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Goal: Dope β-Ga2O3 using thermal diffusion

1240 °C Conclusions: Sn possible with Sn/ITO or Sn/SiO2, but not very efficient. Fe and Mg showed promise with Fe better. 
Source layer concentration appears to be too high – possible ternary formed with Mg and Fe.

2nd Pass: Focus on Fe diffusion without alloying with surface
• reduce Fe in source layer: targeted 4e20 Fe/cm³ in SiO2
• reduce temperature to reduce stress on furnace and sample

Fe/SiO2 cosputtered (Fe ~ 4e20), 
~ 1500 Å, uniform Fe distribution

SIMS analysis of (0 1 0) samples
Through SiO2 layer into Ga2O3

Effect of diffusion on substrate surface

1175 °C, 
6hr anneal (-201)
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SIMS of Fe-doped SiO2 source layer

SiO2 Ga2O3

Conclusions
• Fe is promising material to thermally dope β-Ga2O3
• Smooth diffused surface on (010)
• Pitting observed on diffused surface of (-201)
• Roughening on undiffused regions of both orientations

after 3 hr at 1100 °C (entire 1 hr samples were diffused)

Diffused, 1175 °C
3hr anneal (-201)

RMS = 1.6 nm

RMS = 0.8 nm
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Mg
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Ga (MgO source)

Ga (Fe/SiO2 source)

Ga→

Ga→

Annealed 15 min at 1240 °C in Ar
Source layer removed before SIMS

←Fe

←Mg

Source

Source 
thickness 

[Å] Substrate
Deposition 
technique

Anneal 
temp [°C]

Anneal 
time [min] Source removal Results

SnO2 1836 UID (0,1,0) thermal evap 1240 

15* 
*(two runs, 5
min & 10 min) ~5 min 1:3 HCl:H2O No Sn diffusion detected

Sn/SiO2 10/500 
Fe-doped 

(0,1,0) RF sputter 1240 15*
~2 min BOE, ~1 min 

1:3 HCl:H2O
Sn < 1e18, < 0.5 µm
Si detected but not quantified

Sn/ITO 10/1500
Fe-doped 

(0,1,0) RF sputter 1240 15* ~5 min 1:3 HCl:H2O

Sn < 1e18, < 0.5 µm
Indium detected but not 
quantified

MgO 2000 UID (0,1,0) e-beam 1240 15* ~2 min H2SO4

>1e18 out to 3 µm
0.8 µm region with 3e21 Mg
and reduced Ga

SiO2:Fe 2000 UID (0,1,0)

RF sputter, 
co-dep, 
20% O2 1240 15*

~2 min BOE, ~1 min 
1:3 HCl:H2O

>1e19 out to 3 µm
0.1 µm region with 3e21 Fe
and reduced Ga

Experimental details
• Deposited source layer on Sn-doped (0 1 0) and (-2 0 1) samples
• Wet etched source layer from ~ half of sample surface
• Four anneals performed in purified Ar with one of each sample type:

 1100 °C for 1 hr
 1100 °C for 3 hr
 1175 °C for 3 hr
 1175 °C for 6 hr
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SIMS analysis of (-2 0 1) samples
Through SiO2 layer into Ga2O3
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(0 1 0) vs (-2 0 1) at 1175 °C

SiO2 Ga2O3

At 1100 °C, multiple scans on 
each sample produced varied 
profiles. 

1175 °C samples were more 
consistent. Concentration 
dropped sharply below 1e19. 

Note: These scans were not 
calibrated for SiO2. Therefore
the Fe concentration in SiO2 is 
unreliable. 

At 1100 °C, not a large 
difference between 1 hr and 3 
hr anneals

For 3 hr anneals, increasing 
from 1100 to 1175 °C 
increased depth of profile by 
almost 0.5 µm.

At 1175 °C, increasing the time 
from 3 to 6 hr had a significant 
effect on the depth

Note: These scans were not 
calibrated for SiO2. Therefore
the Fe concentration in SiO2 is 
unreliable. 
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As Deposited After 1 hr 1100 °C Anneal

Diffused, 1175 °C
6hr anneal (010)

RMS = 0.8 nm

Diffused, 1175 °C
6hr anneal (-201)

RMS = 49.1 nm

Undiffused, 1175 °C, 
6hr anneal (-201)

Diffused, 1175 °C
6hr anneal (-201)

1175 °C,
6hr anneal (-201)

Diffused, 1175 °C
6hr anneal (-201)
40X

All (0 1 0) samples showed 
no surface roughening in 
diffused region

(-2 0 1) samples showed 
mostly smooth surface with 
some  pitting in diffused 
region. Pitting grew larger at 
longer/higher temperature 
anneals 

Future Work
• Cap undiffused regions or

change ambient
• Reduce oxide thickness

1100 °C, 3hr anneal (-201)
diffusedundiffused

Both orientations showed 
roughening of the 
undiffused/uncapped 
regions

1175 °C
6hr anneal (010)

diffused

undiffused

diffused

undiffused

diffused

undiffused

10X


