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Next-Gen Sensors Transparent
Electronics
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Graphene @ SNF
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Chemical Vapor Deposition of Graphene
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Growth Development
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Raman Results - Aixtron Base Recipes
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Foil Growth

Parameters Results

045
@©
3 40 CH, (sccm) Pres(mb) D/G 2D/G
3 °
¢ 035
@©
% 030 Ni 15 25 0.48 | 2.64
-
kg 0.25 Ni 5 10 0.24 | 2.51
© 020 . HCl 5 5 0.18 | 3.01
0.15 S B B HCI 10 25 0.48 | 2.64
023 024 025 0.26 027 028 029 0.30 031
Echant Leverage, P=0.2985 HCI 15 10 0.21 3.32
0.50 — 0.50 .
045 L’ 045
© P ©
> o . S
S 0.40 M 2 040
Q ~ . - " Q
c | T = e .= o’
¢ 035 ¢ 035
© ° S
()]
: 030 ¢ . > 0.30
— (Y —l
(G I R — S T = 7 == == ===7 U]
46_. 0.25 — ° é 0.25
| (] 1
2 020 2 020
0.15 S L 0.15
1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
CHA4(5,15) Leverage, P=0.6383 Pressure(5,25) Leverage, P=0.0947

N. C. Wang and C. M. Neumann 7



Thin Film Growths
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Thin Film Growths
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Thin Film Growths

Run 37 (60,40), 50X \ New Center Edge
= Heater O
C
£ (60.40) Run D/G 2D/G D/G 2D/G
Y (20,20) | 0.16 3.71 | 0.30 2.54
E (60,20) | 0.09 4.39 | 0.39 3.81
% 0.11 2.57 |0.09 4.39
o 1.46 137 | 1.63 3.81

2 O | (20,20 60,20
e %) | (6040) | 0.19 3.2 | 046 3.32
CH, Flow (sccm)
Run 37 (60,40)
20000 T | T T | T T | T
Center

/_\15000- — Edge _

E)

2 10000 T

3

o

5000 —

1200 1400 1600 1800 2000 2200 2400 " 2600 2800
Wavenumber cm'1
N. C. Wang and C. M. Neumann




High Quality Treatment/Foils

Experimental growths run by Dr. Yong Cheol
Substrate — High Purity Cu from JX
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Electrical Characterization

N. C. Wang and C. M. Neumann



TLM Structures: Fabrication Details
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Electrical Results — Qualitative Comparison
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Electrical Results — Statistical Comparison
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Conclusion

« SNF BM Pro 4” Furnace Development:
- Recipes refined w/DOE
—>>100 successful growths!

« Mass elec. characterization confirms
high graphene quality

* Quality dependent on substrate type,

prep.
Type Cu Grain Ue M,
Purity Size (um) (cm?/V-s) (cm?/V-s)
AQ 99.8% 0.5-1 ~2800 ~2300
HQ 99.9% >10 ~6900 ~3800

SNF now ready for

|
graphene: NI ESE
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Pop Lab Graphene Model
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Pop Lab Graphene Model
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TLM Structures: Extracting R,

R, vs ng TLM - Electron Transport
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Raman — Qualification Method
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Current Growth Progress — Copper Foil Grain Size
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