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Aluminium Antimonide (AlSb) with a good crystalline quality and suitable optical and electrical

properties has been investigated in order to develop AlSb-based room-temperature optoelectronic devices on

Si substrates. Firstly, ~400-nm-thick AlSb films were prepared by RF-magnetron sputtering process in argon
atmosphere at a pressure of 102 mbar, a power of 250 W and the ratio of pure Al and Sb of 95:5. Cu and Si
doping in AlSb films were performed to generate the n-type and p-type AlSb films by the ratio of Al, Sb and
dopants of about 90:5:5. XRD measurements showed that AlSb films were achieved with (111) preferred
orientation, a lattice constant of 6.1315 A and a crystal size of 50.85 nm. For doped AlSb samples, the AlSb:Si
films with a lattice constant of 6.1042 A and the AlSb:Cu films with a lattice constant of 6.1402 A were obtained.

To analyze the crystal structure quality of the AlSb films, Raman spectroscopy indicated that all AlSb films with

strains and lower crystal structure quality by Si and Cu doping. AFM measurements presented 5X5 m? surface
morphology of AlSb having an rms roughness of 2.13 nm for undoped AlSb, 2.85 nm for AlSb:Si and 3.81 nm for
AlSb: Cu with optimized contents of Cu and Si dopants of Cu content of 1% and Si content of 4%. From I-V
measurements, in case of the optimized samples, the electrical resistivity of the AlSh:Cu, the AlSb:Si and the
undoped AlSb were obtained as 2. 55, 4.23 and 199. 8¢ mQ-cm, respectively. Moreover, Hall- Effect
measurements showed n-type characteristics for AlSb films by Cu doping and p-type AlSb films by Si doping
with quite high sheet carrier concentrations of about -2.7572X10'" and 2.4381X10'® cm™, respectively. However,
for both cases, the carrier mobilities are still low. Nevertheless, PIN junction diode structure was designed and

grown on Si substrate to develop the AlSb-based diode devices with quite good diode characteristics.

Keywords : Characterization, Doping, Physical vapor deposition processes, Semiconducting aluminum

compounds, Semiconducting Ill-V materials, Radiation detector, Si substrate
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waz P--N iedmsunisussavgiduniswniatndidvielinou wioluaduaerfindnsluls dadiodnduinguszasa
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o o« 1Y) & a a ¢ a a ° ¢y -:4' 9 % ¢l
wanvsethmunenanvedasinisil Tnefimslinsgimusednsnmnisinuvesgunsaliementsiaulildgunsald

fusgans A mnsviunfuntusieliiens)

[

ngUszaen

v
o

1 eimwlduansisitinUsenauvedssamyay-i vianetu Ninunmndnia Jaudiduaawavaudfinigiing

[ 4

7 wazdenulbilunisrevaussessdniivss@vanmiiisane dwiulszRvgaunsaldidnnsednd 1wy aunsainig
ns1indad lngldmedianisUgnuinsiuiuvaieislumsdgnadniildaudfdandinuingUssasanisldau
2. evmuuaransngUnsaliuuuvesgunsalididnnsefindlaseadna PN uay PN fiad19dunnainTanansiesianh
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®  IFNITLASLAIDIUD

®  |eybold-Heraeus RF-magnetron sputtering system

a s 23 s s
B UTRALUU-EARNUITINDS

® nsalunis

" yinsUgnuruilaunEdn AlSb viunuseana 400 nm vugusesnult lnametaalnneivinensien

=~ o & % so o e & oa o 1 o
LHNUAIDU Iﬂﬁl‘l’mﬂ'ﬁ‘ﬂlla']ﬂ’]ﬂGL‘V]‘V]@\?LL‘UNL‘Uaiﬁ'Wﬁ‘Uﬂ'ﬁﬂqﬂV\lall'uu@Jﬂ']']@Jﬂu‘UiiEJ’m']ﬂﬂQ‘Vﬁ%ﬂ‘U

v
a o L

0.01 mbar waziadnneswesansaiivegiidonuasuouRluusgvsuunidnsidiuves AlSb whiu
95:5 Tunsflnsugnuaiuildu Alsb Mlsifinnsideans

msugnusuilan Alsb Ainnsieasmeddneuuasnaduns Inglunsainfinsideansiugnsidu
YOIAIRIAUYRY ALSb:Cu uazvesdmiu Alsb:Si ddnsrdmpiiufeuszanauviniu 90:5:5 Bl
Y ) s & da o [ Y A I a v a a a v
Judasdmdenuiimi Tagldusiuiagansifeuiuuimsuuiomindiegillen lngidrdvinadu
HuAUdNaIavinaY 76.2 mm  wagszegvisseninadiiuduniniegiusesdie 50 mm

o

vhmsUgnisiuiidandn Alsb Tnefinisusuasuidinsadnmeiatausian 150-250 Yadt tiovnen
fdsadameeimnzaslumsugnusiuildy AlSb Afiaunng
Aouflaziuiundudluieusueiugnitdudu  uiuuideddiunsyhmiuazenlng fuutisiu
uiluezdlnuuagldndusanslodavinanuazeiausiuuin

msUgnuiLiiduuuiuitney  wiudanoutuasdesdiunssuiumstniaihdanoudensadudy
punsEUIUMINIAAT Ao uiuddneudiaggninanuazetndelnsniuea (Propanol) ludessanle

fadunan 2 wiil Weidadueunmalingieguuian waanuuidnansduvidieansazaty

v
v L3

H,S04+H,0+H,0, ludnsndiu 3:1:1 1unan 1 uil wazaavnemdaduilduesnlenvioiusylalasiau

AdaUURMTN Mga1saraly HE Aenududu 5% wWuian 30 3und wedunsilafvtinganau

aa ]
® JFNITLLALLAIDIND

Rigakuttrax iii X-ray diffraction (XRD)

Renishawin Via Raman Spectroscopy

JEOL JSM-7800F Scanning Electron Microscopy (SEM)
JEOL JEM-2010 transmission electron microscope (TEM)

® A1salunIg



" unuilan Alsh ﬁﬂqﬂéﬁmeﬁlﬁmmmqﬂﬂﬁzﬁmaqamwLdn"auimﬂ’liﬂqﬂﬁﬁmﬁuﬁgu WINTIATIZS
auf@L%ﬂiﬂiﬂﬂ%ﬂdmﬁﬂLLazﬂmmwmﬂmﬁuwﬁﬂ (structural characteristics and the crystalline quality
) Inewnaiinnsiaeaunsediond (X-ray diffraction: XRD)

" s seiandRigalasEwanuazAMA MR EUTIRL AlSb Fulnildatinfivanduiiléannis
ﬂqﬂ%?\léml,wﬁaamﬁﬂﬁamfu dindusntulaeldmadiasuuadelasalet (Raman Spectroscopy)
szuufluasnszeu (excitation light) finmeniadu 473 nm unsdiAnwiamaifivturesuiumuns
asvIedaneuvienewnsdluniuiidy Alsb undusriinsdsmansenunseriliinsdidouulas
AunnlassaerEnvasusuildulaogsls

" 511n15IRANUNLIYRITENTIEN15E8ANARTINLAENABIaNTIALBLANATEULUUEDINTIA (Scanning
Electron Microscopy: SEM)

" msleneilasaisiiduumasduiofnuaunmsesdessuineiu uazamnmnsdaisssosaon

YosusartuTian Ineganssaididnaseuluudosizquiu (Transmission Electron Microscope; TEM)

2.3. mAanzianeuzduguimiiveunuidundn Alsb Mugndauanzild
® 35n1suaziATadle
® AR MFP-3D (Bio) Atomic Force Microscopy (AFM)

® N1sALIuUNIg

B NsInseian vl dug U RNt lagmAlANN SENENINAIENAIUTENLTIDENBNYEE Atomic
Force Microscopy (AFM) LileAinw1dianansynuvesusunuaside (doping contents) Midakansznuse

ANTIVLIHUVDIRINTNTAL (surface roughness)

2.4. Mmanzdantinieuasvasukuidunin Alsb nugndaunszidld
ax d  a
® BnsuaziAsesile
B Jasco V-530 UV-VIS spectrophotometer

® N1ALIUNIg

" yhnnsfnwandivinataesiuilian Alsb lnewatian1sinanasuuasiideamszguuusuluauuas
§IUAINE1IAAUYIR (UV-VIS spectrophotometer) Liteaavinetiuiialilansiuiiadmaaau

ForINUTIE (the optical energy gap) vasianilduiignleil

Y

2.5. mAanziandnsluiiveswiuidungn AlSb nugndauaszild
® Bn1suaziAsadlie
®  HMS-3000 Ecopia Hall-Effect measurements and |-V characteristics

® N1saLunIg

B yihnsAnwantRnislidivesiliduung AlSb Menlufinsideans Aauniinisidenawnd kasHduninng
Wadanau e tnmaAranmnseumulni anwnsilad @annnisiedsuivessitn i wagen

ANITLRILTEBE AN UNAINaTIIIaNNnd] Wislddeulunisugnlanuns Alsb Tuladinaunin
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AnfinuaslaniRiduamazmsliifunzaunudosnisiiensiauwgunsaldidnnsedndds

>

noUszaan

2.6. MydnziantanazannInvaslalanusuisungdn AlSb nuanduasziuugiusesdaneu
aa o A
® BnsuaziAsesile
® HMS-3000 Ecopia Hall-Effect measurements and |-V characteristics
® nseiiunis
" fenswianizReulunsUgnilduuns Alsb wsngan Tunisugniiiebilaaudinisilndihiiann
NsilenewAarganeunudnTdLTInANMINgaILa . Jwihmsvanilanuie AlSb  vianetu

Tassasalalon vuLHUgILTDWANU (Si) MIUUFIUTOITANDUINABITZUIU A Si(100) was Si(111)

" yhnsiassiandilniuas audnvasnsliihvesiiduuimansdulassadsgunsaldidnnseingd
ponuuuUsERvglatl meawadanisiandiiilaenisin 1V @nwidanisausanialni welilansn

AUANTUS 1V characteristics curve vasgunsailaloniiugnlatu
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Washedewhnmsiaunnuiadunu-afonuisines iedmsunisugnudnuuudeundnd msuimnduianss

q

suvsathdmsumslgnilduusiemaiinadnness
wnUInduuu-afianuisinesilanunsaUanieundnuweudluiuiansle Inesgnmgiinisugnil 1200°C Fefiou
nanfinluiluianssiulunsugnilduusegiifisnseusluluddmewmaiinadanesdluiunausdeluléd

& =% a A v A = o = an v o o ca & a ¢
wvaenillaldlunisugnudnetinduse fe nan Csl Bsmanilaianunsatandseneuiugunsaldidnnsetind

lassaseiiulalondanegiiouneudlulug (AlSb-based PIN diodes) Miiauauld uagwiniiugnlatinaning

U

v v v Al

Weanalun1sauI U Insadls s1uazdunsnanITITuN A ANURINE NS IUINTA1TIVINITHAI LU

wiuTldunAneaiiifonuoululud (Aluminium antimonide: AlSb) ilgndaasgsilagisnisalawmes Inglyld

nsevioudunulaguiiniuvdninnisugn wevihmmaassaAimdweuniesatdaneinazimunli
winganlunsugnusuiidundn Alsb U Juihnsuiudeumdinsalnnesvesaisawuniingeu (the power

of RF-magnetron sputtering machine) fifn 150 200 waz 250 ¥ad Fanaudaluisnsmuiuny

Wasarruamduesasatnmasiin 150 a6 naainnisdunasieniian wuin Juenuile Wlmdudnvue

'
a

wiufldy Wudnvasnuennsazdendmimsfuiuniroudisuiannliaminaue fuisiuingglusanszane
ya o 1 (3 LY a

Ty dwsuiinda 200 Y6 %umuﬁlﬂmaﬂwmzLﬂuLquWauua‘]aaﬂaﬁw waviilouinidatnmesiu
250 $a Sunuilddudnvaswuiidurdouinuuwiueia ffmihSevasteunaunuaiiounsan

Slevhiunuusuiidunniiugndaeseiiiiidandes 250 Snd § snesiaiaseiauiddasasaasauam
anudundnlnemaiinnsiaeiuuddiend (XRD) felvuaduny /20 nansawnuuanslfiiuii uuildud
Ugndansesilafitduaies 250 fnd difuusuiidundnvosansusznovegiidounoudlulus (Alsh) Tned

1 o A

laseasinisisgamvendnidssuruiiaudnde AlSb(111) wardin20 NUAAITIHENTINVTONYHEN VDS

agfifley fia Al(111) waz AL200) vistidessunandliiiudy Yszauanudusalunsugndunsiziuduiidy
HaAN AlSb Memalianisugnisnsadawesin3esil  RF-magnetron sputtering system  W#i91 KANITHATIN
VOWUNULNUTENTIUaNF AT e iAInaua3ee 200 Tad W liuansfin 20 983 AlSb w3efin 20 vpseaiiideu

Y Y

Tnq fudiiesiinveswouiluidnillassaiadu fe Sb(012) dawandlugui 2

anduguil onaflasing nsdnsaeianisalameditudmaliosnoufingersnoulindsausatinis
\AARUTIAN TINTezRoNYeImTAsAuuiind Aty ndsnudinaniiedmiunsindouniiieliiin
msvunszunnthansisiu nswedsuildinmedigiuses nsdamievseneviudiuduasusznoutased

gayheieliAnnsinzlleiaidanmenimuuunuguses Wewhedn Undmluudiegliflondusinlansliuse

Santeivedassaivezneundinuguazulausiniveeuilud dwuegillendsdinudeanisndanuild
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Tunsunssunnesnutugendt Jaililianunsaugndaasesiiidu AULdTMEeTosingt 250 s waznu
uoiduFedunsoseuludvibu wioghdlsia Wediiduedosdigunnifuluflimngausonisugn
uriuidundn Alsb fleseinduaumduaiuaivayuliiAamsiamevomanegfideuuiandiviniuniy
vilvsmsdnlunsugndansissiusuiian ASh lumsnzay antfosas fanuaves XRD Aianafia 20 veswy
wAnvesogiifisuduwnniudonidnisainnesgunniu feiorademannisiiogiidendudenisi

Inflafnindsdaalvidisnsnisilaniznseugnudnlannitvesuouilud

v
o

o wszasiiy agUlihanismansammdnisatamesivazaudniussuuiilunisugndaaseiidu Alsb
thufte fitds 250 Tad

o namslenwiiimeazdeafuiuresdeyaildnnimaiiamadeuuuidiond lagliBmasundengues
WUINAkATEAIVBUTEsIseT (Brage’s law and Scherrer’s formula) wulddn wiuildu AlSb filassadrandn
wuugnuARTvaanfiendniiawinty 6.1305 A uazfivunandniadeusyana 50.85 nm dalassainadnd
SnwnzTududndes Taedanainedeuluandmmguiifisadnteswingu fe 0.081% dedauifu
6.1355 A waziimuneiien wivilduiflannvauaioawuuiugn (a compressive strain) Wintdes Tnewuin
foyaildanmannassifienuaenndestufuusunmguiuun1ndsauusuunIafaua (a cross-sectional
diffraction pattern) wosukufiga AlSb Aldannisiiaszsitunudendosganssmidinaseunuudosiiu
(Transmission electron microscope: TEM) ﬁﬂLLaﬂﬂugﬂ‘ﬁ 3 afunmdrmnisildinanminszituny

wulduLanslugui 21 Tupeuievesuntl

Sputter Power 250 W

— Sputter Power 200 W

o
7]
=

Intensity (a.u.)

T T T T T L2 | T T T 1
10 15 20 25 30 35 40 45 50 55 60
20 (degree)

JUN 2 wan1saunu 6/20 vesweianisidenuussdidnduesiiauuns Alsb nuanlilieldidatnnedei 250 w
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Tngnszuiunisideansineasdenuansauive lilduiuidundn Alsb mhlnilalaefisusequnluihndianly

v
aad

Uddasindouluiuilay  lnefinmsduamevidulniviafianunsavanlilaensdeansiedaneuuas
yiaduvNIsIoanseenaat U UASY AlSb WuNaN191nIn 1As9asenIsiSeeadiueBlana e

oA " a

swnauAutuianeud  Fwhddnewdusgiiterudululfdmilumadesadlutanuianduanuiile
Fmsnaniidginilainletaewiinge ptype war n-type

Tunsdl msdgndauaseiunuildailai p-type Alsb i ezpeudanevasunuillusumianfildves
oxmouneuiluil Feiezdmaliinnisvndidnaseu Jaiaduanruin dmsunsinsdedenewns Tod
nownsillasedadidnnseuiiuaaudsidnnsousuon 1 vive 2 @ lefumiuanitlefvesoznounoud
Tuflvioosnonegiidenderosmsdnudidnnsounnnt JeiliAnduanizuin wideseh newnsiy
fermudulanedadanmmnilihldmesnudidnaseudaszsuuinn Jeildemariliian fiduune ntype

AlSb

Tasnsidedaneunsenemnairnlulassairwdnogiideuoudluludielilsmauuailwiiwda  ptype
vi3e ntype Asiidsmarilironmamanudundnvosegiifenwouiluludtuugasintion nanimnassmudi
madeddneuiidnid 3% du  dwaldiriaduaniivvesogiidouneurlilusfivuagniusndnandy
6.1042 A wagfldrmnuamadeu 0.509% wazdmiunsdimadeveaunsiisngdin 4% nuieasdiuand
gupsogiilounouililusfnnngniaveslngiudu 61402 A Tasfieeueaiaindou -0.076%  udiile

NsNdUIneSada NuIveEeInsallidinanisiuasunUaaivnn@nauniin

¢ lagasuumnmsiienadasguansenusdelasaiawininnniinisiemedaneu naile1ailewnaininvunsadl

pynauveasanuiaguaniiuandesiy  dwalidnanuduasmduieiiduiemnnisliviiuvesswn

Ml (mismatched atomic sizes)
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aAaa

diawSsurwnsriiosnenvemend Faneu fuvesegiilleuwavuouilud Tneiidanouthudvunsailovmey
ndiga 111 pm uay ueudludivwin 133 pm Wounuidumisermesmeueudludl Fuhlidiansiinand

anas JevhliAnan12EANULALLUUNTUART a compressive strain Wetfguiuidunlifinisideans

wazlunstin1slemenawed Weawnnd vewnsvuasaliovneuvuinltngfan 145 pm alvginituun

vowmeuRlud 133 pm uazvwinvesegiifen 118 pm Weluguldsdmaiiliindneglileniiiosme

3

NBAAIUAIANTIENSIALLUUYEIEI (a tensile strain) AsAnsluileilduugnangldtenlydl

Jodunaiiaulafie arsuszneveglilleumewasiuinvudeiinisdesienenanniull daansbidiuly

@

U 4 Teeuandiviuinfiauveuiusiiveglifleunnniidsuiiazuuisumieuilufinnnd uay

v a a

dmalinafamaineiesegiidouuiqvdanas luwdeudsiifntulunsdinsiededanoufiduaduliiin

fAvas Al(111) ¥alaudu Wedadanauusunaminiu

T T T - . : !
AISb (111) I‘Tml()pcd /\lﬁl»
—— Si-doped AISb

Cu-doped AISb

AISD

Al (111)
Al (200)

] AISb i

Intensity (a.u.)

i MM g MMM,,

Ml

T
10 15 20 25 30 35 40 45 50 55
20 (degree)

CuAl®

§1J1’7i 4 wansauny 0/20 YeamnAianisiasuusiidnduesiiduung undoped AlSb, AlSb:Si wag AlSh:Cu

Adfusionn vhnsmUSinansiienewnuadaneuiimunzanlne st U uUSiname AT EIR
Fuiiihatnmesansndiuionaunsdionsidin 0.5% i1 4% wazdmsunisidedaneuiisnsid 2% d
4%

wazdlo i reilasamdndemadanadiuuiedibndlinauanidagud 5 uasnuth Wedonowuns
ﬁﬁmwdauqaﬂdﬂ 3% AgvihliiAnansusenavegiiileunaung waznsideiidamansenuselnsiairernenlagdl
Auanfisuusiasulutadniiooausiuunn 6.1257¢ A 89 6.1619 A Tnedilidwansenusonsiasuulas
suananwilsin eghdlsfay lunsdiftusinanisiiensuasnniy mimmmmaauLuammamﬁaﬂuaam
pEaLAUTR ﬁmLﬁaaﬁqaﬁmﬁummﬂwmLLmLﬂumsﬂﬁzﬂauaqmuamamm nsdUsTNaULAY

dnsnduniuveteaiiienfiantosasing
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'AISb:Cu |

—— Cu doping = 4.0%
Cu doping = 3.0%

AISb(111) —— Cu doping = 1.5%
Cu doping = 1.0%

Cu doping = 0.8%
Al(200)
\/\i/l;/\
T8 ) VRLTRT |

CuAl

Intensity (a.u)

e N ——— iy
10 15 20 25 30 35 40 45 50 55
20 (degree)

JUT 5 nan1saunu 0/20 veanafinnisiienuusdidndueiiduuns ntype AlSb:Cu ifiUsinaun1sideneuneineiy

AISb:Si |

— Si doping = 4%

~— Si doping = 3.5%
AISb(111) —— Si doping = 3%
~—— Si doping = 4% (2P)
—— Si doping = 2%

Al(L11)
Al(200)

Intensity (a.u)

5UT 6 wan1sawnw 0/20 veswalansidenuuisdidndvesiiauuis p-type AlSb:Si TUsuaun1sdeddneuseiu

¢ Lazdlphmyienegilanaiisilduunsegiideuseululudninisdeddneusinunsudsnsduius 2%
= v @ A v aa & I 1 = A ' @ vve
f14 4% wa XRD uandliiuinmademeastaneuiulidmansenuaunnlasaisdniuandraiuladaau
sanandlugud 6 laenuimasiuanfistuilivoundamad 6.1042 A to 6.1595 A uaglidawasionns

WaguLUaIwasuuIaNaNINLN

o duiunamslaszinunmlastaiandnuasnsinseesnenvemdninemaidasinuanlasalel  Tnevi
nsaunuinaiUnasuvetunuusastudiag. 5 dunile  udidahuedeieliiinnuuLtetievena
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Aesiuniy waldnanisiauansdiesud 7 TeedleSouiieudnsnranasufifnldnnfunuesdiduus
Wanunsdiie wuuliFeans wwuidededanoy uazuuuSesenewns Tnnisaeanutuny Teaunndus
wuivsng fnsunulndiduisdidey 307 cm? wag 320 cm’ vesdlaseaiie AlSb-TO uag AlSb-LO
auddu  FalassadaiEesiuandinisdndosesneuitiuuuunuiitasessafoudauiinn - fuwuuiidl
Iﬂiaa%'wﬁﬁgﬂmuLLNuizjﬁiaaﬁwhli Faiduilesnmainanudunsdsluiidy wazflmanansdafiai

AunLeialay 130 cm' Fededisiinveieudluiiniilasiasisedugiu

o lovhnsitsuitsunainssdvestunuienunsd fe Sunuitldiinsideans Sunuiidesedaney way
JunuiiFofenomas  asduldhmagniiduuseglideueuiluludfifinsidesstuiansanasuosd
asunudniinanlasaidnogiiouwoudluludifuasiamiadudn  lasnmznsdiidofenouns
dawansznuannnin fauansluguil 7 wagdmiuiiavedlasaiveduguvsoudludaziiuiniledinng
Foanstianauanasdnausuiy Tnefinewnsdmansenuinnninasndaney suiloraiiosnainnisi
Sasdruansistuveseuilufantoraniefinsiiusnsdwwesensidodunluasdduiomn  Tonanis

neaieivugusesleadluiig

3500 = | R T

Undoped AISb
—— Si doped AISb
Cu Doped AISb

3000

2500

2000

1500 —

Intensity (a.u.)

1000 —

500

LS 0 S I B
250 300 350 400 450 500

Raman Shift (cm™)

Lo S N
100 150 200

JUN 7 anasuveansiamemalinsnuaUnlasalalvesfiduunegiifeuneuiluludninadeasuaslideans

o JepyeaziBunnansenuannysunaansideniininntusielassaimanvesiiauuegifouneudluluduin
Weewuls TunsdiifimssufouuiunnanisedinauiinannTuandnsdiuiud 2% f9 4% laemading
wuanlnsalat

o Fadulad finsunudnvedlasiaiiinisdesdinvetezneuveiastuuresegiiflouuouniulug AlSb-TO uay
1 a ° ' P} o A ¥ o p= v v 2 v = P
AlSb-LO laifinsilasuudassiumisasiaunnin waziadlnnudusiasdanunutntseadtdntioy Jauandna

s aa =

finunmndnsasdniies Jalluanmaidassaimdnvesdiiduiifinigdeddneu Awandluzun 8

q

o  Aulunsdin1siFemenadnd InaloiuUSUIUN15L 9B AITNTIEIUFILE 0.8% B9 3% ALTIULFIN FLkALa

AT Inlanuldinisdsuslasnnin  wAnutedunnin  lassEseananiauninsiioneawnatiud
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Aun e dundnugasiewniiulidalunisanaeiia AlSb-TO Nanasuazwutntiosas lneiifia AlSb-
LO tugeuuaziautndu daanduguil 9
o lunsdlvedasaiveduguveasuiluiiuarasdnteedmiunisugniuuideasidlafieuiunisugnuuuly

1n5139a75 widmsunsainisasuslasmnuuSuiaiansaenuullLanNaLa un

o lagasuudy  wamsinsginlinnmeiaunuanlasaladfenansenusenunimlassadnantosa
LBNT8INNI5HI0ENSIAURNIZIINNTITHTBMENDIAIENHANINATY  LavdINaRadnaIuaTHIRUNdmNananIs

Vinkeudlutiadugiuteeasee

® aleannTieseiaematas N aEUNnsalATLTIANERARR BN UANUNANISIATILUTLAIINNNTINALE

wiatla XRD
’ AlSb:Si with a variation of Si contents I
—Si=2.0%
a-Sb AlSb-TO ——Si=35%
_ ——Si=4.0%
] ——Si=4.0% (2P)
] AISb-LO
£ 4
¢>3') ]
< ] Si=2.0%
i Si=3.5%
] Si=4.0%(2P)
] Si=4.0%
R T S [ L P B ) P R i
100 150 200 250 300 P 350 400 450
Raman Shift (cm™)

U 8 awnesumsiacmemedasnuaninsalalvesiiduuieaiionueudlulunniinisdeddneunusunasnge

‘ AlISb:Cu with a variation of Cu contents I

a-Sb — Cu=08%

Cu =1.0%
— Cu=1.5%
AlSb-TO —— Cu=3.0%

AlISb-LO

Cu=0.8%

Cu=1.0%

Cu=1.5%

Average Int (a.u.)

Cu=3.0%

T T T T T T 1
100 150 200 250 300 350 400
Raman Shift (cm™)

JUN 9 alnasumsiadmemalinsunuainlasalalvesiiduusegiienweudluludninisidenewunsiusunmueigeg
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e  MIATgauUAIwAUAzALIUNSINUT A asTiauueglileuweuRluludlaemaianisinaUnasy

wasdessure Aty IuastIwmeniy Idnadmandusuil 10 Fswauandlsiidiuin Wduuieilaidines
\Foans FudulussuasdmIuuasudunsise Mfwminrmeniaaulszann 850 nm or 1.459 eV lagiiiinig
anndusandlugumueafiufietns 400-800 nm Fefimunnaduiudasodiniusiruoundanudua
YOMENU19IT 1.615 eV mudmnanguivesansusnavegiidonneudlyludiigamgiivos

o dwiunsdiiinaieans EusumsTuswasiudulumundsdiauemadusminty  eglugasamen
PAU 850-1100 nm Fwuanddivi Sruaundsnuduanatosawesiduusidniadeasiaensd  ua
dmsunsndenlaeBnd (tauc’s plot) thildannsadiiumsaudszanaildadaunurioruaundsnuds
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3.4. MIdesanwriuvhvasidulagmalianisdendasqanssAluuuusiesnay

(Surface Morphology by AFM measurements)
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3.6.1. nan1slaTzilassaieganiavasiduuaratedulassaindlaleauugusesdaneu

Pl

‘ HV  Mag ) HV  Mag
200 kV20000 x -200 nm— 200 kV 600000 x —10 nm——

U7 21 (2) nmanAiaIN3was STEM vasBuay AlSb:Si/u-AlSb/AlSb:Cu iugnuugiusesdaneu ua (b) ammdsens

49 HREM asesiumiissegsavastuilduiugiuses As AlSb:Cu/Si interfaces

3.6.2. nanTIRTIzRdNUANSIWiva sduuI manesulassaielalanuugusesTEnau

Volt (V)

JUN 22 nan153an1aluiln IV characteristics vadlasaaing PIN iUgnuuguses@anauiiianafiansnanuduiug 1V vas

nsnevausdlwihuuugUnsallalen lnevinisiSeuiisuiugiusesdaneu

o oldFeulvnsugnitdusgiifiouusudliludithlviihvda n-type uay ptype Fudatiu Fuhnnsesnuuuns
UgnFunuiiilassaddlaloniin PIN vuusugiusesdaneu Samnsngniunilasainsgunanididnmsetind
Tolaglisounona1nuaiugIuses kasdiiAeud eI UEEUNIIIAINTZAN Siuienufisessesemineduves
uiaztuiidulnowaianisinmdarnsiendesqanssmididnaseunuudeszaiunie Cross-sectional
STEM measurements l¢nnidmensgenn duanduzud 21() Fanmuanssessousasduresiidurautig

SeuRulUTseemesE It uTaN I UBHEIUSDITANDUAIY Beau15ansITnlaAUsELNMALrU e vInTU

30-



1.6 um Tnefidunnununvesdu n-type layer w1 600-nm FuTlduwUU undoped layer %11 300-nm uax

FUUUFAUDITU p-type MUN 500-nm uazguil 21 (b) wanansundnvuiaunluunslutuilay Alsb dme

o uazllavinsiaziauiRlnimemaia 1V measurements vastiusulassasislalon PIN 4 Taadisinag
WAHBURIMMIENDIAUNR MUTE 5 nm vuimithduauil Tenadyaamddiiiduandusun 22 dama
Tlsuansnadnuazanudulalanrisnisiglisiuuinuaznsitglniuay nsnevauessdadidilisusey

adaueldifuniseevaussuunsiviula Tnediadndludn turn-on voltage voslnduuindu 1.5 V uavilu

v
a o a

-1.0 V vaslnsiuau Fefiuansliiiuii gunsaldidnnselindlalonviinTanegiidouneudluludduaiuise

9 Y
Usghvglaremeaianisalnnesnugnnielifeuluivngay Falasioinluiandidnvsetindnwiuvenish
sximwgUnsaleaulndiannsedndlutuneussly lnsawizegieddunisiunussandldlunisnisnsaindsd

®  fMag1ilauuI AlSb ‘vmw%guﬁ?uvlﬁﬁwmiﬂ@ﬂuuLLNugmiaﬁaﬂau (SN ngﬂuiaaﬁaaaﬁxuw A Si(100) Waz
Si(111) IG]‘EJEJEJﬂLLUUUQﬂWéN%mEJ%’uiﬁmﬂiﬂﬁ%”N'ﬁaEJﬁi@ PN WagPIN uay NP uay NIP iflevinsviadeuauda
ihidesturesiniunuiiflassadssesse PIN tuilmsuansdnuasvosautfianzvssgunsallalen fe fie
mansinaveanszuafianafiedeutnetaiou fuandusui 23 nefidudifllassasrslolenvia PIN fd1 tum
on Voltage 8giUszanns 9.0 eV iiled1¢lwuy Forward Bias ua -9.0 eV 1ilodeluluuy Reverse Bias Uil
26 wamsnsisuiileudnuazanzmsliihiinevauesdwmsunsdififlasadlalensosste PN uazPIN

198 7LD VURIMNTN A8 NSAFDUNBIATUNTUN 5 nm

% o
v o < ya A

o sludiulantilniuarszuunmsiauszansnmnisldnuvesgunsaididnvselindfiussAuglail fdodndudes

v
o Y 1l v v U v Y

drfduiu deluiidenisiidedelufie nslmseiaudinidlnihvedlasadiegunsaidiinnseiindd

DAY v
a ¢ s=¢

Usghvgrutlognsaziden lagazvinisanwinisiaaliinazisasiiiveedygraainlialeaiussiusiull

< *«
v v '

FIRzAliunIageuUsEansnmnsindsdvestunugunsniiussivgladlunisnaassddusely

i 1 T —
|/—=— N/PN :
e N/PIN ®
0.002 - -
o
b
0.001 - : -
) . |
§ o=
= R
5 0000 e
S E .
-0.001 i
»
P
3]
200024 ® i
| ]
hied
=
Y Yo - B S A S S A N PSS S S N
42 0 8 -6 -4 2 0 2 4 6 8 10 12
Volt (V)

JUN 23 uadmsngvinaliiinleg 1V ves Aduu1a AlSb naedunilasasne PN uag PIN flgnuuuky n-type Si

31.



0.003 1T+ 1T T T T T T T
||—=—N/PN e by
o N/PIN o .
0.002 o [ ] i
® u
€] B il
0.001 oy g -
= 9 -
< ¢« =
= o W
5 0.000 - —s—T" -
= ] @
O i o ]
-0.001 - » -
[ | o
® [ |
[ ] o
00024 ™ o .
o ©
[ <] i
n @
-0.003 4+—P————— R ———————————————————7—
7 6 5 4 3 -2 1 0 1 2 3 4 5 6 7 8
Volt (V)

JUN 24 wadsnzinaliiinleg 1V ves Wduua AlSb vaedunilasesne PN uag PIN flgnuuuky n-type Si

TnedarlnirAenasdiviul 5nm

.32.



v
=1

meldannzReulunsugniimaneanvesszuvalnmeIuuy RF-magnetron 4 vilvanunsaugnilduuns

a o & =

pailennaudlulus deasivaniia 6.1305 A wasiivunnnaniady 50.85 Wluns wasiauuis AlSb Mliiinsideans

Y

2

dudarnsinliieide p leefiananunuindudailain 1.266X10° cm?  a@nwanudunulad 0.19984 Qcm

annnisthlnldl 50044 Q'em™ uaranIwnnsiafounl 2.7339 cm®/Vs wasiilelinsugnilduiiiuunanisideie

& o

oA 1% uar Faneu 4% lenaanwsiluilduhlniwiln ntype uay p-type lnefiduiimanudiumudingt 2.55

¢ oA v a

uay 4.23 mQcm MUaIRU Felluansiein Wauiiidemenewnswiln n-type Saud@lniini Tnediwuin femanu

§ A a

uduvesi b luidy -2.7572x10"7 dwmiuiiauionsauas uag 2.4381X10"° cm? dwsuilauiledaneuid
Fuudnhlnihinnndt widlegarannnisiedeuluiiduiifiniglensundiie 0.25789 cm®/Vs dallasnnninannle
nTldudeddneu 0.0627 cm?/Vs dmsulasiaiimdnvelduAlsh Afinsideasiuiinunwasauintosaniudl
fimside dnvaziuRanihianuysvsedu 2.85nm vesildy AlSh:Si wavdwiuildy AlSb:Cu fidn 3.81 nm Tafian
£ oA o U oA e A i A A A A vy - dl' as o

ANuYsYIEINNTUdlafisuiuiiduildlimsdeansfieian  2.13nm  dieldanizmsugnivsngasdiien1sugnildui
Inlihisaeswilawd Jmaneslgnilduvarstulasiasidlalen PIN vliaTanegiiieuweudluluduugiusesdaneut lny
Fuaiifinsnevaussdsliiludnndnuvauzienzvesgunsallalen lnailowantAl Tum-on voltage 1.6 V uag -1.0V
dwsunsanglwsiuuinuazinuau muddu feudiiranisianisliihdsesliainauedivillsdn Adsasdiedr aunsel
a a ¢ oA a a o¢d gu A ay adwo Y a a el & A vy a o

didnnselindviseeenladidnnselindiieldnungumagiiviesiiauanianegieuweunluludd deilfielddn duwiliy

Wndetiefaziawsiellusanld lnensysiniuiesnwuulaswaing PNJunction ¥38 PIN-junction Tisiusednsnw

=b

v
=< '

funTussluluauan

o = = & - A a v & 1% fa & a ed 1% g
L4 ﬂ’JTVﬂﬂ'ﬁﬂﬂ‘U'mQ‘U'ﬂWW’]WQ%LﬂaEJUUUN'JWU’]”UUQ']UIW?\%??WQQUﬂﬁmaLaﬂmi@UﬂaWﬂaﬂ‘lﬂﬁJquu

Y

D

e  asvhnsAnwnsldnulssneuiuiuvesianiaessunvidunneiulatufe feundnisewua@idule
loladt uazaunsallnldlalenfiduunsegiifiouwaululug Milunandnunannmsugniewmaiianisugneng
yilariy Ao N1svaeuuazUgnEAnuUUUIAdMIL-afonuIiines uaznsugnilanunsanmediaalamesa Live

Asthlulgausunisnsainsed

v

= o = ¢ | o v ¢ a ea a X 41' 1
L4 msﬂﬂ‘mqummiLaafﬂ,‘uqﬂﬂimuam\‘m’ia’Ju‘UEJ1ﬂatytyﬁmwlﬂmﬂqﬂﬂimaﬂwiauﬂawﬂim‘@%u LW@ImW

Usgdvsnmmsldnunfduresgunsaivionioieiussiuvgiu



(10]

O. Gustafsson, “Type-Il interband quantum dot photodetectors”, Doctoral Thesis, KTH Royal Institute of

Technology, Sweden, 2013

A. Rogalski, “Infrared detectors: status and trends”, Progress in Quantum Electronics 27, (2003), 59-210
B. R. Bennett, R. Magno, J. B. Boos, W. Kruppa, and M.G. Ancona, “Antimonide-based compound
semiconductors for electronic devices: A review”, Solid-State Electronics 49, 12, (2005), 1875-1895.

M. Razeghi, “Overview of Antimonide Based Ill-V Semiconductor Epitaxial Layers and Their Applications
at the Center for Quantum Devices”, The European Physical Journal Applied Physics 23, 3, (2003), 149-
205.

A. H. Kroemer, “The 6.1 A family (InAs, GaSb, AlSb) and its Heterostructures: a Selective Review”, Physica
E 20, 3-4, (2004), 196-203.

R. M. Biefeld, “The Metal-Organic Chemical Vapor Deposition and Properties of Ill-V Antimony-Based
Semiconductor Materials”, Materials Science and Engineering R 36, 4, (2002), 105-142.

C. A. Wang, “Progress and Continuing Challenges in GaSb-Based Ill-V Alloys and Heterostructures Grown
by Organometallic Vapor-Phase Epitaxy” , Journal of Crystal Growth 272, 1-4, (2004), 664-681.

A. Rogalshi, “Material Considerations for Third Generation Infrared Photon Detectors”, Infrared Physics &
Technology 50, 2-3, (2007), 240-252.

O. Nesher and P. C. Klipstein, “High-Performance IR Detectors at SCD Present and Future” Opto-
Electronics Review, 14, 1, (2006), 61-70.

M. G. Mauk and V. M. Andreev, “GaSb-Related Materials for TPV Cells” Semiconductor Science and
Technology 18, 5, (2003), S191-5201

R. Dhakal, Y. Huh, D. Galipeau and X. Yan, “AlSb Compound Semiconductor as Absorber Layer in Thin
Film Solar Cells”, www.intechopen.com

H. Morkog, “Nitride Semiconductor Devices: Fundamentals and Applications”, John Wiley & Sons, 2013
P. Saengkaew, “Epitaxial growth and properties of AlGaN-based UV-LEDs on Si(111) substrates”, Doctoral
Dissertation, Otto-von-Guericke University Magdeburg, Germany, 2010

M. Yoshimura, E. Nakai, K. Tomioka, and T. Fukui, “/ndium Phosphide Core-Shell Nanowire Array Solar

Cells with Lattice-Mismatched Window Layer”, Applied Physics Express Vol. 6, No. 5, (2013), 052301

34.



[15]

(25]

X. Li, M. W. Wanlass, T. A. Gessert, K. A. Emery, and T. J. Coutts, “High efficiency indium tin oxide/indium
phosphide solar cells”, Appl. Phys. Lett. 54, (1989), 2674

C. Liu, Y. Li, and Y. Zeng, “Progress in Antimonide Based lll-V Compound Semiconductors and Devices”,
Engineering, Scientific Reseach, 2010, 2, 617-624

N. Gautam, S. Myers, A. V. Barve et al.,, “Barrier engineered infrared photodetectors based on type-ll
InAs/GaSb strained layer superlattices,” IEEE Journal of Quantum Electronics 49, 2, (2013), 211-217

V. Lordi, D. Aberg, P. Erhart, and K.J. Wu, “First principles calculation of point defects and mobility
degradation in bulk AlSb for radiation detection application”, Lawrence Livermore National Laboratory,
USA, 2007

D.S. McGregor and H. Hermon, “Room-temperature compound semiconductor radiation detectors”,
Nuclear Instruments and Methods in Physics Research A 395, (1997), 101-124

V. M. Andreev, S. V. Sorokina, N. Kh. Timoshina, V. P. Khvostikov, and M. Z. Shvarts, “Solar Cells Based
on Gallium Antimonide”, Semiconductors, 2009, Vol. 43, No. 5, pp. 668-671
http://woodall.ece.ucdavis.edu/resources.ntml

S.M. Kang, J.H. Ha, S.H. Park, H.S. Kim, N.H. Lee, and Y.K. Kim, “Radiation Response of a Semi-insulating
GaAs Semiconductor Detector for Charged Particle at Variable Operating Temperature”, Progress in
Nuclear Science and Technology 1,(2011), 282-284

V.M. Cowan, C.P. Morath, S.M. Swift, S. Myers, N. Gautam, and S. Krishna, “Gamma-ray Irradiation Effects
on InAs/GaSb-based nBn IR Detector” , Proc. of SPIE Vol. 7945 , (2011), 79451S-1

Y. Wei, A. Gin, M. Razeghi, and G. J. Brown, “Advanced InAs/GaSb superlattice photovoltaic detectors for
very long wavelength infrared applications”, Applied Physics Letters 80, 18, (2002), 3262-3264.

Brian R. Bennett, Theresa F. Chick, Mario G. Ancona, and J. Brad Boos “Enhanced hole mobility and
density in GaSb quantum wells”, Solid-State Electronics 79, (2013) 274-280.

C.E. Kennedy, “Review of Mid- to High-Temperature Solar Selective Absorber Materials”, National
Renewable Energy Laboratory, http:// www.osti.gov/ bridge

H. Lotfi, R.T. Hinkey, L. Li, R.Q. Yang, J.F. Klem, and M.B. Johnson, “Narrow-bandgap photovoltaic devices
operating at room temperature and above with high open-circuit voltage”, Applied Physics Letters 102,
21,(2013), 211103

D. Aberg, P. Erhart, A. J. Williamson, and V. Lordi, “Intrinsic point defects in aluminum antimonide”,

Phys. Rev. B77, (2008), 165206

.35.



[29]

[37]

[38]

A. Nedelcu, V. Gueriaux, A. Bazin et al., “Enhanced quantum well infrared photodetector focal plane
arrays for space applications”, Infrared Physics and Technology 52, 6, (2009), 412-418

D. Z. Ting, A. Soibel, S. A. Keo et al.,, “Development of quantum well, quantum dot, and type I
superlattice infrared photodetectors”, Journal of Applied Remote Sensing 8, (2014), 084998

KA. El-Rub, C. H. Grein, M. E. Flatte, and H. Ehrenreich, “Band structure engineering of superlattice-based
short-, mid-, and long-wavelength infrared avalanche photodiodes for improved impact ionization
rates”, Journal of Applied Physics 92, 7, (2002) 3771-3778

M.E. Flatte and C.H. Grein, “Theory and modeling of type-ll strained-layer superlattice detectors”,
Quantum Sensing and Nanophotonic Devices VI, Vol. 7222 of Proceedings of SPIE, January 2009.

P. S. Dutta, H. L. Bhat and V. Kumar, “ The physics and technology of gallium antimonide: An emerging
optoelectronic material”, ). Appl. Phys. 81, 9, (1997), 5821-5870.

B. Mattias Borg, “Antimonide Heterostructure Nanowires - Growth, Physics and Devices”, Doctoral
Thesis, Lund University, Sweden, 2012

F. M. Mohammedy and M. J. Deen, “Growth and fabrication issues of GaSb-based detectors”, Journal
of Materials Science: Materials in Electronics 20, 11, (2009), 1039-1058.

E.l. Vaughan, N. Rahimi, G. Balakrishnan, and A.A. Hecht, “Thin-Film Gallium Antimonide for Room-
Temperature Radiation Detection”, J. Electronic Materials, Springer US, 2015-06-23, DOI:
10.1007/511664-015-3869-3.

E.l. Vaughan, “Examining Thin Film AlSb for Room Temperature Gamma Detectors”, M.Sc.’s Thesis, The
University of New Mexico, New Mexico, 2013

AY. Polyakov, N.B. Smirnov, AV. Govorkov, I.H. Lee, S.J. Pearton, N.G. Kolin, I.L. Gazizov, and V.M.
Zalyetin, “GaN as a detector of a-particles and neutrons”, Proc. of SPIE Vol. 7945 79451F-1, (2011), doi:
10.1117/12.869686

Z. Huang, L.L. Wu, B. Li, X. Hao, J.X. He, L.H. Feng, W. Li, J.Q. Zhang, and Y.P. Cai, “The electrical, optical
properties of AlSb polycrystalline thin films deposited by magnetron co-sputtering without annealing”,
Chin. Phys. B Vol. 19, No. 12 (2010) 127204

B. D. Weaver and E. H. Aifer, “Radliation Effects in Type-Two Antimonide Superlattice Infrared
Detectors” , IEEE Transactions on Nuclear Science 56, 6, 2009, 3307-3309

L. Liu, N. Chen, F. Gao, Z. Yin, M. Cui,Y. Bai, and X. Zhang, “Growth of GaSb and GalnAsSb layers for
thermophotovoltaic cells by liquid phase epitaxy”, Solid State Lighting and Solar Energy Technologies,

Proc. of SPIE Vol. 6841, 68411E, (2007), doi: 10.1117/12.755597

-36.



o £ A av ay yo =1
® nanudugnsnlianlasen1sidenlasunuan and. U

lngasy fie

UFOANNITNAU U NUYLYEA

msnauerauluFULUUMSYAUTIENY 4

NUUTEYINNG FEAUA

nmsdaueranuluguuuunsivanes 2

NUUTEYAYNT FEAUVUIUIGA

1Y}

UNAMNIY ARUWEHELNT I 2158153BINITTLAUUIUIYIA 2 ARUNLA? 1 UNAIY

TUADUNITONUNUNIU

1 unAy

UNANNIBN1EINY ARUNLNLNT LU 2 JURDUNITAIUNAY

N3e5UIENRUMIUTEYWAVINTILAUYIA waa

TIUNAINUSTINUA 10

m‘sﬁhLauawamu'lugﬂLLUUﬂﬁiﬁﬂUismaﬁﬁaﬁad “Growth and Characterization of lll-V
Semiconductors for Radiation Detection i msUszsimnmsinemansuazmeluladuisssimalne
pdafl 41 (STTAD0T uninedomeluladasuns Smdauasrwiun sewieiudl 6-8 woedniou 2558
m‘i*ﬁhLauamamu'lugﬂLLUUﬂﬁﬁﬂUisma Widai3es “Growth and Characterization of n-type and p-
type Aluminum Antimonides” ii ﬂ’]iﬂizﬂgﬁ%ﬂmi Siam Physics Congress2016(SPC 2016)51’(9117‘
wningduguanestdl Sminguasusnil seninaiudl 8-105iquisu 2559

unPRdedes “Impact of precursor purity on optical properties and radiation detection of
Csl:TU scintillators” #3lé§umeunslunsansiznnis Applied Physics A, August 2016, 122(8): 729/1-7 ag/lu
g1udeya ISl wawdl JCR U 2015 A1 impact factor = 1.44

http://link.springer.com/article/10.1007/s00339-016-0254-x

dostelessnmaiTeidodosnaiamuiinfsdndn CsiTl dlaldinadanisugnudndemugnudniuy
Bridgeman-Stockbargerdaifuimugnuanifigafuiuiildnumsugnuanegfifiouneufluluduuuioundnd
inlld9usumaianisgnidnuuvatinmeiseiu Saelddndunsimuninugnudnduuldsauiuiy
Tsensidedoanmstgnadneaiifiouneudlaludiise
nsiauenanulusUuuulUames shiei3es TUP-TO1-7 “Growth and Characterization of Aluminum
Antimonides for Radiation Detectors” i ﬂﬁiﬂizﬂ;ﬁﬂﬂmi The 18™ International Conference on
Crystal Growth and Epitaxy (ICCGE—lS)%’mﬁ The Nagoya Congress Center, Nagoya, Japan Sematudl 7-12
d9nAN2559

U a o

nstnavenanITowuuluawes Tunuussgutnidesulminuadifeonla and asai 16 Tugiesening Jui

q
]

a

11-13 uns1ax 2560 laglasusieiananuissfdeuwuuliamnas aruninerdanswazinalulas

37-



http://link.springer.com/article/10.1007/s00339-016-0254-x

6. nmstdausnanuidtlugduuulianes Tudaides “N-type and p-type AlSb films on Si substrates for
radiation detection sensors” i miﬂizﬁqﬁ‘mmi The 2™ International Conference on Applied Surface
Science (ICASS) a7 Furama Hotel, Dalian, China sewineTudi 12-15 Jguieu 2560

7. 319 unAiseiies “Growth and Characterization of N-type and P-type Aluminium Antimonides
on Si substrates for room-temperature optoelectronic devices” ladsFRunlLINTA15I¥1NS Materials
Science in Semiconductor Processing Ssegllugiudioya isi agﬂwﬁxumauémwumu (under reviews)

8. 319 uneuiAdy Fee “mismugunsaleavingidnnseindvinagegiileuusuilulud” lédsinaus
wanuuagAaineunslunsasUseney nsUssyndumisindiadnyrssaunid asail 46 - n1sussyn
391117 Uazn1TUsENIAUIANTINTUTARNSITLAUTIAUAZUINIYIA SevineTudl 17-18 wamaAL 2561 o
uilszguuuRnsuinga lausuiibumsa Jeodl Jsemdlne ogludumeunisdsumaund

9. 319 uneiAdy Fes “nsUgnuaznisiiasisviantianizvenanGauadidenlalalas” Iddniaue
HauLazARNiNeLns NI TUsENOU N15UsEYNIYINITUMTIRANYISEAUYIA A% 46 - nsUszyn
39115 Uazn1TUsENIAUTANTINTUTARNSITEAUTIRUATUINIYIA SevinaTudl 17-18 wamaAL 2561 o

AudUsTgnuuRRBIITa tssusuddinsa Jedlul Ysenelve egluduneunsdeunanundy

Tneiisngasideanuiy Aaenalsaaniell

.38.



1. unApderanisaniunuiiliinluiauenanulugliuunisnausseieiiteses “Growth and Characterization
of IV Semiconductors for Radiation Detection”# nM3Ussyuivnsinereansuasinaluladuisssine

Ing S99 41 (STTADIAN uvInendemealuladasuns Jmiauassvdun senineiui 6-8 woeRnieu 2558

FROGERAM FOR INVITED LECTURES AND ORAL PRESENTATIONS
7 November 2015

SESSION D (POLYMER & MATERIALS SCTENCE | NANOTECHNOLOGY) (contimned)
ROOM: B1119

mmwmilﬁ@ ﬁ&lﬁ 41 (I@m M) Chnie Pesom: Aot Prof D Theerachs Bonelara

G l& Q‘%!i! THE 41" CONEHESS 0 SEENEE AND TEEHNOLOEY Co-chair Person:  Assist Prof Dr. Amurak Prasatihetragarn
i aaenct and inmaiogy (OLF THAILAND (STT43)

THE OF
3001330 | D VO | e O TMENT | Auwewen Ritsdech
AND OXIDE ADDITION
BIPOLAR. FATIGUE BEHAVIORS, PHASE
0AIBEUNY BINTNEDANSILAZINAI TRANGITIONS, FERROE ECTRIC, AND

1330-13:50 | D_DO01E PIEZOELECTRIC PROPERTIES OF Nopsin Charyo

LEAD-FREE PIEZOELECTRIC xBaZr0,-

(0.25-x)CaTi0, 0.758aTi0, CERAMICE

FACILE MOLTEN-SALT SYNTHESIS

13:50-1410 | D_D19 METHOD OF MONO-DISPERSED BaTi0), | Thitirat Charoonsulk
HAMNOPARTICLES

o ASEAN with Sclence and Technology™

THE EFFECT OF SINTERING
TEMPERATURE O} PHASE

1410-1430 | D Doo7y | FOFMATION, MICROSTRUCTURE 8ND | (., sribocnpens

. o q MECHANICAL PROPERTIES OF WASTE
Scientific Sessions ZRCONIA FROM CADCAM
TECHMIQUE

Program Book EERED Er
14:50-1520 | D_DNVO0S mmm Takrapong Ksewkhao
November 6-8, 2015 1520-1540 | D D004 m.mssa‘gopm THEEORY OF DEFORMED | yppvver Wisitsorasals

Suranaree University of Technology — T
CHARACTERIZATION
Nekhop Rtohiggime, THpliand 15:40-16:00 | D_D030 | OF II-V SEMICONDUCTERS FOR Phames Saengkaew
- RADIATION DETECTION

GROWTH AND CHARACTERIZATIONS
16:00-1620 | D_D0041 OF CESIUM IODIDES FOR. RADIATION | Phannes Saengkaew
DETECTION MATERIALS

47
© The 41" Congress on Science and Technology of Thaland (STT41)




crystallization time in the ranze of 12 to 36 b Also, the crystallization temperatare had a
strong effect on crystallinity and morphalosy while a highly crystalline synthesized zeolite
was svothesizad at 170 *C. However, perfact particles with smooth surface and steady size
distribution were obtained with time and temperature of crystallization at 24 b and 170 °C,
respectively. Finally, Si0: ALy ratio had a strong effect on the final products properises.
Z5M-5 zeolite with high crystallinity and perfect particles was syothesized in mtio of
5i0/ALO, equal to 30. (abstract only)

D_Da037T: EFFECT OF [RON OXIDE ON PHYSICAL AND OFTICAL
PROPERTIES OF B,0-ALO,-Ca0-Na.0 GLASS

Yotsakit Ruangawesp, ' * fakapong Kaswkhao, '~ Narongchai Janlang 2
Banjong Anitrava Hon

Tampouk * Frunzraangchai®
1Center of Excellence in Giass Technology and Materials Science (CEGM), Nakhon Pathom
Eajabhat Universiry, Nakhon Pathom 73004, Thailand
*Srience Program, Faculty of Science and Technalogy, Makhan Pathom Bajabhat University,
Wakhon Pathom 73000, Thailand
“Phrysics Program, Faoulty of Science and Technology, Makhon Pathom F.ajabhat Universiry,
Nakhen Pathom 73000, Thailand
*e-mail: Yorsakitgihotmail com
Abstract: In this wordk, the effece of iron owide on physical and optical properties of borate
glaszes has besn investizated. The glass samples were prepared in composition (40-)B20, -
20AL0y - 20Ca0 : 2iNa;0 : xFe0; (where = 0.0, 0.3, 0.4, 0.6, 0.8, and 1.0 mal%:). The
glass samples were prepared by the nommal melt-quench technique in normal atmosphere.
The results show that the density and molar volume of glass samples increased and increased
due to addition of Fe.D, the barate stracmure The optical absarption specima of plass samples
were measured by UV-visible spectrophotometer in the wavelength range 300-1100 nm and
colar coordinate in CIEL*a*b* system The absorption peaks locate around 460 nm for all
Fe0, concentration that are associated to Fe* wons and produce the yellow color. (fill paper
available)

high-speed, low-power-consumption and low-noise amplifiersiransisiors. In this project, II-
anfimenide samples were grown by cooperative mowth methods of electrochemical
technique, modified Brideman-Stockbarger technique and a physical deposition techniqus.
As shown in Figme 1, 826 ¥ED measurements show that polyorystalline 5 and A15h
layers were deposited on Al substrate by elecmechemical technique. In arder to achieve the
IV flms with a good crystalline quality and suitable electrical and optical properties, the
micrestracture, surface morphelogy, compositions and optical properties are amalyzed by
nsing X-ray diffaction (JFD), Scamning Electron Migescepy (SEM), Tramsmizsion
Elecron Micoscopy (TEM). Faman Spectroscopy, UV-VIS and WV
characteristics, respectively. To ﬂwdup n-iype and p-ype AlSh, Cu-doping and Zn-doping
technigues provide the electrical charpe camriers in Al%h. Finally, the prown materials are
oouplad with elecironic parts to form P-N or P-IFN junction desice: to detect the =ray ar y-

ray radixtion and then the detaction efficiency will be evalnated  (abstract only)
's-O{W‘WG!WPWm“SM"!'
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Fignre 1. 526 ¥ED measurements of 5t and compounds deposited on Al substrate

D_D0d3#: CROWTH AND CHARACTERIZATION OF OI-V SEMICONDUCTERS
FOR RADIATION DETECTION

Phannee Saenskaew,'* Sakunmm Sanerpim? Kulthawat Cheewajaroen,”

Visittapangz Yordsri,* Chanchana Thanachayanont ! Watcharee Rathamasaloalthon g
'Diepartment of Muclear Engineering. Faculry of Engineering, Chulalongkom University,
Banzkok 10330, Thailand

“Department of Physics. Faculry of Science, Chulalongkem University, Bangkok 10330,
Thailand

“National Mesal and Materials Technalogy Center (MTEC). Mational Science and
Technology Development Azency, Ministry of Science and Technolosy. Pathumthani
12120, Thailand

‘Deparment of Phyzics, Faculry of Science. Kasetsart University, Banskok 10900, Thailand
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Abstract: With their ewcellent semicondnctor properties and marore materials IT-V
materials such as Gads, P, Gﬁhwhamusedinmfcmmercialwmdacﬂ'm:
devices such ac lighe-emviting diodes (LED), laser diodes (LD). photodiedes, solid-state
liphting (35L) and optical storage. The M-V materials are alse the important candidates for
nse a5 radiation detection materials mwaﬂsmhlehmgllfemmMTammeu
mlemn:eufmﬂunm—mduoaddmgeﬁmbembm'ﬂmmrmﬂl;ammfs particles, a
mdm!ggmhmﬂsrstmalnaetmm and low production and operating costs at
room or nearly room temperatore. 415 is classified as one of the most pl'msmgmma]s
for ;amma-ray radiation detection at room and a material for hish temperature
applications. Therefore, AlSh plays an important role to develop the highly efficient
detectors at hizh temperature space instrumentations, satellite commmmications. and the
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D_Din40: EFFECTS OF MAGNETITE ON FERROMACGNETIC PROFERTIES OF
BaTi0, CERAMICS

Eannika Phengvim, Anurak Prasatkhemazam®

Matenials Science, Schoel of Science, University of Phayao, Phayae 56000, Thailand
*e-mail: Prasatichetrazam dyahoo.com.

Abstract: Ferronapnetic matenals of (1-x/BaTiQ, — x/Fe,0,, which x = 0.1, 0.3 and 0.5,
were prepared by solid-state reaction technique Phase formation, densification, morpbalogy
and ferromagmetic properties of BaTi0.—Fe 0. composites were measured and discussed
BaTi, powder was first synthesized as a starting material in BaTi0—Fe,0, conposite. The
JRD technique was used to analyze the phase formation of samples, indicate the BaTi0, and
Fe.0), major phase. Denzities of sparimens end to decrease with increasing Fe,O, content.
SEM micrograph dJspIa‘uedLhemm'pbn]ngyofBaTimm FeyDy, its can confirm the XD
reqult a5 well The optimimtion feromagnetic at & = 0.3 were observed using a
Vibrating Samgle Magnetometer (VSM). In addition, mapmetite can be controlled the phase
formation and ferromagmetic properties of BaTi(h ceramics. (absmact only)
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Abstract Cesium iodide doped with thallium (CsETI)
crystals was grown o develop the gamma-ray detectors by
using low-cost raw materials. Effect of impurities on
optical properties and radiation detection performance was
investigated. By a modified homemade Bridgman—Stock-
barger technigue, Csl:T] sumples wemr grown in two levels
of Csl and TII reactant materials, i.e. having as a very high
purity of 99.999 % and a high purity of 999 % XRD
measurements indicate CsET] ervstals having a good
quality with a dominamt (110) plane. Having a cubic
structure, a lattice constant of CsI crystals of 0.4574 nm
and a erystallite size of 43 539 nm were obtained. From the
lower-purity raw materials, calcite was found in an orange
crystul with a lattice constant of 04560 nm and a crystal-
lite size of 43.089 nm. By PL messurements, the optical
properties of the CsLT] crystals wene anal veed. ~ 540-nm-
wivelength PL peak was observed from the colorless hi gh-
purity crystal, and ~600-nm-wavelength PL peak was
ohserved from the orange crystal. The brighter PL emission
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was obtained from the omnge crystals sugpesting rmpuri-
ties. Csl:Tl surface morphology by SEM exhibited a
smooth surface with some parallel crystal facets. For
electrical properties of high-quality CsITI crystals, the
electrical resistances were 230 + 16 MO in cross-sectional
direction and 714 + 136 ML in vertical direction with
respect w0 more homogeneous crystal quality in cmss-sec-
tional direction than that in vertical direction. TEM mea-
surement was applied to evaluate the microstructure of
colodess CsLT1 crystal with differemt patterns of a cubic
structure, Both CsETI crystals show good efficiencies and
good resolutions, Mamtwmnimg the same electronic condi-
tions and amplifications, the colorless CsET] scintil lators
represented a higher detection efficiency at 122 keV of Co-
57 of T84 % and the energy resolution of 23.3 % com-
pared to the detection efficiency of 75.9 % and the energy
resolution of 346 % of the orange scintillators. In sum-
mary, the unintended impurity as caleite in low-cost Cs1:T1
scintillators was found to enhance PL emission but shift the
PL wavelength. However, efficiency of radiation detection
is slightly lower. By coupling with a suitable PMT, the
radiation detection efficiency of low-cost CsET] scintilla-
tors cun be improved. From these valuable results, growing
new termary materials as CsCal; or Csl:Ca or Ca-codoped
Csl:T] seintillutors could be one of the promising approa-
ches to achieve highly efficient and low-cost radiation
detectors with the optimization of the crystal growth con-
ditions in the futune,

1 Introduction
As a high potential radiation detection material with excel-

lent physical, chemical, optical and scintillation propenies,
thallium-doped cesium iodide (CsETI) scintillators have
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been used m vanows applications such as gamma-ray spec-
troscopy., medical imaging, rmdiography, photocathodes and
particle detectors [1-4]. By a high photon vield of 66,000
photonsMeV, a fast decay time of 800 ns, a high conversion
efficiency and a suitable emission wavelength of 550 nm in
the wvisible mnge for 5 photodiodes, the classical CsETL
scintillators have been widely used in muclear and medical
imaging applications [5-11]. CsI:T] crystals have a cubic
crystul structure with a medium density of 4.53 giem® and 2
high atomic number (£) of 54, They have a stronger
mechanical stability with no cleavage plane and a high
chemical stability of less hy groscopic nature [ 12-17]. Incase
of gamma-ray detection, Csl crystal has a high stopping
power by a dense packing and a high atomic number, These
properties enable Csl crystals to be snitable for gamma-ray
detection. In principle, scintillation charactenstics of Csl
crystals suchas color center creation and radiation resistance
depend onboth the crystal punty and perfection [ 18-23]. The
dopant T atoms n alkah-halides (I-VIT) scintillators act as
activators to increase the scintlation efficiency and to pro-
duce longer wavelength emission spectra [24, 25] A
homogensous concentration and a doping concentration of
Tlareimportant inoptmizat on of the peformance of CsET1
scintil lator and necessary for the study the defects formed
due to the doping and its effects on luminescence [24-31].
With the continuows increase in the mguirements for the
radiation detectors to improve the radiation detection capa-
hilities and at a low cost, many efforts wens made to explore
new high-perfomnance scintilators [32] such as SrlzEn™
[33, 34], CsBa:ls:Eu [35-38], BaBrl:Eu [36, 37] and Gds
GuzAlz(hz:Ce [31, 39]. However, to further optimize clas-
sical scintillators, many research gmoups have studied Csl
scintil lators with different doping approaches such as Csl:In,
CskBr, Csl:Eu, CsLSh, Csl:Ph, Csl:Ag, Csl:Na, Csl:Ca,
Ybcodoped  CsLTl,  and  Bi''codoped CsLTI
[18, 40-54]. There are many reports on the new temary
compositions of Csl such as CsSnl, CssBizle, CsSrls and
CsBasls [55-58] Lindsey et al. have recently investigated
CsCals:Eu scintillators for gamma detection applications
with an energy resolution of 13 % at 662 keV and a light
vield of 22000 photons/MeV in case of 30-mm-diameter
size [59-61]. Moreover, Hofstadter et al. [59] reported Ca™-
doped Csl erystals with the UV-li ght luminescence as similar
o Na® doping, and some groups have studied on Cal;
scintillators [62—66]. Some groups reported COs-doped Csl
scintillators with the 410~ and 550-nm light luminescences
and demonstrated the alpha detectors from the CsLOO;
scintillutors [47, 48], A list of the published reseanc h work on
the measured santillation properties and detection perfor-
mances of many norganic materials for the scintillation
detections was provided by Stephen Demnzo et al. [67]. In
this work, we are interested inthe growthof CsLT] crystal s o
develop the y-ray detectors by investigating the low-cost mw

@ Springer
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materials and studied on the impact of impurity on their
optical properties and mdiation detection.

2 Experimental methods

By a modified homemade Bridgman—Stockbarger furnace
[68], CsI:T1 samples were gmown in two levels of the purity
of Csl and TI reactant materials, 1.e., having a very high
purity of 99.999 & and a high purity of 99.9 % by suppliers
of Alfa Aesar and Strem, respectively. In the first step, Csl
and TII powders were mixed and melted at ~ 620 °C o
g CsET] crystals at the growth rate of 2 mm'h, The
CslT erwstals grown from the very high-purity mw mate-
rials were transparent amd colorless erystals. The CsI:T1
crystals from the lower-punty materials wen also tmns-
parent but a bit omnge in color. As gmown by Brideman—
Stockbarger methods and taken off from eyhindrical quarte
crucibles, CsIT] crystals were about 14 mm diameter and
T0mm length. Before chamcterization and analysis of
properties, both CsET] crystals were cut into the cylindrical
shapes of a dismeter of 10-14 mm and thickness of
S—10 mm. For soft polshing of the crystals” surface, sihoon
carbide shests and felt-cloth sheets with a bit aleohol were
used A Bruker DE-Discover X-ray diffractometer (XRD)
was performed to analyee the crystal structures, 4 JEOL
JEM-2000 tmnsmission electron microscope (TEM) was
applied to evaluate the micmstruaure of CslT] crystals,
showing good crystalline quality with a pattern of cubic
structure. By a Hitachi 5-3400N s@ming electmon micro-
scope (SEM), Csl: Tl surface morphology was observed and
it exhibited quite a smooth surface with some parallel cryvstal
facets. By a PTI-N] Quantum Master photoluminescence
(PL} measumements with ~ 350-nm-wavelength excitation,
the optical properties of CsITl crystals were adhieved.
A Jaseo V-530 UV-Vis spectmophotometer was applied to
study on optical properties as absorption and transmission
and also estimate the absorption hand-gap energy of both
Csl:T crystals, For electrical properties of CsI:T] crystals,
the electncal msistances were simply measured along the
eross-sectional and verticl directions. Finally, CsIT] crys-
tals wene coupled with a Hamamatsu H5783 photomultiplier
tube (PMT) and coated by black Teflon and then connected
to electmnic parts to evaluate the radiation performance as
radation  efficiency  and energy resolubon at 122 keV
gamma-ray spectmscopy of Cs-57. The mdistion efficiency
was calculated from the fraction of the measured radistion
rate as the total absorption peak and the disimegmtion rate or
radiation acivity of the standard source of Cs-57 in counts
per second by cormcting the source-detector distance amd
the area of detector surface. In case of energy resolution, the
ratio of the FWHM width of the total absorption peak amd
the peak energy was evaluated.
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3 Experimental results and discussion

In Fig. 1, XRD pattems indicate polyerystalline CsET1
crystals with a good quality having a dominant (1100 peak.
In general, both crvstals from the different purities show
the different crvstalline guabity with the similar cryvstal
structure, However, as calculated from the XRD results, a
lattice constant of colodess CsIT] crystals of 0.4574 nm
and a erystallite size of 43.539 nm were obtained. In case
of omnge crvstals, the lattice constant of 0.4560 nm and
the crystallite size of 43.089 nm were achieved. However,
the: lower-purity arange CsI:T] crystal was found to consist
of caleite (CaC0s) and to have a smaller lattice constant
and a smaller crystallite size. The orange CsIT] crystal
lattice 15 smaller than that of the colodess crystals and that
of the theoretical lattice constant of undoped Csl crystal
due to more compositions with the impurity atoms such as
Ca, C and O atoms. Moreover, the reflections from
CsH110) plane and other planes of the omnge CsETL
crystals are distinetly lower than that of the colorless CsET1
crystal. This implies a lower periodic atomic armngement
of the orange CsLTl crystals than that of the colorless
CsETI ervstals, indicating a lower erystalline quabity. This
alsn induces the observation as the reflection peaks of
calcite with relatively high intensity in comparison with the
reflections from CsI(110) plane. But some pieces of orange
erystal from different parts, in particular the middle pan, of
a bulk erystal could mot found the peaks of caleite with
having a stll low intensity of the meflectons from Csl
crystal planes, In general, the bulk crystals have a gradient
of their composition along with the growth direction and
high impact in case of the crystal growth with impurity or
doping. Due to their compasition in the doping level, cal-
cium and thallivm could not be detected by XEF mea-
surements for both types of crystals. The main elemental
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Fig. 1 XED memwements showing the orysial siucmre of CsET]
crystals with a quile good quality of a dominant {110} plane
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compost ons were detected as cesium and wodine as almest
composition of 100 %. In principle, the compositional and
gquantitative evaluations of dopants nesd momr advanced
investigations, As a conclusion on the crystal stucture, the
better crvstalline quality was achieved by using a higher
purity of reactamt materials, whereas a few amount of
impurities do affect the crystalline guality of the Cs:Tl
scintillators,

By PL measurments with ~350nm-wavelength exci-
tation at room temperature, the optical properties of both
types of CslTl scimtillators were amalveed.  ~600-nm-
wavelength light emission from the orange crystals and
~540nm-wavelength  light emission for the colorless
crystuls were ohserved as shownin Fig. 2. Even though the
amounts of raw materials for Tl doping in bath crystals
were approximately the same of 0.355 %wt, their optical
properties under UV-light excitation were completely dif-
ferent. The PL mesults show the bnghter light emission of
the orange crystals. This probably results from some
impurities as calcite (CaC05) in the omnge crystals with
respect to more activation energy levels from both Ca™
and (005 cooperations, In additonal, many research
groups [50-66] reported Co® -doped Csl crystuls with the
UW-light luminescence and also Cal; and Cal;:En scintil-
lators were studied. Them are some reports on COs-doped
Cal seintillators with the 410- and 550-nm light lumines-
cences [47] and even CsliCO5 crystals for alpha detection
applications [48]. However, many efforts have been made
to investigate Csl scintillators with different doping ele-
ments and some groups have immovated new ternary or
quatemary compositions in onder o improve the radiation
detection  capabilities with lower-cost and non-toxic
materials for hi gher-performance radistion detectors.

SEM micrograph shows no significant differences

between  both  crvstals,. Figure 3 shows  transmission
= — Coloress CsIT1
RGO | & range Cal:Tl EOO
5000 - e
F -
4000 400 T
= =
o _— E
B 2000 S
E =
w
T 2000+ 1E0 =
| 4 104

L ; . . .
200 450 500 S50 @00 850
Viavelanahl (nm)

Fig 1 PL meamrements showing the brighter Bght emision of the
orange orystak than that of the colorless orysials
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Fig. 3 Transmission elecwron diffraction pattems showing quite good
aystalline quality by a clear penodic atomie arrange ments of Csl for
the colorless crystals (a) and a weak-mtensity diffraction pattem of
Gsl for the orange crystal (b)

electron diffraction patterns of both CsETI crystals, In case
of the colodess CsI:T] crystals, the electron diffraction
pattern indicated a body<centered cubic structure of poly-
crystalline crystal Csl regon with some dominant orien-
tations and clear periodic atomic arrangements in Fig. 3a.
Polycrystalline pattern of a lower crystallinity of Csl was
observed for the orange crystals as shown in Fig. 3b. By
these selected-area electron diffraction patterns, no pattern
of any impunties or dopants could be observed.

‘& Springer
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Fig 4 UV-Vis spectrophotometer showing the optical band-gap
energy of GsLTl arystak and wransminance (inser)

UV-Vis spectrophotometer was applied to study optical
properties as absorption and transmission and also estimate
the absorption band-gap energy of both CsETI crystals. As
shown in Fig. 4 (inset), alarge increase in a transmission of
incident photons was started at about 310 nm and a gradual
increase for the wavelengths longer than about 350 nm
until nearly constant in the visible region. This also means
to the absorption of incident photons in the UV region,
especially the wavelengths shorter than about 310 nm. In
the wavelength range below 310 nm, the transmittance is
found to be about 0.2 for the colodess CsETI crystal and
about 0.3 for the orange CsLTI crystal, while in the
wavelength range above 310 nm, the transmittance of
about 0.65 for the colorless CsI:T1 crystal and about 0.55
for the orange CsLT] crystal were observed. This implies to
the slightly different optical properties of the colorless
CsETI crystal as indicated by slightly more opaque or
higher absomption of the light in UV region and a little more
transparent or lower absorption of the light in visible region
than that of the orange crystal. In agreement with the PL
measurements, the orange CsITI crystal exhibits the
brighter light emission in the visible region than that of the
colodess crystals, probably relating to higher absorption
and more interactions between incident photons and crystal
atoms. Furthermore, the optical band-gap energy was
estimated from a Tauc plot of (xhv)® versus the photon
energy (hv), where a2 is the absarption coefficient. At
x = (), the value of photon energy (hv) gives an absorption
edge of the optical band-gap energy (E;) [28, 69, 70]. As
shown in Fig. 4, the absorption band-gap energy (E,) of
3.60 eV for the colorless CsITI crystal and E; of 3.35 eV
for the orange CsETIl crystal were achieved by the
extrapolation of a liner pat to « = 0. These achieved
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Fig. 5 At 122 keV y-ray spectroscopy by Cal:T] scintllains with
different impurities showing dif ferent radiation detection perf ormances

ahsomption band-gap energies with deviations probably
result from crystal quality, doping concentration and co-
dopants etc. These are related to the radiative transitions in
the 1Y center itself as the four emission bands of 221,
254, 5.1 and 3.35 &V [4, 28]

Moreover, the electrical properties of CsIT] crystals
were studied by measuring the electrical resistances, ie.,
230 £ 16 MO in cross-sectional | direction and
714 + 136 MO in vertical directiom. The lower resistance
meaning 0 a better conductivity or better electrical prop-
erties was obtained in cmss-sectional direction than that in
vertical direction as the crystal growth direction. As a
cmclusion from a lower deviation of measured values, the
erystals have more homogeneously crystalline guality in
criws-sectional direction than that in vertical direction as
the crystal growth direction with the temperature gradient.

Consequently, both CsIT] erystals were cut mnto the
cylindrical shapes of a dismeter of 10 mm and thickness of
5 mm. Finally, CsET] crystals wem coupled with a PMT
and connected to electronic parts to detect the radiations.
The Csl(TI) scintillator was coated with Teflon tape. Beta
radiations of Sr90 and y-ray mdistions of Co-57 were
performed, and the mesults show guite a good efficiency and
quite a good resol ution. As revealed in Fig. 5, the colorless
CsLT] scintillators mepresent a higher detection efficiency
at 122 keV of Co-57 of 78.4 % and the energy resolution
of 23.3 % and the detection efficiency of 75.9 % and the
energy resolution of 346 % of the omnge scintillators by
maintaining the same electronic conditions and amplifica-
tions, The ratio of electrical peak signal of radiation o
noise signal of the radiation detection by the colorless and
orange scintillators was 0.09 and 3.8 %, respectively. The
higher efficiency and energy resolution of the radiation

47.

detection from the colorless CsIT] santillators with the
higher purity and high crystalline quality than from the
orange crystals were obtained. However, the peak sensi-
hility wavelength of this PMT is 420 nm and nearly con-
stant sensibality of this PMT mn a range of 350450 nm
light emission and a steeply deceasing sensibility of
450—650 mm light emission. According to the data sheet of
Hamamatsu H5783 PMT, there is a difference in the sen-
sibility of 5 times betwesn the ~540-nm emission of the
colodess crvstals and the ~600-nm emission of the orange
crystals. However, the Si-based PIN photodiodes effi-
ciently work with the light in a visible range including the
S50-nm-wavelength light emission from the CsETI sein-
tillators [4, T-11]. As comparison in economic reasons, the
efficiency of radiation detection of the cheaper omnge
crystals could be improved by coupling with the 5i-based
FIMN photodiodes with the good response in the proper light
emission. As a result, the radiabon efficiency could be
improved by a higher efficiency of light conversion as well
a5 4 higher pulse height of measured signals with a lower
amplification by coupling with the Si-based PIN photodi-
odes. This would induce the development of compact
radiation detectors, mini survey meter and small pocket
dosimeter in further invest gations.

4 Concusion

CsI:Tl scintillators gmown by 2 modified homemade
Brdgman—Stockbarger fumace have a crystalline quality
and optical properties good enough for the radiation
detection application. The unintended impurity as caleite in
low-cost CsETI scintillators was beneficial 0 enhance the
light emission amd shift light wavelength but slightly lower
efficiency of mdiation detection. By coupling with a suit-
able photo-multiplication part as the Si-based PIN photo-
dindes, the radiation detection efficiency of low-cost Cs1:T1
scimtillators enables improvement. From these valuable
results, to grow the new ternary materials as CsCaly or
Csl:Ca or Ca-codoped CsET] scntillators could be one of
the promising approaches to achieve the high efficient and
lovw-cost radiation detectors with the optimization of the
crystal growth conditions in the further investigations,
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Group II-V materials, such as AIN, GaN, InN, GaAs, InP, AlSb and GaSh, have been applied in
optoelectronic devices and radiation detections including light-emittmg diodes (LEDs), sclid-state
lighting (S5L}, optical storages and semiconductor detectors. In this project, we have mvestigated the

of high crystalline quality AlSh materials with swtable optical and electrical properties to
develop AlSh-based room-temperature radiation detectors. Their crystal stuchme, compositions,
surface morphology, optical properties and electnical properties were analyzed by using X-ray
diffraction (XFD)), Scanming Electron Microscopy (SEM), Atomic Force Microscopy (AFM), Faman
Spectroscopy, Fourer Transform Infrared Spectroscopy (FIIE), I-V charactenistics and Hall-Effect
Measurements.

~400-nm-thick AISb films were prepared by REF-magmefron sputtering process in argon
atmosphere at a pressure of 10 mbar, a power in a range of 150-250 W and the area ratio of Al and
Sb of 85:15 for the sputtermg target. In Figure 1, XRD measurements represent that A1Sh films were
grown by the sputtering process at the power of 250W. At a lower sputter power than 250W, no AlSh
formation and only Sb films were obtamed. The XFD results show the good crystalline quality of
AlSh films with the smgle crystal plane of (111) and a lattice constant of 6. EB“' A and a crystal size of
(.88 nm Raman spectroscopy venfied AlSt films by Raman shift of 307 cm” 1J.1ﬂ1respect to AlSh-
TO mode. In order to generate n-type and p-type AlSh films, Cu and 51 doping m AlSb films were
performed by the ratio of Al 5b and dopants of 8):14:4 for the sputtering target By I-V
measirements as shown in Fig.2, the resistance of AlSh:Cu, AlSh:51 and imdoped AlSh were obtained
as 0.123, 2756 and 3.385 k03 respectively. Moreover, Hall-Effect measurements approve of n-type
AlSh ﬁlms by Cu doping and p-type AlSb films by 5i doping with the sheet camier concentrations
about 10° cm™ but both still low carrier mobility. In a further mvestigation, PIN junction didoes will
be designed on 51 substrates in order to develop the AlSb-based room-temperature radiation detectors.

= Spatir Parwer 230 W 124 & Undeped Alsh
Spuihit Passr J00'W & Si-diped A5 =3, 585 ki1
& Cudeped AlSh
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Fig. 1: 26 XFD measurements of A1Sb films Fig. 2: I-W charactenistics of umdoped and doped
AISh films
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@ Aluminum Antimonides (AlSh)
= Sufficient radiation detection materials
* Indirect Band gap (1.615 V)
® Optoelectronic devices = Photodiodes
= Light absorber for solar cells
% To develop mini radiation detectors and
room-temperature radiation detectors

— )’Cryltalﬂl.q.llltybym —

f}x\;ﬂ

& J4.]5-]1\{111]—5].111 gmmh for all cases

OUndoped AlSh films 0 AlSh:Cu & AlSh:5i films

|
—_ » Crystal Growth |
% AlSh thin films growth by a Levbold-Heraeus
RF-magnetron sputtering system.
= In argon atmosphere
= Growth pressure = 1i- mbar

= Lattice constant = 6.1305 A = Sirained films
= Crystal size = 50,85 mn = Lattice constants
=612574 A - 6.1619 A

—  » Raman Spectroscopy

roughmes (rma) =397 mm

i e

= Power = 250 W for AlSh ==
= (Glass substrates J = I zER )
Target ; _—
= Al:Sh =955 i= | ;
= Al:Sh:Cu or 5i ratio = ahn‘ntﬂ[i:5:5 — i- [ A ]
] i
I .
> I " l\--_ ||||||||||| i
% Undoped AlSh films —
] ,' v = Transparent film at ~850 nm| 'FRIIJIIM il!l.ift of 307 ﬂn'l& _].‘H} cmr! of AlSh
s ..‘-‘ o (IR light) O Undoped AlSh films 3 AlSb:Cu & AlSh:Si films
i A i = Optical energy gap * Higher & sharper Raman-shift peak = Lower crystal-structure
E I J =146 &V = Higher patterned atomic structure guality
/” A e e AlSh:Cu & AlSh:Si films > |
A ri - .
e Longer wavelength Electrical m [ e ey
e in a range of 950-1000 nm T p——— 3« Undoped AISh
bt = Lower optical ELETEY gap =1AMkh
= ‘With Si/ Ca doping,
—|>s-nu-umml—__ _ e,
s ANSh:Sif4%) = AlSh:Cu
=1.234 ki3
lllll - - M-ﬁ
e — =1122k0
4 Semiconductor type by Hall-Effect
———— = m-type = AlSh:Cn
= p-type = Undoped AlSh & AISh:Si
< Sheet concenirations
reughaca frmi) =1 1% nm reaghe () =17 am L] l-TndnﬂdM‘Sh =1.266=10" cmr?

= AlSh:Ca =-LT7572=10""cor?
* AlSh:Si=24381=10"" cm?
“ Mabilify
= Undoped AlSh = 27339 cn®/Vs
* AlSh:Cu= 025789 oV
= AlSh:Si=0.0627 cm'/Vs

s conten

< Average grain size = 136.98+32,396 nm
%+ Undoped AlSh, ronghness (rms) = 2,13 nm

“With Cu or 5i doping, bigger grain size & higher roughness
= The smoothest AlSh:%i by 5i of 4% =173 nm

= The smoothest AlShiCn by Co of 1% = 3,51 nm

— » Conclusion |

% AlSh films by RF-magnetron sputtering without exira annealing
% Undoped AlSh

= Lattice constant = 6.1305 A

= Average crystal size = 50.35 mm

= p-type Sheet conc. = 1.266x10'F cm-? Resistivity = 0.19984 Ciem
4 AlSh:Ca with optimized Cu content of 1%

= n-type -Sheet cone. = -2.7572=10"em* Resistivity = 2.55 m{cm

% AlSh:5i with optimized 5i content of 4%
= p-tvpe -Sheet cone. = 21,4381 10" cm-? Resistivity = 4.23 m{lem
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N-rype and p-tvpe AlSh films on Si substrates for radiation detection sensors

Eulthawat Cheewsjaroen’, Pharmee Saengkaew’, Salumtam Sanorpim’, Decho aram’,
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* Depariment af Physics, Faculty of Science, Kasetsart University, Bangiok, Thailand

Group III-V compound semiconductors are attractive materials for many applications in
various fields such as optoelectronic devices and radiation detection devices. In this project, AlSh
films on 5i substrates have been investigated for the simple room-temperature radiation detection
sensors. The AlSh films were prepared by the RF-magnetron sputtering process in argon atmosphere
at the power of 230W. To achieve the n-type and p-type AlSb films on 51 substrates, Cu and 5i were
doped in AlSb films, respectively. Hall-Effect measurements were used to approve of n-type AlSh
films by Cu doping and p-type AlSh films by Si doping with the sheet camier concentrations about
10%m”. By xray diffraction (NRDY) measurements, AISh films were characterized with the (111)
preferred onentation. Moreover, Atomic Force Microscopy (AFM) measurements exhibited the
surface morphologies of AISb films with a bit higher ronghness by Cu doping than that of S1 doped
ones. As the simple PN or FIN junction stuctures, I-V measurements will be performed to
characterize the electrical properties as -V charactenstics curve of the diode devices. To develop the
AlSh-based radiation detection sensors as the surface barmer detectors, the radiation responsiveness
for beta or alpha particles or the radiation detection efficiency will be firstly studied and then the
modified devices to detect the electromagmetic waves as x-ray or gamma-ray in further mvestigations.
Eevwords: Semuconducting alhmmum compounds, Semuconductng III-V matenals, Radiation
detector, Doping
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Fiz 1 I-V characteristics of mdoped A15b, AlSh:5i and A15bcCa

S 0Pems =285 om Co=1.0%rms =381 mm

Fiz 2 the 5%5-pm® surface marphology of AlSh:Si and A1Sh-Cu by AFM measuremants

53.



7. $uunpaideises “Growth and Characterization of N-type and P-type Aluminium Antimonides on Si

substrates for room-temperature optoelectronic devices” ladsRnaniluansansivnis Materials Science

in Semiconductor Processing 3so¢/lugnudaya isi

Growth and Characterization of N-tvpe and P-type Aluminium Antimonides
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Abstract

To develop Almminium Antimomde (A15b) -based optoelectronic devices on 31 substrates, AlSh films wp_fue
mvestigated for 2 good aystalline quality and swtable optical and electncal properties. Under an optioazed zros
condition by BF-magnefron sputtering techmaue, ﬂ:l.eAlShﬁlnnmeg;uwnatasplmumgponﬂo\fZSU'“'anda
pressue of 0U0]1 mbar in argon amosphere and 2 precursor ALSE ratio of 955, The undoped AlSH filme were
found to have a cubic erystal structure with (111 preferred orentation and a lattice constant of 6.1315 4. For
doped AlSh samples, the AlSh.Sifilme with compressive strain had a lower lattice constant of 6.1042 A and the
ANSh.Cu films with 2 tensile strain had a larger lattice constant of 6.1402 & Raman spectroscopy indicated strain
states apd lower corystalline cquabty imdwced by doping The optical properfies, amalyzed by UWV-Vis
spectrophotometry, showed that the undoped AlSh film was tansparent to IR at arcund 850 nm, where the doped
films were transparent at longer wavelengths. To evaluate the electnical properties of the AlSh films, the ntype
charzetenisties of AlSb:Cu films and the ptype of AlSb:51 filme were characterized by Hall Effect measurements.
Todevelop AlSk-based optoelectromic devaces, a PIN diode struchwe was grown on 51 substrate. The smeoth
mterfaces between the AlSb layvers and with 51 substrate were confirmed by cross-sectional TEM micrographs.
Finally, IV measurements showed diode characteristics with a twm-on veltage of about 1.5 V in case of forward
bias and -1.0 V for reverse bias. In summmary, the AlSb-based diode stuchme on 51 substates had been
successfully fabnicated by optumuzed sputtening deposition. This 15 promusing for future development of the A15b-
based opteelectrome devices.

Fawords: Dopinz, Ahminum Antimonides, n-type AlSh, p-type AlSh, IV matenals, Semiconductor materials,
Optoelectronic devices, Radiahon detector, 51 substate, sputterms deposition

Introduction

Dhee to their excellent optoelectronic properties, -V compeound senvconductors kave dommated applications n
warous miero-, nano- and optoelectronic devices m several fields Their efficiency 1s kizh while manufachning cost
can be kept low. II-V devices mclude P2V junction diodes, light enutting diedes (LEDs), laser diodes, transistors,
photovoltaie devices, thermophotovoltaic devices, infrared detectors, solid-state radiation detectors and sensors for
envirommental momtonng, chemucal detection, and biomedical diagnosiz(1-10h As the first-generation material of
M-V compowund semmconductors, arsemde-based compommd senuconductors have been used m the development of
mucroelectronic devices and integrated cirowmits (3,111 MNitndebased semuconductors have been focused for short-
wavelength optoelectronic devices and high-power devices partly due to electron confiswation stronser atonuc
bonds and thermal and chemical stability (12,13 Phosphde-based and anfimonide-based senuconductors play an
mpertant role m infrared detectors, mid-and far-infraved quantum cascade/dot lasers, satellite commmmications,
space mstrumentafions, mobile devices, thermophotoveltzic devices and others [14-17). Interestingly, radiation
detections by II-V compound semiconductors such as Gafs, InP, AsSh and AlSh with high resistance against
radiztion damages, 2 good energy resolution. fast signal nse times, low production and operatmz costs at room
temperzhure are requued for a vanety of applications such as nuclear radiation non-prolifershion and momrtonng,
medical magmg and space mnagmg (18-22; In primciple, the radizhion detector operates by countmg the mumber of
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electron-bole pairs crested from an incident gamuna 13y mito the semmconductors as the active materials, This
equires approprate band gap of semuconductors in the range of ~14-22 &V (15.23-24; Alunumen antmomde
(AlSk 15 classified as one of the most pronusing matenals for gammarzy radizhon detection at room temperatures
because of its minnsic responsibility fo lugh-enerzy phetons at room temperatwe which s better than that of
CdTe, 5i, and Ge18.25; Vaughan et al (20,21; studied AlSh senuconductor filme for 2 room-temperature gammna-
radiafron detector. Zheng ef al (26 mveshzated a2 fabrication of AlSh pobyerystalline thm films wathout post
annealing by magnetron co-sputtenng In addition, a large A1Sb single crystal will enable potenhially low-cost high-
esolution room-emperature detectors, lugh temperatme detectors, lngh mobihity electromes and long-wanvelength
optoelectronic devices (27-30y In this study, we have mvestizated a3 growth of high cryvstalline quality AlSH wath
sutable optical and electrical properties by RF-masmetron spuftering in order to develop AlSh-based room-
tempershwe optoelectronic devices by the P-N or PIN junction shuchare in the future

Experimental methods

~400-mm-thick AlSh thin films were deposited on glass substates by a Leybold Heraens RF-magnetron sputtering
system Deeposition chamber in argon atmosphere was pumped down to a pressure of 107 mbar Sputtering targets
were pure Al and 5b with the A1Sbh ratio of 95.5 for the undoped AlSH growth For doped AlSh samples matios of
ALSb.(Cu and ALShS1 targets were kept at about 90.5.5. The diameter of the targets was 76.2 mm and the substrate-
to-target distance was 50 mm The spufter power was vaned in a range of 150-250 W Before loading mio the
deposition chamber, the plass substrates were cleaned m acetone with ulfrasome snroundngs The sbuctural
characteristics and the crystalline quality were analyzed by usinga Rigakuthax 1l Hamy diffraction (RDy. To
achieve n-type and p-type. Cu and 5i were selected a5 dopants info A5k Raman Spectroscopy with an excitation
wavelength of 473 nm was conducted to evaluate the effect of dopmg on the erystal stuehure quality. To measure
the film thicknesses, cross-sectional mucrographs were obtamed wsng a JEOL JSM-T800F Scamming Electron
Mieroscopy (SEM). A TEOL JTEM-2010 trensnussion electron microscope (TEM) was utilized to analyze the
microstrucnure of multilaver ALSh films on %1 substrate. To exlubit the swface morphology of the AlSh films, an
AR MFP-3D (Bio) Atomic Force Microscopy (AFM) was used to imvestizate a relationship between dopms content
and the swface roughness Optical band gap of AlSh was charactenzed wsnga Jaseo V-330 UWV-VIS. Electncal
properties of the AlSh filme were charactenized usmgza HMS-3000 Ecopia HallEffect measwements and I.W
characteristics to measure resistivity, conductivity, canier mobility and sheet camer concentrations of the wndoped
AlSh, the AlSb.Cu and the AlSb-5i alloys. The AlSh films with a good crystalline quality and suitable optical and
electrical properties were, hence, prepared to develop AlSbbased room-temperature optoelectromic devices.
Subsequently, AlSb-based PIN diode struchuoe was grown on %1 substrate under optimuzed growth condifions and
the electnical response was characterized by [V measurements with applied forward and reverse biases.

EResult: and Discussion
Crystalline Qualisy by XRD measurements and Raman speciroscopy

To obtain an optinuzed sputter power for deposition of the A15h films without exfra post-annealing, the power of
FF-magnetron sputtering machme was vaned to set up at 150, 200 and 250 W. At the power of 150 W, only very
fine grey powder was randomly coated on the glass substrate and no film layer was formed The black and cloudy
film layer was obtamed at the power of 200 W.By increasing the sputter power to 250 W, shiny filny were
deposited on the subshate with a munorlike snface To characterize the crystal stuchme and quality, 3RD
measurements were performed in 3 828-5can mode Fig ] shows a prefemed orientation of AlSh ¢111) and AK111)
and Al200y peaks. This indicates that AISh films have been successfully deposited At the power of 200W, only Sb
film were deposited without any AlSh film formation Results suggested that a threshold power 15 required to
sputter Al that has a stronger binding energy than Sb. Too lugh power can produce excess Al and result in pure Al
In this study, the sputter power of 250 W was used to depomit the AlSh film=. Using Braggs law and Schemers
fornmla, the lattice constant of the deposited cubic undoped AISh film is slightly compressed o 61305 A and a
crystal size of 50.85 nm with a low distortion of 0.081% 15 obtamed. This is calculated from the theowetical
constant of 6.1335 A for A1Sh. This means that these deposited AlSh films possess compressive strains. Fig 2




shows selected area diffraction pattern of the AISh film The nanogram polyerystallme nature of the AlSh matenal
15 confirmed.
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Fiz1 626 XRD measwements of AlSh films at the sputter power of 250 Watt.
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Fig2 A selected area diffraction pattern of cubic AlSb filox as shown m Fig 20.

Dopmg Si and Cu into the AlSb films has been reported to result in p-type and ntype AlSb films, respectively
116.21.26; In case of ptype AlSh, Si atoms would substitute Sb atoms resulting excess holes. On the other hand
when transition element Cu atoms with the number of one or two valence electrons were doped m the AISb films,
two competing processes occur simmltaneously. While substituhing Al atome leading to excess holes, Cu 15 a metal

n
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element with many free electrons. Smce the later mechamsm 15 domunant. dopmg Cu m AISb results mn ntype
AlSb filme. Doping with Si and Cu was found to shghtly deteriorate the crystal quality of the AISb films. By
doping with Si content of 3, the lattice parameter of AlSb was compressed to 6.1042 A with a low distortion of
0.509%. By Cu doping of 4%, the lattice parameter of AlSb was tensiled to 6.1402 A with 2 low distortion of -
0,076 Crystal sizes for both cases were found to be unaltered According to differences in atonuc radius sizes of
dopants, the residual strain mn the AlSh filnx was onzinated from atomic size duff: S1 atoms p an
atomic radms of 111 pmwhich 15 smaller than 133 pm of Sb atom radius leading to a smaller lattice constantwath 2
compressive stam compared to that of undoped films. In case of Cu dopmg, Cu-atoms have a radms of 145 pm
which 15 bigger than that of Sb atoms and 118 pm of Al atom radius 31.32; As a result, Cu doped AlSb crystals
were obtained with a tensile strain mn the films. CuAl phase was also observed m Cu-doped AlSb films. Excess Cu
was found to alloy with pure Al which would, otherwise, be present as in the case of the undoped and Si-doped
AISD films, Fig3.
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Fig 3826 XRD results of undoped AlSb, AlSb.Si and AlSb.Cu.

Optimized doping concentrations of Cu and 51 were investizated by varying Cu content m the sputtening target
from 0.8 to 42 and a vanation of S1 content from 2« to 4% Fig 4 shows XRD results of Cu doped AISb samples,
CuAl was not found when Cu content 15 lower than 3« With increasmg Cu content, lattice constants of AlSb:Cu
were slightly varied from 6.12574 A to 6.1619 A without an obvious difference in their crystal sizes was observed.
When there 15 no excess Cu to form CuAl phase, Al peaks are dommant for all samples having Cu less
than 3%.
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Fig4 626 XRD results of ntype AlSb-Cu films with a vaniation of Cu contents.
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Fig 5628 3RD results of p-type AlSb.Si films by Si dopmg with a vanation of Si contents.

With increasmg Si content from 2s to 4e, XRD results of all Si doped AlSb samples show no big difference in the
crystalline quality as shown in Fig 5. Lattice constants of AlSb-Si were slightly increased from 6.1042 A to 6.1595
A without a big difference in their crystal sizes.

Raman spectroscopy was performed to analyze the crystal quality and amrangement of the AlSb films by scanning
on 5 locations for areliable average value of each sample The measuwrements show Raman-chift-peaks of 307 cm’
and 320 em’ of AISbTO and AlISbLO indicating better and lower periodic patterns with slight shifts from
th ical values by strained states in the films and a peak of 130 cm” of amorphous Sb (a-Sb). In comparison with
the undoped AISb films, both the doped AlSb films were grown with a lower crystal quality indicated by the lower
distinzwshed Raman-shift peaks from AlSb crystal structure, 1.e. AlSb:Cu filmes m particular as represented in
Fig 6. Furthermore, a-Sb deposition was slightly decreased by Si doping and a higher impact by Cu doping due to a




lower content ratio of Sb pr 1e. hugher opportumtes of others to form compounds and be deposited on
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Fiz ¢ Raman spectra of undoped and doped AlSH films.
Wih higher Si content; the sesulls show Kaman-al 220 Graph D°p'“9[w with nearly the same pezk
positions. The lower intensity and lower distingwished peaks indicates shghtly detenorated crystal quality as
revealed in Fig 7. In case of AlSb-Cu samples with increasing Cu content. Raman-shift-peaks of AISb-TO and AlSb-
LO peaks are at nearly the same peak positions. The crystal quality was a bit detenorated as indicated by AlSb-TO
peak with a lower intensity and lower distinzwished peak, and AISb-LO peak with a higher distinzuwished peak and
a shightly higher intensity as shown in Fig8. In both cases of doping, 3-Sb deposition was shghtly decreased but
there were no big differences in dopmg contents. In bnef the findmgs from Raman spectroscopy indicate that
doping shightly detenorated crystal quality of the AlSb films.
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Fig 7 Raman spectra of Si doped AlSb with a vanation of Si contents.
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Fiz 8 Raman spectra of Cu doped AlSb wath a vanation of Cu contents.

Oprical properties by UV-VIS spectrophotometer

To characterize the optical properties and optical energy gap (Eg of the AlSh films, UV-VIS spectrophotomster
were applied In Fiz9, the results show that the undoped AISb film starts to be IR transparent at around 850 nm or
1459 eV and absorbs the visible light in a range of 400-800 nm mot shown here). This starting pomt could relate to
the theoretical radiative transition of AlSb of 1.615 eV at room temperature. With doping. the starting points move
to the longer wavelength in a range of 850-1100 nm indicating the lower optical energy zap of the AlSb.S:1 and the
AlSh.Cu films than that of the undoped AlSb film This means all grown AlSb films could be appropnate matenals

to develop optoelectronics for IR light response or the energy bandgap of ~1.5 eV.

UV-VIS spectrophotometry of AISb, AlSb:Si and AlSb:Cu l
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Fiz 9 UV-VIS spectrophotometer showing the starting points to be transparent films

Surface Morphology by AFM measurements




An AFM investigation of the AlSb films shows small grains with an average grain size of about 136.98+3240
m 5x5-um’ AFM images, Fig. 10, indicate a roughness ams)of 2.13 nm for the undoped AlSb, 285 nm for
AlSb-Siand 397 nm for AlSh.-Cu. where dopmg content was kept the same 4+ An average grain size of AlSh:-51
was about 156.7915029 nmand AlSb.Cuwith a bigger grain size was 176924628 mm. Deviations were bigger
than that of the undoped AlSb. Cu doping was found to mcrease grain size of the AlSh.-Cu This agrees wath the
results of Raman shufts mdicating deteriorated crystal quality.

(b) AlSb-S1

rouizhness gms)=2.85 nm

roughness oms)=397 nm
Fig 10 AFM measurements showing the 5x5-jtm’surface morphology of AlSb, AlSb-Si and AISb.Cu

Fig. 11 shows 5x54un’ scans of AISH-Si samples wath increasing Si contents A shightly improved trend of
decreasing (mms) roughness from 427 nm to 2.85 nm with a small fluctuation at Si content of 3% by the lowest
roughness of 2.73 nm is shownm Fig 12. The average height of crystals with Si doping changes in the same trend
as their roughness. Moreover, the 10x10-jim* swrface morphologies of the AlSb.Si samples show that the surface
1ghness was contt ly d d with smoother swrfaces with 1 mg Si When denng the
smallest radius size of Si dopant among these elements as the cause of ther surface morphology of the AlSb
films, Si atoms are easily soluble in AlSb structure by probably substitufing in some lattice sites of Sb atoms or
evenly being interstitials with a lower impact on their musmatched sizes between Al and Si atoms. Having nearly
the same size and also more smular properties to the Sb atoms leads to more compatibility of Si than Cu m the
AlSh crystals. As a result, AlSb:Si crystals have smoother surface with increasing Si content.
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Fig 11 the 5x5-um’ AFM surface morphologies of AlSb-Siwith a variation of Si contents
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Fig 12 The relationship of Si contents (s and surface roughness gms) of AlSb.Si of 5%5-um’ surface morphology (@)
and 10x10-m’ swface morphology (b

Fig 13 shows that the Sx5-tm’ swface morphologies of AlSb-Cuwere deteriorated as a trend of higher ams)
roughness from 381 nm to 447 nm with some small fluctuations Meanwhile, the average height of crystals
changes inthe same trend as their roughness Fromthe 10x10-jm® srface morphologies of the AlSb-Cu samples
with mereasing Cu contents, the swface roughness was 1 Iy 1 d with rougher swmfaces from 3.72
mm to 5.70 nm excluding the sample of Cu content of 0.8« with the roughness of 53 mm as revealed m Figl4.
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Ongm of rougher surface morphology of AlSb:Cu films 15 likely to be fromCu-atoms having the biggest radius
size among these elements. Substituting or evenly being mterstitials with a bigger difference in their sizes, causes a
higher musmatched crystal growthor lower compatibility m crystals This results in rougher surfaces with Cu

d by1 ing the Cu

PHig V)

These all results suggest that for the best surface roughness, the optimization of Si doping content ratio of 4es and
the optimization of Cu doping by the content of 15 This is in agreement wath the results of crystal charactenization

by XRD and Raman-shift measurements.

2 AlSh.-Cu Cu=08= b) AlSb.Cu, Cu=ls

roughness qms)=4 03 am

roughness qms)=3 81 am

@ AlSb.Cu, Cu=3s

© AlSb.Cu, Cu=15%

rmizghness oms)=3.80 om ' mughness qms) =447 mm

@ AlSb-Cu. Cu=tse

roughness qms;=397om

Fig 13 the 5x5-jm’ surface morphology of AlSb-Cuwith a variation of Si contents by AFM measwrements

10




& rmma § Aveege AISD:Cuwith 3 vanabion of Cu comants]

i sdnm-a.uul i

Height Averags (nm)

-
A i
' " L]
-
& .
B2 1@ 43 @@ E3 34 13 49 4B
Ca e %)

4 s W wvemgs AlSH:Cu with @ vanabon of Cu condents|
=)
' m..cum.mnl a |
“ 4w
E Ja &
c
o ja &
F . L] . lm &
g a0 - 1w z
el L %
8 az - i le X
T |
.
(13 m 16 g 15 1l 15 a0 13
U coneat %)

Fiz 14 The relationship of Cu contents ¢+) and surface roughness ms) of AISh-Cu of 3x5-Um” surface morphology
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Elecrrical praperties by LV measurements and Hall Effect measurements

To evaluate camier concentrations in the doped AlSH films, I-V characteristics and Hall-Effect measurements were
used As a comparison with the wndoped AlSh films, both cases wath the same doping content of 41 have better
electrical properties with lower resistance as 13.72 k0, 1122 kD and 1.234 kO for the undoped ALSH, AlSk-5i and

AlSh:Cu, mspectively, as shownin Fag 15
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Fi2 15 IV charactensties of undoped AlSb, AlSk-S1 and AlSh.Cu
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Fiz 16 IV characteristies of AlSb-5i with a variation of Si contents
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Fig 17 IV charactenshies of AlSkCuwath a vaniation of Cu contents

To mvestigate the optimnred dopmg content m doped AlSb layers by increasing Si confents, the resistance of
AlSh-Siby IV characteristics was slightly mereased from 2,385 k0o 3 385 kD) indicating a lower conductivity of
the AlSLSI films However, the resistance was decreased tothe munirmom at 1.122 k2 of the 51 confent of 4sas
shown m Fig 16 According to AFM measuwrements, this AlSh-Sisanple with 51 of 4« has the smoothest swface
implving to the best crystal quality among them and fewer defects to scatter or trap the electnical camiers m layers.
With increzsing Cu contexnts, the resistance of the AlSb-Cu filoes was steeply decreased fSom 7.072 kL2 to 0605 kO
mncdicating hagher electnical conductanes of the AlSECu films with a small fuctuation and the lowest resistance of
0408 kO of Cu content of 1= as represented m Fig17. Analopously, this A1Sb.Ca sample with Cu of 1xhas the
smvothest swface mnplying to the bast erystal quality among them and fewer defects. In bnef, I'V charactenstics
show the optirm=zed conditions for the best guality and igh conductnaty m doped AlSh filme wath the comtents of
51 and Cu doping of 45 and 1=, respectively.
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Fizl8 The relatonship of 51 contents (=) and the resistraty, sheet concentration and mobility of A1b.51 by Hall-
Effect meanwements

Futhermore, Hall Effect measurements were performed to verify the camer types of AlSh.51 and AlSh.Cu films.
The experimental results show that p-type AlSh by 51 doping and ntype AlSh by Cu doping were obtained. The
elactrical property of undoped AlSh was measured as piype conductivity by 2 sheet camer concentration of
1266x10" em®, resistivity of 019984 Mem conductivity of S0044 e’ and mohility of 27339 em® Vs In
Fiz 18ia), the resistivity of AlSb-Siwith Si content of 25 was 2293 mlem with a trend of decreasang from 46 61 to
4.23 mOemwith mereasing 51 contents. The conductivaty of AlSh-51 films was m a trend of mereasing from 67.8 to
24212 ©'em’. As shown in Fig 18/, the sheet carrier concentration of AlSh:Si with Si of 25 was 1967=10" cm®
with a trend of mereasing from 7.1622x10" eny® to 24381=10'% cm® with increasing 5i contents. However, the
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mobility was in 2 trend of decreasing from 023049 to 0.0627 em®/Vs excluding the case of Si of 2s as 011114
e’ Vs,
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Figl9 The relationship of Cu contents 9 and the resistivity, sheet concentration and mobility of AlSb-Cu by
Hall Effect measurements

With increasing Cu contents, the resistivity of AlSb.Cu was decreased from 106.23 to 15.72 mQem relating to a
higher conductivity of AlSb.Cu films from 94060 to 636175 Q'cm’, with a fluctuation of Cu content of 1 by the
lowest resistivity of 2.55 mQcm and the highest conductivity of 600325 Q'cm’ a5 shown in Fig 19t In Fig 19¢b),
the sheet carrier concentration of AISb-Cu films was in a trend of increasing from 4.2135x10™ to -5.6229x10" cx'
? with some fluctuations at the contents of 1.5s% and 4% by a bit lower sheet 1ons. H , the mobility
was steeply decreased from 0.7105 to 0.14849 cm® Vs of the lowest at Cu content of 1.5% and then increased to
038122 em’Vs with increasing Cu contents. In brief, Hall Effect measurements of doped AISb samples with
different dopant concentrations show the results comresponding to that of I-V measurements as the optumuzed
conditions for the best quality and best electrical properties with the contents of Si and Cu doping of 4s and 1%,
respectively. These all results confirm that the p-type and ntype AlSb films were successfully achieved by S1
doping and Cu dopmng with the optinuized content ratios of Al:Sb-Si and ALSb-Cu as 91:54 and 94.5.1, respectively.

AlSb-based PIN diode on Si substrate

W Mg
amwam 0 m a0 ey ki

Fig20 (a) a cross-sectional STEM image ofA]SbSi;kAleAleCumSisubsumM(b)mmn&e
AlSb.Cu/Si interface.
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Fig21 IV characteristics of PIN structure on 5i substrate showing IV curve of diode responses.

As some orvestigations to develop AlSb-based opteelectromc devices, PIN diode shucture was designed to zvow
on 51 substrates With the optimzed contents of Cu doping and 51 dopmg to aclueve p-fype and ntype layers of
PN stucture, the AlSb-bazed PIN diode struchwre on 51 substrate was successfully obtamed Cross-sectionzl STEM
measrements as shown in Fig 20z show smooth mterfaces between the AlSh layers and also with 5i substrate.
Total thickness of sapprosamately 16 lm contaming about §00-nm ntype layer, 300-mm undoped lzyer and the top
Layer of 500-nm pivpe layer was obtamed Fag 20 (b) shows nano-sized gramms observed m the AlSh layers.
Furthermore, IV measurements of thes AlSb-basad PIV diode struchare with 5o Au contact on the top Layver were
parformed as shownm Fig2] The IV cwve shows diode chamctenshes under both forward and reverse biases.
The responses were still not smooth and sharp chanming wath the fon-on voltaze of about 1.5 Vin case of forward
bias and -10 V for reverse bias This means that AlSb-based diode shuctures grown under the optimized growth
condiions by low economic spuftering techmique were obtained and can bepromising matenals for fuhoe
development of the AlSb-based optoelectrome devices, especially for a radizhion detection application.

Conclusion

With optnuzed mrowth conditions of RF-magnetron spuffening system, AlSh thin films were successfully
deposited having a lathice constant of 61305 .&anda.uaw.mage crystal size of 50.35 om The undoped A1Sb sanple
has ptype conductivity with a sheet camier concentration of 1.266x10%em’”, resistivity of 019934 Dem
conductivity of 5.0044 0o’ and mobility of 2.7339 cm’ Vs, With the optimized dopant content of Cu of 1% and
51 content of 44, the n-type and p-fype AlSH films were obtzmed with the low resistivity of 235 and 423 mOem,
high sheet carrier concenfrations of -2.7572%10" and 2.4381%10" em”®, and mobility of 025789 and 00627 em' Vs,
respectively. However, the arystal structure quality of doped AlSh filmes was slightly detennorated by dopants and
the Fx5-iim” surface (rms) roughness of 2.85mm of A1Sb-SL, 3.81 om of A1Sk-.Cu and 213 pm of undoped AlSh were
obtamed These grown AlSb films have swtable optical properties fo develop opteelectomes for IR Light response
or the energy bandgzap of ~1.5 V. Under the optinuzed growth conditions, AlSk-based PIN diode struchoe on S
substrate was successful depeosited with good responses by showing the diode charactenshies when applying
forward or reverse biases. Nevertheless, these results imndicate that the low-cost AlSh-based room-temperature diode
devices by sputtering system are potential devices to be developed by firure designs of PN jumetion or FIN-junction
diode structhures.
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This project aims 1o investigate the growth process of Csl aystal by modified homemade Bridgman-Stockbarger
technique. In order 1o control the growth rate at 1.23 mmyhr for Csi(T1), the rate of temperature changing is controlied at
2.7 «C/hr and the temperature grodient at 2.43 “C/mm in the growth zone of oven and the growth rate ot 1.44 mmyhy
for CsHCa). The precursors to grow the Csl crystals are the Csl powder having a very high purity of 99.9% and Til powder
and Cal powder were precursors for each doping by a content of 0.03%. Under the optimized growth conditions, the
growth of Csl aystals with Ca doping and Tl doping has investigated within the Argon atmasphere in the quartz tube. The
grown crystols were characterized for the oystal structure and its quality by x-ray diffraction, the optical properties by
photoluminescence measurements and UV-VIS spectrophotometer and eventually the effidency of rdiation detection
were performed. By PL measurement with an excitation of 250 nm, the fight emission from the Csi(Ca) crystals was
ocbianed at the wavelength of 425 nm and -590 nm from the Csi(T1) crystal by an excitation of 350 nm. Moreover,
UV-Vis spectrophotometer was employed to analyze the absorbance and transparence of Csi(T1) and Csl{Ca) crystals.
For Csl)Ca) crystal, the starting point to be transparent crystal i at about 420 nm and 560 nm for CsI(TY) aystal. This
means 1o optical absorption energy gap of Csi(Ca) and 2.21 eV of CsI(TI). By coupling with a photomultiplier tube (PMT),
the Csl(Ca) crystal is exibited o detection efficency of B2% at 122 keV and 81 % of Csl{Tl) crystal. In summary, to
utilize the Csi(Ca) crystal for gamma spectrometry, it needs to optimize the growth conditions and the radiation detection
system in the next investigation.
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Abstract

Semiconductor materials of Group II-V elements such as AIN, GaN, GaSb and AISb are applied for development
of optical electronic devices and rodiation semiconductor measurements. The AISb film was grown on a glass substrate in
argon atmasphere at a pressure of 107° mbar by RF- Mognetron Sputtering at 250 watts. The precursor ratio of pare
aluminium and antimony s 95:5. Copper and silicon were doped in order 1o obtain the n-type and p-type AlSb fims. The
ratio of pure Al, Sb and dopants are about 90:5:5. The study of AISb films on glass by XRD shows that the AISb films has
a (111) - orientated cubic structure with a lattice constont of 6.1305 A, o aystal size of 50.85 nm. AlSb: Si has a lattice
constant of 6.1042 A and AlSb: Cu with a lattice constant of 6.1402 A. The surfoce morphology has studies by AFM
measuremnents on 5x5 Jim? showing a roughness of 2. 13 nm of undoped AlSb, a roughness of 2.85 nm of AlSb: Si and
3.81 nm of AlSb: Cu. The smoothest doped Alsb films were ochieved with Cu doping of 1% and Si doping of 4% . The
electricnl conductivity was measured by IV characteristics.  For the best AlSb: Cu, AlSb: Si and undoped AISb films, their
electricnl resistivities were 2,55, 4. 23 and 199. 84 mQ- cm, respectively. Charocterization of n-type and p-type AlSb
fims by Cu and Si doping have been performed by Hall-effect measurements. The sheet carrier concentrations are about
-2.7572¢10" and 2.4381x10™ cm™ of AlSb:Cu and AISb:Si films, respectively. Finally, AlSb-based diode structures have
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been developed on Si substrates. Their electrical properties by I-V measurements demonstrates the |-V characteristics of
diode devices. In the next investigation, AlSb-based devices will be developed os the rodiation detection devices.
Keywords: Semiconducter -V Materials, IV Measurement, Holi- Effect Measurement, Optoelectronic Devices,
Radiation Detection
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winsmrviuuuusmiflednh (Semiconducior Detectors) (2,7.8.12] smiviainfrteliafiimindholndnfsdullamtls
Agminnlenlunramsindltethann Wrdaftenfmhtdinesun wh idacueefio -ulees Wain
spvAsuuULnd Wiindailinfinidtis udvuniniiniitulintug #s nsesvsusitusintnesmden 2
Uszdntnmganhimiumoafiimundssrinarsmnuisssdisnesidiiviniofn taudululismiv
nmdrNBussadafiiy oaamiadids sensmienlusygimall warbildssunwingn Sioafidles
woud il SanmaBifidussfoininga p-type Mdsehauoumisanesfl 1.62 ev 110) TeyTussfiflnnuueus
Liludlfpntidusarntussimiteads®e: Wlalnlon sinsaifidnmefindiBoum 12.7] sasfinsidoitnmn
Fuatufiowannlidugunsaldmivnmsmnsinfotfigunaities 13.4.9)

unmamsirfibivinditusuidgesunn uenfielinesintaauluisuiulisdhiniadd
fithszimtnm Sakinfdtemfeinitioliutvundioirimeetug satiEnmsdnes o i TAsdnffeon
vssziuuesdananndedfsudufoustdn iludmsfininainneadn uszaumalinaesosinielli
sompfinsesiwrfeimimafteuntlilud Samssafitlifiamidenvaansrfdnineafitnususl
TudfreMslnanteimividudnmtluguncinsiniondy

FEaufiunsise

Ruoaflunusulbilud(ass) onuanfuvunszenufia Tauiates RF-Mognetron Sputtering Tusinnaz
vrmmaedneufiariu 107 mbor fifdnsetiey 150 - 250 e TnsfidardnaeatitduaAamfuscusu
#huttel 05:5 uazimatess 2 ﬂaﬂmoueuﬂ!mmﬁfﬂlﬂmwlﬁauuwﬂﬂm‘ n-type GRZ p-type
iy Tnnfidaidursafitdundod wudlutuaramidsyizinn 00:5:5 lasinvfnwintsdessd
s v isugadmnsdess fe Sadnesimatenswndiiaidin 08% - 4% uasdmiy
nrdedinmfidaidunrsrided 2% - 4% Tnsfidanmaianfdnlznm 200 nmendi b uszfangman
whadsoimrussemlueElmdusisdamistnium 5wl deimasrféeattuundbfiiuia S
dwesiaudnyussvcesRddianth Insandrvasdlansislareiinematandeauuioting
(X-Ray Diffractometer) ua:’imuﬁﬁmm:x%a‘uﬁoﬁnnlnmmwﬂnﬂa:muwnm‘: Force Microscope, AFM)
swmsumaaiul 55 pum? Tnaeiausnin iadonmatia -V Measurement uszmeanidadgoadii
KUUEBRFEWRNS (Hall-Effect Measurement) WeiasianmalBene ulniBisunsonudeulnmianfidd
iz sfier IR G snfunfutanma it andenis dm'lmfu%ﬁ‘mﬂﬁ'muwn_nliuuuun'mfuwuu
Taswinlnlonslia PN uaz PIN UnguIne8Bneu Trgsns@fnouthegnvitanaszemfanmawnies (Propancl)
tundsdanilstndiduna 2 witifieridaouniadngfinguuliond wisrnfuidnsiBuntdfussasse
H,50,+H,0+H,0, Tudasidou 3:1:1 Dhwaan 1wt mﬁnﬁnﬁmﬁhwﬁﬁm:‘tﬂmuﬂ;ﬁauﬂwh
#ow e Aaouadadu 5% Duom 20 el TneRGumemefutillasainirlsmugnisdtnoudoniantan
Wewanutuninioien/lafildnnetnd uasRduumesfuugnssdinsud FomilMessiaumn®
nubifdonmala 1-V Measurement
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mlmqmwﬂlt’afuﬂﬂmfamwnﬁam‘nw%tlﬁ {X-Ray Diffractometer)

malanRdueafilonueud il titann muasausdini Gufusinnrmswdeulanisvand
omnzan Tneflindorsdman fhdtisdindnfiannsosivdlhte sddansatineed Taetuemadedlinaas
Yustszdu 150 - 250 Jad whdniRdumdniartinsilassininsmatanadsnuditidind Buans
Ak Ausmtundl 1 s mean1iliesinuh Aifdmssdaees 250 Jad vinlu SalERGantTasesine
wenlnsuesfiaundhivunlansianmned Anadndsesammatsuuy B8 ASb(111) AKT) Baz
A%200) wadimimagnfisidafisands wudRdaman ThiblAduR s o ueudhilud sanrviness xeo fubl
ving Tasewe Asb Saflifisaud Tasestonssueufltiiftszumn so012) winfu sinssnranoiflid wisTu
ATNITAENTS Bragg's Law Wa Scherrer's Formula i IR TAMasiuanfresslasesdrondnmesass 4 #s 6.1305
A uazsuinn®n 50.85 nm Tnu;ﬂnuﬂuuﬂ'udm"munmwquﬁ\fuﬁﬂlhmﬂuaaﬂi 6.1355 A usmadnfldn
ramafiousiangul 0.081% TanfidusafennfidufaniFdidtionnd thusnei RdustugnThddundain
el duunmnd Tavspiud nranfdueaftinusdbilumiubsoinmuandimdnednesd 250
Jodk daddwnienduRsRGanaenmatoutuseswoudbdoiniu

Sputter Power 230 W

= Sputier Power 225 W
& ——— Sputier Power 200 W
= Sputier Power 175 W
Sputier Power 130 W

g
3

Shin2

2

Intensity (au.)

20 (degree)

il 1 8/26 Try X-Ray Diffractometer spRdmafiuuaudbiludfiidmaatou 150-250 Jad

Fonnfnslanionmnn N TAR duoafuiund BiludifaumaBmsain e Sainsfnntensianfidn
safiluuuoud hiluditinr e Pundes dudevinsi$ensiuns wis Rdu Asb:Cu Re X IARduoafidtun
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unudluludefin n-type uazvinms¥edBnmuaioNdn Ast:si HeTNTARG e sl Gl liludlin p-type Tanlk
naapsdenpiunifiinidousneg Ao 0.8% 1.0% 15% 3% uaz 4% wuh dsfhAnmumsdenseunanntu 8
wrllizmpsnuamess lanednfdeeattuusutbiludula: uasdimmutuisinsusndicodasun
Wensaunafl 4% wamiasiohiu Uulduiugmf\mm1ng'[aﬂlhumrnﬂ1:nnunmmwgmﬂuu (Cul)
Wt fetlowdsmntbinaemewnsnnitudoitilushousstusatitntadusmseney cun ik
whilefidarsnmeuniftand 4% bifwausnsisnbznsuingn siudadluasfresafbudemeunt
retfludne 612574 A - 6.1619 A uazswivmdimaanRdueafieuunidhilud$e8tneu win Rdn ASH:Si i
nrmaasadedBnoufiiinitdiu 2% 3.5% uss 4% saniarsilasmetanmduanitdod woh Rbofon
fitnadedfinewiulifimingfiusmiassi s dudunmin useRdn Aso:s Srnflusefetuse 6.1042
A-61505 A TrestamaPsudtousunaiunisun 626 Trsmattanmfaunditdndreidusafieuuss
Bilufuuulidesy siauudamoiun waceaundediney fusmdhunmd 2

Sputter Power 250 W
Si-doped AISh 4%
s Cu-doped AISD 1%

g

Intensity (au.)

20 (degree)

awil 2 626 Tan X-Ray Difractometer ¥peRda AlSh, AlSb:Cu, AISb-S:
mﬂnmi’mmmwnnm&wnu (Atomic Force Microscope, AFM)

snvor Rl Réunafidunund hiluduubides Trundosgansimiusnzaen wuidinnne
winafnliznan 136.96£52.40 nm. uufuBanrisunumian 5x5 um’ SARrmeTess (RMS) 2.13 nm. wazdiein
Réusafenundhilududssmfetdandnndesnfivhid 4% fiosnfnwadnusfultonthees
A AISH:Si uaz AISb:Cu wudfldATINeTEsY (RMS) 2.85 nm. smiunadienefdi AISb:Si usz 3.97 rm. fmiy
nacRdn Alsb: Cu uazsmiumsimntimonsdnaiesased R Ast:s Smnandmimn 156.79£50.29
nem. uazsiURE Als: Cu Snurmndnfitagriediuaninm 176.92446.28 rm. ussSmudRdatindotlita
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prnsizanndRdu Ash Abimsdesvdntey wazdnyactmidifiacunsrssisvftersmivhunudds
neuns Aefiirsouniidensiundt 1% uar Fesrdmun1adedfnou 4% TreftRdn AshSi Sdm e
2.85 nm. sazfidn ASE:Cu fa2mAmInss 3.81 nm. doudmiuRdn Aish Ditmadesns dwmramgess 2.13
nm. dnsocfufnsRdudinsrflBynmfnmeifleniseyanismiusiezaen uenadan i 3

i+ AISH Si

s (. . 308

il 3 usssAIATINETYIREEN (o) Rt Alsb ADIINEEe (b) Rl ASE:SE 4% Waz (o) Rdn AISh:Cu 1%

mfAnvauanEneitfsmala 1-V Measurementuazinaflrnisdady o wuuseadiewining
(Hall-Effect Measurement)

dsimsuanR@diinmdoss wis e Alsb:si uaz AIsh:Cu Salisoinshiassiaumalininga
soRduthianihmdd Inelimatanidaarudoiudesnizusiniaduanasisindiika wie 1-v measurement
nui dneaarmdaiugess v wiisussiudefisuiuzwiefin ash Abltnsdess Ak Asb:si uas
ASb:Cy ManTFiRAyg iR wrh Rdfifinadests wie Rl ASb:Si uaz AlSb:Cu firnmniBnainiind
Tneftarudnnmlitsands senaiii A lksnnradneudioiudess v dwintesnsmswtdan
Enmmenaudazfuan SalAnatamoide 3,585 ka 2.756 k0 uaz 0.125 kn smduRdn ask Ahitnsdess
At ASb: Si uaz A AISh: Cu wnd iy dausmsTuzudl 4 uazifisvinmaneassindI A ME NI 0NBIRIN
Enmmudadudsinmuaumasfufinisesdhumuriigfu nud emameasssesakesiu fe Rdana
Asb:Cu MRt itdan Tnefldmud ik dioofiands 2.55 mo-on usrdmivRdn Ash:si uax Rdu
asb Alidess fewhfy 423 uas 199.84 ma-an mwEsy sute RGAbitnsderrtanBmmiudien
wazuflmimsdan e inRdoeinAlars adeninng (Hal-effect measurement) e N sfuturlamaih inkees
Adftnsdesudacelln SlAsanindlusmnasnisutdnmuacesiRdn ASh wiln n-type URE p-type ALK
sinmadsfoensswnuazifineu Tnsfdrarummouluessdnindasy -2.7572x107 uar 2.4381x10™ cm™
AMEAY
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