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Gl GaNon-diamond Wafer Development

Epitaxial growth : Host Diamond Carrier

Si carrier Si carrier Si carrier

TLS/NL

diamond

TLs/NL

substrate dia. carrier

substrate

4" freestanding AlGaN GaN-on-diamond Reduced dielectric layer thickness (7 shown) to achieve TBR
from a Si substrate with optimized dielectric layer consistent with 3x power handling at similar channel temperature
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\Y4 Objective

ACompare AlGaN/GaN/Si and AlGaN/GaN/Diamond device
performance using nominally the same epitaxy and same
device geometry

I Materials characterization
I PCM, DC, transient, small signal, large signal analysis
I Thermal evaluation

25 A GaNcap

200A Al ,Ga N barrier
0.8 um GaNbuffer (thinned)
550 A Proprietary dielectric
116 pm CVD diamond
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Fabrication Process Flow

G437C
Diamond

Etch off protective

PassivatedR¢ Rsh

PCM test isolation

characteristics

Surfaceclean| siN,layer; 7min X
49% HF, wait 24rs
Clbased ICRtch
Mesa ~80-nm deep X X
. 220-nm Ti/Al/Ni/Au
Ohmic 850C, 30s alloy in N2 X X
R¢ Rsh isolation
PCM test characteristics X X
T-gates 400-nm Ni/Au X X
Metal 1 500-nm Ni/Au X X
. : 100-nm PECVD Si3N4
Passivation 300C X X
X X
X X

dc 1V, smalkignal RF
dc/RFtest esponse
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\ 4 Wafer Detalls
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\/ Nominal Device Cross-Section

-

——lp

Lg~ 0.15 pm

Det ‘ Mag |FWD| Tilt | Spot 200 nm

TLD-S | 350 kX | 4.906| 52.0° | 3 1418 - CP -30

E-Beam| Det Mag | FWD TiItA Spot : 2 pum
5.00 kV| TLD-S | 50.0 kX|4.962| 52.0° | 3 Diamond 1216_A_Center_001
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\"/ Materials Characterization

4325 \}%5 1140 \}sgo / 1.27 \}\ig
GaNDlamond 16 440.9 426.2 | 420.4 1240 1150 | 1120 1.14 127 | 1.33
\ 413.1 / \ 1220 / \ 1.24 /
1 12 13 14 15 16 14 15 16 14 15 16
20 / 4524 \ 2 / 1360 \ ] / 1.02 \
19 / 446.6 \ 19 / 1290 \ 19 / 1.09 \
18 424, 18 131 18 1.12
4235 17 1320 17 1.12
. 418.0 16 1280 16 1.16
GaNSi
416.1 414.4 / 15 1260 1310 / 15 \ 1.19 1.15 /
\ / 14 \ / 14 \ /
15 16

G437C (GaN/Diamond) G439C (GaN/si)
Rsh Kk & lj [0 p(cm™2/V*s) | Ns (e13/cm™2)] Rsh®k & Ij [0 p(cm”*2/V*s) | Ns (el3/cm”2)
mean 423.1 1197 1.2 427.9 1304 1.1

st dev 12.0 69 0.1 15.3 32 0.1

Sheet resistance identical, b@&aNSi shows higher mobility
=
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RC[ohm-mm]

12 14 16
g437c_850C30s_pass.dat

Rsh_TLM [ohm/sq]

20
18
16
14 12 14 16

g437c_850C30s_pass.dat

I1S01_50V [uA]

20
18
16
14 12 14 16

g437c_850C30s_pass.dat

Post-Process PCM Data

G437CGaNDiamond)

0_75r
0.6429

0.5357
0.4286

0.3214

0.2143_

0.1071
0

0 5 10
Average = 0.36008
StDev = 0.11209(31.1%)

625
592.9
560.7
528.6
496.4

464.3
4321
400

0 10 20
Average = 440.91
StDev = 39.3909(8.9%)

500
428.6
3571
285.7
2143
142.9
71.43

0

36(2<<32>>2) 88.9%[0)

36(2<<33>>1) 91.7%]0]

36(0<<36>>0) 100%[0]

0 10 20

StDev = 103.2567(115.4%)
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G439CGaNSi)

0.75
0.6429
0.5357
0.4286

0.3214
0.2143
0.1071

0

0 5 10
Average = 0.48922
StDev = 0.089975(18.4%)

625
592.9
560.7
528.6
496.4
464.3
4321

400

0 10 20
Average = 428.8664
StDev = 17.7632(4.1%)

500
428.6
35671
285.7
2143
142.9
71.43

0

36(1<<34>>1) 94.4%][0]

36(4<<31>>1) 86.1%][0]

36(0<<34>>2) 94.4%][0]

0 5 10

~au

Average = 227.5513
StDev = 186.1337(81.8%)
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N Passivated DC Device Results

Q@
G437CGaNDiamond)

G439CGaNSi)

Gmp (mS/mm) 36(3<<33>>0) 91.7%[0] Gmp (mS/mm) 20(2<<17>>0) 85%[1]
275 275
20 260.7 20 260.7
246.4 Trans 246.4
18 2321 18 2321
2179 conductance 2179
© 0 Vps=10V e oy
y 175 o | 175
12 14 16 0 5 10 12 14 16 0 5 10
AD_g437c_P_2x150E_A.xls Average = 238.4562 AD_g439c_P_2x150E_A_sorted.xls Average = 213.6181
StDev = 18.5953(7.8%) StDev = 5.2981(2.5%)
Imax (mA/mm) 36(0<<35>>1) 97.2%[0] Imax (mA/mm) 20(0<<19>>0) 95%[1]
900 Maximum 20 900
8429 . 842.9
7857 Drain 785.7
728.6 18 728.6
671.4 Current 671.4
614.3 -+ 16 614.3
5571 Vg v 5571
" 500 Vd =10V 14. 500
12 14 16 0 10 20 12 14 16 0 5 10
AD_g437c_P_2x150E_A.xls Average = 813.0419 AD_g439c_P_2x150E_A_sorted.xls Average = 697.1825
StDev = 56.2643(6.9%) StDev = 39.626(5.7%)
Idss (mA/mm) 36(0<<36>>0) 100%][0] Idss (mA/mm) 20(0<<19>>0) 95%][1]
20 900 Saturated 20 900
8429 . 842.9
] 785.7 Drain-Source 785.7
18 728.6 18 728.6
671.4 Current 6714
614.3 — 614.3
1 557.1 Vg =0 1 557.1
14 500 Vd - lOV 14 500
12 14 16 0 5 10 12 14 16 0 5 10
AD_g437c_P_2x150E_Axls Average = 707.0648 AD_g439c_P_2x150E_A_sorted.xls Average = 617.2036
StDev = 58.6298(8.3%) StDev = 57.3254(9.3%)
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0 5 10

Average =-3.5776
StDev = 0.039895(-1.1%)

0
-0.002857
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-0.02

0 5 10
Average = -0.005664

36(3<<31>>2) 86.1%][0]

36(6<<30>>0) 83.3%[0]

StDev = 0.0054871(-96.9%)

2.5
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2.286
2.214
2.143
2.071

2

0 10 20
Average = 2.1943
StDev = 0.057293(2.6%)

36(0<<35>>1) 97.2%[0]

Threshold
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Vps= 10V
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Leakage
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Passivated DC Device Results
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G439CGaNSi)
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0 5 10

Average = -3.8089
StDev = 0.050933(-1.3%)
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0
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