%

= (Y] g d \ él’ v o W
msansmaziannlaleaflaumys nuusseasiiiea1saNayiiany
THE STUDY AND DEVELOPMENT OF DIAMOND THIN FILM
HETEROJUNCTION DIODE

Bl AR

MR. BUNCHA KITTIRUNGSI

inmﬁwuéf;tﬂud:uﬂﬁ'wmmsﬁwmmnﬁnqﬂ1ﬂ?mmliﬂunisuﬂ1ammmﬁ'aﬁ'm
munINnImnssanivvh
VNAINg IRy
~gamiumaluladnszesundudigammmanszila

8.8 :Z.l,, N.6. 2540

1.0, 2540 ISBN 947-621-998-7

nﬂﬂu :
QUNTIUBIL.. &
M, xv.au,?ﬂ

‘91\‘)

3»

ammnds aniumalulatnszesuindudigammsmansaila



THE STUDY AND DEVELOPMENT OF DIAMOND FILM
HETEROJUNCTION DIODE

BUNCHA KITTIRUNGSI

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT ‘S INSTITUTE OF TECHNOLOGY LADKRABANG
1997
ISBN 947-621-998-7



w - [ Y4 [ ] g )

WataInaninus nsAnmLasVau IalaaRauIngs wuusetAnliagnsmng
SUANY

UnFnm Wity NARTA

¢ v L= a [ 4 = :{ am g A

AAFELAILANINUNUS  nA.Asagns FAfeGEe

SEAUNITANEN AANTTUANRATHINTUNA g1 ANgu WA

NIAT Jranzsu i anTumalulatinseasuingn
Wanmmsaansila

N.A. 2540

UNANE
Inenfinusatiuiasidinaue meinmuariaunmsaiaidumes iRy
dnlssAnfarsioiailalaauusessadiamsinaiiaiy Taaduainnisdnmnasai
Tdunes 1iiafl fatianas VD wuuAamfeu Aroudusia Fastiufieulaatheunn i
yadumsidauazmsin Waswangunsafilunsaiuiinagniian A RE RN
i fiAnuaenigs ua::m'ﬁﬁé’qLﬂm:u“lo’w’ﬁmmu?‘qw‘é Sandnniu deamnsaa¥iamasiy
gﬂmfa\:‘ﬂﬁumquuﬁ'\u?ﬂa‘/’;'lﬂl'dstnﬁ"lua"nHm:‘/";aqmi‘nl‘ifﬂ?:‘iﬂ'mﬁﬁ'aei'mﬂimﬁnu.axl.ﬂm
Tﬂmmmn‘%uéw?unwﬂquﬁﬁmuﬁﬁﬁnamw AT s @ iguan
nassqanseAdaznveng SEM  dmiudnmnuslanainazqnianiifosadlaussionig
Anmanngulununs@eaintesisdidng uay Raman spectroscopy ANANAL FnTAT9
gautfianninifintedidudais dnten AndinmsAnmuasesiirluannaitse
nadaduRuRatin I se dumes Fragaidlunisiofsuomarlldszgnifaiaiuga
ﬂ?:ﬁﬁjm?ﬁ"qﬁoﬁ'\ dwinunndidnnsalindineafradusensnialen  wasWmmniy
nlennuusesadiemssineaiaii seuinaildumes 9laf AU Fanes 1liadu eanse
enlifgaumgige Taensdnmanasindiihseduondishdy awans

nasavradlatenfiafrldtianinsninmsiuazeiugldfemgeuoundanuiminaus



THESIS TITLE THE STUDY AND DEVELOPMENT OF DIAMOND THIN
FILM HETEROJUNCTION DIODE

STUDENT MR.BUNCHA KITTIRUNGSI
THESIS ADVISOR ASST.PROF.DRWISUT TITIROONGRUANG
LEVEL OF STUDY MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
DEPARTMENT ELECTRONICS KINGMONGKUT'S INSTITUTE OF
TECHNOLOGY LADKRABANG
YEAR 1997
ABSTRACT

This thesis presents the study and development on P-type diamond film to
heterojunction semiconductor diode device.The study on P-type diamond film synthesis
was initiated by low pressure thermal CVD method,which is very fascinating both in
research and in commerce not only the most inexpensive fabrication apparatus,low
operation cost,high level of safety,and aiso pure synthesized diamond.
Furthermore,diamond thin films,however,are fabricated on nondiamond substrates in the
manner of cost-saving utilization and make more opportunities for potential applications
in comparision with conventional synthesis using high pressure and high temperature
bulk diamond process,which can unlikely make use of diamond efficiently.In addition,the
thesis also presents and study on film morphologies from SEM. For structures and
properties of film,it was studied respectively from patterns of X-ray diffraction and Raiman
spectroscopy,determination of conductivity type of film by Hot-point probe,study on the
atmosphere component gas effect on the conductive diamond thin film
formation,finally,the applications of diamond film for electronics by the fabrication to
Schottky diode device,the . developement of heterojunction diode between p-type
diamond film and n-type silicon which can be operated at high temperature,and study on
the electrical property of prepared devices.The experimental results of the fabricated
diode analyzed and explained by the aid of the proposed ené;gy band model.
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AANTIR bWES Tanau GaAs SiC
Thermal conductivity 20 1.41 0.455 4
(W/cm-k)
Specific heat (J /g-k ) 0.52 0.7 0.35 0.65
Optical phonon energy( meV ) 163 63 35 100
Longitudinal phonon velocity 1.8x 10° 9x10° 5.2 x 10° 1.3x10°

(cm/s)

Coefficient of thermal| 08x10° 25x10° 59x10° | 29x10°
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Electron saturated| 15x10 1x10’ 12x10" | 2x10
velocity(cm/s) 1.05 x 107 9x10° 1x10° 1x 10
Hole saturated velocity (cm/s)
Electron mobility ( cm? V-s ) 2150 £ 200 1420 8800 600
Hole mobility ( cm® / V-s ) 1700 % 280 470 400 650
Density of states effective
mass 0.57 11 0.068 0.45
Electron 1.2 0.8 0.5 1
Hole
Dielectric constant 5.7 11.9 12.5 10
Intrinsic resistivity ( 2 - cm ) >10" 10° 10° >10"
Conductivity effective mass
Electron 0.48
Hole 0.83
Breakdown field (V/cm ) 1-20 x 10° 3x10° 35x10° | 1-5x10°
Bandgap (eV) 5.5 1.12 1.42 2.2
Effective density of states
Conduction bartd (cm™) 1x10" 28x10" | 47x10" | 7x10%®
Valence band (cm”) 3x10" 1.04x10° | 7x 10"® | 25x10"
Debye temperature ( K) 645 344 1200
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