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ARTICLE INFO ABSTRACT

Graphene-on-diamond (GOD) composite structure has been attracting considerable attention due to the unique fea-
Keywords: tures for all carbon sp>-sp? electronic applications. Whereby the electrical properties of diamond surface can be pur-

Diamond posely tailored and significantly altered through transformed graphene layers. In this work, graphene-on-diamond
Graphene . . . . .

Ni composite structures were prepared by nickel-catalyzed high-temperature rapid annealing, and were analyzed by
P-type Raman, Hall effect measurement and Transmission electron microscopy (TEM). The results show that the difference

N-type in surface conductivity of graphene-on-diamond composite structure is mainly related to the number of transformed
graphene layers, while the number of layers is mainly affected by annealing time and the thickness of nickel film.
Hall measurement and TEM results show that when the transformed graphene becomes graphite with a lot of Ni
atoms embedded into diamond, the surface carriers of graphene-on-diamond composite structure are electrons. On
the contrary, when the transformed graphene is about 3 or 5 layers, the surface carriers are holes. These findings
may provide a route for graphene-on-diamond structure to become a strong candidate for next generation complemen-
tary diamond electronic devices.

Video and Presentation to this article can be found online at https://doi.
org/10.1016/j.sctalk.2023.100277.
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Fig. 1. Schematic diagram of GOD structure fabrication. (a) DC arc jet plasma equipment (b) Flow chart (c) Hall measurement using Van der Paw method.
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Table 1
Hall measurements of GOD structure with different Ni thickness under 800 °C for 1.5 min.
Ni thickness Sheet resistance (Q/0) Sheet concentration Hall mobility Conductivity type
(nm) (cm™?) (em?V~1s™1h)
10 ~108 - - -
15 ~10* ~10% 29 P
25 ~10* ~10" 19 p
50 1.0 ~10% 84 n
100 1.0 ~10% 67 n
Table 2
Hall measurements of GOD structure under different annealing temperature with 40 nm Ni film for 1.5 min.
Temperature Sheet resistance (Q/C) Sheet concentration Hall mobility Conductivity type
Q) (em™3) (em?>v~'s™hH
800 ~10? ~10™ 114 P
900 ~10° ~10™ 15 n/p
1000 1.2 ~10'® 345 n
Table 3
Hall measurements of GOD structure under different annealing time with 40 nm Ni film at 800 °C.
Time Sheet resistance (Q/C) Sheet concentration Hall mobility Conductivity type
(min) (em™2) (em?v—1s™1)
1.0 ~10* ~10'? 37 P
1.5 ~10° ~10" 33 P
2.0 ~10° ~10'2 53 P
2.5 ~10% ~10™ 55 p
3.0 ~10° ~10" 82 P
Table 4
Hall measurements of GOD structure under different diamond substrate with 40 nm Ni film at 800 °C for 1.5 min.
Diamond substrate Sheet resistance (Q/00) Sheet concentration Hall mobility Conductivity type
(cm™?) (em?v='s™h
HTHP Diamond ~10* ~10" 37 P
CVD Diamond ~10* ~10" 380 p
EPL Diamond ~10* ~10'2 154 p
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Fig. 2. Raman spectrum of GOD structure. (a) p-type (b) n-type.
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Fig. 3. XPS Spectrum of p-type GOD structure. (a) Survey (b) Cls (c) O1s (d) Ni2p.
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Fig. 4. XPS Spectrum of n-type GOD structure. (a) Survey (b) C1s (c) Ols (d) Ni2p3/2.
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Fig. 5. TEM images and EELS spectrums of p-type GOD structure. (a) ADF image for line scan (b) HRTEM image (c¢) Zoom-in area (d) EELS line scan spectrum (e) Low loss of C
K edge (f) High loss of C K edge.
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Fig. 6. TEM images and EELS spectrums of n-type GOD structure. (a) ADF image for line scan (b) and (c) HRTEM images (d) Zoom-in area (e) EELS line scan spectrum (f) Low
loss of C K edge (g) High loss of C K edge.
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