kW peak) 1'I| .
DC-DC i - ¥ CH2: Vo ISTE—— I —
ILVo_Max 222 A R‘._hﬁi“u___ : 1 - ah Pour=6.0 kVA lac_peak=73A toms/
GaN | Q~Q, S,~S; NV6514 power IC | \/\/\ /\/\/
Water Tem perature-
Devices Sg~Sy, NV6513 power IC

Max(C1) 324 ¥ Min(C1) -324 ¥
Y1 71.50 A Rms(C1) 220.866 V Freq(C1) 50.00800 Hz
V2 -68.50 A Max(C3) 73 A Min(C3) -73 A
e A 14000 A Rms(C3) 27.2152 A Frea(C3) 6.684492kHz
(] ° (]

PIatform set-up | Discharging 6.0 kVA non-linear load

o o Feasibility of GaN in high-power,
D Th erma I an d Effl cien Cy high-frequency applications

is verified

. , o . . . _ o .
GaN device are all below 110°C which verifies the EFF_PK=96.24%@ Charging mode . EFF_PK=96.28%@ 260V,
feasibility of heat dissipation. e EFF_PK=96.31%@ Discharging mode
-e-Charging Mode -=-Discharging Mode == 260 Vear = 360 Vear = 480 Vear
- 97.0%
120 97.5% 3 -
149 96.22% 96.28% 96.12% 95.65%
- P ———0§32%q 570
__I: -~ R 96.5% o, 96.31% o 95.0% 5e850, 05.671% 4.57/0 :
o oA oR 5 LR 96.26% 96.28% b4 919 ] 5 24 .46 /093 35%
BE .. - 6.05% w5 /% . 9461% 9467% 0 53.43%
_. 100 == S . 95.92% ' 92.5% , D389% SR U181%
r B 96.0% 27, 0624%  96.19% 95.81% - 90.85% 98.01% 2312% “W2.19%
= gp > 0 G i 90.809 92.00%
L] S o5 5o §  90.0%
- 6 0 O Q0 0
— 80 = 95.36% 5.13% E gy o, 0862% PI12%
=, L] T 5%
= 70 95.0% 95.22%
i 220Vac input / 6.6 kW for charging mode. 85.0% 86.04% Voz13.5V P 3.0 kW
= R0 94 59 e 220Vac ouput / 6.0 kVA for Discharging mode. 94.76% O_OC ' I’ Max=3.
= ’ A 3 A o *  45°C coolant water. 82.5% 4> & cooant water
O1~04 05706 31754 33738 . Full load.
™ 280 Ver ™ 360 Vewr ™ 460 Vear o4 0% 80.0%
280 300 320 340 360 380 400 420 440 4060 5% 10% 15% 20% 30% 40% 60% 80% 100%
Battery Voltage (V) Load (%)
Thermal test results of GaN at 65°C coolant water Efficiency of OBC @ charging and discharging Efficiency of HV-LV DC-DC
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