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Four kinds of diamomd thin film of same thickness were grown as the potential between

substrates and filament increases. The electrical conductivity increase as the potential increases
due to the increment of atomic hydrogen content in the films. But it is possible to decrease the
electrical conduction for using it to dielectric film by degassing of atomic hydrogens in high vacuum.
The MS and MIS diamond semiconductor diodes were made with Schottky and Ohmic contacts
in order to evaluate the rectifing characteristics. High and low doped MS diodes showed Ohmic
behavior and low rectification respectively. But both high and low doped MIS diodes showed the
excellent rectifing behaviors. Therefore, it is possible to obtain the MIS diode having excellent
rectifing behavior using diamond thin film usable under high temperature, high radition, nuclear

reactor, bad enviromental condition and etc.
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band)E 7}# ¥k A (wide band gap semiconductor)
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4FF et Feld A S48 AW B4 el
Wi e ggEae Adstel werks Fo =9
7hes E]del Sl@ p-d velolR s MEAE AAbs

gt o] p-3ubx Aol Schottky-Ohmic % 2ol 23t
MS--F(metal-semiconductor structure) the] e =9}
=35 thololZ wuiuk(doped diamond thin film)
2loll o] kgl rholo}i = vtk yndoped diamond
thin film)& A #sle] MISTE clo]e =8 Az

% A5FEA(rectifing characteristics) S ZA}alic).
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Table 1. Growth conditions for uniform thickness acco-
rding as the potentials between filament and substrate
increases

Filament Temperature (C) 2000
Substrate Temperature (C) 850
Pressure (torr 70
Growth Time (min) A=360, B=330
C=270, D=180
Substrate Material p-Si(100)
Distance(Nozzle-Substrate) (mm) 30
Filament Bias (V) —20
CH; in 100 sccm H; (sccm) 1.0
Substrate Treatment 1um Dia, P. T.
Potentials (V) A=20, B=80
C=140, D=200
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mic Contact

zhzh dAATE 3t 71AY Fotel uheh AgAE
tlejobl-r wpukel HrlHEw EALSEY| $)381e], Fig.
13} Zko] p-Si(100) 71t el 2pm FAZ H4=
cholope-r wptEH I p-Si7|H ofefel 77} nfke
% 9% (thermal evaporation)3l=. 24 Schottky
3l Ohmic % #[24-26]¢ 3tgic), FE5-ubx 4] 3 3te
Schottky HZ&-& $18ted dFAAl A 1mm +
4 ¢] vkiz(mask)E o]-&-3dte] F7e] 1 mm, FA7}
0.2 ymg! Fubahg tlolol-2 = uiat ol AJA4slgic)
p-Si(100) 2] olelell = Aol Hgto] T3] 22 i
TE F¢ 9423324 Ohmic 3% 3ok &
utakZ(gold thin film layer) %|&o| tholo}2x= wu}
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Au Schottky Cor{tact( t=0.2 ym, D=1.0 mm)
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Fig. 1. Schottky and Ohmic contacts of hydrogenated
diamond thin films for measuring the I-V.

Au Schottky Co{ﬂact( t=0.2 ym, D=1.0 mm)

X

e

* Doping Concentration(B/C Ratio)--1)500 ppm,
2)5000 ppm

Fig. 2. The structure of MS diamond diode.
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MST% cho] £ =[27]% Fig 29} #t} & Table 12
455 b FolA A3 A 2 T8 5 AT
z23 £Ae] spat & 7Y 200 V(D= A
AEE ol&3led vk Fof BHy =H7tAE
La]3led ). B/C ¥]-8-(boron/carbon ratio)e] 500 ppm
3500002 £1)[28-30]sk2E4 p-Si(100) 7l
ol =g xrl M2 o 255 p-8 thelelE=
wte Al S 5 of 2uymE 747 AAsich A &
tlolotEr wbut Fol AH 1mm, F7 0.2 pume]
IFE §5 9FaEa, p-Si dhede WA 1
% #2574 0.2 yumE A% 3ske] Schottky % Oh-
mic J&& & F 500ppm H 5000 ppm2| 2F5F
355 uel A 722 MSTZE tlololx clo]e
=9 AF{(rectification) &8 FA}slgrch
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MS ol =4 AF2Hg-o] F4] o4& Aol
MIST-% tle] o= & A)ztsle] x}&3c)l = MS ¢}
o]l oA Ar]e]Eo] wrE A-T4¢] Schottky 2
He Jx] g Eashe elda AF(tunneling cur-
rent) 2 l3le] AFAES 312 B wo] MISTF3
tho] @ =[31]E AHE-gth MIST 2 tho]olZE rlo]
© =32 33]+ Fig 29] MS t}e]e.& oA boron =
Al FA oF 2ume] cholopt upubZ 9o oF 05
“m FAel =go] gtsl clolo}lR . upube AL}

%+ Schottky &8 3}o] Ax3dkdt}. olw boron
E:IJEJ tlololEe =2 MSTR tlo|ertsel 7he)
B/C v]-&% 500 ppm % 5000 ppm &3}5t2 24 p-Si
(100) 71 $loll =dFwrl M2 o2 23F pd
tjojelr . wtuhg FA 20umE 7h7t A 2akgd
Ego] okl rlojolt = wbubiel §hi¥ F4E Al
78k7) $}ste] 6000T, 1.0X10 *torr 2% Fol A 1

AZb 2% dAe)d ¥, Schottky @ Ohmic H&&
GmEd mase wae e 2252 MISTZ
tlole =5 Azt on o5 HFEAL A3}
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(C.H, ) E°] Si7|ghe 29] Q& (attraction)o] &7}gt
th 223 Fobxl eluR] Aele) A=Azl CH,9)
el s CH, ¥3l 8 717l ees e
AP o] 22w 7} Z7VeHA) 5o A EHro) ow
2ot Ax 713 Zobel b QA shsbpagol
= FE7) F7hste) =707} AR AP E] wEA)
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Fig. 3. Surface morphologies of four kinds of diamond
thin films having same thickness as the poten-
tial increases during growth. (A) 20V, (B) 80V,
(C) 140V, (D) 200V.

Flg 4. The distributions of v01d in diamond thin films.
(A) 20V, (B) 80V, (C) 140V, (D) 200 V.
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Fig. 5. The electrical conduction of hydrogenated dia-
mond thin films after growth. (A) 20V, (B) 80V,
(C) 140V, (D) 200V.

AXE Z7)7F 7bE A D-vlule]| wlEte] 35 &
Xerb Frth o)Al Aafella] nAleRe el
ge] dAE AP e FAHR o] xo wiiol
sk 7F AAFALE Aol 7k Fwd 2AY HA
(grain growth)2 32 #3&}¢l7] dEelct o=l
gake vl & Fuhpowder)tho. 2 4 3 (forming)
9 2Asintering) ¥ W Jehhs @43 FAb8kck
A3, 35 $EEE b xe} geisge] D-vhpo)

74 2sla Qxsl e upatelc)

3.2 $ Clojol2E ulotol |V £4

Fig. St 7]31351 Z7 el wet A" A-, B-, C-,
D-ufete] A7|HEES 24N Slate IV SA4&
ZAgt Hoan 455H et wyot AYA -V 5
432} Ohmic A& vepi™ o 92tx Trap Fil-
ling Lirnit(TFL) @Ah-e 7= =] edofrd. AA7)13H
Zolel ol ANAE w7} AEbd 20 Vel w2 upt
Z AAYA} A7) W FFE(void fraction)e] 7} 2
A-wtebe) A7 et st 7hg A, 200 VL |9 ket
& AR Z71% P AARE 5e] 7o gle]

Fig. 6. The electrical conduction of hydrogenated dia-
mond thin films after annealing in vacuum for
detgassing the atomic hydrogen. (A) 20V, (B)
80V, (C) 140V, (D) 200 V.

2w D-wiute) 714 =) o) x® AA YR} AR
2b2 D-ubute} HrjARms) 7H 2 ol f= 27HR]
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27)= 7bA &zluk B-, C-, D-ubalol] v]sle] Z2o)
719] Sle AW wpie]”] wii-eolcth F58 Ak
Z(hole) ¥2] #Helo] o)%g wlasl trap AL
o EAE oolehEs 25wtk 4% F vt
20l parh d¥siEe] H HY, HM o2 o) 231 ¥
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F|gene] 1 Zstel whet Si flelA] A o
ololr AMWR EsiHA A/|HRE s A
glo] 8 &y] wEolch = o]2d A 5

it AA1AY F7bo) el BE7E 2745] wRol
wﬂﬂaol 2wl % 171987} Foheh
olefgh ol Fig 68 Astst 7 ¥Asw o
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Fig. 62 4559 43+ e oF 6000C, 10X
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(degassing)A17] Fo 243 [-V EAolc}.
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A- 2 B-uputl whvhs Fofl 53] A2 AR E
7h A7) wk g aled o1} C-uhahe 71aks 29 1.4 voltel]
el A 2F 7.0X107° halefell A Hrks Foll=
of 1.3X1077 gl 2 Fhasigow D-whehd H3F
2 Akl sl A FF 4.0X107° shulofel A &
b2 Folliz oF L0X107° sholol 2 o) Be pag
shdrh. o] Az Bol AAVIHY Fte) wet
2 Favh AAEe deloprs AW E]iF
oA A AEe Aol AFE Yok Ae &
Ak zeli vk Felw FFol A9 gl 2A
#z =717} 2k D-utke] A7 dwwrh A-whete
A7NHEE Hep o 2 olfE A-, B-, C-mhgo)
D-utatel] wiste] AARA A7) AX Bz
259 Algle] Edl(carrier trap) °3 % wjFol2tiL
Ars ek

Fig.5¢} 6] A2 Ho} A7 Frlel| ule}
thelet2 e A FiHe A T FEE
Z7kste o] A} Fae AWM ANAHESY
Aeje] d&E grh 22|uz tolojE e whte
AA wpeto g S4stnat & wele A A F
AFE7t2E AA|stejo}f et

3.3. MS % MIS ClO|O[2E CH0|REQ HREAM
tlele = o] HFEAS veblle AFv(rectifica-

tion ratio)x= t}23} o] vtepich

(dar g oAwEke] oA AistelA) (1)

(e o owdkel A" AFstelA) (2)

o7 A, v=A5v], Re=Aw3 A3}, Re=<Hd A

Fig. 72 B/C u]$&°] 500 ppm3} 5000 ppmd of
MS+z thole= AFEAS viehdth 500 ppmd
doll AF0I7E oF 2HERZR HFAE] F3] v
eka}o] 5000 ppm Weoll = Ohmic H4 #1532 A9
3},

Fig. 8¢ B/C ®]-&°] 500 ppm¥} 5000 ppm<e! ol
MISTx cje]e =] HFEAS vepick 500 ppm
A el = A H{07F ket 5VA] 10° A== vl -
2w v}3) x4 ¢Hbreakdown voltage)e] ¢F 10V o]AF
o]t} 5000 ppmell A AFulE 5VelM <f 100 A=

TFR-F38 3R], A3A A1E 1994

1.0
* MS-Structure
0.5 5000ppm
<
-
Z
T
B g |
2
3]
-0.5 -
-1.0 I l | Il 1
-5 -4 -2 [+] 2 4 5

VOLTAGE(V)

Fig. 7. The rectifing characteristics of MS diamond
diodes (500 ppm, 5000 ppm).
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* MIS-Structure
0.5 |
< 5000ppm
[
&
€ o b ]
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S
o
500ppm
-0.5 -
_1_0 " A x 1 A
-5 -4 -2 o 2 4 5
VOLTAGE(V)

Fig. 8. The rectifing characteristics of MIS diamond
diodes (500 ppm, 5000 ppm).
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Fig. 9. Energy band diagrams of MS and MIS diodes.
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