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ABSTRACT

In this thesis, the characteristics of Metal / Intrinsic / Semiconductor (MIS) diode from
semiconducting diamond was studied. Thickness of intrinsic layer (1 pum, 2 um, 3 pm and 4 pum),
Boron/Carbon (B/C) concentration ratio of p-type layer (10 ppm, 50 ppm, 100 ppm, 500 ppm and
1000 ppm) and temperature of eperation (27°C, 100°C, 150°C, 200°C and 250°C) were studied.
The investigation demonstrated that reverse leakage current was decreased effectively only when
the intrinsic -thickness was increased, resulting the higher breakdown woltage. In contrast,
forward current flowed increasingly only when B/C ratio was-increased, resulting the better
current rectification ratio, approximately 10" times, at-#10. V biasing consideration. The
mechanism of the forward current was derived from Frenkel-Poole emission step for electrical
pre-conduetion and Schottky emission step for electrical post-conduction. - Furthermore, MIS
diode from semiconducting diamond that fabricated at ERC, KMITL, could operate stably at

relatively higher temperature, not exceeding to 250°C.
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Large, separate grain
No damage, impurity
Proven technology

Reproducible

Uniform, reproducible

In situ process
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not practical
Dirty, damage surface
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Dirty, damage surface
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M9 3.2 Boulvdnidiu B:C vosFudumysriiannldlunisnaasa

ANUNUIVDIFY

e 8M3183U B:C (ppm)
DUNTUTA (m)

1 10 50 100 500 1000
2 10 50 100 500 1000
3 10 50 100 500 1000
4 10 50 100 500 1000

Vv ¥ v
Tavmunsnesuneiuaeunenua AR uHumwimaudugn 3.8 Taolalen

Tasaada Mis naaaSenndonladindn wamhlasnasunaauianialwiee

363 Anwmavesgamgiinanentainuvedlalealaseadia Mis
lumsmﬂaaafiﬁumsﬁﬂu154nmﬂ%;ﬂuuﬂmamﬁnﬂﬁww"lﬂﬁwaﬂﬂiﬂﬂ
Tasaadie MIs efavnidumes dianaulifgaunigs 9 Taelfuasumsadiasy
@earuviade 6.1 Tandenlddnridan B:C 1000 ppm HAZANMLIUDINANNYT¥iIA
funiudn 40 inidudenlynedt uinilaloaitadiuade e aeunamiEma v

o laTopogluuoadounifigumgl 27°C (qungiive), 100°C, 150°C, 200°C gz 250°C

3.6.4 anmaaiglihwealalealnsaadra Mis
Tudnfiiunsnsasasusin iy ihvodlaToalassadre Nis idefideululy
miai1ean 4 Ay Tavezfiersan laleanlishsrdau B:Ciflu-100 ppm uag 500 ppm il

3
as o o = a0 e ! @
mmwuwawuﬁﬁmwmﬁuwaumucﬁﬂmaﬂmﬁu I'pm, 2 pmg 3 pmdla® 4 pm




UNM 4

Namsmamsmﬁmﬂzﬁwam‘smam

waannrIuRIZUIUMs A umudwUtuaou tazidouludn 9 Admualiie
v . ¥
naasuazasvaouluIneinust Budluunh 3 luunideezigueiananisnaass

4 " ¥
wiounadmszinamnaanan ldaaas 11

af ¢
4.1 WaMINTIaRUAMINTAVBINANINYS
) o C ; ° = wa L4 - o ay Y o
dmiuluideilvsdnausiinuanidve sl aumysidunsizd 1anouii 1y
1 4 A 4 " =
adrame litulaToalnsandie MIS ternynavesdonlvdy q dndald TasmsTwmsiev
3
AuauAveIAumMYs19201Ws Raman Spectroscopy. Scanning Electron Microscopy Az
X-Ray Diffraction 1#WoA30aaUANMTUMYS  ANUREAUAIVDINIUNYT 1ALIZUILYOA
o ey :fd;(, Y = o o . = o @ -
Nauns NAUATIZHIUAWIT HFCVD M udiaL Ad7UN 4.143 muddu - 1n3Ua 4.1 aw
= ¥ ' & o o A o p R IE 4
mu1d91 Awenved Raman spectrum M ia ldonWaumasiduasizntiliaiegn 1333 cm
ot 4 A Y 1 s e, 1 o w a 1
po1avaay F30e 1dHdumys e IndiRoedumys 535u%@ (AwoA Raman spectrum

[ 4 1 ' i 1 4 - '
Y 1332 em” andinan iluunii 1) wlineglivoavesnsiva (1580 em™) sauegaae

¢ e

1 3 1 o A N Yes s o e
uanNugaeans AN Audelduidunsigd lddinumnifdumysuas S

¢ o
n31 IWad e
. 1333
|
]
1000-{ ’
|
2 | tl
£ mw ;I
2 | #
= s ft
2 o |
= 1
u 1
Rt J\
! i
i i \ 1580
i J ‘\_,v ‘.a"-'m\_
200". .,—‘"“'/ g \\‘
5 e S o eel Set Sl e
.
800 1000 1200 1400 1800 1800 2000

Wave Number (cm™)

4 [ a @ d ey
5U% 4.1 dnuZYD3 Raman spectrum YDINAVNYIINMITTUATIZHAIWIT HFCVD



a1

= o * = e = a YY  ad
?‘ﬂﬂ 4.2 ﬁﬂﬂmgwup*lqa]ﬂ\]ﬁﬁhiwcﬁ')"jgu‘u (111) ﬂﬂdlﬂi]gﬂﬂlﬂﬂqﬂqﬁ HFCVD

uf A o ¥ Qs 0 dy = d a4 o ¥
yanINiu WokiNsAsIIaeURIuds SEM oz laanuaziuiive dumwysndunsied 14
o - o ' - 14 :j a = I o a a A w L4
Tuzdn 4.2 FadlusmedanivedaumysMariaNiosHduwys YA UNTUTANTUATIZH
Yy v ¢ H - )
YunmualanyuzAofud UM sERY (111 U933UN 159 910u0% 1 1agHanInase
= 1 .:sy‘ sk - ,, L a ~ - a
ADUTTU VDIV AN ATNAIT X-ray diffraction 3 1ANTIMAIZUN 4.3 Fedauaasld
g Ny eyed ;d e S = 3 Ay o
wu 169 Haumys ilguauifdusan s izasiunnmins e U AN auINYS
3 c‘y Wy ﬁ o o Qs =S ) o 9
vanuail | awnseaU1891 dhuilduweshaaeuiamunz audsaweniunistih hadaiu

TaToaTaseasia MIS ae Teanynaiaulame wihdmnaindweduluund 3 uds

Intensity 44.10
s007 """

400
3004
1
2004
[ 75.6
100 (220)
r’ﬁ W gy /-ww“wmwwwwm
04 T . ‘ ]
40 60 80 100 120 140

2 theta
q‘ @ .:4’J a oA o a a a w Ty ot
31.]7! 4.3 ﬁﬂ"ﬁimzﬂﬁlﬂﬂﬂmu‘u@\ﬁdﬁLﬂﬂ%%?ﬂﬂﬁMlW‘h"iﬂﬁdLﬂi"I$‘Hﬂ’)€l’3ﬁ HFCVD



42

d - d
4.2 Nﬁﬂ'l‘iﬂ‘!'lil'ﬂﬂUﬁﬂﬂﬂmﬂiﬂﬂﬂﬁhﬁﬂlﬂﬂﬁN!ﬂ‘lﬁ

4.2.1 gaanidmaifhvesildumysyiafindunnzdld
HE NN AT RAUN TS YHARD NSN30 TusaUA88A3 189U B:C
o -:i o/ |
10 ppm, 50 ppm, 100 ppm, 500 ppm LA 1000 ppm UdMATBUNAUMYsNFUAT I 14033
Seebeck effect WU Wuvesfauesiwesiinsasuauauuwdy I lufiameuan uaasld
IR d ¢ . = L e S e PR
sy aumysidluddumysatian  wamivdsiwduda levdanud s siani
o -4'! asim ar o Y Ad’ Ai 9
Zanlanznesduneareaeuguanivesnszua-ussauvesiaumyiviiait  Taoield

ussau ludanunesdwding ldgumniddwmasluzii 4.4

I (1A)
104 “
",/ '_‘ -
5 D e
~—~10 ppm & ,,;J,
50 ppm Vi = JQ';_, oA )
100 ppm T 7 AENSD = »?"@ Ve e T T V (V)
sooppm | § 04— Rirveemgia ) 1 2 3 4
- 1000 ppm | < o ,,- e
= z . // _5.4
-/ ‘v.”
_1(},4
\
1

51 4.4 quandidnsia-usauvesitdumysrian

wfiuldan Aduwssyiiafivzfinamduniuasasihriiauiiodulinuasde luildy
J . 4 Q o 1 4
mwsanndu  Tasamowdumuninnslugli 44 szaunsmih lddmamiugiu
vosildumys laun Arminanmd NI (resistivity : p) AU szglea (hole
3 o o o a o a [
carrier density : p) FzAUWANIIUHRTTMoUAUTTAUNATINOUF (E,-E,) nazA1na
' a - = &
mivvesTuseuluannzguugiiies 27°C wia 300 K) TAvinaumsh 4.1 - aun1sh 4.3 ¥
v o,: P d‘v 3 @ ar o = v 4
Amanua lduaaslumisied 4.1 Tagonnrnanesil Viadudanesdiilidurigudnas 0.75

- - 1 o - e g e - |
UOAAT HNNUIZEE 1 Uaaias uasHAUNTIFUANNA WU 10 lhlﬂi'ﬁ)'u



43

L
R (4.1)
A
1 E, —E
P = =N v exp(-—-v—-—-—F) (4.2)
q!—thp kT

E, —Eg
N =p.|:l +cxp["———):| (4.3)
kT

3
Togit 2TkTm, |2
faAun My =2 "‘—'h—l"— (4.4)
MmN 4.1 Aulsfiuguag 9 vasiidumys stiafannmnaaos
B:C (ppm)
i 10 50 100 500 1000
AR 9
R () 1.833x10° | 1.083x10° | 7.235%10° { 5.617x10° | 3.889x10°
p (Qicm) 215.96 127.57 85.24 66.17 45.82
p (em) 5.788x10" | 9.799x10" | 1.466x10'° | 1.889x10" | 2.728x10'"
E,-E, (V) 0.181 0.168 0.158 0.151 0.142
N, (em?) 2:626x10" | 7.325x10" | 1.609x10” | 2:713x10". | 5.538x10"
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1=Ig exp(qVA /kT)— 1] (4.5)
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\'s
ln(l)=ln(ls)+'q—A‘ (4.7)
kT

$1v, = 0 visannzauqadaimieu sz 18

m(1)= 1n(15) (4.8)
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500 017 D23 3 58 16.4
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Aluminium i-type Diamond Layer p-type Diamond Layer
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