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Power Loss Analysis of GaN HEMT and Si MOSFET in Low-Power
System

Junhyung Kim, Youngsung Kwon
Department of Mechanical and Control Engineering, Handong Global University

2 % AYAHTAAFY & Ao B3 T2 7[EY AHHA A hRES AP A2 E(Si: silicon) A
St 9] E24 AR Qs XA At Aet o= AstdE 1& AX} ol EWAAEH(GaN HEMT: Gallium
Nitride High Electron Mobility Transistor)oll &gt A+2 =1 9t} ofA|gt GaN HEMTE &3t A4+
kW &9 A8 AlA”o] 230 A o™ 47 AXr)7] FES AT ALY A A-HAAY o]2F B 53 AF
ojt}. o]Z3 £4 glo] A ARt gEst= 71E AAY AAH 58 A At ohFe AlA" S0 H-Es)
719l A7 2AeeE gebA, 2 =EolAs 953 BEel2tEEE S 5 Sl HiHE EEEXE AA5tA
A A A”oA Si MOSFET# GaN HEMTO] && H|IE I3t ©GAF &4 EAUE ARKRE A= A4S
£4 89S A7H EARCE ndHPT &40 JFE X | EES SHEE ARSI ALkd ARk
o ZF AYNEA Aol WE HAFFE BAYL, ol ASoH] Al HAHEE HAst Fukgo] WE &2
k. 54247, 450 kHz 2994 F5A Si MOSFET ™4l GaN HEMTE A& o 13 %2 &&o] A5
DAA olE BEA3 A4 dHE Sof AFY 1Fa A|lARA S MOSFETHE Y GaN HEMT7F o A39hE B9
, 211 8E&9 GaN HEMT oj&gA ol HAAE oA AF £49 Aol B4US HYth &
A A ARIOA Y o] 24 £4 EAYL AT AFH o R HIIE 4= 9lo] GaN HEMTE 2&
AHY A&” AA A BE& B4 9 A0 74T AR Zddrt.
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Abstract Silicon-based power semiconductors have occupied most of the power electronics market, but
due to their physical limitations, Gallium Nitride High Electron Mobility Transistors (GaN HEMT) are
drawing attention. However, since studies applying GaN HEMT have focused on high-power systems,
theoretical analysis of low-power systems is lacking. Research that depends only on experimental results
has limitations in application to various low-power systems. Therefore, this paper proposes a
step-by-step power loss analysis for comparing the efficiency of a Si MOSFET and a GaN HEMT in a
low-power system by using a buck converter topology that can charge cylindrical lithium-ion batteries.
The causes of loss were expressed as equations, and the parameter values affecting them were measured.
The loss tendency was analyzed, and a buck converter was designed to measure the efficiency for
verification. The result shows the efficiency was improved 13% when a GaN HEMT was applied in 450
kHz operation. It is shown that GaN HEMT are more suitable than a Si MOSFET in low-power,
high-frequency systems and that it is necessary to reduce switching losses for designing high-efficiency
GaN HEMT applications. The power loss analysis can quantitatively evaluate the amount of loss and is
expected to contribute to efficiency improvement when designing low-power systems.
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Fig. 2. Designed circuit diagram
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Where, L denotes inductance, D denotes duty
ratio, R denotes load resistance, and f,,, denotes

switching frequency

4
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2 Uehict.

F’loss = Pmnd +‘Psu' + Pg +Pcoss (2)

Where, P,,, denotes total loss, P,,, denotes

conduction loss, £, denotes gate charge loss, and
P, denotes output capacitance loss
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L5 £42 a0 ARV E5 1 239 AF 4
o2 Qls) WAlSHe dlolth, £F A|, EANAHY
$ 24 osfl, 54AR1 AEEe} AjAEE Z+
7+ A% A3HDCR: Direct Current Resistance, ©]3}
DCR), &7F 2I¥@ A3HESR: Equivalent Series
Resistance, ©]s} ESR)]| 9Jsf] <=4lo] ¥rA§sict. tho]Q
£9] 49 3% AU(Vel el A st B
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o]t & &42 Eq. (4), 99H 9 AWAEHS =
T £42 77 Eq. (5), Eq. (O AL 4= Qi
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Where, I; denotes inductor current, Z,,

output current, f2; oy denotes On-resistance,
V., denotes input voltage, V,, denotes output
voltage, V denotes forward direction voltage of

diode, DCR denotes direct current resistance of
inductor, and FESR denotes equivalent series

resistance of capacitor
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Fig. 3. Switching losses in Si MOSFET/GaN HEMT
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Gate-Source Voltage Rise
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Fig. 4. Gate-Source voltage of Si MOSFET and GaN
HEMT

243 HOIE X &4
ALEA] 2442 FEA77] S8 Ao St

Helere Faor k. oly) WAt Hskerg Aol=

& WSIHQ)} o ol WAVEA] 249) 714 #

ARz ofs) s Bast 8@ BAsied]

Azko] AaHp ol £Az EART AolE F4

o o Bq. @ AXE % 9k,
Py= QX Vi X fo,

A (e}
£AL

@®
Where, ¢, denotes total gate charge, and V,

denotes gate-source voltage
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Where, C,,, denotes output capacitance
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Table 1. Specifications of Si MOSFET and GaN HEMT

P " Si MOSFET GaN HEMT
arameters SIHA21NGOEF TPG5SHO35WS
Drain-Source 600 [V] 650 V]
Voltage
On-Resistance 131 [mohm] 29 [mohm]
Gate Charge 23.4 [nC] 18.6 [nC]
Output
Capacitance 1500 [pFI 2500 [pF]
Rise Time 113.3 [ns] 55.2 [ns]
Fall Time 109.0 I[ns] 52.8 Ins]
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Fig. 6. Cumulative bar graph of losses in given
conditions

Table 2= Si MOSFET®] 100 kHz Si MOSFETZ
450 kHz GaN HEMTQ] 294 75 A] &4 A3
o2 Yepdch & £49] B9 A9 Fulo] I
< 97] Ofo} w2 225 EAE AW F2 7|9 &
EA2E 7F GaN HEMTOA @2 <4 ZHe Kol

T T2
Th 291 49 A9 Furt weE S4o] AR

7] o] GaN HEMT®] 214 4 ghel 100 kHz 7-52]
Si MOSFETHT} ©f #%& =g 4 ek,

2.5 M3 ZI} 2
251 M¥ 8 1%
2 ot WaueY 52e S5 99

ARw
A4831e] 12 V] Qo] ohe) 4.2
Vel Agjo] st 2 AYAES Sof S Fig
7€ 4% %X 74 Uehich DC 9l Eols 5
ol HEEe] 12 Vol deie Agele ez amns
S5 ALY 7|9} AelE-a ALY HSAH
W SgAIZRE SN del3 OASEE S A
sle WzuEo] TFEE U AReh ot BE 1
e

DC Power
Supply

v

Fig. 7. The experimental equipment configuration

Table 3. Equipment lists used in experiment

Equipment Company Model Name
Table 2. Losses in the buck converter DC Power Supply GW Instek GPS3303
S MOSFET GaN HEMT Digital Multimeter Fluke 17B+
Frequency (kHz] 100 450 100 450 Oscilloscope Tektronix TDS2012C
MOSFET/ 530 537 o 0 LCR meter Hioki IM3533-01
HEMT : : . . PWM controller Texas Instruments UC3845BN
Conduction|  piode | 221.0 | 221.0 | 221.0 | 221.0
foss W1 62 | 44 62 | 44
nductor 136. .1 136. .1 252 g@ 734J—'-|'
Capacitor | 0.621 0.153 0.621 0.153
Switching loss [mW] | 266.8 | 1200 | 1296 | 5832 Eq. (10)E AMEsto] B85S AX
Gate charge loss [mW] | 28.1 | 1264 | 223 | 100.4 P, Vs X Ly
Output capacitance loss 77[%] = ];u x100 = I"/“ X ]0“ 100 10
[mwW] 10.8 48.6 18.0 81.0 in in in
Total loss [mW] 8472 | 1824 | 5684 | 1070 Where, 7, denotes input power, and Z,,
Efficiency [%] 90.84 | 82.16 | 93.66 | 88.70 denotes output power
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Fig. 8. Current-Efficiency curve of buck converter
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