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Growth Study for CVD of Single Layer Graphene on c-Plane Sapphire
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Motivation & Background

Standard Graphene Process — SPM results
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Chemical vapor deposition (CVD) provides the growth of large scale uniform and high
quality 2D materials [1], which are interesting for new applications in flexible electronics,
photonics and neuromorphic computing [2]. The growth of high quality single layer
graphene (SLG) on sapphire is typically performed at high temperature of about 1400
°C, which demands for the use of graphite as susceptor material. In contrast, for
MOCVD of transition metal dichalcogenides (TMDCs) SiC coated susceptors are used
at temperatures below 1250 °C. Thus, a reduction of the SLG deposition temperature
would allow consecutive MOCVD of SLG/TMDC &
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Desorption & Growth at 1400 °C
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Graphene wrinkles are revealed
at a scale of about 10 um.

40x40 um? SEM

* Wrinkles (black lines)

« Detached graphene (white
lines) at sapphire terrace
edges
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* The growth time for SLG is
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Layer quality:

« Single layer graphene

* Low defect density

« Blue shift of the peak position w.r.t. free standing
graphene [4] indicates compressive strain.

532 nm laser, 8 mW,
spot size 0.5 pm

Electrical properties

Susceptor|Mobility (cm?/V-s)|Sheet carrier density (1/cm?)|Sheet resistance (kQ/o)
1670 1.65 x 10* 2.27

Graphite

Hall measurement data taken for as-deposited SLG on sapphire in vdP geometry
at room temperature.

| ocal structure

G Peak Position 2D Peak Position cmt

20 1600 20 - 2704

15 1598 15 2698

10 1595 104 2693

’é\ 5 1593 ’é\ 5 2687
3 0 1591 3 0 2681
> -5 1588 >= -5 { 2675
-10 - 1586 -10 - 2670
15 L1583 15 | 2664
=20 - 1581 220 - 2658

-20-15-10-5 0 5 10 15 20 -20-15-10-5 0 5 10 15 20
X (um) X (um)

Raman mapping of 20 x 20 ym? region, 81 x 81 spots

« Compressive strain distributed all over the SLG layer
« Graphene on wrinkles is close to free standing graphene [4] Pos(G) = 1579 cm™
, Pos(2D) = 2673 cm.

Desorption & Growth at 1250 °C
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Electrical properties

Susceptor|Mobility (cm?/V-s)|Sheet carrier density (1/cm?)|Sheet resistance (kQ/o)
Graphite 1500 0.68 x 10%* 6.12
SiC 1320 1.05 x 10** 4,51
XPS — surface chemical state confirmation
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growth at 1400 °C and
1250 °C

contamination in
graphene layer
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* Closed SLG layer on sapphire with high quality has been obtained in an CVD process
at 1400 °C suscptor temperature — low defect density, high carrier mobility, clean
surface.

« Reduction of the susceptor temperature to 1250 °C still provides high quality SLG for a
roughly 10 times increased growth time.

« SLG grown on sapphire is under moderate compressive strain with negligible effect of
the growth temperature.

« The amount of amorphous carbon is slightly increased for decrease growth

temperatu re.
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