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Performance improvements through gate process optimization for GaN HEMTs
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Abstract: Two-step dry etch method in the Inductive Coupled Plasma(ICP) chamber is proposed and
applied to the SiN gate foot definition during the self-aligned 0.5 micron T-gate fabrication for GaN High
Electron Mobility Transistor(GaN HEMT). The main etching part forms a tilted silicon nitride side wall,
which reduces the electric field intensity in the channel under the gate and improves the gate metal filling
in the silicon nitride recess. The soft landing part performs the over-etching process with a very low bias
power to ensure the complete removal of silicon nitride and reduce the channel damage. Compared with
the control device without any optimization, the off-state breakdown voltage of the optimized device shows
an obvious increase from 140 V to more than 200 V. Moreover, the output power density and the Power
Added Efficiency(PAE) at 3.5 GHz are promoted from 5.8 W/mm to 8.7 W/mm and 55.5% to 66.7%,
respectively. After un-biased highly accelerated stress test for 96 hours, no obvious change in the
appearance of the optimized device can be observed, and the change of the maximum drain current is less
than 5%, indicating that the device reliability is pretty good.
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Fig.2 SEM images of the SiN cross-sectional profile before (a) and after (b) recipe optimization of the ICP dry etch
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Table! Etch rate and uniformity of the optimized etch recipe

. . etch depth/nm etch rate . .
etch time/min top center bottom left right /(nm-min™") uniformity/%

4 76.9 78.1 78.1 76.1 81.9 19.55 3.71

5 98.4 107.0 104.0 100.0 101.0 20.42 421

6 116.0 121.0 123.0 119.0 119.0 19.93 2.93

7 142.0 136.0 141.0 145.0 143.0 20.20 3.18

BB — [ 5 B 20 S ] (UL 6 min D49 22 20 i T2 b R ) — Bk, S5SRINEE 2 o, 4 R 2 I 2
HARREE , ZIh I SJEILE 5% A, B i Al
#2 e TEmMTEE

Table2 Process stability of the optimized recipe

. . etch depth/nm etch rate . s
etch time/min un top center bottom left right /(nm-min™") uniformity/%
1 116 121 123 119 119 19.93 2.93
6 2 125 117 117 122 117 19.93 3.34
3 112 117 120 117 113 19.3 3.45
4 115 117 115 118 119 19.47 1.71
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N . B . Fig.3 Cross-sectional image of T-gate using the
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Fig.4 Microscope images of the devices after process completed
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Fig.6 Comparison of the transfer characteristics for devices with
and without optimization
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Fig.5 1-U comparison for devices with and without optimization



322 KMZMESEFEEFR 5518 %

220 45 X P T 70
PN —n— without optimization
200F 4 10 40 | —a—with optimization
150 Up>200 V i 60
/‘ e 05 351 freq=3.5 GHz A
B —m— without optimization 1T 2 3L 6x300 pm /"./. 50
140 "T——un —a— with optimization 2 A
< | aA 40
\‘m 120 F Up=140 V 4-1.0 :E & 25 /A/‘XI’I T °
S5 nb ‘é A—’:’r-LAFA—A—A—A—A—A.-A_ :?-l
100 k = % 20 [ 30 §
80F b 1=l mA/mm S E 0 st
60 F ( 120
10}
40 420
0 ./ 5L tuned for maximum output power 110
20
0 L L L & & 2 2.5 0 1 1 1 1 1 1 0
6 5 4 3 2 N 0 0 5 10 15 20 25
Uy /V P;,/dBm
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5

RA_NPASS® _FET

(a) before UHAST test (b) after UHAST test .
Fig.9 Appearance of the 2 x 125 um device before and after UHAST test
8 92 x 125 pm #84 UHAST iR 56 H 5 R HTES0 1L

F 3 UHAST i 505 d i int
Table3 Iy .. and |y values of devices before and after UHAST test

Oh 96 h
sample No.
Uw/'V lgs/mA |4 max/MA Un/V lgs/MA |4 max/MA
1 -3.50 174.16 216.56 -3.53 178.52 220.28
2 -3.51 174.39 216.27 -3.62 182.57 223.25
3 -3.93 177.01 214.68 -3.90 177.59 214.42
4 -3.75 182.06 223.09 -3.68 182.94 223.92
5 -3.73 174.43 214.85 -3.79 177.92 216.83
6 -3.70 168.99 208.46 -3.84 178.55 217.55
7 -3.92 178.25 216.44 -3.97 180.23 216.59
8 -3.72 171.83 211.53 -3.70 176.18 215.66
9 -3.91 176.98 215.47 -3.96 178.94 215.88
10 -3.91 174.24 210.85 -3.98 177.62 213.43

&t

ARSCEE X GaN HEMT F X T B T 2 A (9 SIN A B35 20 i iy 17— Al e AL i B CE R 7 %6, e SiN

) B T o A Sy 50k 1 0 0 ) B S AR5 405 20 ok o 3% 7 3k AT AAT B 2 1 K R T AR ) S i, 4 s a R
KT H S EE bR, 0.5 pm GaN HEMT #8285 28 i ik 51 200 V LA E o 1EAh, B FA RS 7 #5451 DC-RF
AN, 3.5 GHz N a8 R 1 D03 | DR 30 25 D S B &R 115 20 1 25 0%, 43003k %) 8.7 W/mm, 17.49 dB
1 66.7%. FAEMEIGLE R RY, W T RS M4 1F7E 96 h UHAST Z )5, AMULTCHH W e s, Af A g o L 3 F
B K Hr R AR AL R B <5%, AT EETE R R .
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