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Motivation
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Ga,0; MOSFETs

«  First E-mode MOSFET on <2 X 1017/cm3 doped substrate

« Low current: high access resistance
* Non-linear IV behavior: Schottky like contact
- Lower 10%/cm3 is better for breakdown voltage
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Annealed Contacts to Ga,0;
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- Better on highly doped Ga,O, Low
currents for <2 x 1017/cm3 doping.

* |-V not perfectly linear: Schottky
diode parallel with a resistor.

« Cannot extract p,
- Degrade at high temperature
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lon-implantation for Ohmics
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Spin-on-Glass (SOG) Doping Technigue

«  SOG: A glass layer that can be spin-
coated onto the sample.

- TEOS+Dopant lon =»(Hydrolysis
Reaction)=>» Solution of Dopant in Glass

»  Quick and fast turn around process: /
Spin coat, bake and anneal sop

« Highest doping at the surface
« Excellent for ohmic contact N NS

» Less control on depth and profile
*T. Nguyen Nhu, PhD Thesis,
Universiteit Twente, 1999.
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Sn SOG Doping Experiment

—~10% -
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- Snis dopant in Ga,O, R e TCAD- 1200°C Smin
. g . - T N " TCAD- 1100°C 5mi
+  SOG Specifications (Dessert Silicon Inc): £ 402" —
- Elements of Interest: Si, O, Sn J<
- Key Element: Sn, 4 X 10%t/cm?3 § 1020}
5
- - o
- Doping Experiment: B g0 A NN
- Fe doped semi-insulating substrate 0 20 " 80
Depth (nm)

- SOG Coats 170 nm at 3500 rpm

- Drive-in RTA of 1100°C/5 mins in N,
ambient

*SIMS data calibrated with Sn
doped bulk sample.

D
D(T)= D,exp(——=
(T) = Dy exp(=- )
D,= 0.8 and D.=4.2 eV



% University at Buffalo The State University of New York | REACHING OTHERS

SOG Doped S/D Contact
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« 1100 °C/5mins drive-in diffusion: less than 20nm doping depth.
© p=21%£1.4%x10°Q-cm?.
« Higher current than Ti/Al/Ni/Au highest current.
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SOG-FET Process Flow
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Device Specifications:

« 200 nm Sn-doped Ga,O, epitaxial layer (grown
by ozone MBE) on buffered Fe-doped semi-

e laver insulating substrate.

Fo-doned - Effective carrier concentration= 2 X 101’/cm3.

Semi-insulating Substrate - 20nm gate Si02 by ALD
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SOG S/D Doped MOSFET

Much higher current compared to anneal contacts (DRC 2016)
« Peak current is 30 mA/mm

« Threshold voltage ~ -10V
* C-V characteristic

N

-
(4]

Capacitance (fF/umz)
o

D )
" -10 0 10
s Voltage (V)

30 - 1.2

o

w
()

o

o

o O

6V V=382V

Drain Current(mA/mm)
- - g N w

o wn
Id (mA/mm)

8V, , |
0 10 20 30 40 50 350 400
SEM image Drain Voltage(V)

IV characteristic

10



% University at Buffalo The State University of New York | REACHING OTHERS

SOG S/D Doped MOSFET

Annealed Contact
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Temperature Dependent IV Characteristics
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* Higher temperature, lower mobility, lower on current

« Higher temperature, more drain leakage, higher off current
- Lower on/off ratio
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Ron T€mperature Dependence
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Pulsed IV

*  Pulse width= 500 us, period= 1000 ms (0.5% duty cycle).
- Pulse width is long: trap effects are not expected
* Increase in pulsed current: reduced self-heating
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V. Temperature Dependence
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-V, decreases with increasing temperature (same with NICT report)
* Not Impact ionization.(T increases, phonon population increase)
* Breakdown in oxide?
* Related to Oxide defects, interface hot carrier generation, bulk defects.
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Breakdown Simulation (TCAD)
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+ Peak field in Ga,05~ 7.5 MV/cm, near
breakdown.

* Field in the gate oxide >20 MV/cm, more : , ]
likely to breakdown. 0 0.2 0.4 0.6 0.8

- Especially for defected gate oxide. Location (:m)
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Conclusion

- SOG doping is a low cost method for ohmic contacts on low doping
substrate.

© P=2.1%x1.4%x10°Q-cm?, Ry,=4.1 kQ/[] on a 2E17 doped substrate.
* lpmay= 30 mMA/mm , g (peak, max)= 1.23 mS/mm on SOG-FET
- Tincrease, g,, decreases, Ry IS lowest at 300°C.

- Breakdown is not impact ionization, more likely related to: Oxide defects,
interface hot carrier generation, bulk defects.
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