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Simulation and analysis of DC characteristics in
AlGaN/GaN HEMTs on sapphire, SiC and Si
substrates
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Abstract

In this paper, we report on the 2D (two-dimensional) simulation result of the DC (direct current) electrical and
thermal characteristics of AlGaN/GaN HEMTs (high electron mobility transistors) grown on Si substrate, in
comparison with those grown on sapphire and SiC (silicon carbide) substrate, respectively. In general, the
electrical properties of HEMT are affected by electron mobility and thermal conductivity, which depend on
substrate material. For this reason, the substrates of GaN-based HEMT have been widely studied today. The
simulation results are compared and studied by applying general Drift-Diffusion and thermal model altering
temperature as 300, 400 and 500 K, respectively. With setting T=300 K and Vgs=1 V, the Ipma (drain saturation
current) were 189 mA/mm for sapphire, 293 mA/mm for SiC, and 258 mA/mm for Si, respectively. In addition,
Gmmax (maximum transfer conductance) of sapphire, SiC, Si was 38, 50, 31 mS/mm, respectively, at T=500 K.
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Simulation and analysis of DC characteristics

in AlGaN/GaN HEMTs on sapphire, SiC and Sisubstrates
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AlGaN/GaN ©]FH 3% T2 (hetero structure) =
E47e] & AEWE (conduction band)9] ¢
(discontinuity) &2 <15}e] <F 1x10® cm 29
ol A Y A A7~ (two-dimensional electron gas)
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FA| g, wide band-gap A<l GaN 7]dte] a1 A
E#:MA~E  (high electron mobility
B AL THE oE
e GaN 29| & dislocation ¥X (F 1087109
em—2) wZol homoepitaxial growth< €3+ % g
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g A=7F Ho
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&z A Y A H o2 mEE ¥ e Azl 4
E7do|t}. Sapphire®] -9 7Hd 2 o] &AW, 4
AX% (thermal conductivity)”} SiCell H]alo] -k
a7 wiEel] Ao d FAR A nAdY AEA
SAME 7FATE =3 SiC 7)FE 9A =2 v E
3 dislocationd] e w FAHS A Yot
[9-10]. 1 E =, olefst 7|RELS GaNete] & A
=dA a4 B AL Ao
(thermal expansion coefficient), & H]§ SO0 =& 9l
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2 AFoNA = HE F5 v 9= Si 3 sapphire
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DC AF-AY I-V) 543 dddyds (GoE
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lo,

(lattice mismatch),
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S 47 300, 400, 500 K2 W3IA|7|HA 7]3he] 4
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1. At &z 32

a9 1 2 A EHo A At VHe EFE)
= AlGaN /GaN HEMT<?] uwdHEo] S|
HEMT 22} Alg# o] Aol A= AlEe o)A
7Ve Sl 71ee AeFeto] .
AR & E=EdAe 7R d3gs Bz o
FY3$ AlGaN/GaN HEMT
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(Ohmic) 7A€S& 93l GaN A HoF =g Az &
A=o] ggol Qe FRE AT AlolE
o] (L) 15 mol™, A2xel =l "o Aol
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Substrate : sapphire, SiC, Si 20 pm

Fig. 1.
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Schematic of AlGaN/GaN HEMT layer structure
M o=l AiGaN/GaN HEMTZ-Xte| chH &
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2. NEHA 2d & 71y

B A B ol SilvacoAle] atlas ZEIIYE o]

§38ko] AlGaN/GaN HEMT Z:#}o} 7)ol wh o &
S AEHA sAt [11]. AlEd el Alo] Ag3
mobility =9, &4 detvE S5 ZHAsta Al EE
o]Ad& FatArth

AlGaN/GaN HEMTS] DC 54 AlEdHoIAS ¢
3 dnkgom  AgEHE  HAAYG 2kd mE
drift-diffusion mobility rds A}L&-3F A T}
Drift-diffusion ®&-& o] &3k AlEg ol oA 2%
(T) = 300 K& 314stdeh & A& AH&¥

mobility =& oh&3 2} [11].
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Table 1. Parameters of AlGaN/GaN HEMT for the

simulation

E L AEde)Ae o)&H dhebvlE %
Parameter Aly2sGagzsN GaN
W= oy (Eg) 3.87 eV 342 eV
Ax Hs= (x) 4 eV 431 eV
48 (e) 8.8 8.9
AA olB I (n) 550 en’/Vs | 1000 cn®/Vs
AREREE (0a) | 1.2x107cm/s 2x107cm/s
B =TOA Azt =g TS gds eulo
2 A8 H L, AlolE A= £ET] A9 (dp) F
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2 (2)E ol&3dte] 1.5 VE ALTE A vH16]]

AlGaN/GaN9] o]FH{ 3 FxoA = A==
EAd&doz st
A Abelo] 237 =
| olxd ARIAE

= o] 2
AAd AH2el7t AlGaN/GaN
i, olF JE AW GaN %
freste] A4S FAshA @
o} mEFA piezoelectric  porization¥}  spantanepus
polarizationS L@ sle] W A}
density, ng)E °F 1x10” n® &

5% (sheet charge
AH-&-3F 1 TH11-16].

3. A gl 2 2 12

4 =g Hg A A EHAEXE (thermal
conductivity)= AlGaN¥} GaNeo] 434 16
Wem 'K 'o] 1, sapphire, SiC, Si¥ z+zb 0.35, 49,
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b gassl slol 2 AR peakd A el
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EAANZIE 8o ¥ Hojur} E3H self heating©l _ O —apphire CE— 60
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ko] o3 AFEF (current collapse) &go] WA :EC ;.
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Fig. 4. Ip-Vp characteristics of AlGaN/GaN HEMTs on
sapphire (circle), Si (triangle) and SIC (square)
Substrates at T=500 K.
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