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TOM TAT

Vat liéu InSb hira hen dwoc ung dung rong rdi trong cdc nhiém vu dan sy va dén quan su, tu
linh vuee tiv hoc cho dén quang hoc. Bdi bdo nay trinh bay két qua ché tao va khdo sdt xdc dinh
hinh thdi cdau tric cung mot 6 thugc tinh ciia mang mong InSh khi d¢ day thay doi. Cdc mang
mong InSb dwoc ché tao bang phwong phdp lang dong laser xung (PLD) ¢ nhiét do 300 °C c6 do
day thay doi trong khoang 150 nm - 2000 nm. Phép phan tich cau tric tinh thé (XRD) cho thay
mang mong két tinh tot & tat ca cdc dp day. Phép do hién vi lwc nguyén tir (AFM) quan sdt thdy
sw tang do day mang mong dan t6i kich thuéce hat tinh thé tiang lén (18 nm - 33 nm) va cdc hat vi
moé bao gom nhiéu hat tinh thé. O dg day mang mong < 500 nm, mang c¢é do nham can qudn
phirong thap (3 nm), va @6 nham nay tang lén (15 nm) khi @ day mang > 500 nm. Anh hién vi
dién tir quét (SEM) cho thdy tdt cd cde mang cé cau tric lién tuc, xép chat. Két qud vé cdu tric
tinh thé, hinh thdi vi mé dwoc lién hé dé gidi thich sw bién doi tinh chdt quang ciia mang mong
dirge ché tao théng qua phép do quang phé hong ngoai bién doi Fourier (FTIR).

Tir khoa: A;3Bs; Mang moéng InSb; Phuong phap ling dong laser xung (PLD); Quang phé hdng ngoai bién ddi Fourier
(FTIR); Kinh hién vi lyc nguyén tit AFM; Ning luong ving cim.

1. GIOI THIEU

Ngay nay, quang tr& duoc sir dung rat rong rai trong moi linh vyc cua doi song tr dan sy cho
dén quan sy, vi du nhu cam bién anh sang, cam bién bat/tit dén duong, cam bién trong hé gidm
sat nhip tim cho t&i cac cam bién quang hoc sir dung trén cac tén lira ty din,... Quang trd 1a loai
dién trd c6 kha niang thay ddi tro khang khi c6 anh sang chiéu vao, va chiing c6 thanh phan chinh
tir vat lidu ban din nhay quang. Céac loai vat lidu ban dan phd bién hién nay co thé ké dén l1a
GaAs, CdTe, GaP, InGaAlP, InGaN, GaN (v6i nang luong ving cam Eg tir 1,4 eV dén 3,4 eV),
hay céc vat liéu ban dan khac c6 ning luong ving cam hep hon nhu InSb, PbS. Trong mot so
ung dung dac thu trong quan sy, vat liéu InSb duoc dinh hudng st dung rong rai do co tiém nang
g dung 16n trong cic cam bién hong ngoai va cac thiét bi tc do cao dwa vao ning luong ving
cAm hep (~0,18 eV & nhiét do phong) [1, 2]. Trong sb cac vat liéu ban dan nhom II1-V, InSb thé
hién tinh chit ban dan cta ca loai p va loai n, c6 cau trac da tinh thé, va néng chay & nhiét do
khoang 525 °C. Véi vat li¢u InSb loai n, cac dién tir dan c6 dd linh dong cao, c¢& 80000 cm”V™.s
! do khéi lugng hiéu dung nho. Trong khi d6 vat liéu InSb loai p, cac 16 tréng c6 do linh dong
thép hon, c& 1250 em? Vst Do linh dong cao cua cac hat tai dién lam cho vat li¢u InSb duogc
st dung trong cac thiét bj cam bién tix treong hoat dong dua trén hiéu ng Hall, hi€u ung tur dién
tro [3]. Cac cam bién hong ngoai dua trén vat liéu InSb rat nhay trong khoang 3 um - 5 um [4].

Cho t6i hién tai, hau hét cac cong bd khoa hoc lién quan t61 mang mong InSb thuong dugc
ché tao boi cac ki thuat lang dong vat liéu khac nhau nhu bdc bay chim phan tir (MBE) [5], bdc
bay pha hoi hoa hoc vat liéu hitu co kim loai (MOCVD) [6, 7] hay cac phuong phap bdc bay
khac nhu bdc bay nhiét, hoic phun xa [8-10]. Tuy nhién, cic phwong phap trén doi hoi viée
chuén bi tién chat, loai dé, diéu kién ché tao rat phure tap, ciing nhu doi hoi viéce kiém soat rat tbt
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cac diéu kién ché tao. Trong khi do, phuong phap boc bay vat 1y lang dong laser xung (PLD,
Pulsed Laser Deposition) thé hién nhiéu wu diém vuot troi trong viée ché tao vét lidu co cau triic
phurc tap, do PLD cho pheép (i) chuyen doi ty 18 trong duong tir bia vat liéu nguon t6i dé dé mang
moc lén [11]; (ii) dé dang dleu khién cac thong s6 nhi€t do dé, ap suit tao mau, loai dé st dung,
d6 day mang,...; (iii) khong can xur 1y tién chat, tiét kiém vat lidu, . . Tuy nhién, cac cong b6 vé
mang mong InSb ché tao bang phuong phap PLD hién con rat han che [12, 13]. Do vay, dé lam
phong phu hon nita phuong phap ché tao va huong toi ché tao cam bién dya trén vat liéu InSb,
bai cdo ndy s& trinh bay tinh chat (cdu trac tinh thé, céu triic vi m, tinh chit quang) cta mang
InSb dugc ché tao bang phuong phap PLD véi cac do day (150 nm - 2000 nm), ap suat ché tao
trong moi truong khi Ar & 2x10 mbar & nhiét d6 tao mau tt nhat (300 °C) [14].

2. THUC NGHIEM

Mang méng don 16p InSb c6 d6 déy tr 150 nm - 2000 nm, dugc ché tao trén dé Si/SiO,, tai
300°C trong mdi truong khi Ar 2x107 mbar Hé tao mang mong co cau tao chinh gdm mot
buong chan khéng cao (c6 thé dat to1 1x 10® mbar) bang cach sir dung hé théng bom chan khong

S0 cap, cung v61 bom phan tur thir cép. Hé tao laser IPEX 742 (héng LightMachinery) c6 budc
song ngan 248 nm, d6 rong xung 25 ns. Bia vat liéu co do tinh khlet cao ~99,999% dugc cung
cap boi hang Neyco - Phap. Mang don 16p InSb dugc tao 6 tan s 5 Hz, v6i mat do nang luong
bbe bay cuia chum laser trén bia InSb vao ¢& ~2 J. cm. Trong qua trinh ché tao mang mong, dé
dugc dt nong tir phia sau nhd mot dén halogen vai nhiét d6 c6 thé 1én dén 800 °C [14, 15]. Khi
Ar duoc dua vao buéng tao mau trude khi dot nong dé nham duy tri sy on dinh cua nhiét do dé,
va dugc duy tri trong subt qué trinh tao mang. H¢ bia - dé dugc dat ddi xtrng va cach nhau 4 cm.
Chum tia laser tir IPEX 742 di qua mt hé quang hoc va va hdi tu trén bia vat li€u dé bée thong
qua mot thau kinh hdi tu. Bia vat liéu trude khi duoce cho vao buéng chén khong cao s€ dugc xt
ly dé loai bo tap chit trén bé mat bia va tiép tuc dugc lam sach br?mg chum laser hoi tu véi
khoang 10000 xung. Chiéu day cta 16p mang moéng dugc diéu khién bing cach kiém soat sb
xung laser 1€n vat li€u, trung binh 10000 xung laser s& tao ra 16p mang moéng day 1 pm duoc
lang dong trén dé Si. Po day mang mong duogc kiém ching lai bang cac phép do thuc nghiém
trén thiét bi SEM, véi sai s so voi thong sé dau vao nhé hon 2%.

Dé silicon dugc oxy hoa (SiO,) 1én dén 100 nm, duoc cit thanh cac miéng co kich thudc
1,5 mm x 1,5 mm, sau d6 dugc lam sach theo cac bude cua tiéu chuin phong sach. Cac budc nay
bao gém rung, rira trong bé rung siéu am trong 5 phut voi lan lugt cac dung dich aceton, ethanol,
va nuéc cat. Dé sau d6 duoc lam kho, sach trude khi cho vao budng tao mau nhd dong khi Ar ap
suat cao. P& dam bao do dong nhét cho bia dugc ché tao va tranh hiéu tng tao giot trén mang
mong, ca dé va bia déu dugc gin trén cac hé chuyén dong quay voi toc do tuong ung 1a 5
vong/phut va 10 vong/phit. Ciu trac tinh thé dugc khao sat thong qua phép do nhiéu xa tia X
dugc thuc hién boi may Bruker D8 ADVANCE cé nguén birc xa tia X Cu-K, voi budc song A =
0,154 nm. May nhiéu xa tia X dugc trang bi thém mot mang loc hoi tu don sdc K va cam bién
LynxEye, kiéu A17-B60. Dit lidu nhidu xa tia X sau khi do dac dwoc xtr Iy bang phan mém
chuyén dung DIFFRAC.EVA. Tinh chit vé cu triic vi mé bé mit duoc thuc hién trén kinh hién
vi dién tir quét SEM-LEO 1530VP GEMINI, va kinh hién vi luc nguyén tit AFM-Dimension
Icon BRUKER. Céu triic tinh thé va hinh thai vi mé dwoc lién hé vdi tinh chit quang ctia mang
moéng. Tinh chit quang dugc khao sat thong qua quang phd hong ngoai bién d6i Fourier FTIR-
Nicolet 6700 Thermo Fisher. Tt ca cac phép do duoc thuc hién ¢ nhi¢t dd phong.

3. KET QUA VA THAO LUAN

Hinh 1a dua ra gian d6 nhiéu xa tia X (26 trong khoang tir 20° dén 75°) dang thac nudc cta
sdu mang mong InSb (150 nm, 250 nm, 500 nm, 1000 nm, 1500 nm, va 2000 nm). Trong sau
mau mang moéng dugc khao sat, ngoai cac dinh nhidu xa dic thu co cuong do rat 16n tir dé Si (¢
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gan 34° va 69°) con co cac dinh dic trung ciia mang InSb véi cdu trac tinh thé gia kdm ciu tric
1ap phuong tim mat, thudc nhém khong gian F43m (sé 216). Chi s6 Miller (hkl) cia cau trac lap
phuong tdm mét duge danh s6 mau den trong hinh 1, cung véi vi tri gbc twong tmg véi doan
duong thang mau den phia dudi chi so (hkl).

1879

Do day (nm)

400 T

Hinh 1. (@) Gian do nhiéu xa tia X (dang thic nuéce) cia cdc mau mang InSh
voi do day khac nhau tie 150 nm dén 2000 nm, moc trén d@é Si/SiO2
trong méi truong khi Ar & dp sudt 2x10-2 mbar va tai nhiét dé 300 °C.
Hinh phong to phia trén thé hién dwong cong fitted (mau vang) véi ham sé Voigt
cung dwong nén (mau do) tai dinh nhiéu xa: (b) (220) va (c) (311) ciia mdau mang day 1000 nm.
Gian d6 dang thac nudc cho thiy cac dinh nhiéu xa cia mang mong InSb ¢6 cudong do dinh
nhiu xa I16n nhit & cac dinh (111) va (220) twong Gng voi goc nhidu xa 26 & 23° va 39°, va
cuong do6 thap hon dang ké & cac dinh con lai gdm (311), (440), (331), va (422). Uu thé vuot troi
vé cuong do dinh nhiéu xa ¢ dinh (111) va (220) so vdi cac dinh con lai cho théy réng, thanh
phan mang mong chira cac tinh thé két tinh theo huong (111) va (220) chiém da s6. O mau c6 do
day mong (150 nm), cuong do dinh nhiéu xa tuong ¢ d6i cia mang InSb va dé Si (400) (dugc dung
dé 1am tham chleu) — linsp/lsi thap hon so v&i cac mau mang con lai. Ty $0 linsy/lsi tang Ién khi d6
day mang tang. Diéu d6 phu hop vdi cac tinh toan 1y thuyet khi cuong do dinh nhiéu xa ty 18 véi
luong vat liéu két tinh c6 trong mang [16, 17]. R& rang rang, khi d6 day mang ting thi lugng vat
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lidu két tinh ciing ting theo. Hon nita, cac dinh nhidu xa (400) va (422) bat dau xuat hién & cac
mang mong > 1000 nm. Sy xuét hién cta céc cta cic dinh nay chimg to mang mong InSb c6 do
day 16n hinh thanh cdu tric da tinh thé manh hon so vo1 mang mong ¢ do day nho. Ty s6 cuong
d6 dinh nhidu xa (111) va (220) so v&i tin hiéu nén, ciing nhu ty s6 ty d6i vé cuong do dinh
nhiéu xa 220/ I(m) phu thudc manh mé€ vao d¢ day mang mong dugc ché tao. Cu the ty sb
l(220)/1111) tang dan tr ~O 7 & mau mang day 150 nm va dat gia tr1 16n nhat ~8,5 & mau day 500
nm, sau d6 giam dan vé ~0,32 & mau mang day 2000 nm. Cac ty sb nay cho thay tinh thé két tinh
t6t nhat voi dinh hudng (111) va (220) & d6 day mang ¢& 500 nm.
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Hinh 2. Su phu thudc cua kich thudc tinh thé, ung voi cdc dinh nhiéu xa, nhu mét ham s6 cia dé
day mang mong, ché tao & 300 °C va trén dé Si trong méi truong khi Ar & dp sudt 2> 107 mbar.
Dé danh gia cac thong sb vé& do két tinh cua mau mang duogc ché tao, kich thudce tinh thé D
thuong dugc st dung. Kich thudce tinh thé D duogc tinh todn dwa vao phuong trinh Scherrer trong
phép do nhiéu xa tia X [16, 17]:

oo K4 0

£, C0s0

Trong d6 K 14 hé s6 hinh dang (khong c6 thir nguyén) dugc 1iy bang 0,9, 4 1a budc song chum
bia X chiéu tdi, & 1a do m& rong sau hi¢u chinh lién quan t61 d6 rong ban cuc dai, 8 1a goc nhiéu
xa Bragg. Cac budc tinh toan &, dugc miéu ta chi tiét ¢ tai liéu tham khao [14, 15]. Hinh 1b va
hinh 1c miéu ta qua trinh fit 5O lidu do nhiéu xa tia X thyc nhiém voéi ham sé Voit, ¢ hai dinh
nhidu xa tiéu biéu (220) va (311) v6i mau mang day 1000 nm. Thong qua cach fit nhu trén, s&
thu duogc goc nhiéu xa 0 va &, tir d6 sé& tinh dugc kich thudce tinh thé.

Su thay ddi cua kich thudc tinh thé D, tmg véi cac dinh nhidu xa dic trung cia mang mong
InSb, theo d6 diay mang méng dwoc miéu ta trén hinh 2. Ung voi tét ca cac dinh nhidu xa dugc
xét, gid tri ciia D déu tang theo chiéu day mang mong InSb. Kich thudc tinh thé trung binh - Dy,
(dudng mau do) dugce 1y bang cach tinh trung binh kich thude tinh thé ing véi bon dinh nhiéu xa
dugc xét. D, nho nhat ~18 nm ¢ mang day 150 nm, ting dan theo chiéu day mang, va dat gia tri
~33 nm & mang day 2000 nm. P9 16n ciia D va Dy nhé hon chiéu day mang, dugc ngoai suy bén
trén pht hop véi tinh toan 1y thuyét khi phép do nhiéu xa tia X duge thuc hién v6i mang mong.

Anh AFM ba chiéu vé cau triic vi mo bé mit kich thudc 2 pum x 2 pm va céu triic vi mo bé mat
theo dudng cit ngang (nét dut, mau den) nhu mot ham s6 cia do diay mang mong duoc dua ra &
hinh 3. Anh AFM ba chiéu cho théy mang mong ché tao duoc co ciu tric lién tuc duoc tao thanh
tir cac hat nhd, min, va phan bd déng déu trén sudt toan bd bé mat miu. Anh AFM theo duong cit
ngang cho thay kich thudc ctia cac vi hat 16n dan 1én theo d6 day mang mong. Cu thé, véi mang
mong c6 do day nho nhat 150 nm, cac vi hat c6 kich thudc phd bién trong khoang 20 nm - 100
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nm, trong khi d6 mang c6 d6 day 16n nhat 2000 nm c6 ciu tao gdm cac vi hat 16n hon véi kich
thudce 1én dén 500 nm. Sy phat trién vé mat kich thudc cua cac vi hat duge giai thich dya vao co
ché Ostwald Ripening [18]. Theo co ché nay, cac hat to sé trd 1€n to hon, va cac hat nhé thi nguoc
lai s& trd 1én nhé hon. Co ché Ostwald Ripening cé thé dugc giai thich dya trén hién tuong cyc
tiéu ning lugng (can bang niang lugng ndi tai ciia hé mang va ning lugng nhiét do dén halogen
cung cip). Trong truong hop nay, sau khi cac nguyén tir (In, Sb)/phan tir (InSb) tir trong chtum
plasma (do chum tia laser boc bay vat liéu bia) dén dé Si duoc ddt nong va gan & phia dbi dién,
cac nguyén tir/phan tir ndy s& tim vi tri ning luong cuc tiéu dé ling dong trén dé va tao thanh
mang véi cau tric vi hat. Khi ¢ day mang mong tang 1én va do nhiét d6 tuong ddi cao (300 °C so
v6i nhiét d6 nong chay 525 °C), cic nguyén ti/phan tir sé& tiép tuc tim dén vi tri c6 nang luong cuc
tiéu nho hon xép chong 1én cac nguyén ti/phan tir di dén dé trude d6. Két qua 14 tao ra cau trac vi
hat véi kich thudc 16n hon ¢ cac mang day. Hon nita, khi so sanh véi kich thudc tinh thé trung
binh Dave (hinh 2 va hinh 3), thdy rang cac vi hat c6 thé bao gdm nhiéu tinh thé tao thanh.

0.0 02 04 06 08 10 12 14 16 18 0 pm 00 02 04 06 08 10 12 14 16 18 0 pm 00 02 04 06 08 10 12 14 16 18 .0 pm.
500 nm
1000 nm 3 . 2000 nm
: 0 nm
n - "
204 20 20
104 10 4 104
0 0
10 o 10 10
2] 5
0.0 02 04 06 08 1.0 12 14 16 18 .0 ym 00 02 04 06 08 10 12 14 16 18 20pm 00 02 04 06 08 10 12 14 16 18 .0 pm.

Hinh 3. Cdu triic vi mé bé mdt va cdc tinh chdt lién quan ciia cdc mang mong cé dg day bién doi
duoc thuce hién boi thiet bi AFM. Kich thuoc anh vi mé duoc khdo sat la 2 um X 2 um.

A r = A 1 7. N A, r 1A X ’ L i : g0
P nham cén quan phuong (,|— E X2, v6in 1a s6 vi tri 1y mau tuong tng véi gia tri dinh-
n

dinh cta vi hat) duoc tinh toan tir phép do AFM, nhu mot ham sb cua do day mang mong dugc
chi ra & hinh 4. O nhitng mang mong (< 500 nm), d6 nham cin quan phwong cé gia tri (~3 nm)
nho hon rat nhiéu so véi cac mang day hon (~15 nm). Luu ¥ rang, d6 nham cian quéan phuong dat
gia tri 16n nhat tng véi mau mang c6 d6 day 500 nm, sau d6 suy giam khong dang ké vé gia tri
~12 nm d6i v6i mang day 2000 nm. D6 nham cin quéan phuwong nay ¢ thé lién quan chit ché toi
d6 két tinh cua vat liéu (da duogc chi ra ¢ hinh 1).

Mit cit ngang ciia mot s6 mau mang mong dién hinh dwoc chi ra trén hinh 5. Luu ¥, cac
mang mong InSb duoc cit ra bang but c6 dau kim cuong, tir mat sau cua dé silic. RS rang rang,
mang mong ¢6 cau trac lién tuc, pht hop véi quan sat thuc nghiém thong qua cau tric vi md bé
mat (hinh 3). Hinh 5 chi 15 céu trac don 16p InSb cia mang moéng duogc ché tao, xép chong 1én
16p SiO; day ~100 nm va dé Si. Cac mang mong véi do day khac nhau c6 chung ciu truc lién tuc
xép chit ma khong co sy khac biét dang ké nao.
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Hinh 4. Su phu thuéc cia @6 nham can qudn phwong bé mat vao do day mang mong
cheé tao duoc. Do nham can quan phwong duoc ngoai suy tur dir liéu AFM.

Hlnh 5. Cdu triic vi mé theo phirong chiéu day ciia mang méng ché tao duoe c6 d day bién doi.
Thang do cua cdac anh SEM la 1 pm.

Mot trong nhiing tinh chét rit quan trong ciia mang mong InSb 14 tinh chat quang. Tinh chét
quang ctia mang moéng InSb dugc thuc hién thong qua phép do FTIR dugc chi ra gian tiép trén
hinh 6a va hinh 6b, thong qua hé s6 phan xa - n, hé s6 hap thu — k, 1a cac hé sé dugc ngoai suy tir
thanh phan phan xa - Px va hip thy - Hy ciia mang mong InSb ché tao duoc. Luu ¥, hé s6 n va k
dugc it ra tir hé thirc Kramers-Kronig thong qua phan mém tinh toan ty dong tich hop trén thiét
bi FTIR [14, 19]. Su phu thudc ctia thanh phan n va k theo budc song birc xa chiéu t6i, ciia cac
mang moéng day > 500 nm c6 dang dao dong tit dan so véi cac mang mong con lai. Dang dao
dong trén duoc giai thich 1 do hién tuong giao thoa dang ban moéng c6 hai bién lan lugt ma hai
16p ngdn cach mang mong - khong khi va mang mong - dé [20]. Hon nita, cic mang mong ¢ do
day 16n bi phan xa it hon hay bi hép thu nhiéu hon so véi céc mang mdng c6 do day bé (< 500
nm). Diéu nay phi hop v6i dit liéu dd nhdm can quan phuong (hinh 4) va cu tric vi mé bé mat
(hinh 3) cﬁng nhu c4u trac tinh thé cua cac mang mong (hinh 1)

He¢ sd phan xa trong cac mau mang mong 16n hon so voi mAu mang day, va nguoc lai dbi voi
hé sb hap thy. Sy tang cuong hé s6 phan xa trong cac mang mong c6 do day nho co thé lién quan
t6i co ché Claussius - Mossotti [19, 21, 22]. Claussius - Mossotti chi ra ring hé s6 n ty 1é thuan
v6i viée ting cudng mat dd mang mong. Két qua ngoai suy trén phit hop véi cac quan sat thuc
nghiém tir anh AFM va co ché Ostwald Ripening. Cu thé, d6 nham bé cin quan phuong thap do
cac vi hat c6 kich thuéc nho, dan dén xac suat dién ddy cua cac nguyén tir (In va Sb)/phan tir
(InSb) vao céac vi tri trdng trén mang mong cao hon so voi mang mong c6 do nham can quan
phuong lon.
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Hé sé phanxa-n
Heé sb hép thu - k
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Hinh 6. S phu thy_dc cua hé sépl}dn xa - n (a) va hé 56 hdb thu - k (b) vao bu’g’c song
cua birc xa chieu toi tir 2 Um dén 25 m, ciia cac mang mong InSb dwoc ché tao.

Dé c6 thong tin sau hon nita vé cau triic ving nang lugng ctia vat liéu ban din dang mang, cac
thong tin v€ nang luong vung cam ciing dugc ngoai suy tu thanh phan Px va Hy. M6 hinh
Kudelka - Munk cho phep biéu dién su phu thudc ctia ning lwong cia biic xa photon chiéu téi va
ning luong ving cAm - E. cia mang mong ché tao duoc tir phép do FTIR thong qua phuong

trinh sau [14, 23]:
@-P)? ) _ _
{Thf} =a(hf —E,) 2)

v6i h 12 hing s6 Planck (6,625x10* J.s), f 1a tin s cua birc xa chiéu t6i, n 13 chi s6 lién quan t&i
qué trinh hip thy quang (trong vat liéu InSb thi n = 2 [24]), a 14 hang s, E. 1a ning lugng ving
cAm ciia vat liéu. D6 thi Tauc biéu dién phuong trinh (2) cho phép ngoai suy gia tri E.. Gian do
Tauc ciia mot 5O mang déc trung va cac budc ngoai suy Ec dugc chi ra trong hinh 7a. Bing cach
ké dudng tlep tuyen v6i doan cong nhit trén d6 thi Tauc ng voi timg mang mong, va giao tuyén
ctia dudng tiép tuyén vai truc hoanh chinh 1a gia tri E. can tim.

Hinh 7b chi ra sy phu thudc cua ning lugng ving cAm nhu mot ham sb cia d6 day mang
mong. gia tri E, ting dan tir ~0,28 eV & mang mong 150 nm, ting 1én dén gia tri 16n nhit ~ 0,41
eV ¢ mang mong 500 nm, va sau d6 giam dan vé ~0,19 eV & mang mong 2000 nm. Ddi voi
mang mong day > 1000 nm, E. tién t6i gia tri 0,18 cua vat liéu khbi [1, 2]. Didu d6 goi ¥ réng,
khi mang mong rat ~day (~2000 nm) tinh chét quang cua mang mong gan nhu vt liéu khéi (vé
ning lugng ving cam), trong khi do, cac mang mong hon c6 thé cai thién 1én hon hai lan. Cac
gia tri E. ngoai suy duoc v6i cic mau mang ¢ day déu thap hon so véi mau mang ché tao theo
phuong phap dién hoa 0,53 eV [1]. Tuy nhién, cac gia tri Ec trong cac mau mang mong trong
cong trinh nay t6t hon gid tri ~0.2 eV cua cac mau c6 do day tuong duong (> 500 nm) dugc ché
tao theo phuwong phap bdc bay chum dién tir [25]. Piéu nay co thé duoc giai thich khi xét dén
dong nang ctia cac nguyén ti/phan ti In(Sb) trong chum plasma, thuong 16n ~100 eV, trudce khi
ling dong trén dé [26]. D6i véi mang mong day < 500 nm, su ting cuong E¢ so voi vat liéu khdi
dugc giai thich do hinh thanh cac hat nano tinh thé va da duoc thao luan & tai liu sd [27]. Hon
nira, gia tri Ec ngoai suy dugc ¢ cac mau mang mong déu lon hon gia tri E¢ cua vat liéu khéi.
Diéu nay co thé giai thich dugc dwa vao hiéu tng giam cam lugng tir [14, 28, 29] va dich
chuyén Burstein - Moss [30] lién quan t6i khoi luong hiéu dung cua cdc dién tir va khdi lugng
rt gon cua exciton [14], cling nhu c6 thé mat thiét t6i kich thudc vi hat, 36 nham cin quan
phuong, va d6 két tinh theo cac dinh hudng két tinh wu tién (220) nhu da duoc chi ra ¢ nhing
bién giai phia trén.
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Hinh 7. (@) Gidan dé Tauc ciia mét sé6 mang dwge ché tao, va phwong phép ngoai suy nang lrong
vung cam, va (b) sw phu thuoc cua nang luong viung cam theo do day mang mong.

4. KET LUAN

Bang cach thay d01 d6 day mang mong InSb ché tao bang phuong phap lang dong laser xung,
nang luong ving cam clia mang mong ¢ thé thay d6i duoc 1én dén ~2,3 lan tu gia tri 0,18 eV
ctia vat liéu khdi. Gian d6 nhidu xa XRD cho thdy mang mong két tinh c6 ciu triic tinh thé gia
kém Zinc Blende v6i cac dinh huéng khac nhau, trong d6 kich thuéc tinh thé bién doi trong dai
18 nm - 33 nm, khi chiéu day thay ddi trong khoang 150 nm dén 2000 nm. Két qua khao sat vi
moé dya trén AFM va SEM cho thiy mang moéng c6 cdu trac lién tuc gin nhu xép chat véi do
nham can quan phuong dugc cai thién ¢ cac mang mong c6 do day 16n. Tinh chat Vé ciu triic vi
mo gitp giai thich 16 hon Ve su ting cudng tinh chat quang (hé sb hap thu, hé s6 phan xa) va
thay do6i nang luong ving cdm. Céng trinh nghién ciru nay cung cap cac thong tin hitu ich de
hiéu 13 hon vé ban chit cia mang mong InSb. Tir d6 ¢ thé tan dung dé ché tao, kiém soat tot
hon céac loai cam bién quang hoc dya trén vat li¢u ban dan ho A3Bs - InSh.
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ABSTRACT

Effect of thickness on InSb thin film properties grown onto silicon heated substrates
by pulsed laser deposition

InSb based-material is promising candidate to be widely used in civil and military
missions, ranging from magnetism to optics. This report presents InSh thin films with
various thicknesses from 150 nm to 2000 nm, developed by pulsed laser deposition
approach at 300 °C and later characterised. Atomic structure analyses (XRD) reveal that
the thin film are well crystallized at all of thicknesses. Increasing the thin film thickness
leads to an increase in the crystallite size (18 nm - 33 nm) and the nanograins are made
up from various crystallites, based on the AFM measurement. While the films have root
mean square roughness of 3 nm for thin film thickness < 500 nm, this roughness increases
to 15 nm for film thickness > 500 nm. SEM analysis depicts that all thin films have a
continuous, almost closely compacted grain structure. The reported results on structure,
microstructure are correlated to explain the variation in optical properties of fabricated
thin films through FTIR measurement.

Keywords: A3Bs; InSb thin film; Pulsed Laser Deposition (PLD); Fourier-transform infrared spectroscopy (FTIR);
Atomic Force Microscopy; Energy band gap.
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