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Background 
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GaN-on-diamond Wafer Development 

4" freestanding AlGaN/GaN-on-diamond 
from a Si substrate with optimized dielectric layer  

Epitaxial growth  
on host substrate 

First Bond 
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Carrier 
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Si carrier  

diamond  
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Group4 Labs Group4 Labs 

Reduced dielectric layer thickness (7×  shown) to achieve TBR 
consistent with 3×  power handling at similar channel temperature  

Group4 Labs 
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Objective 

Å Compare AlGaN/GaN/Si and AlGaN/GaN/Diamond device 

performance using nominally the same epitaxy and same 

device geometry 

ïMaterials characterization 

ïPCM, DC, transient, small signal, large signal analysis 

ïThermal evaluation 

 Thickness Composition 

25 Å GaN cap 

200 Å Al0.26Ga0.74N barrier 

0.8 µm GaN buffer (thinned) 

550 Å Proprietary dielectric 

116 µm CVD diamond 



5 Distribution Statement A: Approved for public release, distribution unlimited (88ABW-2013-3823). 

Fabrication Process Flow  

G437C 
Diamond 

G439C 
Si 

Surface clean 
Etch off  protective 
Si3N4 layer; 7-min 

49% HF, wait 24 hrs 
X 

Mesa Cl-based ICP etch 
~80-nm deep X X 

Ohmic 220-nm Ti/Al/Ni/Au 
850C, 30s alloy in N2 X X 

PCM test Rc, Rsh, isolation 
characteristics X X 

T-gates 400-nm Ni/Au X X 

Metal 1 500-nm Ni/Au X X 

Passivation 100-nm PECVD Si3N4, 
300C X X 

PCM test 
Passivated Rc, Rsh, 

isolation 
characteristics 

X X 

dc/RF test dc IV, small signal RF 
response X X 
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Wafer Details 
G437C (GaN/Diamond) G439C (GaN/Si) 

30 mm diameter wafers 

3.8 mm x 3.0 mm Retcile 
(36 full reticles/wafer) 

ÅWg = 0.3 mm  
(2 x 150 µm) 

ÅLg = 0.15 µm 
ÅS/D = 4.5 µm 



7 Distribution Statement A: Approved for public release, distribution unlimited (88ABW-2013-3823). 

Nominal Device Cross-Section 

Lg ~ 0.15 µm 
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Materials Characterization 

20 452.4 20 1360 20 1.02

19 446.6 19 1290 19 1.09

18 424.6 18 1310 18 1.12

17 423.5 17 1320 17 1.12

16 418.0 16 1280 16 1.16

15 416.1 414.4 15 1260 1310 15 1.19 1.15

14 14 14

11 12 13 14 15 16 11 12 13 14 15 16 11 12 13 14 15 16

20 424.3 1320 1.11

19 432.5 404.5 1140 1190 1.27 1.29

18

17

16 440.9 426.2 420.4 1240 1150 1120 1.14 1.27 1.33

15

14 413.1 1220 1.24

11 12 13 14 15 16 11 12 13 14 15 16 11 12 13 14 15 16

G437C 
GaN/Diamond 

G439C 
GaN/Si 

Rsh (Ҡκǎǉύµ (cm^2/V*s) Ns (e13/cm^2) Rsh (Ҡκǎǉύµ (cm^2/V*s) Ns (e13/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

G437C (GaN/Diamond) G439C (GaN/Si)

Sheet resistance identical, but GaN/Si shows higher mobility 
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Post-Process PCM Data 
G437C (GaN/Diamond) G439C (GaN/Si) 

Contact 
Resistance 

Sheet 
Resistance 

Buffer 
Isolation 
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Passivated DC Device Results 

Trans- 
conductance 

VDS = 10V 

Maximum 
Drain 

Current 
Vg = +1V 
Vd = 10V 

Saturated 
Drain-Source 

Current 
Vg = 0V 
Vd = 10V 

G437C (GaN/Diamond) G439C (GaN/Si) 
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Passivated DC Device Results 

Threshold 
Voltage 

VDS = 10V 

Gate 
Leakage 

VG = Vth - 2V 

Knee 
Voltage 

VDS = 10V 

G437C (GaN/Diamond) G439C (GaN/Si) 


