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Tém tit

Maing moéng 1 pm-InSh két tinh trén dé c-sapphire duogc ché tao bang phuong phap ling dong
laser xung (PLD) va dwoc nghién ciru. Phan tich nhiu xa tia X (XRD) cho thiy mang InSb
giau Sb duoc cAu tao tir cac tinh thé nano & céc kich thude khac nhau tir 148 nm dén 322 nm,
trong dai nhiét do tao mau (Tq) 250°C-400°C. O Ty thip (< 400°C), mang InSb két tinh voi
chu trac da tinh thé, trong khi & 400°C mang c¢6 ciu trac gan nhu don tinh thé cia ho tinh thé
zinc blende. Anh hién vi dién tr quét (SEM) va luc nguyén tir (AFM) phu hop véi két qua
phan tich XRD, va cho thdy mang c6 ciu tric vi mé bién dbi tir cAu tric vi hat & Ty thip sang
cAu trac gan nhu lién tuc (hat to) & Tq cao hon. Phép do phd tan xa Raman cho thiy mang ché
tao c6 cac phuong thire dao dong khac nhau (2TA, TO-TA, Sb-Sb, TO, va LO) phu thudc vao
Ta. Phép do phd hong ngoai bién ddi Fourier (FTIR) cho thdy c6 sy giam ning lugng ving
cAm theo Tq.

Tir khéa: Bin dan A3B5; mang méng InSb; laser xung; tinh chdt quang ciia ban dan.

1. Gi6i thiéu

Vit liéu ban dan duoc sir dung rong rai trong cc thiét bi dién tt nho ddc tinh tiéu
thu dién nang th:?ip, tbe do truy xuét 16n. Do vay, cac linh kién ban dan duoc sir dung
nhiéu trong cc hé thong tuong tu va sd dé xur 1y dir liéu, hinh anh, cam bién hay cac
thiét bi di dong va vé tinh [1]. InSb 1a mot trong nhitng vat liéu ban din duge cha y do
tinh than thién (it doc so vdi cac vat liéu c6 ving cAm rong), ning luong chuyén tiép
tryc tiép ving cAm hep ~0,18 eV & nhiét d6 phong va c6 ngudng budc séng hp thy hon
3 um [2]. Mang vt liéu InSb thong thudng duoc ché tao bang phuong phap bdc bay
chum phan tor (Molecular Beam Epitaxy), tuy nhién phuong phap nay doi hoi dé sir
dung c¢6 hang s6 mang gan voi tinh thé InSb, vi du dé don tinh thé CdTe, do d6 lam ting
gia thanh ché tao [3-6]. bé nang cao hi¢u qua kinh té, viéc ché tao mang InSb trén cac
dé tinh thé thong dung c6 gia thanh ré hon thu hut dugc sy quan tdm ciia cic nha san
xuat va nghién ctru [7-9]. Mot cach tiép can don gian va hiéu qua hon trong viéc ché tao
mang InSb 1a st dung phuong phap phin xa magnetron hodc ling dong laser xung
(PLD). Phuong phap nay cho phép kiém soat tot do day, thanh phan hod hoc ciing nhur
cAu trac mang vat li¢u InSb [10, 11]. Tinh chét cua mang InSb phy thudc vao nhiét do,
ap suat, dé str dung ché tao mau ciing nhu cac thong sé khac [12-15]. Mang vat liéu
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InSb tao boi phuong phép phin xa magnetron da dugc khao sat k¥, tuy nhién, phuong
phap nay thuong str dung nhiéu bia vat lidu dé tao & ché do phin ddng thoi hodc xép
16p. Piéu nay s& lam qua trinh tao mang InSb trd nén phirc tap hon do phai kiém soat tbt
thoi gian, do day ctia mau,... Nguoc lai, mang InSb ché tao béi phuong phap PLD chua
thu dugc sy quan tdm phd bién [16]. PLD c6 vu diém 1 tao mang vat liéu da thanh phan
dé dang do tinh chuyén dbi ti 18 twong duong (stoichiometric transfer) tir bia vat liéu dén
dé. Hon nira, viéc diéu khién tinh chit quang hay niang luong ving cdm dong vai tro
quan trong va can thiét trong viéc ché tao, diéu khién cac vat liéu/thiét bi dua trén vat
liéu ban din noi chung va vat liéu InSb néi riéng [17-20]. Nhim nghién ctru, ché tao
cam bién hong ngoai dua trén vat liéu InSb mot cach c6 hé thdng, trong bai bao nay,
nhom tac gia trinh bay anh hudng cia cau trac tinh thé, vi mo bé mit 1én tinh chat
quang va dién tir cia mang InSb trén dé c-sapphire, tao bai phuong phap PLD sir dung
mot bia vat liéu InSb. Phép do nhiéu xa tia X (XRD), kinh hién vi luc nguyén tir (AFM),
kinh hién vi dién tor quét (SEM), quang phd Raman va quang phd hong ngoai bién dbi
Fourier (FTIR), cho phép khao sat anh hudng cua nhiét do khi tao mau 1én dic tinh cau
trac, tinh chat ctia mang InSb.

2. Thuc nghiém

Chum plasma

Chan khong/khi

Hinh 1. So do cdu tao don gidan cia hé ling dong laser xung PLD (a); Cdu triic vi mé dj phan gidi
thdp va cao ciia bia InSb sau khi bi chiim tia laser tac dung véi mdt do ning lwong boc bay
ciia chum tia laser trén bia la 2 J.cm™, va trong 60000 xung (b va c).

CAu trac mang 1 um - InSb don 16p duoc ché tao trén dé c-sapphire (0001) & cac
nhiét do khic nhau (trong méi trudng khi Ar 2x102 mbar). Hé PLD dugc sir dung trong
bai bao, ciia hang LightMachinery IPEX 742, c6 budc séng nam trong ving tir ngoai
A = 248 nm, d6 rong xung 25 ns. Mau mang duoc tao voi hé PLD & tan sb lap lai cua
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laser 1a 10 Hz, khoang cach gitra bia vat li¢u va dé 12 4 cm va mat do nang lugng bdc
bay ctia chum tia laser trén bia 1a 2 J.cm™. Do tinh chuyén ddi ti 1& twong duong tir bia
vat lidu dén dé, bia vat liéu hai thanh phan InSb c6 d6 tinh khiét cao dugc sir dung
(99,999% cung cap bdi Neyco, Phap). Bing cach diéu chinh mat do ning lugng bdc bay
cua chum tia laser trén bia hodc ap suat khi khi tao mau, thanh phén hoé hoc ciia mang
InSb c6 thé duoc diéu chinh twong tng. Trong qua trinh tao mau, nhiét do dé (hay nhiét
do tao mau Tq) duoc diéu chinh trong khoang nhiét 250°C dén 400°C bsi mot dén
halogen dit phia sau. Ap suat co so trude khi dét nong ~5x10® mbar, tuy nhién ap suat
trude khi tao mang s& ting 1én ¢ 5x107 mbar do qua trinh trao d6i nhiét giita deén
halogen va budng chan khong. Chum tia laser duoc cho di qua mdt hé quang hoc
(aperture) c6 tac dung chon ving tia laser c6 niang luong dong déu. Sau do, chum tia nay
dugc di vao trong budng chan khong/khi théng qua mot thau kinh hoi tu. Vi tri cta thau
kinh nay cé tac dung lam tang/giam dién tich twong tac cua laser 1én bia vat li€u, qua d6
lam thay d6i mat d6 ning lugng bdc bay ctia chum tia laser trén bia. Dé ting cudng tinh
dong nhat cho mang InSb, ciing nhu lam giam hién tuong hinh thanh giot (droplet) trén
mang InSb [21], bia va dé vat liéu duoc cho quay trong qué trinh tao mau (Hinh 1a).
Thém vao d6, dé tranh hién twong gia hoa cua bia do bi tia laser tac dung nhiéu lan,
guong phan xa dugc gin vao mot hé dao dong diéu hoa bién do nho, sao cho trong qua
trinh tao mau, dién tich ma chum tia laser quét dugc trén bia 13 t6i da. Hinh 1b va 1c md
ta anh cAu tric vi mo c6 d6 phan giai thap va cao cta bia vat liéu InSb sau khi bi chum tia
laser tdc dung 60000 xung.
3. Két qua va thio luin

Mau InSb dugc tao ra tai cac Tq khac nhau trén dé c-sapphire, tai ap suat 2x107 mbar
trong moi truong khi Ar. Phé tan sic ning lugng (EDS) cho nim méu (ché tao tai 250°C)
chi ra ring, du bia str dung c6 ti 16 In/Sb 13 1 va tinh chuyén dbi ti 1é twong duong tir bia dén
mang trong hé PLD, cic mau mang ché tao c6 du thanh phan Sb, cy thé ti 1¢ In/Sb ~0,93.
Su khac biét nay c6 thé dugc giai thich khi xét dén sy khac biét giita diém nong chay/soi
ctia hai nguyén t6 In va Sb. In ¢6 diém néng chay/soi thip hon 1a ~156°C, trong khi gia tri
nay cta Sb 16n hon gap 4 1an, ~631°C. Luc dau, bia vat liéu c6 sy dong nhat vé thanh phan
In va Sb, tuy nhién, sau khi tia laser twong tac vai bia vat liu dé tao ra chum plasma chtra
vat chit bao gdm hop chat InSb, In, va Sb. Mot phan cac nguyén tir, phan tir nay di dén dé
c-sapphire dugc dat ¢ phia dbi dién tao ra mang InSb, mot phén bi phun xa nguoc trd lai bia
(re-sputtering effect) [8, 22]. Két qua, s& giy nén su bt dong nhat vé thanh phan In va Sb.
Khi chum laser quét lai trén bé mit bia vét liéu (Hinh 1b va 1c), chum plasma duoc tao ra,
c6 su bat déng nhét gitra ti I¢ In va Sb. Do vay, mang dugc ché tao c6 du thanh phén Sb
[23, 24].
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Hinh 2a chi ra gian d6 nhidu xa tia X (XRD) ciia mang InSb nhu mot ham cta Ty
trong khoang 250°C dén 400°C. Trong bdn mau duoc khao sat, bén canh cac dinh nhidu xa
tir dé c-sapphire, cac dinh nhiéu xa tir mang InSb véi cu triic tinh thé gia kém (zinc blende)
cling dugc quan sat va chi ra. Trong dai Ta, Cac (250°C-400°C) dinh nhiéu xa (111), (220),
(311), (511) va (440) xuat hién & tit ca cac mang InSb, trong do, cuong d6 dinh nhidu xa
cta (111) 16n hon so véi cac dinh con lai. O Ty thap (< 350°C) xuét hién thém cac dinh
nhidu xa (400), (331) va (422). Nguoc lai, & Ty = 400°C, su chiém wu thé cua dinh nhiéu
xa (111) va (511) (cung ho nhiéu xa) so véi cic dinh nhiu xa khéc, cling nhu sy suy
giam $6 lugng dinh nhiéu xa so v&i cadc mau ché tao tai Ty < 350°C, churng t6 mang InSh
két tinh t6t hon vé&i ciu trac gan nhu don tinh thé gia kém trén dé don tinh thé
c-sapphire, thay vi két tinh v6i cdu triic da tinh thé nhu cac mau ché tao Ty thap hon.
Trong gian d6 XRD, dinh nhiéu xa Sb (012) ciing dugc chi ra ¢ tat ca cac mang InSb.
Piéu nay phu hop véi quan sat vé ti 1& hop phan ctia mang InSb trong phép phan tich
EDS, ¢6 du Sb da dugc chi ra ¢ trén. Khi Ty trén 300°C, trén gian dd6 XRD, c6 su xuét
hién dinh nhiu xa cta hop chat 6xit In,Os, voi dinh (222) va (400). Su hinh thanh hop
chat oxit 1a diéu khéng mong mudn khi ché tao mang ban din InSb.
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Hinh 2. @) Gidn do nhiéu xa tia X (XRD) ctia cdc mau mang mong InSb trén dé c-sapphire
trong moi truong khi Ar, ¢ dp sudt 2x102 mbar, tai cdc Tq khdc nhau; b) Biéu do Scherrer ciia
hai mau ché tao tai 250°C va 350°C twong vng tai cac dinh nhiéu xa dwoc chi ra, Va kich thuéc
tinh thé trung binh Dw, nhw mét ham ciia Tg.

Khi ché tao cic mang mong trong chan khong, mot trong cac thong sb quan trong can
duoc ké dén do 1a ti 16 va cham (impingement rate). Ti 1é va cham nay cho biét s luong cac
hat di dén mot don vi dién tich bé mat trong mdt don vi thot gian & mot ap suat cd dinh.
Khi do, thoi gian trung binh hinh thanh mét 16p nguyén/phén tir vat chat duoc cho boi [25]:

t=10"/2zmk,T /(sP) (1)
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trong d6 10%° 12 mat d6 nguyén/phén tir trung binh ¢6 trén mot bé mit, s - hé s6 két dinh ctia
phan tir trén bé mit (ldy bang 1), m - khdi lwong phén tir, P - 4p suét riéng phan cua
nguyén/phan tir co khdi luong m xuét hién trong budng ché tao mau, ks - hang sb Boltzman,
T - nhiét d6 tao mau.

Xét vé sy hinh thanh hop chdp 6xit In203, coi trong budng tao miu c6 thanh phan
giéng voi khong khi (02 chiém 20% vé thé tich), ap suat sau khi dot nong ~5%107 mbar, do
do ap suét Oz riéng phan 1a 1x107 mbar. O 400°C, thoi gian hinh thanh mét 16p phén tir Oz
trén bé mat mau ~80 s. Nhu vdy, trong thoi gian ché tao mot mang InSb co it nhét 40 16p
phéan tir Oz hinh thanh trén mang InSb. Nhiét d6 ndng chay/soi cia In thip lam ting kha
ning tuong tac giita In va Oy. Do vy, sy hinh thanh pha oxit In2O3 1a khong thé tranh khoi.
Pé han ché sy hinh thanh In2Os, ngudi ta thuong tao mang trong diéu kién chan khong siéu
cao ~107° mbar (¢ cung diéu kién, chi c6 mot 16p O2 hinh thanh) hay tang toc do tao mang.
Tang toc do tao mang can giam khoang cach gitra bia vat liéu va dé, hay ting mét do ning
luong bdc bay cua chim tia laser trén bia, tuy nhién diéu ndy s& gay nén su hinh thanh giot
trén mang ciing nhu sy bat ddng nhat vé chidu day/thanh phan ctia mang dugc ché tao.

Trong phép do nhiéu xa tia X, cac dinh nhiéu xa thuong bi mé rong ra trong céc tinh
thé so voi thuc té do hiéu ung kich thuéce, hiéu ung tng suit, va mo rong do thiét bi do.
D6 mo rong do thiét bi c6 thé duge hiéu chinh théng qua phuong trinh sau [26]:

B =P - B )
trong d6: fm - 0 mo rong do dugc, i - 0 mo rong do thiét bi, fc - 40 mo rdng sau hi¢u
chinh. Trong bai bao nay, silicon tiéu chuan (khong bi két tinh hodc khong c6 mg sut
mo rong) duoc sir dung dé hiéu chinh vi tri va loai trir 36 mé rong do thiét bi. Thém vao
d6, cac dinh nhiéu xa duoc so sanh (fit) véi ham Voigt. Céc gid tri d0 m¢& rong, p,
thuong duoc ldy 1a gia tri i_breath (integral breath) khi fit voi ham Voigt dé 13y céac
thong s6 lién quan (cuong do dinh nhiéu xa, i-breath, dién tich dinh, do rong ¢ nua cuc
dai FWHM, ...). Két hop véi phuong trinh Scherrer, kich thude tinh thé trung binh dugc
cho boi [26,27]:

0914 1
s Coso

(3)

V6i A 1a bude song birc xa chiéu téi, Dy 1a kich thudc tinh thé trung binh. Sap xép lai
phuong trinh trén, v& biéu dd gi4 tri ctia cosd theo 1/8: (biéu do Scherrer), kich thude tinh
thé trung binh, Dy, ¢6 thé duoc tinh tir 46 doc ciia dd thi. Hinh 2b thé hién biéu dd Scherrer
cho hai mau mang InSb dugc ché tao & Ty = 250°C va 350°C. Cac dinh nhiéu xa tuong tmg
Vi cac gia tri cua biéu d6 cua timg mau mang ciing dugc chi ra. RS rang, gid tri cosé giam
tuong Umg véi cac dinh c6 goc nhiéu xa 16m, va do mé rong tai dinh nhidu xa fc (hodc
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FWHM) giam tmg véi goc nhiéu xa nho. Tir dudng fitted, kich thudc tinh thé trung binh Dy
duoc v& nhu ham ciia Ty. Kich thich Dy tang 1én khi Tq tang, cu thé, Dy tang 1én hon hai lan
tir kich thudc ~148 nm, cho miu ché tao tai 400°C. Su gia tang vé kich thudc D phu hop
v6i su cai thién vé su két tinh cta mang InSb & Ty cao, nhu dugc chi ra phia trén. Kich thich
Di ngoai suy tir gian d6 XRD ciing phit hop v6i phép do nhidu xa thuc hién theo phuong
vudng goc voi mang (D < chidu day mang).

Su thay dbi ciu triac vi mé clia mang InSb tmg véi cac Tq khac nhau dugc chi ra trong
hinh 3Hinh 3 (phia trén). Vi nhiét d6 tao mau - Tq thay ddi, cau trac vi md thay doi tir dang
cau trac vi hat (dudi 400°C) sang céu triic gan nhu lién tuc (hat to, tai 400°C). R3 rang C4c
hat ¢6 hinh dang ngiu nhién va cac hat nay c¢6 kich thudc trung binh ting 1én theo Ty, cu thé
dudi 100 nm dbi voi mau ché tao tai 250°C 1én dén 300 nm ddi véi mau ché tao tai 350°C
va trén 500 nm d6i voi mau ché tao tai 350°C. So sanh véi kich thudc tinh thé trung binh
D, dé théy réng cac hat nay bao gém mot hodc nhiéu tinh thé InSb. Su phat trién vé kich
thude hat ¢6 lién quan manh mé t6i co ché Ostwald Ripening [28]. Trong co ché nay, khi
cac phan tir InSb di dén dé, ching sé sép Xép tai vi tri c6 nang lugng cuc tiéu. Cac phan tir
dén sau d6 s& xép 1én cac phan tir trudc d6 dé tao thanh cac hat co kich thudc 16n hon. Tuy
nhién, do Tq 16n (so v6i diém néng chay cia vat liéu InSb), cac phan tir nay s& dao dong
manh hon dé tim nhimg vi trf c6 ning luong cuc tiéu toan cuc. Két qua 14 cac hat 10n sé trg
nén 16n hon, con cac hat nho sé& tré nén nho hon. Khi phan tich v6i cau trac mat cat ngang
ctia mau, khong c6 su khéac biét 16n nio giita cac mau duoc tim thdy. Cac miu mang déu c6
chung mot cAu trac xép chat, gz‘?ln nhu lién tuc (hat to) khi quan sat theo mat cit ciia mau
nhu hinh 3 (phia dudi).

e _05>:'(;:.

Hinh 3. Cdu triic vi mé bé mdt ciia cdc méu ché tao & cdc nhiét do khdc nhau (phia trén)
va cau tric vi mo mat cat ngang cia mau che tao tai 300°C (phia duoi).

Phép do AFM thyc hién trén bé mat mau mang InSb (Hinh 4) cho su phu hop véi
cAu tric vi mo bé mit quan sat boi SEM. Dir li¢u AFM chi ra réng, d6 nham can quan
10
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phuong bé mit (rms) cia miu mang ting 1én theo T, cu thé, 46 nham ting tir 3,65 nm
(mAu ché tao tai 250°C) 1én 25,3 nm (miu ché tao tai 350°C) va sau d6 giam xudng
~23 nm (mAu ché tao tai 400°C).

%
Hinh 4. Anh AFM ciia cdc méu ché tao & cdc Tq khéc nhau.
O Ty thép, du chua sb lugng 16n cac vi hat, su thay ddi vé kich thudc, chiu cao

hat 1a khong dang ké, do vay d¢ nham bé mit nho. Su suy gidm d¢ nham cho mau ché
tao tai 400°C so véi mau tai 350°C, c6 thé duoc giai thich bfmg cach xét trén cung mot
dién tich ma dau do AFM khao sat, khi kich thudc hat 16n hon, vung dién tich nay chtra
mot s6 lugng hat hiru han hat ma mdi hat co tinh déng nhét, do vay do nham bé mat rms
s& giam. Cac phép do ciu triac vi mo (SEM, AFM) phu hop két qua phan tich phép do
XRD ¢ trén.

Duéi tac dung ciia ngudn kich thich 1a laser, cac nguyén t/phan tir nay dao dong
dan dén khoang cach tuong ddi gitra chung thay ddi, va do d6 thu dugc phd tan xa
Raman. Pho tdn xa Raman trong thi nghiém nay duoc do & nhiét do phong, véi ngudn
laser kich thich c6 budc song 785 nm. Trong ving khao sat duge vé& ra ¢ hinh 5, dé
c-sapphire cho phd tan xa Raman 1a mot duong thang. Cac mau mang InSb cho bdn
dinh tan xa Raman, khi ché tao miu ¢ Tq tir 250°C dén 350°C, mau mang InSb ché tao
tai Tg = 400°C cho mét dinh tan xa. Phd tdn xa Raman cua mang vat li¢u két tinh
hodc vat lidu khdi InSb dugc dic trung boi hai phuong thic dao dong
phonon ngang TO (transverse optical) ~180 cm™ va phonon doc LO (longitudinal optical)
~191 cm [29, 30]. Hai dao dong phonon TO va LO nay twong tng v&i tan xa Raman
bac 1, lién quan t61 ndng lugng vung cdm 1,9 eV va 2,4 eV, bi phan tach bdi tuong tac
spin-quy dao (ning luwong ving cAm truc tiép ~1,8 eV phan tach thanh 1,9 eV va
2,4 eV). Trong khi d6, vat li¢u InSb v6 dinh hinh, cé phé Raman v61 mot dinh moé rong
& s6 song thip, tap trung xung quanh khoang ~144 cm™. Dinh & gia tri thap nay duoc
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cho 1a do mat do cao cua lién két déng cuc Sb-Sb, thuong ton tai trong vat liéu vo dinh
hinh [31]. Nhiét d6 tao miu Tq = 250°C dugc cho 1a chua di dé két tinh toan bo mang
InSb, diéu nay phu hop véi viée du thanh phan Sb, nhu di phén tich & phép do EDS.

Mang InSb
400°C 350°C
300°C 250°C
Dé ALO,
=
+ TO: 180 cm™
ur} LO: 191 cm™”
- TO-TA: 153 cm™
'g) Sb-Sb: 144 cm’”
I 2TA: ~110 cm”’
ko)
5
O
B e e Uy
e Nt ——
: L il " 1 .
100 200 300 400

D6 dich Raman (cm™)
Hinh 5. Phé tén xa Raman ctia mau InSh dicoc ché tao tai cac Tq khac nhau.

Bén canh cac dinh phd quan sat duoc tir gian do tan xa Raman, ¢6 hai dinh & vi tri
153 cm? va ~110 cm, dic trung cho dao dong TO-TA va 2TA. Hai dao dong TO-TA va
2TA nay lién quan tdi tin xa Raman bac 2 [30]. Sy dich chuyén phé tan xa Raman ~8 cm?
quan sat duoc tai vi tri dinh tdn xa - 2TA khi so sanh mang InSb ché tao tai 250°C va
300°C, khong phai do sy giam gitr phonon, ma c6 thé do sy khac biét vé lugng InSb két
tinh trong mang dugc cai thién, do d6 gdy nén su khéac biét vé img suit ndi tai trong mang
[32]. Cuong d6 dinh ctia hai dao dong phonon TO va LO, 16n hon so véi cac dinh con lai
chi ra rang: (i) cong thirc hop phan ctia mang InSb c6 du Sb (di duoc chi ra ¢ gian d6 nhiu
xa tia X cling nhu phép do EDS-SEM); (ii) thanh phan InSb két tinh nhiéu hon thanh phan
InSb v6 dinh hinh trong mang dugc ché tao; (iii) va mau ché tao tai 400°C chira lugng 16n
thanh phan két tinh InSb.

Do rong viing cdm clia cac mau mang InSb duoc danh gia théng qua quang phd hong
ngoai bién ddi Fourier (FTIR). Trong phép do nay, khi kich thuéc hat 16n hon so véi budc
song cua buc xa, dinh luat tdn xa Rayleigh khong con dugc ap dung nira. Dya vao vat 1y
burc xa, Kudelka va Munk d3 dé xuit mot mé hinh méi dwa trén cac dai luong trac quang co
thé do duoc [33]:

F(R)=a=(1-R)" /2R )
voi R 1a phan trdm 4nh sang phan xa, o 14 hé s6 hap thy, cho phép tinh ning lugng ving
cam truc tiép.
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Ham Kubelka-Munk dugc bién doi thanh [F(R)hw]” = A(hv—E,), thé hign mbi

lién hé giita ning luong cua birc xa chiéu tdi (hv) va ning lugng ving cAm quang hoc
(Eg), trong d6 A 14 hing s6 phu thudc vao xac suit chuyén tiép, va p 1a chi sb cong sut
c6 lién quan dén qua trinh hap thu quang hoc. Thong thudng, p = 2 cho chét ban din co
chuyén tiép truc tiép va p = 0,5 dbi véi chit co chuyén tiép gian tiép [34]. Do vit liéu
InSb ¢6 chuyén tiép truc tiép nén chi sé p duwgc chon bing 2. P thi cua ham
[F(R)hv] theo hv, thudng biét dén véi tén goi gian d6 Tauc. Hinh 6 13 gian d6 Tauc cua
céc mang InSb tao miu & Tg = 250°C, 300°C, 350°C va 400°C, cho thiy sy phu thudc
ctia nang luong viing cam VAo Tq (ctia vat lidu cé chuyén tiép truc tiép InSb) c6 su suy
giam ning luwong ving cdm (~0,02 eV) trén dai Tg = 250°C dén Tq = 400°C.
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Hinh 6. Biéu do Tauc va ning lirong ving cam Eq dwoc ngoai suy tir gidn do Tauc.

4. Két luan

Mang InSb dugc ché tao trén dé sapphire (0001) bang phwong phap ling dong
laser xung (PLD), trong mdi truong khi Ar tai 2x107 mbar, va pha ran két tinh véi cac
cAu tric da hodc gﬁn nhu don tinh thé khac nhau phu thudc vao Tqg trong dai 250°C dén
400°C. Qua trinh két tinh va cac yéu té anh huong dén tinh chat mang InSb di duoc chi
ra trong bai bao. Kich thuéc hat trung binh ciia mang nam trong khoang 100 nm dén
hon 500 nm. Quang phd tan xa Raman va quang phd hong ngoai bién d6i Fourier phu
hop véi cdu tric tinh thé va cdu tric vi md cua mang duoc ché tao. Két qua nghién ciru
gitp hiéu rd hon tinh chat mang InSb dugc ché tao theo phuong phap PLD, nhim da
dang ho4 viéc phat trién va ing dung mang InSb trong tuong lai.
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OPTICAL PROPERTIES OF InSb THIN FILMS ON c-SAPPHIRE
SUBSTRATES PRODUCED BY PULSED LASER DEPOSITION

Abstract: 1 um-InSb crystallized thin films were successfully deposited based on Pulsed
Laser Deposition (PLD) approach, and later characterized. XRD analysis reveals that the InSb
films with Sb in excess are constituted by a wide range of various nanocrystals, of which the
sizes are from 148 nm to 322 nm corresponding to different deposited temperatures (Tq) ranging
from 250°C to 400°C. While films show polycrystalline properties at low T4 (< 400°C), nearly
single crystallized films have been achieved at higher Ty with space group structure of Zinc
Blende. Microstructural analysis performed by Scanning Electron Microscopy (SEM) and
Atomic Force Microscopy (AFM) agrees with results obtained from XRD and suggests that
microstructure is transformed from small grains in size to bigger ones with increasing Tq. In
addition, Raman scattering spectroscopy illustrates that the fabricated films have a variety
modes of vibration, which can be 2TA, TO-TA, Sb-Sh, TO, and LO depending on the sample Tq.
By means of Fourier transform infrared (FTIR) measurement, a decrease in the band-gap
energy of deposited films is observed with increasing Tq.

Keywords: A3B5 semiconductors; InSh thin films; Pulsed Laser Deposition (PLD);
optical properties of semiconductors.
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