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1.1A309 Scanning Electron Microscope (SEM)

2. 17599 Raman Spectroscope
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o [ o d [y}
3EMIMUIUIONTIAIUTZHINNUIUDZABN ] UTOUADAIS UBU(B:C) HAZOAT 1Y

o Ly d H
szrinennuezauraarasanamsuau(P:C) n¥lumsnaasa

freeha nIdideensiassuaIIazmedalszneudie leniiaueanesead(C,H.0H) Usuas
50 cm’ taz Tuseu ievzth 1T uumdesuiinesaeuasuoudmsumsdunzi gy
mysyiadl Taglisandiuseninsiuiuezaenlussuaeasvou B:C 1 ppm 3vdoald
Tuseulasosn lad witnmila
Fumoudt 1 vminiinves C,H,OH Tay
CHOH 1 cm’ win 0.796 g
CHOH 50 cm' %in  0.796x50=39.8 g
Funoui 2 viwna luanavesasueulu C,H.OH 50 cm’
C,H,OH 1 Twana 1 2(12.01115)+6(1.00797)+1(15.9994) = 46.0695 g/mol
1ag C,H,OH 1 mol finfueu = 2(12.01115)
= 24023 g

oy C,H,OH 50 cm’ = 398
46.0695

= 0.8639 mol
C,H,OH 0.8639 mol %ﬁmé’mu = 0.8639 x 24.023

= 207535 ¢
%umwﬁ3141maimaqamaﬂmau1u B,0, 1 mol
B,0, 1 Twanall 2(10.8115) +3(15.9994) = 69.6202 g/mol
1oz B,0, 1mol HTuseu = 2(10.8115)
= 21.622 ¢

v
(Y4

v Y v )
Tuaoui 4 vmiviinveslusouidesldlu C,HOH 50 cm’ 1old 14 B:.C 1 ppm
1
10°
= J 6 9 =
Wiede msueu 10° g vvdeeliluseu 1 g

Tag  B:C 1 ppm

faiumsven 207535 gaziiluseu = M = 2.07535x10° g
10
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Tuseu 21622 g @dlu B0, 1 mol

Tusou 2.07535x10° g oglu B0, 2.07535x10°x1 — 95983 x10  mol
21.622

aatiu vzdeeld B,0, 1miin 9.5983x107 x 69.6202 = 6.6824 x 10 g

] [ 9 ) o o o ] A 1 4 F2
%']ﬂ@]’J’ﬂfJN‘U"I\WIL!Z’ﬂMWﬁﬂUTllﬂﬂTH'Jﬂ!ﬂﬁﬁTﬁﬂuﬂg@’E)iJﬁWﬁL‘i]’l’Wl’ﬂﬂ"li‘U@ullﬂ Tag

k4
HuuIMImsmuarleuny 1ieeuansal miﬁia%ﬁmgu HTunpumMIAUIMHlaUNY

E4
~

~ 4 & = o = o
Meulasn Yupoun 3 uaz Tuaoun 4 11uas

v
U

Tumoui 3 vinaluanavesluseulu PO, 1 mol
PO, 1 Tuanall  2(30.9738) +5(15.9994) = 141.9446 g/mol
waz PO, 1 mol Unleanesa = 2(30.9738)

= 61.9476 g

Yumouil 4 vmiviinveseaneandesldlu C,H,0H 50 ecm’ 1ol 14 P:C 10,000 ppm
_ 1
10°
= o 6 9 =\
MUede MsueY 10° g azAvali lusen 10,000 g

Tag  B:C 10,000 ppm

Y
faiu miven 207535 gaziilusen = 20.7535x10000 — (207535 ¢

10°
Woawesa 619476 ¢ @glu P,0, 1 mol
o ' 0.207535 )
Woanesa 0207535 g oglu PO, ———— " =335x10" mol
61.9476

Y 14
Y

aiu vzdeald PO, vhwiin 141.9446 X335 x 10° = 04755 ¢

5

a { a 4 a
Tunsdlmysrilai Aldenianeanssead(C,H,0H) Usuas 50 cm’

Y
)

B:C 1 ppm @odl¥ B0, thwmin 66824 x 10° ¢
B:C 100 ppm @odl¥ B0, thwiin 6.6824 mg

B:C 1000 ppm @edl¥ B0, iwiin  66.824 mg

a < { a 4 a
lunsaimessiiaou Nlfeniatoansgoaa(C,H,0H) USu1as 50 cm’

€

P:C 500 ppm @edl¥ PO, thwmin  23.776 mg
P:C 5000 ppm @edl¥ PO,  hwmin 237764 mg

P:C 10000 ppm @odl¥ PO,  min 04755 g
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Property Value Units
Hardness 10,000 Kg/mm2
Strength , tensile >1.2 Gpa
Strength , compressive >110 Gpa
Density 3.52 g/cm3
Young’s modulus 1200 GPa
Atomic density 1.77 x 107 Atoms/cm’
Thermal conductivity 10 - 20 W/ecm-K
Optical index of refraction 2.41 Dimensionless
(at 591 nm)
Optical transmissivity range 225 to far IR nm

Optical absorption coefficient 0.05-0.3 At 10 microns
Dielectric constant 5.7 Dimensionless
Dielectric strength 10,000,000 V/cm
Electron mobility 2,200 cm’/V-sec

Hole mobility 1,600 cm’/V-sec
Electron saturated velocity 27,000,000 cm/sec
Hole saturated velocity 10,000,000 cm/sec
Breakdown field 10’ V/em
Bandgap 5.45 eV
Resistivity 10°-10"° Ohm-cm
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The Study of Electrical Characterization and Optical

Response of Diamond Films
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niufiusd finAaudsng IgnE §Agades

quiiobiBansedind auziminsumani nondumne luladmzesunduiqunmimanszda

uninee

umaiifunstieue Auauianie i uaz rarouauIn LTI IWYS ¥iln A uandu Tae
38 cvp wuuvamnnudeu daidumesyiiad 1fundssisie Tuseulnseenled (8,0, Tnvafrafdumes mn
sz 4 pm uaz Whsulasdasdruves B:c 1y 1, 10, 100 uaz 1000 ppm du Aduwyssila 1du 14
undase Ae Mearesmmueenlas (p,0,) unziAsuntlasdnsidauea p-c i 300, 700, 1000 uaz 10000 ppm
wuinile m1m'i’fui’wammﬁa'[mﬂuqaﬁu sl muidianas uariinamdudunside 10 ppm
w1 Sesrdauvesrmmi i waunsdean iy Infhiie fegage A 1.036 Tavkaneunusamudsveaildy

v ad &
maﬁaqnmmunﬂauﬂizmm 235nm

Abstract

In this paper, we proposed the electrical characterization and optical response of diamond film (n-
type and p-type diamond films) by hot filament chemical vapor deposition (HFCVD) method. B,0, was
utilized as a dopant for synthesizing p-type diamond film. In the synthesized process we varied the
volumed ratio of B : C as 1, 10, 100 and 1000 ppm, in order to synthesis n-type diamond film, P,O; was
used and volumed ratio of P: C as 300, 700, 1000 and 10000 ppm. We found that the more increasing of
boron dopant concentration, the more decreasing of n-type diamond film resistance. Morever, at the
dopant concentration of 10 ppm, we get the maximum value of ratio between &, and &, which is equal
to 1.036 and the optical response of diamond film has a maximum value at 235 nm wavelength .
1. ymi
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2. nadnms
2.1 ngug
- a - =4

717 1 uomsdnuuz InsaaFevendnmes
fianuuz Inssadramaniiiuuuy face center cubic (fec)
TagezmpuveanfueuIziMzIfsIfudIeWuTELLY
sp’ Msdusaduvesmsueussidnumziiulsumaumnn
mdoy Tnvesnenfieglndifvadusziimsmieulu

Amdagauazdaduiu

U 1 Tnssadrandnmes
AuauiavesNdumys (enlTsufoudy
. - . 44
Fanouuaz unadouerfiwlud uaasdwTed 1 9
2 - - 4 0 . o -
msisanarindoydumsiednimanlumsndn
ginsaldidnnseiing Taseruisoagudedveanys 7
A o e oo
wwizanluns Wannfluasfedni dadl
1 msiifmgeshandssugs Januzdmiuld
uf guugige i liewisonlugualszy
wimzl&
= = a d a2 s FY
2. mysininediladiannindr dildawise
M ldRfinmiige

3. fimanmadesves sidnaseu uaz Tea ga

Materials Diamond Si GaAs

Crystal Structure Diamand Diamon Zinc
d blends

Energy gap (eV) 5.45 1.1 1.43
Electron mobility 2000 1500 8500
{cm®/V.s)
Hole mobility (cm’/v.s) 1800 600 400
Breakdown field (V/cm) 10 x10° 5x10° [ 6x10°
Resistivity (C2.em) 10" 10° 10°
Saturated electron 2.7 X107 1x10° | 1x10
velocity (cm/s)
Dielectric Constant (E) 5.7 " 12.5
Latiice constant (&) 3.567 5.431 5.653
Thermal conductivity 20 1.5 0.46-
(Wiem.K)

M9 1 naasnslSeuiou guandAvesldumwes

o aa - < s
AU FanRdU LA l.l.ﬂi\li'l!.lllﬂ'tﬂ‘lf‘luﬂ [1]

2.2 nszvumIada

Sumouusn AIMsimIougIuTed Faneu (2]
TanihwdadreaTumysvuia 1 pm  ud iy
Faneudirumsdadlivhanrremawnszuauns

oo o

wInsgIuvesguidsuBidnnseidnd  emiuriinis
Funs 1R duwys ¥Haan [3] uazidu [4) Taold
wradaniefumisazasnauyeneaneaed fiu Tuseu
1msoen'leys # 1ppm, 10 ppm, 100 ppm UAT 1000 ppm
uaz MsazawHTuYBABanegpd fuHeaesmwue
an'lad 300 ppm, 700 ppm, 1000 ppm tiaz 10000 ppm
awdrdy i dueu Wi duda Taeviinas
mAsuTanznesdfuTnaAdumys mwalnawi
29ALUVUAININIT sintering '?iqmﬂgﬁ 500 BaA
warden uat 12 uif nEeentiu inisnade
#2057 Secbeck  effect BN I¥IIAVOIUTZYNINT
daunn (Tsauaz Sidnaseu) saualdn fluauIianIa
Tl 19U AA UL (Q) AN A TUN U (resistivity -
p) it W (conductivity : &) AU
UszqTlea (hole carrier density : p) 422 AMWUMLU

= . . £ 4
ﬂi:qm%ﬂﬂ‘iau (electron carrier density : n) AFagrunsh
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Wdumrs
L
R=p— .. 1)
PA (
1 E
= =N E i 2
r vy yexp[ T ] (2)
Taeit
3
27xkTm "~ |2
N, =2\~
n= 1 =N(,exp[E’“7 ‘J ,,,,,,,,, (3)
Tauf
7z
N, =2[~——2”€;’"’* }
1
p = O_— ........... (4)

N, : mrumuuiudouzdsraveuuouiir Wi
(Effective density of state of the conduction band)
N, : mnumuivaouziinaveuiaunaus

(Effective density of state of valence band)

.
m, - waadiamaveadidnaseu iif10.290 m, (5]
*

M, :ysadewoveslea A1 0.614 m, 6]

M, - anmndesvesdidnaseu Jif1 2000 cm’ V /s

: anmAdedvoalea UA1 1800 cm™/ V /s
P

3. Haniinaand

3.1 M33IRTIEYAY SEM taz Raman Spectroscopy
dleiimsduns R duwasiad wda dmn

a729RURUANIAAIY SEM Lag Raman Spectroscopy

aet s EeuuAAsd =19 2 nay 3 anuddu

A e -~
EHT=5.00 kV Mag =5.98 KX Stageat R = 359.4

WD = 13 mm Aperture Size = 30.00 pm

Ui 2 dnuuziamilwesfidumysiidiodan SEM

ingUd 2 ueadldiudnuuziomiives
Aduiwysiiaredae sEM Tasfidnuazidunining
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Wave Number (cm™')
i1 3 wanisasrvaeunueruiAd e Raman

Spectroscopy

FAUNAINNIINUDATITAVD I Raman
Spectrum Bg# 1333 cm’ ' FafimlndiRoafunes
BSIUMALIN (WYTTITUNIA IR 100A Spectrum g
1332 em ' d 31U 031 10K S8R Specruma it 1580
em ) dnuSeBuiu 18RS msAivins uns e

4 wma ya -
Fudinuauia IndiReaf UM 3 uA

3.2 M3A31000UMILIT Seebeck effect
13AT9T0UA0TT Seebeck effect 11UFE
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Direction Sequence Construction for Offline Thai Handwriting
Kor Kitlikorn — Boontee Krualrachue
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Homojunction Photodiode Between N-type Diamond /P-type
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Abstract
In this paper, we proposed the fabrication of homojunction (n-type and p-type diamond films)
photodiode by hot filament chemical vapor deposition (HFCVD) method on silicon substrate. The
properties of diamond films were verified by SEM and Raman spectroscope. Experimentally, the
electrical properties of photodiode were investigated on both of various P:C concentration ratio (500 ppm,
5000 ppm, 10000 ppm). At 12 mm’ photo-active area of photodiode, the opened-circuit voltage (V) was
measured equally to 265 mV were decreased rate was lower than the conventional photodiode when
temperature increased. The short-circuit current (Ig.) was 4.2 mA and getting lower when P:C was

decreased.
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