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Development of domestic 6—inch SiC based GaN HEMT
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Abstract: In recent years, significant progress has been made in the development of domestic 6-
inch SiC-based Gallium Nitride High Electron Mobility Transistors(GaN HEMTs). This paper
investigates the multi-layer dielectric stress modulation technique and high—consistency backside
etching technique, which are integrated into the 6-inch process. When operating at 48 V, the 0.5 pm
process achieves an output power density of 8.6 W/mm at 3.5 GHz, with a power gain of 15 dB and a
Power Added Efficiency(PAE) of 58.5%. When operating at 28 V, the 0.25 pwm process achieves an
output power density of 5.5 W/mm at 10 GHz, with a power gain of 8.7 dB and a PAE of 55.2%. The
reliability of GaN devices is evaluated through High—-Temperature Operating Life (HTOL) and High-
Temperature Reverse Bias(HTRB) tests, with the saturation output current of the devices changing by
less than 10% after 1 000 hours. The 20 W and 40 W power transistors, as well as X-band Monolithic
Microwave Integrated Circuit (MMIC) power amplifiers, are fabricated to validate the process technology,
with measured on—wafer yields of 90%, 86%, and 77%, respectively. The results indicate that domestic
6-inch SiC-based GaN HEMTSs have application potential below the Ku-band.

Keywords: GaN High Electron Mobility Transistor(GaN HEMT); 6 inch; domestic substrate;

domestic epitaxy; process technology; yield
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(a) the wafer photo . (b) the sheet resistance map

Fig.1 Photo of the 6—inch SiC based GaN epitaxial wafer and the sheet resistance map
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KFAT SIC AR ZN 0l 5 Bl 5 78 K% i B B GE 1 2 B ALK SiC X GaN A9 %1l i 48 L 42 7+ % 60:1 LA |, B SicC )2
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Table2 Parameter settings and the etching results of the main—etch and soft-landing recipe

item ICP power/W  bias power/W  SF/SCCM  O,/SCCM _ chamber pressure/mTorr etch rate/(pmemin~') selectivity of SiC vs. GaN
main—etch 1800 450 120 20 10 0.96 -
soft-landing recipe 1200 60 40 10 15 0.18 62.5

(a) etching result of the high—uniformity (b) the details of the box area
backside via etching technique

Fig.3 Etching result of the high—uniformity backside via etching technique and the details of the box area
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1) A 25 14 U5 U BRI 22 fih o R ) TVAUNVAW 2 )2 4 J8 AR R 76 N, 40 B F B slope s #40G8 ko, 3B kiR B o (850+
10) °C, HJ[E] 30~50 s, i o 4 1 A% i 4 Oy 12 530 RR A 42 fink P BEL %24 0.3~0.5 Q- mm 5
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PRI R T 2 AR S5 A 0.5 wm F10.25 pm GaN HEMT 45 3 % H 2 3 F/MS S R PR R A7 IR 22 1, 4%
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2 F B I Ku P B LA GaN MMIC BB TERR 3K, A M 5 (g 22 2K T 14 S5 R U5 D P, 3 0 0 R T #EL 9 43 301 A
1 050 mA #1850 mA, HI{HHLEHR-3.25V, F it FE(R2K) N AR S5 325 mS, HHE 28 VT TAERZE,
T FHEIRR 120 V, fi fo. 5008 28 GHz i1 80 GHz, 44t 5 B vy B A 50 Q/o (1) 4 Ja o 5 ey BEL A op 725 28 Ay
280 pF/mm? ) MIM Hi %5 .

3 GaN HEMT T.ZHARVERER bR
Table3 Performance of the GaN HEMT process technologies

item [ /mA 1, /mA U,V G /mS U, /v f/GHz /. /GHz
0.50 pm 950 750 -3.60 260 200 18 40
0.25 ym 1050 850 -3.25 325 120 28 80

Sy g — A VAN T2 B S AR e e, 43 B E 6300 pm Al

10x125 um B} 55 55 05 647 51 2045 51 F A9 S R RE ML . 4 1L E 2 Fh
S8 6000 B 4 S0 HE 0 48 V' 1 28 V' B A P P 3 e A {7 -

4 V5 U FEL I 2 B A 100 mA/mm, 433 7E 3.5 GHz il 10 GHz F #E 17 BH

PUAES|, 4B TR T I B . AR BT 2 1 AT \ 4 [:
DRI, WS R S R . 0.5 um T2 B PR TR & }
41.9 dBm( 3y % # [ 4 8.6 W/mm), 3Jj %K 4 4 15 dB, PAE ik 5 -t

source— dram spacing

58.5%; 0.25 pm T 25 8% R4 i1 D)3y 38.4 dBm(2 % % h 5.5 W/
mm), MJFH258.7 dB, PAE A 55.2%.

6k 6 Ft I 5 4 B ~F L B GaN HEMT 5 14 i % B il 28,
PG R 0.25 pm, MFSE R 2x125 um, SRR T L BI0E, 454
A — 8. PR E U=10 V, MHE U -5 VAR RV, e
AR 0.05 Vo BN AR R BE S R B R S R oA X R R B A Fig.4 Cross—sectional image of GaN HEMT
BRI el DL B . 6 9T @ B 1 5 1 9 56 25 e Hl 8 PR I o3 1 4 9 F 4 GaN HEMT R i 25449 1)
B L2k, (HAE—50E g 65T B L3S F i i 3 o) kg 22 T
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AN B DA B RAR S R D 4 R UE S T SR A 6 Bt i IR VR 1 GaN HEMT Hoa¢ RAF ik fE; i — i, 543
SEim R b g R R A [, 6 BET SiC i GaN HEMT £ 3% A #2307 4 B KT, 3537 RS .
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Fig.5 Measurement results of the power performance for the 0.5 wm and 0.25 wm process technologies
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Fig.6 Transfer curves of the devices on 6-inch and 4-inch wafers
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Fig.7 I, variation of the samples in reliability test
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Fig.9 Measurement results of the power performance for the 20 W and 40 W power transistors
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