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Fig. 1. Ti-based multilayer metal system most commonly

used in n-type GaN ohmic contact.
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7 GaN ki [ Ti/Ta/Al/Au (10/10/150/
30 nm) E MM, 78 Ny 4B H 600 C &4 FiB
K1 min, 53] T el H FHA A 4.8x10°° Q-cm?.
2017 4, Zhao 45 P AEBA B KSR, H4E T I
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Table 1.  Work function, melting point and resi-

stivity of different metals.

Glm DeRg/eVE KRS /KT BB /Q-cm? (273 K)P

Ti 4.33 1943 4.2x10°
Al 4.24 933.60 2.4x10°6
Ni 5.35 1728 6.24x10°6
Au 5.31 1337.58 2.03x10°¢
Zr 4.05 2128 3.86x10°6
Hf 3.94 2504 3.27x10°C

1B KSR A XS R U fle P 8 RN 2 R4 4P E B 52 ), I
5 Ti/Al AT T XFHE.

AL AR o R & B ALY e
MUCR T A7 ¥ % A (0001) T A KA n Y
GaN IR, ZJR Nt g /R R ] n AY GaN #f
A AR TR E 20 2.39%10% em 3, #if TiT %
HUORZN 128 cm/(V-s), HIFHFEH 1.98% 101 Q-cm.

FEARSCHR, It P ARG DO AR i L 422 fih i, BH el
FHR) 2 B S RUL A (dot CTLM), HARZEH
WE 2 iR, Bl 8 2EAK 60 pm 1P B Fl
AFREAR R SNE T4 AR, SMNEI A 5 IR AR Y 22
543514 5, 10, 15, 20, 25, 30, 35, 40 pm.

B2 S B0 A 8] RS AR (dot CTLM) 544
Fig. 2. The scheme of dot circular transmission line model
(dot CTLM) in this experiment.
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3 #X5it%

16 RO T Ti/Al, Hf/ALRE 54 5 7E
N, 5 650 C 1Bk 60 s 5 850 °C 1Bk 30 s Y
LV 4, Db s il 2 B A BE 250 10 pm.
Wik 3 R,

—— Ti/Al annealed at 650 °C 60 s Ny ambient
0.8  — Ti/Al annealed at 850 °C 30 s N, ambient
—— HIf/Al annealed at 650 °C 60 s N, ambient
F—— Hf/Al annealed at 850 °C 30 s N ambient,
0.4
i 0
~
—0.4+}
—0.8
-3 -2 —1 0 1 2 3

v/vV
B 3 RSB KSETF Ti/AL HE/ALRES B4 10 pm 89
HUtR Z BB V2R
Fig. 3. IV curve between Ti/Al, Hf/Al pads with 10 pm

spacing anneales at different condition.

M 3 ATLAE H, e ke ) LV ithZesb 3
T R AR, I, FE N SRR T 650 C
1B K 60 s (1) HE/ AL FEARAFE i HA R H B

HRAE dot CTLM BRI HE, I 315
T AP H R AR AS [R)IR A F TR 1 A i Hh B
BT 2.

H % 2 Ti/Al, Hf/Al HUBAE S 7E R AR k2%

P B L4 fioh H BE AR AT AT HE/AL H AR R A IR
KB AE LR L fk B Rl 1.21x10°4 Q-em?,
FE 650 °C AR K ST b FE fil B BH 2R R 4.28%
105 Q-cm?, 7E 850 C AR K ZAF T b4 i F L%
H1.13x 10 Q-cm?; Hf/ Al HUAE(RIEAR K (650 °C)
ZoMF T B A (A BRI Al B T T 4 R,
Ti/Al LB FE SR AE 650 °C AR K S F e il
FH% K 5.85% 107 Q-cm?, 2438 K IR A 850 °C i,
P il LB Ry 1.27x 1074 Q-cm? EAH R AY IR K
HEER, HE/AL e Ti/AL A AR e fil H B 2R

2 KRS TE AR SRR B LA A
IS

Table 2.  Specific contact resistivity of each elec-

trode sample at different annealing conditions.

FedhaRR IR (N) HeEfim L B / Q- cm?
Hf/Al no annealing 1.21x104
Hf/Al 650 C 60 s 4.28x10°
Hf/Al 850 C 30 s 1.13x1014
Ti/Al 650 C 60 s 5.85x10°
Ti/Al 850 C 30 s 1.27x104

Xt 650 C IR K AME T HE/ALRE ST T IR
FEFINTRY AES i, & 4 878 THE 650 C 504 T
B KETE HE/AL BB S n B GaN $PRFR&RTE
POTREE A I L. W LIS B, 7 650 C 4F FiR
k60 s Ji, PIFEEMRC SRER T —&, I
R T GaN #HRRY .

XERETE S R RS GaN AR 1] A4 i
FEH T BARE, XELT TS maks
n A GaN B 8 RRCHRHZ fil i) JE AT 1261, N JRF 7R ok
AP Y RS RZE TS HEAL A 4 RO A
¥y, X FET GaN FHE T T N2 {7, X
N ZSi i T GaN #) n AVt £ 51, #H24 T n Al
A XA B TR 1 H BE AR5 AT 1 R k.

Kl 5 J&oR TN AER K S5 F F #Y Ti/Al HE/Al
HUBR A SEM 4. AT RLA B, TE A0 SCiikic 2k 12,
Ti/Al FLARTE 650 °C iR K SF T R G JE-F k7
AL BT “a T LS, X PR B TE 850 C 11
B S T HE IR T HE/AL R AR [FIE ok
PF R B A AR FRBEAT H B RE AT . XS BRI
R, 2 35 LA i b B 3R KA S A

XF 850 °C iRk 4cF B HE/AL Ti/Al iR
W HEFT T SEM EAE. B 6 4 Rl L B HE/AL
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80000 | (a) Hf/Al no annealing 100000
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= 20000 — 20000

0 1 IW 1 Vl 1 1 O 1 1 1 1 1
0 100 200 300 0 50 100 150 200 250
Sputter time/min Sputter time/min

4 HE/AL HUBRE SR BERINTEY AES B (a) RIB K (b) 650 °C ik 60 s
Fig. 4. AES depth profiles of Hf/Al electrodes: (a) No annealing and (b) after annealing at 650 C for 60 s in N, ambient.

850 °C

200 nm 200 nm

(d) 850 °C

Void

200 nm
—

B 5 4B AT SEM E{g  (a) Hf/AL 650 °C; (b) Hf/Al 850 °C; (c) Ti/Al, 650 C; (d) Ti/Al, 850 C
Fig. 5. Cross-sectional SEM image of each electrode: (a) Hf/Al, 650 °C; (b) Hf/Al, 850 °C; (c) Ti/Al, 650 °C; (d) Ti/Al, 850 C.

200 nm 200 nm
— —

K6 & HARTE 850 C 4 FiB KM SEM ¥ (a) Hf/AL (b) Ti/Al
Fig. 6. SEM image of each electrode annealed at 850 °C condition: (a) Hf/Al; (b) Ti/Al
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Abstract

Ohmic contact is directly related to the performance of GaN device and is one of the important factors
affecting device performance. In recent years, many research groups have studied the electrode materials and
annealing conditions of n-type GaN Ohmic contacts. In this paper, the ohmic contact properties and structural
characteristics of the Hf/Al electrode of a transition group metal refractory metal Hf system under different
annealing conditions are studied, and compared with those of the Ti-based ohmic contact Ti/Al electrode. The
specific contact resistivity of each electrode is measured by a dot-type transmission line model, and the
structural characteristics of the electrode are analyzed by using an Auger electron spectrometer which can be
analyzed in depth. The results show that the Hf/Al electrode under the same annealing condition exhibits
superior ohmic contact performance compared with the conventional Ti/Al electrode. At the same time, the
lowest specific contact resistivity of the Hf/Al electrode annealed in an N, atmosphere at a low temperature of
650 °C for 60 s is 4.28x10% Q-cm? The in-depth analysis of Auger electron spectrum shows that the Hf/Al
electrode has a solid phase reaction with the n-type GaN material. In addition, the cross section of each
electrode is observed by auger electron spectroscopy. In the Hf/Al electrode sample, the metal-semiconductor
interface does not show voids after annealing. This situation occurs at the sample interface where the Ti/Al
electrode is annealed at 650 °C for 60 s in N, atmosphere and annealed at 850 °C for 30 s in Ny atmosphere.
This is one of the reasons why the Hf/Al electrode sample has a lower specific contact resistivity. At the same
time, the surface of Hf/Al electrode and Ti/Al electrode annealed at 850 °C are characterized by using scanning
electron microscope. It is found that the surfaces of both electrodes subject to high temperature annealing show
a similar granular rough surface, and this rough surface has a certain influence on the electrical properties of the
GaN device. The rough surface formed by the electrode under such high temperature annealing conditions is an
urgent problem to be solved in the future research. In summary, the study in this paper indicates the use of

Hf/Al to form an ohmic contact with n-type GaN under a low temperature annealing condition.

Keywords: n-type GaN, Ohmic contact, rapid thermal annealing, hafnium
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