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AL TA1GaN/GaN & HEMT ICB 17 54— v 7 BiD 2 > % 7 MEFURBICE T 287%8 SEL, 6LV /> T3,

(55 1% TFFRR))  AlGaN/GaN HEMT (X 2 Wkt 4 A (2DEG) % F v R/ W T A RPN FHL ATRE Ak bR X T —5
NARE LTHIFFENTWD, Lo, MEIETZ<HY ., Z2oFo—Dicary s MEFAENE W ERD D, BUko =
27 SMEHTIE Aw/AL/Ti SROMEIRNIE VBN TEY | Au 3T =—/VABRIZ XL Y AlGaN J8 & R a&ibat o+ & T
RWRFUEAF 5TV DA, S bOfilfE= Au OFE g P ~DIEBUCHE 5 T3 ADORELE NI G D, Au 2 VRV
B &b a R &7 ) v 7 aAf Bod— vy 7 arv s 7 MERPEERETH D, ZORICBT 2K A—I v/ 2
VB ML, AlGaN BN v F 7 N DFEREIZ /0 B — 5, 2DEG D E B EFEICIT AlGaN BEREWGRNAHITHY . Zh b
DIZ b — RAT7OBGRRH L, Hirdar 27 MEMOKBOTZOIZIE, 20 hb— RAT7EMREITHET 2 0813 H 5, A
BT, FT a4 s MEMOEREZETAMMEL, 20 Fb— RETZEGBEH LML TV stz avy 7 MEFIAE W
FREZHLMZ L, TREEBT D709 VW o7e & 2T ZIRKIBPUEN BRE 2008 WO RS E L CHZ L HIE L
7o TIZ, 2O ML — FET7BMRZRT 2H LWVREZITV, ZORBICEZEBHULOIGET 22 ¢ b HNE L,

(%6 2 % TBUBMERFIE R OGHIT D) ARGRSTTHOWEESST AN ZERGEE L | 20T 51 ZDFHIIFEIZ W Tl
NTW5, £72, EGEESH DL I 2 L— g VITHWEFHEFIEICOWTHRRTWNW S,

(3w Taryy MEHLO AlGaN BIEMKRAFNE)) 2 X 7 MEHLO AlGaN JEEMRAFNE %2 FEBRIIIZIA 520 Lz, AlGaN J&
JEIE F =T Dby FU I Lo THES LTWS HEERFER L, 2oy F U 7234y VFERK T COHRFE Eom
L& ZDfbIEE HCLIC X - ChRrETHZ L E2MVIRT FEZHH L ATEIC L > Ty F U7 L ¥ = ~E i O
OTEL, FETEREIZL - TAIGaN BIEAZZ LS WIGA L RFED 2DECIRETHDH Z b, Koy F U T2l o TH A
— N AL TNRNWZ LA SN LTz, ZOFELZHWT AlGaN JBIE 22 {h S % % 7 MEHLO AlGaN J& K7 2 2740 L
7ok 2 A IPUEA mMEIER A & BB AME < 72 o T EIRBVAE: T, 3 v X 7 MEHLO AGaN JEIEARFNEN B e B REE % R
L7z 2D OFERM D @l SVLERF 13 ALGaN JE 3 FEZEALBAIZ L D n BYKIC K0 AlGaN J OIEFINIEFIT/NEL 7D 2 &N
SR, a7 MESUEIKBIZ M, E/ALGaN FLf DO REEE I L KIS0 2DEG ~D T 7 B AEPE KIS 5 Z L3
HThHHZ EERLE,

(% 4 7= TMetal/AlGaN FLE ~O MM EE A L SIS0 ) 2 ¥ 7 MEPURBICRNT 728i7- 27 7a—F & L
T, AlGaN/GaN 7 /34 ADEM/ALGaN FENZ MM E 2 HA Lz, 2 XY AlGaN JBEDE ik & W EIR D= » P8Iz
BWTRAMIIZ 2DEG IEN ER L, =y Toar ¥ 7 ML AL A & 5, 9. AlGaN JE~[HMEEE Al
X % 2DEG IR OMG M Ai A FHR Lz, ZORER, = v VEICE W CERE 2R 2DEC ~EMAEHIT 5 2 & TR b O EHLR
IR ST, FEBRTIE, EE DM N 7 — 2 & A LT AlGaN/GaN 7 /81 2 TD % 7 MEFIZIE L, Mk % &R
2o CTHIE L7oAiA b7 A THEEICE VT, b L— R 7 BIRRICHIPR S 4072 FEH AlGaN &> = > % 7 MEBUE % Flal 2 B
RIRFURBZI R DG Tz,

(35 5 % Metal/AlGaN Fifi~DMMEEE A L D EEFULDO A W =X K ))  MIMEEE A L A PR & = » D%
DFFEDBIMREZ BT D720 BiA b T4 THEEOHMIL 21T o7z, MiMEED Y —= 723, BFE—2YV Y 7T 7
+ & T 5um~400nm @ Line & Space KEEZAERL L7-, ZOfEE, MINY A XA/NSLK Q25 (my POEMBENLL D)
IO THERIUEBEI RITRE L 2D 2 e Bboolz, Z L THELNIREE D &z, WRMET V2 RE L, ZOET LT
3 RS2 > TV A EE X BN AT v VETOEPUE, WIS DOEBDILN W IBICH S T3 EERNETHZ L T, £
BRI L —BT 27 4 v T 4 T H—T %4 < T LR TE MM E AL X D IRPUKEZ R IZT v VE oSk Th D
ZEEBHLMTL, EM/ALGaN FEICMMAEE A B AT S Z & TR L— A 7BHRICHIR SN D IPUE X 0 b & S fighit
FTHIEBRARETH Y, KFESH LW o> % 7 MEREIfE LCFRATHD L 2R LE,

(F6m [Fim) AR THLNIEREEZE DD L LB, AHOELEBEICONTIRR, fEiwmE Lz,

8%« FSCEEIE, T 2000 52 & 9830 300 5B 4 L RS ORI 50y, b L<IEIE3C 800 564 LR L T< 72wy,
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The title of this thesis is “Study on low resistance ohmic contact for A1GaN/GaN high electron mobility
transistors (HEMT)” . To achieve low-loss and high—frequency performance of these devices, the formation
of ohmic contacts with low contact resistance for source/drain contacts is crucial. Since contact metal
layers are usually placed on the AlGaN layer under which two—dimensional electron gas (2DEG) is induced
current passes through the AlGaN layer. Since the AlGaN layer works as a barrier for electrons, thinner
AlGaN layer is better. However, an excessively thin AlGaN layer induces depletion of the 2DEG under the
contact metals, which increases the overall contact resistance. So, the trade—off relationship exists
for AlGaN layer thickness. The dependence of ohmic contact resistance on the AlGaN layer thickness was
evaluated for AlGaN/GaN HEMTs. The observed resistance characteristics are discussed based on a model
in which the overall contact resistance is composed of a series of three resistance components. Different
dependence of the AlGaN layer thickness was observed after annealing at low temperatures and at high
temperatures. As a result, it was found that lowering the resistance at metal/AlGaN interface and/or
resistance to connection with the 2DEG is important for low resistance ohmic contact formation. The other
technique to reduce contact resistance on AlGaN/GaN HEMTs was proposed. This method introduced uneven
AlGaN layer structures. 2D device simulations revealed a clear increase in 2DEG concentration near the
edge regions where the AlGaN layer thickness fluctuated. This fringing effect is useful because metal
and high—density 2DEG can approach each other, overcoming an inherent tradeoff involving the AlGaN layer
thickness. Experiments demonstrated the effectiveness of this technique, in which contact resistances
obtained on some structures with uneven AlGaN layers were lower than the lowest limit for conventional
flat AlGaN structures. From the scaling down of uneven pattern sizes, overall contact resistances are
determined by parallel conductors at the edge region, where the resistance per unit area is low. This
new approach will be a promising technique for low resistive contact formation on AlGaN/GaN HEMTs by
overcoming the inherent trade—off relationship relating to the AlGaN barrier layers
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