I mm.; g ik BT fmMf[w'lfﬂ'ﬂ,ﬂ'[wﬂm‘ w:fﬂfi:ﬂ, vl
? el e s\ﬂa ‘ .mm

mmm'ﬂw/m'mmm i mﬂmiulm - AN

AFPLIGATION OF nmmcmn TUIN, FILMS F-‘(‘m | ;‘ AN
p-DIAMOND [1-8lir-S | lhmwmgmﬁg R

WHW\?ﬁ f?‘fd]ll‘.ti 7 M \
L JAKRAPONG ‘»U PAD; ‘f..ul
{ \' ) :

' it L2 e '.I AT . Sl JEIR R
e nunwmﬂmwﬁ'ﬂmmmmun 13 mmm ummm.ﬁnm Uy mg mmwmnm WH TR mfum'urm L

S H'Mu”ﬂ’ll W‘lﬂ?ﬂ ﬂﬂﬂﬁﬁﬁ ﬁllﬂﬁ“’ﬂﬁ ﬂu‘ﬂﬂﬁ
_ | uwmwzn'mn wu&n S
annininalulniing wﬂmmmwmmm AN m.

wﬂ.Qﬂi*) N A
SBN. OT4=15:2708-8 1/ L (AL



duinvoaAnal Nazvoundhmanszly

msdszgnaliflaumnanysiluinlnlalealnssads

= A A =) = aa =1 a ey
INYIVHAW/DIUNITUBA-BANDU/IDU-TFanDU

APPLICATION OF DIAMOND THIN FILMS FOR

p-DIAMOND /i-Si/n"-Si PHOTODIODE

INIWIA  ANAY

JAKRAPONG SUPADECH

. 63623

IV anssssusnnsnasan
nnNn 30

Tu,lh0 11,‘11....‘?...%...5.4'.2.{.'.’....2.?.49

a =Y dqu 1 d' S o a s =
InmniinusiilumurisvesmsannmamangasilSyanimnssumansumiugia
a a o o d
muIanssululasadnnsoting
PUNAINGIE
amiumalulagnszoeundudigummismansziia
.7.2549 )

ISBN : 974-15-2705-5


CLP10
Textbox

CLP10
Textbox


APPLICATION OF DIAMOND THIN FILMS FOR

p-DIAMOND /i-Si/n’-Si PHOTODIODE

JAKRAPONG SUPADECH

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN MICROELECTRONICS ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2006

ISBN : 974-15-2705-5



COPYRIGHT 2006
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



Y

Mo Inmniinus msiszgaaldfauunamsniiu i lalaloalnssaths

a = a o aa o o a
l“v‘l‘lﬁ‘ﬁuﬂﬁ/ﬂuﬂ'iu“lfﬂ-“h’ﬁﬂBU/lE]u-“h’ﬁﬂﬂu

nAN . W SNIWAA - ARIAY
sHanANY 47061201
USyan AANNITUANAATUMITUTR

= = ad =) o
MY ArnssuluInsdiannseting
W.al. 2549

P4 [

oERIURNINNTINUE  seas. Jqnd §AzaGos

UNAAED

= = ¢ o Y o = e o ’q ¥ o
niiwusaivil ladweuemsAnunguauidvesildumes nsdszgnaldauidy
A = 1 + e g
wasiu T Tl ToadaiiTnseadralmi p-diamondi-Sim™-si, AmauAruguvesTila
< a e o ' a a o a Aada
laToa uazAnuinsiiimesaagninans i lnlaloawiail TasTaumysyiafniany
3 ' @ u’:g Sd ada o [
MUIAA 5-20 pm YT UATIHIUAWITFIANVVIAAIAANUTBUNANUAUDTTEINA VU
' & aa a o, - . 3 = o a
uiundngsosduiudaneusiiafip : inwinsic) 32U Aan I umIugs 2,000
: a oo o
Q.cm nunlszum 275 um Taoldesasduiuionoueansseanilusonlnsoon ladnay
] o s : o = [ + 3 v o [V
oy dmiuFuganouyiaeu (n) adrdudlsmsunsezaouneaesmdn lunadunas
YOWHUNANTINTBIAN 4 um  DINMsNAaeInuN Iassadsdananamisahauiiuinia
laTealdd Tasiinszuaiiadszinm 2.3 pamm’, #ndaroludisioglusae 0.6-1.5 Vols,
USIAUWINWTAIGININAT 100 Volts, A1y IWdhiimid)seuna 1.5-27.5 pF/mm® waz
nszuanaalszim 2-28 pA/mm’ egnaiedouasa Tanuniin s 650-9,500 lux #
1398 0-10 Volts A hlumseevaussredyapuuasiinnnudsmesy 320 kHz Hau
1) A mw 2 o @ Y Vv g 2
AmumuInaa 1 kQ (WUNSUNa 17.5 mm’) wenvniinmsnaaesda lduaaslfifiudwaves
o 1 o o

RUNAN WAYDINNUMHIUNBTABNMIRD IURTWNYS HAYBINNUMUIVBINALINTS WA

=

¥ ¥
UDIANUHUIVOIFUDUNTULRA uaxna‘uaamﬂmﬂﬁﬂamﬁm?ﬂum
3

aw A =] @ 4 3
wamsAnyuazitoiuaadlfiiuddnonimveanisdszgnaldauiaumaniy
a a d [ a a a
gunsaldannsedindmenas uazduihunamavesmswaunlszdninimvesTulalalon

»
¥iniine 11



Thesis Title Application of diamond thin films for p-diamond /
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ABSTRACT

This thesis presents the study on diamond films properties, application and basic
properties of diamond thin films for the new structure of p-diamond/i-Si/n’-Si photodiode and
study on parameters to effects on these photodiode. The 5-20 pm of p-diamond thin films
thickness was synthesized on high resistivity of 2,000 {.cm p -type silicon(intrinsic) orientation
of substrate (111), 275 pum. thickness by hot filament CVD technique at atmosphere pressure.
Borontrioxide mixed with ethyl-alcohol was used for carbon source. n'-layer silicon was formed
by thermal diffusion of phosphorous atoms from the back side of intrinsic silicon substrate. From
the experimental results, it was found that this structure shows good basic properties of
photodiode, which 2.3 },LAj‘mm2 of dark current, built-in voltage is about 0.6-1.5 Volts, more than
100 Volts breakdown voltage, capacitance is 1.5-27.5 pF/mmZ, photocurrent is 2-28 |J.A/mm2 at
650-9,500 lux with reverse bias 0-10 volts and 320 kHz cut-off frequency with 1 kQ load
resistance (active area is 17.5 mm’). Furthermore, this experiment results perform the effects of
temperature, carrier density, patterns of electrode, diamond thin films and intrinsic silicon layer
thickness.

This experiments shows high potential of application of diamond thin films for opto-

electronic devices and useful for the development of this photodiode.
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Properties Single-crystal CVD Diamond Silicon
Diamond

Nature of band-gap Indirect Indirect Indirect
Electronic band-gap (300 K) 545¢eV 545eV 1.12
Electron Mobilily(cmzN.s) 2200 1350-1500 1350
Hole Mobility(cm’/V.s) 1600 480 480
Electron saturated velocity (cm/s) 2.7 %10 27% 10 1 X 10’
Hole saturated velocity (cm/s) 1.05 X 10’ 1.05 X 10’ 0.9 X 10’
Breakdown field (V/cm) 1-20 X 10° - 0.3 X 10°
Refractive index: (visible light ) 2.40-2.46 2.34 34
Density (g/cm’) 3.52 5.8:3.5 2.42
Dielectric constant: (300 K) 5.70 56 11.8
Thermal Conductivity(Watts/cm-"C) 20 ; 1.5
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Cp—H+H'(g2)—>C, +H,(g) (2.3)
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2.4.2 Plasma -ASSISTED CVD (PACVD)
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@131497 2.2 A1 Raman Spectrum ¥93 153831300 UA9 A5 VO [3]

Peak position (ecm™) Type of carbon Description
1140 Small size cubic diamond | Occasionally observe in diamond films
(<0.1 pm) with very small grain size(<0.1 pm)
1315-1326 Hexagonal diamond Broad band, observe in shock wave

produced diamond

1332 Cubic diamond First order peak with FWHM of 1.9

-1 "
cm  for natural diamond




M131991 2.2(AB) A1 Raman Spectrum ¥93 1AT9a3 1301 UA139 03T VOU [3)

Peak position (cm ')

Type of carbon

Description

1355 Microcrystalline graphite | observe in material with small grain
size
1550 Amorphous Broad band
or diamond-like carbon
1580 graphite First order peak
2458 Cubic diamond Second order peak
2710 Microcrystalline graphite | Second order peak
3240 graphite Second order peak
Counts
1333 cm
!
20000 .i!
|
|
'
L Graphite Band
10000 JARS s
Pl . ~
R "
= I
1100 1300 1500 1700

Raman Shift (cm™)
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2,52 MINATIZHAWMNATIA Energy Dispersive X-ray spectrometer (EDX) [7]
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3.2.4 anulhirenasveslvinlalea(responsivity)
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3.2.5 anuibugaduvedvlnlalea(Linearity)
anuiusuduvealnialalon nurddnuazyoansmanuduiuisenig
o Aa o - i a w P & a
nszuauas fuaduies Afsamsnldounlasiingd dagili 3.17%d W la laloadl

anuduFadung seaunsoih ) 1dauldedede

NIZUaIad (A) i i o 0
R TIE R TG§Y]

»

k7
AHLUHLTD (Watt or lux)

30 317 anuihuFuduves W lnlaTeavunsmanuduiusssnanszuaa iy

AN LT



28

3.2.6 ﬂ'm”.l‘lm]"lﬂﬂ]'llaﬂmﬂ‘lﬂiaﬂ (Junction capacitance : C})
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aIameveIv lanzmuSuLaa Huun 1

v ¥

UNNIMUA= 9.30mm’

unialany= 2.65mm’

< =b =b,

unfuuae= 6.65mm’

=

0.9 mm

! 1.05 mm ! 0.9 mm E

< 3.05 mm

308UV anZMUT VI BUUN 2

¥
4 2

UNNIMUA= 9.30mm
v

untalanz= 3.08mm’

« 22, b,

UNTUUAI= 6.22 mm’

=

3.05 mm




86

q‘.‘a b s ﬂ;
ﬁ‘)ﬂﬂ1U‘UBQ‘U'ﬂt‘I‘I“I$ﬂ THIVUAY HUUN 3

Spussss
0.1 mm
T AuRaMuA= 9.30mm’
Aundrlanz= 3.81mm’
3.05 mm A do 2
WUNTULAI= 5.49 mm~
1.05 mm
W W
:a vV (7] :;.
ﬂ?ﬂﬁ1ﬂﬂlﬂﬁﬂl?jaﬁ$ﬂ]u5‘1]!lﬁq Hyun 4
ofmemner
0.[ pio
—— P
3.05 mm uﬁa’uum= 478 mm2
7 | |
x> ___¥_
» -+ - Yo

F

1.05 mm —; -+ 75 ="
021 mm 0,175 it 021 mn

r

3.05 mm
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aq a \ e ' ] ;
ATMIATHIVHITIUIZTHINND 1“‘3“039]3”1“1ﬂuﬂﬂﬂ]§Uﬂu(B:C) mﬂ“ﬂ]i'ﬂﬂ 004

faeths lunsdifideamsnionmsazawdalsznoudas ieniiausanesead (C,H,OH)
Y5113 50 em uaz Tuseu'lnseonlad iesziir I 19 uunasduiiaesaounisuon
dmsumsduasieiiaumesyian lasiisnsidiuszninesiuiveraeylusouds
A5ueU B:C 1 ppm. vzansldlusoulnsoonled minmila?
i 1 nmimminues C,H,0H lay

CHOH lcm’ wiin 0.796 g

S CHOH  50cm” win 0.796X50 = 39.8 g

Ui 2 nmihminvesmsueulu CHOH 50 em®
CHOH 1 Tuanail 2(12.011151+6(1.00797)+1(15.9994) = 46.0695 g/mol
uay C,H,OH 1 mol imiuou = 2(12.01115)

= 24023 g
39.8
46.0695
= 0.8639¢g

uay CHOH S0cm” =

.. C,H,OH 0.8639 mol vziimsven = 0.8639X24.023

= 207535 g
it 3 nmiminveaTuseulu B,0O, 1 mol
B,0, 1 lwanail 2(10.8115)+3(15.9994) = 69.6202 g/mol
waz B0, 1 mol Hlusou = 2(10.8115)
= 21.622¢

i " ¥ [ '
i 4 vmhwminvesTuseuluidealslu ¢, HOH 50 em™ W01W1A B:C 1 ppm.
lav  B:C | ppm *L
' - 10°

wwie msven 10°g vedeaiilusou 1g
Fuiudmsuey 20.7535 g ziiluseu 2.07535 X10° g
ynduiil Tuseu 21.622 g 920414 B,0, 1 mol
S Tusou 2.07535%10° g 9veylu B,O, 9.5983X10” mol

Aty wdeald B0, vmin 9.5983X107X69.6202 = 6.6824X10° g
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1IndIBganIsAILIae M MuasasdIuIz e uIuezaouves Tuseude
asveuiina1nawse 1l lunsnaaes iedaunsziidumysviiain - Faiiaa
Wuduvesezaoumsitoninieg 1d ua:ﬁqﬂ'lﬁﬁ&ﬁv

Tunsdl Alleniaueanesead (C,H,0H)U511As 50 cm”

B:C 1,000 ppm. #03l¥ B,0, vhwmin 6.6824X10" g

B:C 500 ppm. #0419 B0, yhmin 3.3412X10° ¢

B:C 250 ppm. #031¥ B0, vhmin 1.6706%10° g

B:C 125 ppm. A03ld B,0, vhwin 0.8353X10° g

B:C 75 ppm. A0dld B,0, wmin 04176X10° g
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Acetone

¥o1nil IUPAC : 2-Propanone

anin 11 : Acetone : Dimethyl ketone

- =Rp.

?aﬁmﬁuq : Methyl ketone; Ketone propane; Dimethyl formaldehyde; Beta-ketopropane;
Pyroacetic ether; Propanone;Dimethylketal; Pyroacetic acid; Chevron acetone
= (- :: 3 =Y 4 o
gasluana :CHO aomz:vounad a: la'lifid ndwu: adwius ww.luana : 58.08
QauRen('w.) : 56.5 ganaeamadQaItionuTI.) : -95 ANNEISUMIZAI=1) - 0.79
ANMHUA(MPa.sec) : 0.32 A le(unlsen) : 400 7 39.5 ",
: d. ar : b 4 d' 0
ANNEINIlUMSazINM3/100 Ha.) - azaei 14 7 20 Y
']
M35 1o (Uses)
" v
- M lunmsiunieadiond Wudvhozats Wlunssedr $uas lav
OUATIBADYYNINOUINY (Health Effect)
v e 3 1 Y a - [
dudamamele : msmeluerleszmovesmadh luszneldiRanisszmudesresz
maaumely mliidaeimste Goufisuy nay uazihafsuy $11850105maann 4 3
HaNIENUABSTUVY ST A MAIUNA1Y
¥
a L a el o _ s Ll ) o o s ) o A
auRaMaiImie : msdudagnAamis : szdeiiamsiaeiu luiuvesiond Suily
aungih Ifidaduuae Amfutsazuan delfifaonsthauauindenld
tumIenawiny : msndundefudh T luySantoss lidel¥ifasuas 1 uaninay
niondwdh ) lulSuamnnesildifaenisthaies aduld uazosoy
dudagam : msdudagna leszmovesmsvznoliifanissemuifesnont 117 Uasm
v
i Ina mumsuazilam 18
@ 5 7 ' Y a = ] =) o VY a ar a LY
aunEI3931 : Ao lHinamsszmuiftedaguus mFeornsh lfidamssniruvesiomiald
P '
msulnaviimelea nsaen la vie'la nszmizilaan:
ANUAIAMAZMIINAUD38 (Stability and Reaction)
¥
Y = =1 - = -]

- ANUMAIAIMIUAN mstiadosnoldanzlnfvenis 1Fiazmsidy

d v o "y ' ' a Y Y as = a o
- msmdiululd - TuwausznIense luainduduuaznsadaysn, mseondlad,
e lsWesu, usantla, mstsznevnasiu, nia, Tnunadoufitmen las (potassium t-
butoxide)
- anmzfinaimaniaes anwdou wad v undeyeda Tluazans g hilg

- o { a s o«

- aawniiduaseiiianamsaaiody miveulasenled nazmfuouueuuenles e
= J - 1 ° ¥V ar
navuiegnauiouih Waaiusa

o - -y fnd " a J
- DUATWIINMISINAYRATuINeAET : 98 TuifAvy



93

M3NadARsEazm 33210 (Fire and Explosion)
wuldoa):-20  gagnda i ldiosow.) : 465
= - J A' @ a a Vv :‘. - 4

-msziiia widadn Iddodudaiuanuieuiigungiinnnigai v
- dauwan loszmeivemmzsziialdnoludasitaniiu 1w
- Toszmoamsouwinszne ligumasyada Iuazida IWdeunduin1g

@ o a 4 o Y a a ¥
- MU Auaseond lagorvtuaimginliidamas Tnsd

= sl = < ) v A o ¥
- MyuzussynUantinatineruiaszia ldide 145 uanudon
= o o a @ o o

- MuANBuaTwNannnMsaawiImiveulaeenled wazmisueuveuuen s oy
= 4 4 ¥ s q ¥ o
navuBgNANUIBUM 1T aa10a2

»
- mi3tidod haeszy Indhating

o - o a a a o o o
- msAumaslunsdidamas vl W ldnaniiuds ueaneesed Tnly niemsvenlanen'lad

¥
-9l 18ma lumsdumas
o { g A - T T
- Wldmsdamihndudouiendeidunruzussyiignindang | Fosnsdmiinnialnald
Wudawenihi'la W uaziiie
foatunisdudadumsuaznoroindostuyanaiiozidr lunyganisia lnauazns
unwsnszvwvesloszive
o a a 1 Y @ 1 Y [

- lumgmisalifamasInd Waauldyailesrumaniinazgunsalshomolesiiaiigeons

ar s (-4
TuAa(SCBA) wiounumhmnuuuduni

mafuinyvasuiiiumdendne/vuas (Storage and Handling)
d - s oa = ad = s =
-inulumsuzussyitaiiada IuuSnafidu i vazuSnadiimssuemmiisene
o [ ' a - ar [
- livieen : anwdeu nlad I undsgada W uazansidamu i 1g
¥ = a oo Y o o A % A
- wnguyns luusnaiins uazifuas - dimandeudoluilas
. ¥
- nanidoansniole manduiu msdudasuiomi uazidesh

- Midahnnuazeoiasiane Isimondainsnseuie

MIMIAn3ti3311a (Leak and Spill)
acd = oaney d'l = ey o Vv df o o
-dImsUfiadienagiamasava - WszvwemaiuifivniIna
. ¥ '
- Windeuthuumasyada luianuaeon 1y Waauldgunsaitlestusuasudyanadi
& a 4 & 4 da » dpord
manzey - fuuenuTnuiivnia Inadluiuiisuasie - flessuynnaii liifuitesnonlyl
o [ " A . AW o1 =
- inunaziwesmariunauin ¥ lmidodu 1014 - 19in3esilounzqunsii line 1ida
Uszmoln
o a =) w oy (Y] & ] e
- inussuveama lumyuzussyimnzaumiegadudiuiaqies wu uiiunse

. Y - o ' =y
(vermiculite) N300 A (earth) uazidulalunvuzussymnveudvarniad
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- ot 15 Tagda 1WA 1w Sides Tumsgadumsiinnia’ina

L

¥ ¥ g
- ptrfindasneszuni Sasiinnir lnadshignda vl

L

- Midadudeuioaaiongu leszime ietleatuyanafineivmezid lunyganissalna
wazRadaunnni Ivasenainnisduia
-uush 4 aggaduanihazarsiumnnia Inavesmsi
-msnea lasiharsndumnleIng s ldmsauRoaduveadosuasie
» ¥ v

- nszyIuMms 1¥usenmsuilouvesaistisedoutdouuuamalunmssanisveudoln

s [ LB L t o = ¥ ¥ a
- MsvansAuMsuUs el lAldudrezdesduiiunis Waeandesfunguune any
ADINITVIFIUNAMAZHDIDY

) o @ a waq Y ] — o
- mifnsanmsmive : U§ialdidu ldemwngszdouinmensmsimua

mMsUgunguia (First Aid)
wiglowny : velad 1d Windeudween luiemmisant” Sdihonganiols 1y

moiea dvelediuin Ieendiou 1has luwuunwnd

- o - = ; L 1] -
funsenawminly : msndunsenud ) owszi I¥ifianisensoudy udeginssdulding

9

(ARFNIRINIINN! ‘H1ﬂllEl']ﬂﬁﬂ'lli]tluiﬂﬂﬂ')ﬂlﬂtﬂﬂiﬂxﬁﬂﬂ'l mai’]mnumimu“lmmmmmmm

] 1

msonoudgen vuilnhdalashndihoiinuaad vids Tuwounng

e = ar Y o e L) ar Y ¥ - w o Y :‘ = 1 ¥
dudagniAInila : MidudagnAimia aadesdmisiuidnhuSnaung sdaties 15
- 4 - 3 ° " o o

wi wienoeadeduazseuinnlsezioumsindoon ddlUnuunnd 1¥¥iay
4 Y ' 1 o Vet :

azormdoruazseamneuihnldonass

o e Y @ w Y 9 o : - 1 v = 9

audagna : Midudagna IMRadsmmuidininfsuamnn 9 etrafes 15 wii wisw

a o ° ot o
NIEWTUMDUMEMIIMIA1 W TUnuumwnd

Chromium trioxide

#ﬂmﬁﬁb’ﬂﬂ : Chromium trioxide

#9ﬁaaguq :Chromium anhydride; Chromium (VI) Oxide; Chromic Anhydride; Chromic
Trioxide; Monochromium Oxide;Chromium (VI) Oxide (1:3); Chromerge; Chromium (VI)
trioxide; Chromium oxide; Monochromium trioxide;Chromium trioxide (CrO3):; Chromium
Oxide (Chromic Anhydride);

gasluana :Cro, aouz : voudy @ : uaudy naw : il un.Tuiaga : 99.99
den(’s.) : 250 avavIMAYAITENITIY.) 1 197 ANNBITUMIZ(I=1) : 2.7

anuaulo@u.asen) : dwn  anumuuinle@inma=1) : 3.4
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gamgiiaaadi : > 230 osmuaiiur  anmiiunsa-mapH) : <-1 7 20 .
BUATILABYUAINOUINY (Health Effect)
@ as W 4' qu ' o = o d’ A &
dudamamale - mamoludrliiiesninmsiinanseusziuiamsimeiiodoveie
»

dion wazmadumslaan hidiAaduunaynes uazifagngu demiafuTnssoyn
uazildifineimsdniduaedinemaninizle wielinis wazmeledinn erwildifa
pImsfineaiulea nieeimsgindainlsadia msdudaduasludSuamn ey

i
Wiaemnimanienld

[ ¥ P’ [
FUATNIHINTG ¢ Msduddagniamiy iesninmsiiligninanseunzifineinsiunnaa
o ¥ J ¥ Y a A
nua wazuwalvdediaguuss Juuazmsazmoduduszilumglfifamsszaofios
U d‘l @ oW W a o b= o VY a

GURRPRITEN maﬂuwﬁnumnmmmnmmi‘luuﬂaﬂsnﬂmﬂmmawwm (Chrome sores) 1
mgaduduiigiumodummgifidanuiiuiy Sransznusenmshauvesla uaz
fu viluma WAl ldedansedu
nunsenawdn : msndunenudrhsznelifamas nd uSnmin, ae, uaznszme

o YA aa ¥ o ¥V a d a ¥ ' @ o ¥y ¥
813 011 IMideaTa 1Avh Idifaeimsivune, 91duu, #o4329, msdniruvesd 14, 1du

¥

weanad, Jadousiyz, nszmnh, iiana3a, nuadd, G103 Tai, s vadowden

Andnd, 19, namsiiaedy uaz lanoifvunay

¥
- 4

dudagna - msdudagaautissnnamsiifigninansou i l¥amaniueslida auaa
= 0 ' a o '
1haa uazifauka lniiednguuss ons IMifaualuAenszanmmsonven 14
a a ﬂl. @ a .:f ar o o n’ [ - ﬂ o Y
anuAalnd,ou q : msdudmTesimsdudadn q duniadunainauuesi liiduuwa
¥
WNBs uaziiagvemiautanu Insaayn Mldszmofosdeszvumaduniols duuazla
° = g a et a )
g dhunsarmwosvosiamits msdluunayweasuusnez hiiomsisuile udesneg

u

R 0 q ¥a a”ﬁ & v
W lfanszgnih IdIRAgWIM (Chrome holes) msiliifuaizuziSusouyyd

ANUAIN WAz MINAUJN 3 (Stability and Reaction)
w P g = A ' 9 d a
- ANMUAIAINRIMSIAN : Mstilianuadesdisegan1ie mslFanuuazmaifulng
1 o " q' = = = d Pey - -
- st dulailg - asiensedaa Wl @ssunid wieasiansnifiaeendlaala
" o [] Y aw L4 = oA -~ = (=] =
BUNIIANTI U AszAY 13T darleiegilition nionaradn, asny unyuey Tuiie 1als
ar o a = o = - s
wuda lWa veawesa Tnunadon landon uazimaidioy v ldinannudeu uazifanissa
nIoULn lane
- - oo a A Y] o a a Y A
- ANITANITHANIGLY © MITHANALIINANNS ouRguRuIazMsIian s Tndnde
M3BUNTY
- w [ 3 J Y = =1 o
- MSANIUATINNMTTAIWA : M3 Inll o1vneliina Insdiouoen lae

@ aan - L3 o 1 o
- ouaswnUgaTer Indwesiadu : hiliduasw
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M3ABAANENEzN3521DA (Fire and Explosion)
= = A o v ow - o ' ¥ a ¥
- ManaszialeduRanumsesnd lagvzaoliidanismn Tndfedeguuss
a a J &4 a lI 3/
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e 3 o [ = a wa s aa o
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= 4 e e A - o
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¥V o Y a o = J s
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sziaszedunswiaunadu ldninmssziiiavesdnh
9 = ¢ a a £ ¥ [ =) a0
- Yoy lumgmissiifamdand sasaaldyadlestumsiniuazgunsaisaonle

Y
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FUANDIDBNGIIU (SCBA) TUA NS DU UHL NN UL LT

MaiuinYvaufuindeui e/ YU (Storage and Handling)
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-yl lunmauzussyaiaga - dostuanudonionianionin
o - d v et ' d W A s ) ¥
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< Yo = 9 e & a4 Y oo '
-nuliviennumasiianudeu unasiivsznme anudu uazas sy hile
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' " ¥
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a o $ ¥ da 3 = Y AN a “ o
- nanoadoiniinsduiloumaiai uazdredoneufiveinssulseniue s
- hinsfulszmuens Au wiogquyms luidfinmsdfiaou
P - o @ ' ‘e a 3 | o ' Y a
- myuziussyasindl Mdudaa uANMNMSINLANA190Y 15U Hu voauda o19ne e

s

ouns 10 1d uaz Idgthuien uazemdoanusedasz fatounisldan

MINIANIN5TI1Ha (Leak and Spill)
" 4 (] "
-Bmnlfidnsdifegiaimg i lua : Wssvwomaiuiimnialna - Iaawginsal
@ o ' ~ d 1 o o o o
Heaiudunnudnynnaimunzay - funnauasussyldmsuzdmiuduiunion

o - & VY A a o ] '
N19A 'fﬂiﬂﬂ'ﬂ'5ﬂﬂWﬁﬂ']']ﬂ‘Umz"lﬂlfT']u'l'iﬂﬁlch"lﬂl'WUﬁﬂﬂlaﬂﬂﬂ’ﬁl{Wiﬂ?zﬁ‘IU‘UﬂQdu

= o a waqg Y = ‘:I o
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M3lgunenuia (First Aid)

meladnly . - 5111101111171"hl“lv’u’tﬂﬁ'auﬁij’{l'Juaan'lﬂa;j‘luﬁﬁﬁmmﬁu?qwf ddilau
nganisnigle Tiaomeden drdihomolednn Weendinusae thdelunuummg
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dudagam : - dudagnanlidniuidininlinumn 9 stwdes 15 Wif wlow
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NITNIVAID 9 YN haa lwuunng

HAN3ZNUADTIIAADN (Environmental Impacts)
a o = d'i qe‘.« 1=y ay ¥ ' : Y A‘I
- dunadeugmiaodone demsiniiialuagiu - msiivzgnrzanasgihldau e
o " oy .:ay 1 I VA Ao i
aaniiilmagin - msii lannsomaldeyszme 13 el lnagene
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- maniizindouinelugduussonme

Sulfuric acid

=

1AUN IUPAC : Sulfuric acid

eD.

amﬁﬁ’ﬂﬂ : Sulfuric acid

- eh.

?eﬁmguq :Oil of vitriol; BOU; Dipping Acid; Vitriol Brown Oil: Sulfuric; Acid Mist;
Hydrogen sulfate; Sulfur acid: Sulfuricacid, spent;

gasluana :H,80, aowe:vounad a: Wifld nau: Lifnay unlwana : 98
WAOACY.) : 276 gamaeumaAIBENUTICY.) : -1 - (-30) ANNNHA(MPa.sec) : 26.9
AMMESUMIZOP=1) : 1.84 anuauleualsen) : 0.001 #i 20 .
anumuuniule(@ima=1) : 3.4

- ] E "
ANNENNIaluMazMIBN(N3/100 1a.) azai1 18 7 20 %,

M3l¥Uszloni (Uses)
Mihudaus a5 dumsazawdidnlnslad dhugive dracmity dudauondon
lovou

OUASIBADYUMNOU Y (Health Effect)
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ANUAIR BT M3INALHN30 (Stability and Reaction)
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- msnfiduasoiifannmsaaiod donlfAsordu lanzifneen laduaatiuzdy
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¥
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- siinlgnsndumssunsdh dinamds lnfuazmssuiia

MINASARNBUM5521DA (Fire and Explosion)
dy [ ar a a a = o o =1 :
-3t il - msdumas lunsdinam@s i 1dmuoulaoon law wauaiiuis 1h
S w 9/ o o s
- MIANOUASIWINMTIH 1Y - oon leavoaniusdy
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M3UguneIvra (First Aid)
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Hydrochloric acid
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¥o1nil IUPAC : Hydrochloric acid

omanalyl : Hydrochloride

?aﬁe&ﬁuq :Muriatic acid; Chlorohydric acid; Spirits of salts; Hydrogen chloride (acid);

. =2h.

Hydrogen chloride; Hydrogen Chloride Gas only
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o =1 Tt A q' - 0
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Hyvdrofluoric Acid

¥oi1nil IUPAC : Hydrofluoric Acid
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ANUAINIMAZMSINAY P38 (Stability and Reaction)
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MsUgunenuia (First Aid)
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Nitric acid

$o1ATl IUPAC : Nitric acid
# aﬁ’mguq :Hydrogen nitrate; Azotic acid; Rfna; Aqua fortis; Fuming nitric acid; Red fuming
nitric acid; Nital; Nitryl Hydroxide;Nitric acid red fuming; Nitric acid, other than red fuming;
gasluana : HNO,

aoz s savatw @ : iE naw: pu wwluoga: 6301 qaifen(a.) : 83
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Isopropanol(IPA)

#f)lﬂfl IUPAC : 2 - Propanol ; Isopropanol

#mﬂﬁfl;ﬂ‘l.] : Isopropyl alcohol ; 2 - Propyl alcohol ; Sec - propyl alcohol

éaﬁmguq :IPA; Sec-propanol; Rubbing Alcohol; Dimethylcarbinol; Sec-Propyl alcohol;
Alcohol; Propan-2-ol; I-Propanol; 2-Hydroxypropane; Alcojel; Alcosolve; Avantin; Chromar;
Combi-schutz; Hartosol; Imsol a; Isohol; Lutosol; Petrohol;N-propan-2-ol; Propol; Spectrar;
Sterisol hand disinfectant; Takineocol; Alcosolve 2; DuPont Zonyl FSP Fluorinated Surfactants;
DuPont Zonyl FSJ Fluorinated Surfactants; DuPont Zonyl FSA Fluorinated Surfactants; DuPont
ZonylFSN Fluorinated Surfactants; ISOPROPYL ALCOHOL (MANUFACTURING, TRONG-
ACID PROCESS);
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Winlalealnsaa314 p-Diamond /i-Si / n'-Si
Effect and Application of Diamond Films and Intrinsic

Thickness for p-Diamond / i-Si / n"-Si Structure Photodiode
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Abstract

This paper presents the charactenstic of new structure of p-diamond/i-Si/n "-Si photodiode, effects of
temperature, diamond films thickness and intrinsic thickness for these photodiode. The thickness of p-
diamond thin films, 5-20 pun was synthesized on high resistivity of 2,000 chm.cm intrinsic silicon wafer
(111), 265-275 pum thickness by hot filament CVD techmque at atmosphere pressure and  borontnoxide

(B,0, ) mix with ethyl-alcohol about 250-500 ppm. was used as carbon source. n -layer silicon was
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formed by thermal diffision of phosphorous atoms from the back side of intrinsic silicon wafer. From the
experimental results, it was found that this structure of photodiode shows good basic propertics of
photodicde, which 2.3 pA/mm’ of dark current, more over 100 Volts breakdown voltage and 2-7 pF/mm’

of capacitance at -10 Volts. Moreover the experimental results petform the effects of temperature to dark

current, diamond films thickness to photocurrent and intrinsic thickness to dark current. Although, the

performance developments of this photodiode are needed but these experiments show the method to

improvement and control efficiency of this photodiode.

Keywotd : diamond thin films , photodiode
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Abstract

This paper presents experiments and results from the fabncauon
of aplwar AVV-SVAl suucture MSM photodetector. A V-rype sihcon
layer is prepared by gold diffusion technique. Both of the electrical

and optical are measured

istics of e fabricated photod

and compared with the planar Alin-SvAl structure without gold atoms

MSM photod. From the exp results . it was found that

both photwdetectors  showed the volage conuol photocuriant

charactensucs, at the same light intensity and biased voltage. The
photocurrent value of AVV-SI/Al photodetector was smaller but  the
photoresponse was better. This is the effects of gold awoms in silicon
Jbecause it creates the decp energy levels and acts as tapping center
in the energy gap of silicon , then the recombmation rate of excess
carmer is increased, on the contrary  the minority camier lifetime in
silicon is decreased. These basically expenmental data are useful for
the development of silicon based MSM photodewctor and also can be

applied 1o the silicon optoelectronic Integrated Circuits.

Keywords : Photodetector, AUV-Si (Au DopedVAl, MSM
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Application of Diamond Films For Al / n-Diamond/ Al Structure MSM Photo-detector
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Abstract

This paper presents the synthesis and application of
diamond thin films for planar  MSM  Aluminum/ n-Diamond
/Aluminum (MSM) structure photo detector . The n - diamond thin
film of 3-5 Pm thickness was synthesized by Hot Filament Chemical

Vapor Deponition(HF CVD) technique at 1 atm. on p-type silicon(111)

substrate, that was scratched by diamond paste. The mixed soluuon of
P 0,(10,000 ppm ) and cthyl alcohol was used as carbon source

Aluminum layer was entrely deposited on diamond film and patierned
by photolithography process 1o form MSM structure. Spacing between
aluminum pad is 1,000 ptm . From the measurements and experiments ,
it was found that this diamond photo-detector shows the basic
properties similar as the other photo-dewector. Namely, the
photocurient incieases with the intensity of light , at 2 volts of dark
condition the dark curtent is 300 UA and breakdown voltage is in the
range of 4-6 Volts. Although, the performance developments of this
photo-detector are needed but these expeciments show the possibility
applicaton of diamond films from the easiest and cheapest technique.
The development of sensitivity and speed of this diamond photo

detector are bemg investigated.

Keywords : Hot Filament CVD, diamond thin films, Photo detector,

Aluminem / n-diamond / Aluminum MSM
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Study on the fabrication of AVn-Dismond/Al Photodetector
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Abstract
This paper presents the fabrication of Aln-Diamond/Al ot MSM. In this case is n-type di d films, that

was prepated by Hot Filament Chemical Vapor DepositiontHFCVD) method at L atm on peiype silicon(111) substrate, which

scratched by diamond paste. Diamond films was coated with aluminium by evaporation method and p 1g by photolithography
technique for making AUn-Diamond/Al structure. Metal pad spacing is 1,000 pim. Finally, the electrical and opucal characteristics of
photodetector are measured. The experimental results show that Aln-Diamond/Al photodctector exhibit the “Volage control
photocuerent”™ characieristic similar 1o the Aln-Silicon/Al strucwre MSM photodetector] 1]. These basically experimental daa show

the posuibility application of diamond filmis on opto-devices

Keyword - Photodetector, Aln-Diamond Al MSM
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