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Tools

* Aix-ccs MOCVD

* Hall Measurement
* Innotec & RTA

* SEM & IV

* XRD




Test Epl Structure

To calibration doping

To calibration composition

Buffer layers

Substrate (standard clean)




List of Tasks

Investigate relation between doping density and SiH, flow rate

Investigate relation between doping density and
e Mg flow rate
e Growth temperature
e Annealing temperature

Verify growth thickness for Al, ,Ga, gN

Investigate relation between indium composition and
growth temperature

e Verify crystal quality
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Experiment & Results - Summary

16 rounds of
growth

> 120 hour of
growth time

15t time ever
in SNF

Controllable
doping
achieved

good crystal
quality on Si
substrate




n-GaN Doping Calibration

* Doping with SiH, diluted with H,
* n-doping depends mainly on the
ratio of Si and Ga flow rates

»Vary SiH, flow, measure mobility,
resistivity and doping density

(sccm)

M N M M N

Innotec: 20nm 850C, 35s, in N2
Ti/ 100 nm Al /
80 nm Pt




n-GaN Doping Calibration Results — SEM & IV

Tilt: 0°!

IV measurement indicates good
conductivity

» Good contact quality

» RTA does not have significant effects
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n-GaN Doping Calibration Results
— Hall Measurement
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p-GaN Doping Calibration

° Doplng with Cp2Mg (Bis(cyclopentadienyl)magnesium).

 Calibration very complicated: p-doping depends on
multiple parameters:
» Mg and Ga flow rate ratio
»Growth temperature

» Post growth annealing (Mg dopant activation)
temperature & time

» p-GaN metal contact is also difficult to make

M N M M N

Innotec: 20nm 10 min @ 500C
Ni / 20nm Au 20% 0O, ,80% N,




Experiment Design — Parameter & Variables
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» Mg and Ga flow rate ratio
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Tokunaga, H., et al. "Growth condition dependence of Mg-doped GaN film grown by horizontal atmospheric
MOCVD system with three layered laminar flow gas injection." Journal of crystal growth 189 (1998):



p0-GaN Doping Calibration Results
— Parameter Matrix

Annealing Temp. =750 C Annealing Temp. =990 C

0.0017 0.0034 0.0068 0.0092 0.0017 0.0034 0.0068 0.0092

Annealing Te Annealin

0.0017 0.0034 0.0068 0.0092 0.0017 0.0034 ~ 0.0068 0.0092




p-GaN Doping Calibration Results - SEM

Smooth growth interface. Expected thickness achieved



p-GaN Doping Calibration Results - IV

Good Contact
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p0-GaN Doping Calibration Results

— Hall Measurement
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Resistivity(cohm*cm)

Carrier Density (cm-3)

p0-GaN Doping Calibration Results
— Hall Measurement
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AlGaN Growth Verification
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INnGaN Growth Verification
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INnGaN Growth Verification - XRD
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Other work

* p-GaN growing thickness investigated
* RTA process for p-GaN investigated

 Growth chamber baking & brushing requirement
investigated

* Indium contact and Ti/Al/Au contact for n-GaN
compared



Outline

e Summary of
work

* Proposed

future work

e Main
contribution
to SNF




Summary

good crystal
quality on Si
substrate

16 rounds of 1t time ever

growth in SNF

Controllable
doping
achieved

> 120 hour of
growth time

Proposed Future Work

* Calibrate lower doping of p-GaN

* More InGaN and AlGaN calibration
 Try LED growth and fabrication



Main Contribution to SNF

e Multiple new materials available at SNF!

e Metal contact recipe
e Metal annealing recipe

¢ VValuable information for future Aix-ccs users
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