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High temperature characteristics of AIGaN/GaN Au wire
ball welding bonding electrode

CHEN Shuaihao!, ZHANG Hegiut, HAN Yongkun!, XUE Dongyang!, LIU Litao?,
XU Ruiliang?, LIANG Yongfeng!, LIANG Hongwei!, XIA Xiaochuan®, LIANG
Xiaohua?

(1. School of Microelectronics,Dalain University of Technology,Dalian 116024;

2. Research Center for Particle Astrophysics, Institute of High Energy Physics, Chinese Academy
of Sciences,Beijing 100049)

Abstract: In this paper, the electrode leads of AlGaN/GaN high electron mobility transistor (HEMT)
were prepared by Au wire ball bonding method. The purity of the bonding Au wire is 99.99% and the
diameter is 25 pm. The high temperature tests were carried out at 200 °C, 300 ‘C, 400 ‘C and 500 C
for 12 h in air atmosphere. Scanning electron microscopy (SEM) characterization, ohmic contact
electrical characteristics test and tensile test were carried out before and after high temperature
storage. The results show that with the increase of storage temperature, defects such as voids, cracks and
uneven bonding electrode (PAD) surface gradually appear on the bonding surface. Although the
resistance between two bonding contacts decreases, these defects are accompanied by the decrease of
bonding strength.The change of the bonding surface morphology may be caused by the influence of
temperature on the internal stress of the bonding wire, and the decrease of the resistance between the two
bonding contact points may be caused by the interdiffusion re-alloying between different metal layers of
the ohmic contact electrode due to the high temperature treatment.It can be seen that high temperature
treatment is beneficial to improve the electrical properties of the bonding electrode on the premise of

ensuring the bonding strength.
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K1 AIGaN/GaN HEMT #3145 #n &l
Fig.1 Schematic diagram of AlIGaN/GaN HEMT device structure
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Ja, SRH4ER 99.99%. B 25 um 422, (THARE WT-2330 #5422 BRIEHLIE
85 ITHIREEG, RG] 4 2B B SMT PAD HIRR b, R I 2 fos.
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Kl 2 AlGaN/GaN HEMT #8445 it &R &

Fig.2 Schematic diagram of wire bonding connection of AlGaN/GaN HEMT device
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k1 s,
100 Rl SUHBRESH
Tab.1 Bonding parameters of Au wire ball welding

HESH ' 7
5[] (ms) 40 40
JE71(N) 0.495 0.64-1
TER (W) 0.6 0.9

FEER R (MA) 14

JRERISS [](ms) 40
HE(C) 20

KEYAN AL ) AIGaN/GaN HEMT #3FFE db gt 4T & 22 BRIB B & S s iBAFAE 256, Xk
TR fk 4TI 5 AL

105
S-4800 5 Bmm x200 SE(M) 50 I‘IUr:'w
(b)
20 pm 20 pm
Vac-High PC-Std. 15 kV 2020/12/25 004479 Vac-High PC-Std. 15 kV 2020/12/25 004481
(c) (d)
110 K3 (a)25 CT—#% SEM KEl; (b)25 ‘C N /% SEM KEl; (c)200 CH#if 12 h J5—J& SEM ; (d) 200 C
TE6if 12 h J5 45 SEM
Fig.3 (a)The SEM image of first welding at 25 C; (b) The SEM image of secondary welding at 25 ‘C; (c)
The SEM image of the first welding was stored at 200 ‘C for 12 h; (d) The SEM image of the second welding
was stored at 200 ‘C for 12 h
115
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0 5.0kV 8.7mm x900 SE(M)

(a) (b)

20 pm 20 um

Vac-High PC-Std. 15 kV 2020/12/25 004487 Vac-High PC-Std. 15 kV 2020/12/25 004489

(©) (d)

4 (@25 CF—/%SEM E; (b)25 CF 42 SEM B; (c)300 CA#it 12 h J5—I& SEM E; (d)
300 CH#fif 12 h 5 /5 SEM K
Fig.4 (a)The SEM image of first welding at 25 C; (b) The SEM image of secondary welding at 25 ‘C; (c)
The SEM image of the first welding was stored at 300 “C for 12 h; (d) The SEM image of the second welding
was stored at 300 C for 12 h

3. B 443514200 "C. 300 CriRfAfE 12h /i j5 SEM K. Hi& 3 A%, 7£ 200 C
TN 12 h Ja, HEARR S R R AR, TEERRE AR ] 4 WTED, ER N e nkE
IREAR A TR Y), INREBY RGN BE T L fAee, EREIMERT, 8fF
TE AR Bk b, 7F 300 C RAEME 120 J5, iZBREMINLTE, FN R )G PAD BB
VRIS IR RGP RERZ PAD ) IR BRE i A7 6k 27 Bl o 7= A 1 25

K58 400 CrEilfrfig 12h #1)5 SEM B, HIE 5 AlA1, 400 CriRffi)E, S%AK
DA SR L, AR SRR, EERURLTE N T, FETE PAD RIHHL
Bz, HRETPEENEAZ, mJaEMERR: —. St &L E RN IER M-S
7E PAD 3R, (6135 22 Bl 7y W AN 5], 18 400 Crlifr oL~ , Sl
VA 2 AR A4S PR L D15 BRI, AT 7= AR U BRI o 1 Qi DRI R AR AERR 7T Cul
& k 451 kg A b BRSO W5 B AR i N XA T4 ek it
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FEEMIX AL R T, B, Culflk k SR AR EEEST CulMfk kB, H
RN AEBE S IR, B S HE AR ZE, Culfik k IR 5 m, A AgS), o
TEREFNAE Cu Mk k JZH A KN IMEREBZ R Cu Mk k B HRED
140 JERIFRRBIIRA R AT AR, G228 SRl B R 73 AT AN ), TR v A o

(a) (b)

20'pm 20 pm
Vac-High PC-Std. 15 kV 2020/12/25 004483 Vac-High PC-Std. 15 kV 2020/12/25 004485

145 (c) (d)
K5 (a)25 CF—# SEM E; (b)25 CF & SEM &; (c)400 CH7fik 12 h J5—4% SEM [&; (d) 400 C
1Pk 12 h J5 )% SEM
Fig.5 (a)The SEM image of first welding at 25 C; (b) The SEM image of secondary welding at 25 ‘C; (c)

The SEM image of the first welding was stored at 400 C for 12 h; (d) The SEM image of the second welding
150 was stored at 400 ‘C for 12 h

Ja P A REUAT NRAFAER . . fER IR T, 400 CAE#(E4F PAD JZ T Pt Tiv #
£ Cr. AlCu %829 BERm, I HAE RS UR B TR & e, B
EARARES TR AR 22— o SRNEOLAE f T RIS H SIWT T Au AL FH 0 e A i

155 U RIRESR Y 2 Z AR BRI 8] £ — g VE Bl N I, B 5 5T ) B D) 0 i T80 REAT il A7
fili S A I O RUE, EBDIERRENE TR, tHEE IMC iAEK, FLIRBLREERI™ 4, H
b5 Z AR T R AN TR O SEG, SLIFARSUANWTIE K, PR 1 8 & AR i /22 RE .
FPEREA A AT SRR
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@) (b)

20 pm 20 pm
Vac-High PC-Std. 15 kV 2020/12/25 004475 Vac-High PC-Std. 15 kV 2020/12/25 004477

(© (d)

K6 (a)25 CF—# SEM E; ()25 CF 4% SEM &; (c)500 CH7fik 12 h j5—4% SEM I&; (d) 500 C
17# 12 h J5 )% SEM
Fig.6 (a)The SEM image of first welding at 25 C; (b) The SEM image of secondary welding at 25 ‘C; (c)
The SEM image of the first welding was stored at 500 “C for 12 h; (d) The SEM image of the second welding
was stored at 500 ‘C for 12 h

K6 500 Crlifrf# 12 h #i )5 SEM B, K 6 BonfE 500 CAEff)E, —IEREfmRm
AR, Hh— R RREG A, (H—IRE AU BRI AT B, fA7E IS, )%
SO MR A B, A RO IR RS S AE 500 CEIEAEGE 12 h
JEAH R ZESR, ATRE S — IR AR S R O, —IRE G R S e IR IME ) B
JRKE R ER, SRJE M — 2 B A, DAME 4 IR R T IRV L5 5 R [ A5 e ek . RS
TN G 4L ISR K I 7, A5 BT R 051 B YEAR T, DM 4 D7 () R B T 3R A9 22
[E 5% R ek . R G e R FE R INIMER S PAD MMk, &R G AL S 2L N
JIE R, 16500 CRAERESAE T, —IRIER T NG ol REE TR, (R8O, 4R
T WSRO A R EUR E, T FOERL. X T PAD Bk, 500 CAHA#)E, AP
RS, AHR R RIRE R W BAF 22, X AT RS2 il T &8 2 10 10 &8 BY BB e b G 4
AR B
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——200°C no wire ooe ——300°C no wire
008} ——200°C wire ——300:C wire
—25:C no wire ——25C no wire
——25C wire 008 25:C wire
% 0.04 1 g&
S @ 0.04 -
= 5
3] . o .
0021 A 002t
i
0.00 . L = 0.00
0 1 2 3 4 0 1 2 3 4
Voltage/V Voltage/V
() (b)
——400°C no wire ——500°C no wire
0081 ___ 400C wire 008k ___ 500:C wire
——25°C no wire ——25°C no wire
0.08 L —25°C wire 0.06 —25°C wire
< <
c c
o @
= o0o04f = o004l
3 3
o (@]
002 002 -
0.00 . L . 0.00 L .
0 1 2 3 4 0 1 2 3 4
Voltage/V Voltage/V
(© (d)
185 B 7 (2)200 CriAEfg 12 h 575 R AR 1-V #128; (b) 300 CEilA7fig 12 h 75 BRI AR 1-V #128;

(€)400 ‘CreiififEfifi 12 h WIS BRAGHAR 1-V HiZk; (d) 500 Cryifif#fif 12 h 15 BRI AR 1-V 2k
vE: nowire:l 2 R EEIERER LI 11-Va #i 2k wire: 8] 2 R R ERER 2 U 12-V2 i 26
Fig.7 (a)l-V curve of Ohmic electrode before and after 12 h storage at 200 ‘C; (b) I-V curve of Ohmic

electrode before and after 12 h storage at 300 C; (c) I-V curve of Ohmic electrode before and after 12 h storage

190 at 400 ‘C; (d) I-V curve of Ohmic electrode before and after 12 h storage at 500 C
Note: no wire: Fig. 2 Diagram of probe 1 testing 11-V1 curve; wire: Fig. 2 Diagram of probe 2 testing 12-V2 curve
® 2 il AR 12 h S PN S A e AR R PELAE
Tab. 2 Total resistance value between two bonding contacts before and after 12 h storage at high temperature
PP RIQ(25 C) RIQUAN A fif il EE)

1 2.21 0.3056(200 °C)
2 0.464 0.243(300 C)
3 1.12 0.649(400 °C)
4 2.25 0.539(500 °C)

195

Kl 75200 C. 300 C. 400 ‘C. 500 °CrRyifffr-fi 12 h §i f5 RRAR H AR FELIL- FELR (1-V) it
2o N T IRAE AR B G B B R R R s, W 2 BOR, RS IRAE GRS 2 it
1T T HREE 1 Z I FIEREE 2 Z 1A 1-V Rt RN e fik m 2 ]S FE BEAAE R ] LSRR
N:
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JEAE i N AT EA RO A, RS FBR R

—=— Test

0 100 200 300 400 500
Temperature/-C

8 iR AEE 12h JEBE G H U

Fig.8 Test value of bonding tension after 12h storage at high temperature

B 8 Fram AR IR B, iR S AT R R, B s AR Y 2
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R G SIS, HIE 5. B 6 afralk, fE 400 'CH 500 Crif FRITEME, RS
IR E MR Z G, WA, PAD R TEE . 2T LR BRI S , IX e ]
RESE TR I B, T, AESLREE S mERKT, B oBs S EER S
SEE (R /N DL B AT SR

3 &#

IS AlGaN/GaN HEMT g3 < 22 BRIFEE & AR FT 5 70 M el . (B 2 BRIBEE5 77
VENHET 12 h 1 s IRAE A S0, A ik e ) P BB A A IR RS i, L HRE
BRAE AT T/, (BRI R R (400 °C. 500 C) FEfiffe, 4AHefm iz Bl e
(R, Wk, 2. PAD RIATEEE ) , X LSHE RS TG,
SREEAR T s/ NS SR AR . AT, R AT L2 AT 51 s A 3, #E 300 C
IR, AERGMREME. Mt 300 CHRTIEERE N, (hFRctss 54m T2 aif it
IR 7T, DMRAE SRR sriin B AR i e se 1
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