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Abstract: When the diamond surface is treated by hydrogen plasma, an accumulation layer of
two-dimensional hole gas (2DHG) will be formed with a density of about 10" em®. Therefore, field-
effect transistors fabricated using hydrogen-terminated diamond (H-diamond) have become the focus
of research. This paper is based on the outstanding physical properties of diamond and mainly discuss-
es two formation mechanisms of H-diamond 2DHG, methods to stabilize 2DHG and improve device
performance based on the depletion mode H-diamond MOSFET device structure, and three approach-
es to realize enhancement mode H-diamond MOSFET. Furthermore, the current research status, the
challenges faced and prospects for future development are summarized.
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Fig.3 Schematics of the process of 2DHG generation on

H-diamond surface due to the adsorption of NO,:

(a) Before adsorption; (b)After adsorption
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Fig.4 Energy band diagrams of H-diamond and high work

function oxide: (a) Before contact; (b) After contact
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Fig.8 Cascode configuration: a normally-off silicon p channel
MOSFET with a normally-on H-diamond MOSFET
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Fig.9 (a) Schematic cross-section of the H-diamond MOS-
FET with partial C—O channel; Band diagrams of the
H-diamond drift region and partial C—O channel of
(b) off-state and (c) on-state
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Fig.10 Band diagrams of La,0, gate H-diamond MOSFET:

(a) Before deposition; (b) After deposition
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H-diamond MOSFET: (a) Before deposition;

(b) After deposition
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with N-implanted region and (b) band diagrams at

channel region with/without N-implanted region
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Tab.1 Summarization of electrical characteristic parameters of normally-off H-diamond MOSFET

Ref.  Dielectric layer ~ Method L, /pm Vy/V Inwe/(mAsmm ™) g /(ecm®V 's™h) g/ (mSemm ")
[53] 710,/ Zr 3.3.2 6 —2.70 —1.2 — —

[54] AlLO, 3.2 2 —1.30 —91.0 47.10 —

[55] Er,0./AlLO, 3.3.1 6 —0.49 —16.1 33.40-110.47 7.16

[56] AlLO, 3.1 5 — —1.6 8.00 30.00

[57] AlO, 3.3.4 4 —1.00 —293.0 20.00-40.00 —

[58] ALO, 3.3.2 6 —1.20 —1.5 — 0.70

Z % x
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BRE L AR BT R A B A 4 WA 2 B R
HLUS LG, X — & B B T S 2 4 WA T SR 8 1
(B 5 R L I R A7 0 A2 o 4 NI A
2DHG W AL IEAT W5 F . [ & A A L AN 5 B 15
ZeiA . 2DHG Ak S R R R e | i % A H
TURR 4 J& A W 1 7 vk AR 3P 3 38 T 1 2DHG, $2 1&
ALK 4 NI MOSFET By 21k . 1 2 R 3R
bW A AGE B 5 A AR T 38 T DU AR & 28 0 4 W A
(14 2 1T W B2 02 F T DA 4 WA B RS B A
P& T U T B AR AR AR . R kA A R
AT DARE S /IN I H 3 T B A A R Y A i 3, 3 R
FHIG S8 7 2 OB AEL e S5 2o 2 ) S0 45 B8 IR Pl 2
Sy 53R & NI A 2 T S 20, T B R PR A — il
VERE A T, DRI RCAY I 2 45 44 ik B 58 40 38
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FI 7K SF- 5 44 1) 0 28 ity 4 WA 4 10 BF 5 3
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T AR R T R A ) R T BE o
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