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(FEAT R FARBORE T E 2B LI =, 9% BT RO AR 726, 19 710071)

(2017429 A 4 Hig®; 2017 4 12 A 28 HIZ R eh )

BT 2 EENAGIE T 4 pm 145 00 202 0 4 NI 3 208 dt A4 AR 1R VR R R RO
160 mA /mm, 538 HPHAKE 37.85 Q-mm, H K FEF] 32 mS/mm, HE S & T 5 AR 90% Mt (Vas)
WHEIEFI3 V (=2 V < Vas < —5 V). Sl &4 2k i B B PA S #5344 1) 5388 P BELRY FE 25 - B FR SRR PR 20 AT, R
PUA 2855 22 & NI M T Y R 28 IR FE IR B 1 1.56 x 102 em ™2, G JOT A RAE 1A 585 SHHE 75
TRFFFELI 170 cm?/(V-s). SHTIAA, BA AR M5 R MRS s 6 e L 74038 v 5 % 38 (0 000 1 7 A S LAl I P
{1 i 7K P I RS 28 2 1| v T 4 ] 114 125 DRI 3 e L 4 5 A

KA WA, S0, RN R E
PACS: 81.05.ug, 85.30.De, 84.37.4+q

1 5 =

WA B2 9 B R (5.45 eV). T
R (22 W/(emK)). R FiT B RE (BT
4500 cm?/(V-s). 22783800 cm?/(V-s)) & — R 4
P, Emii @ mYRE TR HEAE
KIS 77 D=3l 4R, &R ) n BT p AL 44
B 2% (W AN 1) 76 3500 e DL, 78 & 2 o 4 W
A (R C-H#E & MR, JHASE T
A b B 4 W A 3 1T 3R A9 ) 388 3 75 AU B A R A
A DAE =R T H I R, TR RCR T p B H
S U0l R, SR G WA 3 R AR A (feld
effect transistor, FET) B A& NI H T 254 1%
L2,

B g A 2 i < P AT T e A
aE, BN A S H AR, R
A il % Pk e A A, (ER T AR /DN (045 mm x
4.5 mm). M IEH B 5, WM AR R T Z
HMEFEHOA M. 2 aEAE B IRE RA k258
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(1 in = 2.54 cm) W& B, HAF7E &R B 42 7]
K100 pm LA by F R B A I T 2 A
Bl AT DL m e RE R 4. H AT, o2 iREm
A& & WA FET i K4 H B 1.3 A/mm (%
fm) 1, #IEHR fr = 53 GHz (B4) [, B KHR
B fyax = 120 GHz (%) B #11 GHz F i
I RERE 21 W/mm (R0 HRET £
o AL G & NI FET B 78, CARIE T 1 GHz 3l
D2 pE P, o D 28 9% B 43 50l 0 320 mW /mm
450 mW /mm %],

FET 8RO # /R 52 42 B iat U, %t el
WS Z P RECNE S (gn), B
SRRIESFRONRE M EE SR, R
R AT SRAG 5 T BEMHE LR (Vas) IR T 2R, 47
(115 SRR R Z M 2R A % 1 m s S IX
X R PR AR A R T S g AR AR R v 2
(R T 3O, Bl an SOk [8] 40, MiHE 0.1 pm,
fvax = 120 GHz FmitERe 2 f & NIA FET #3445,
55T i KME N 143 mS/mm, HE T & T & KMER
90% [P e Ya A F 1.5 V.
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A SCHIAE T I RE K S A 2 e
NI FET, K4 pm 8 & 14 8 & K5 58 2
32 mS/mm, HSLW T 58 M 8w S IX. v 7
FMRMINLEE, X FAFRAEREAT T IR 20 #r.

F T 284 i 4 1 4 WA 2 AT 3R N A A I
KB ) Ak 2 SO UE R I & RSO 10 mm
x 10 mm x 0.3 mm [¥] (001) £ & NIA L %
S NIA 5 AE T ER . TEK S BE 28 FKiE
15 min, 2B 4 NI 3L AT REAF 72 1A HLAT TS AL
SR, REEFENSNA R, REKRENA
ERHBN B 10 56 85 A0 2 SO TE AR 1 1 i A4
L HESE TR, RS AR EN
500 scem (1 scem = 1 mL/min), H 3 RIG% 3%
437379 80 mbar Fl 2 kW. AL 5E 2 5, 1EA AR
Bl h 2 2R B 2 IR, TR 2 R . A K
RIMBFAATTPE TN, ROSHR—ZH
B BT (0 OH— FITHCO; 25 D) fy Wi Bt 41,

AL & WA R T 2 R B B Z AT
TE 4 NI R = A — B 23 . s i FH 4
7R NI KT 28 % JEE 100 nm 14 (Au)
=, — TR AL e WA R, 55— 71 Aun]
AR S 2 i 4 W A 3 THD 2 TR) T SO R e f. 425 3k
ITA VR X OGZIFD Aw B2 8 ol A KT/ T 35 W0F
BRI Z AN Au & s, SR 5 R AE i B TR 2
H 4RSS B AR AL BE 10 min, T 5% 25 H R A & i
S WA R T 278 9 B e 40 2 M o ) 48 28 i R 1
T s At 2 1) () R 25 X Al 2 1 0 A o
AuATIRIE IR MU, JCZIR T 77 BN I Au B B
TR FELAR, [R)ERE A PR ) FES b g s YR ARG (1] B2 K
T O R MG, A R AR
[H1 28 K JEEFE 28 100 nm (45 (AL) =, FIH G2 R B
M FHAERI B L2 25T R B X e, 58 s 1
(IR, S A R RT3 Th 5 48 7 B LB L. By
il &8 - SR N E (MESFET) #8444 HiH
(Lg) 794 pm, W5 (We) H50 pm. fH Keithley
4200 - FARZ 053 A A0 S8 AR B FLR - FL s (1-V)
FEMEATHLZY -HUE (C-V) REMEEAT 1.
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Fig. 1. The top view and schematic cross-section structure diagram of the diamond FET.
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IS I R T RD TR IX ) e R R 1
El2f B3~ fEMHRE R Vgs = —5 VI,
VAN Y HL U Tpsas = 160 mA /mm, H1 I ¥
JE Vs 7E0.1 V BL R i 1-V %4 7] 158 31 5 38 o
Ron = 37.85 Qmm. HBFFELE Vs N —9 VIS
D&, ATHREH BIE R Ve = 1.4 V. BE#E Vos
M Vipg 1167 HL 5 AR AL, gy BH 2R 5257 T00 555 AR,
1EVgs = —3.5 VITIA 2 KMH 32 mS/mm, 5
T i ORAE 1 90% 1 i 5 X RV A )3 v
(=2 V < Vas < =5 V), i Vpg BA L A7 00 B &
e —. H, R4 gm 5 Vas R R#ZE
R, W IR 2 A8 mT A — 25 N U, ) i s

X IE ] AR AN FE. 5 bl o5 ) v s S XA X
L, B Ingae T35 21 [ B 7] &5 M 10 & 1 A
A i & WA MESFET B HLRKSE. 1 n, MR 4%
Hirama 25 5 3R 18 1) 381 Tpear B 102510
Lg =4 pm H#&FHE Vas — Vin = —5 VI, Ipga
2179100 mA/mm, ME 2 0] DLE B A SC A AR AE R
FERIME R B RARAEIX AN K

SRS 3 S FE B RAETIR R, )
I Matsudaira 25 11 38 1) A & 3 £ NG FET
HL LS A R AR fr BE A BRI 30 1/ L B A0 1)
KA, 2 um HIHHC 2 284 DA VR R 1 1m) 5 A R 12k
(I A A RO 5 a4 T CARIE KA 1E AL
S 2w BT 2 WA MESFET F1< J& -4 fb
Y -2k SR N (MOSFET) 284 11 #5 5 f1 5
10 HL B A AR A R, B AN T AR SO
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Fig. 2. Output characteristics of the diamond FET.
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Fig. 3. Transfer and transconductance characteristics
of the diamond FET.
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Fig. 4. Summary of the reported maximum transcon-
length of the
long-channel Al-gated hydrogen-terminated diamond
FETs[12-18] The terms SCD and PCD represent
single-crystal diamond and poly-crystal diamond. The
composition of the gate dielectric of each MOSFET

ductance dependent on the gate

device is given in the parentheses in the legend.
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Fig. 5. Summary of the reported on-resistance depen-
dent on the gate length of the long-channel Al-gated

hydrogen-terminated diamond FETs [14-18],
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Fig. 6. Resistance vs. contact distance relation of
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the transmission line model pattern with a con-

tact width of 50 pm on the diamond wafer.
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Z 7 B T BURAKF. 28 4 5 B B B L BH (Rs)
FJR AR B B HLBE (Rp) 350 HH A 422 fish L BEL AT R 2R 1)
A -5 DA -9 S8 L BH (R, ) AR, AS ST RS A
B A T VR AR AN AR ) 1E AR ), BT DA Rs A Rp AH 4,
Al 3R1S Rs = Rc + R, = 14.08 Q-mm.

A5 0 25 1F g BIAE 25 5 15 2540 1 ASAIE 5 3
gmo ZIH BB W FRKA:

R v (1)
¥ TR Rs = 14.08 Qmm RN (1) AT 13 gimo
VE{E X 58 mS/mm.

B T VAIE N Ren, W Royn ATHZ LT K 5
I3 fif:
Ron = Rs + Rp + Ren. (2)

HW4E Ron = 37.85 Q-mm, A R H1EVag =
—5 VI Rep = 9.69 Q-mm, FH4T# T 8 5 He el
BH (Ren on) EFEIRE] 2.42 kKO /sq, LA L 4ENIA
R JE UG 7 BB (5.71 kQ/sq) BI—2F B B,

TR T 28076 1 MHz F #9822 18] (1) C-V il
2, W7 ETN. K ECR AL B S 4 WA
MESFET &8 4 F1 4% 3C 2% 44 59 M 1E 7 i s 48 2 2%
r T ALTE S 28 o 4 NI A 3R T I 1 ARp 2R 38 22 v
S (1N 0.62—0.82 eV), 43 B H J5 X 1 g & 1
AVRIE WA ) ST R R T AR )2, { MESFET
B Sz B b 2R L MOS M ) 88 1F 45 #g 2229,
IRt ALMIF A & 5 42 WA MESFET ] MOSFET 2%
PR B R SR AT B A il B 7 o-v il 4%
) 52 567 7 LR Vieg B d2Cas/dVEg = 0% B )
HE A B P E, N1.67 V. LA M Vieg A 8814
BEHEE (Vg = 1.4 V) LTFF BEEH#HANTET
FIFEX 0V > Vas > =5 V), BT HxtA
T8 BT 1 A BN FE R AE i AR O R BUE
. M4 B HRAE R KA R 0.374 uF/em?, # 1%
Ve AL 4 NI 2 18] R SR A A5 A T R A HLH S0
3.5 U A BRI R E 208 8.3 nm, 5 SCHRIRIE [
5—10 nm H 4 [22’2511. VM T VA3 A T T
9 pens ME pay = - / CasdVes (e HHEA AT

e
1.6 x 1071 C) AR VA TE #m T REE N
1.56 x 10'% em—2.

MOSFET #&14FH R, S1ETE I T A 0L
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—2V < Vgs < =5 VEAR—F, 515 8 45 K 1
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GO (BB 55 TR AR S ) T 23 H BT 78 Z 1)
R P A SR A SRS T UM R i I AL
P TE PR pegr, I VA8 B0 T2 FE n] Ok B A 24 s
K, 2 Ren en JI2 Ron 235 FRAIK, gumo & T2 51,
SEHL T R SRR

0.4
12
~ 0
03 g
=} 3}
3 B
) 2
E 3
S 0.2 11 2

Pch :JC(;st(;s/ﬁ

0.1 ;J

4 3 2 1 é ;1 ;2 ;3 ;4 —%
Vas/V
BIT SR CoV b DR R 5 3 2V
Vs 125

Fig. 7. Capacitance-voltage characteristics of the de-

vice, and the calculated hole density in the channel as

a function of Vgg.
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Abstract

Diamond has a great potential to be used in high-power, high-voltage and high-frequency semiconductor devices due
to its wide band gap (5.5 €V), high breakdown field (> 10 MV /cm), high thermal conductivity (22 W/(cm-K)), and good
carrier transport property. High-quality polycrystal diamond with large size wafers (up to several inches) is more easily
obtained than the expensive monocrystal diamond plate with the size of only several mm?, and the good performance
of electronic device on polycrystal diamond has been reported. So we fabricate a normally-on hydrogen-terminated
polycrystal diamond field effect transistor with a 4-pm aluminum gate by using a gold mask process. The saturation
drain current is 160 mA/mm, and the on-resistance is as low as 37.85 Q-mm. The maximum transconductance reaches
32 mS/mm, and the gate voltage range with the transconductance higher than 90% of its maximum value reaches 3 V
(=2 V < Vgs < =5 V). An Ohmic contact resistance of 5.52 Q-mm and a quite low square resistance of 5.71 k€2 /sq for
the hydrogen-terminated diamond are extracted from the analysis of transmission line model measurement. On the basis
of the analyses of the obtained results, the on-resistance of device dependent on gate voltage, and the capacitance-voltage
data measured at the gate-source diode, we find that the hole sheet density under the gate reaches 1.56 x 10*® cm™2
at a gate voltage of —5 V, and the extracted effective mobility of the holes stays at about 170 cm?/(V's) in the afore-
mentioned gate voltage range with high transconductance. In summary, the high and broad transconductance peak and
the low on-resistance are attributed to the relatively low gate-source and gate-drain series resistance, the high-density
carriers in the channel, and the high-level mobility achieved over a large gate voltage range. The relevant research of
finding proper dielectrics for the gate insulator and the passivation layer is under way to further improve the device

performance.
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