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TOM TAT

Pé thay doi cdu tric ving ndng lwong nham cdi thién tinh chat phat quang cia Ge
nguoi ta cé thé tao ra mot ng sudt cang trong mang Ge bang mgt sé cdach tiép can trong
dé cé phwong phdp ting truéng Ge trén dé cé hang s6 mang I6n hon hing s6 mang cua Ge.
Truée khi nghién cieu hé Ge/In.GaiAs véi sw chénh 1éch hang s6 mang I6n giia ching,
trieGe hét bai bdo nay tdp trung khao sdt diéu kién phdt trién epitaxy ciia mang Ge trén dé
GaAs (nhiét do tao mau, su tdi cdu triic bé mdt... ) dac biét la nghién cuu giai doan dau ciia
viéc hinh thanh [6p tiép gidp lién két cong hod tri di huong Ge/lll-V dé dat dwoc mang Ge
V6i chdt heong tot trén @é GaAs c6 hang sé mang gan nhw twong thich. Kiéu ting truéng
ciia mang Ge trong qud trinh ling dong dwoc quan st bang thiét bi RHEED (Reflection
High Energy Electron Diffraction) ldp ddt trong buong ting trieong MBE (Molecular Beam
Epitaxy). Phép do kinh hién vi quét xuyén ham STM (Scanning Tunneling Microscope) duoc
sie dung dé khao sdt hinh thdi bé mdt ciia mang trong qud trinh phat trién 16p Ge trén dé
GaAs(100) wu tién cho sy tang truong: Tdi cdu triic (2x4) vung giau As va tdi cdu triic
(4x2)/(4x6) viing giau Ga. Bén canh phép do STM nghién ciru nay con sw dung thém phép
do phé nhiéu xa dién tir ning lwong thap LEED (Low Energy Electron Diffraction) dé lam
13 thém vé hinh thdi bé mdt trong qud trinh ling dong ciia mang Ge trén dé GaAs.

Tir khéa: Ge/Gads, tdi cdu triic bé mdt, epitaxy chiim phan tir, STM, LEED.

1. PAT VAN BE

Ge dugc biét dén nhu 1a mot chat ban din chuyén mirc gian tiép (ban dan chuyén tiép
xién) v6i hiéu suat phat quang thap vi ddy cta ving dan va dinh ctia viing hoa tri khong thang
hang (khong cting véc to song k) dan tdi xac suat chuyén mirc huynh quang khong dang ké do
c6 su doi hoi tham gia cua hat thir ba 1a phonon [1]. Tuy nhién do su chénh léch nang luong
kha thap giita thung liing L va thung liing ' chi ¢& 140 meV nén c6 thé thay doi cdu tric ving
ning luong cua Ge va bién Ge thanh vat liéu ban dan chuyén muc truc tiép [2][3]. Khi d6 kha
ning phat quang cua Ge s& duoc cai thién dang ké vdi dinh phat quang nam trong ving hong
ngoai c6 budc song khoang 1550nm nam trong ving cira sé quang hoc thir 3 cho ton hao
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quang thap nhat. Hon nita d6 linh dong ctia dién tir trong ban dan Ge 14 cao nhat trong nhom
céc nguyén t6 ban din dién hinh. Chinh vi vay cac hudng nghién ctru dé cai thién kha ning
phat quang ctia Ge duoc sy quan tim cuiia nhidu nhém nghién ctru trong nude va trén thé gidi
vi nhitng trién vong Uung dung cua no trong linh vuc quang dién tu tich hop [1][2][3][4][5].
Nguoi ta ¢é thé thay d6i do rong viing cAm ctia Ge bang cach thay ddi hang sé mang tinh thé
clia vat liéu. Do rong viing cdm c6 thé bi giam khi tao ra trong mang Ge mot ting suat cang.
Ung sudt cang trong 16p Ge duoc tao ra bang nhidu cach trong d6 c¢6 phat trién mang Ge trén
mdt dé ma hing sb mang ciia dé 16n hon hang sb mang ctia Ge [4]. Ban dan t6 hop 3 thanh
phin InsGajAs duoc biét dén nhu mét ing vién thich hop cho dé dé ling dong mang Ge vi
hing s6 mang cta né c6 thé thay d6i da dang trén co so tir hing s6 mang clia GaAs (5,654 A)
dén hang sb mang gan nhu bang hang s mang cua InAs (6,058 A) bang cach thay dbi ti 18
In/Ga. Uu diém co ban ciia cach tiép can ndy 1a c6 thé tao ra ing sudt cang trong mit phing
véi dai gia tri rong.

Hé epitaxy Ge/Si, Ge/GeSi/Si hoac Ge/GeSn/Ge chi lién quan dén nhing chat ban din
clia cac nguyén t6 thudc nhém IV trong bang hé thong tudn hoan vdi lién két gitra cac nguyén
tir 1a lién két cong hoa tri khong phéan cuc. Tuy nhién, 1ién két ton tai giita cic nguyén tir
trong cac chét ban dan I11-V 1a lién két cong hod tri phan cuc. Sy tuong tac cong hoa tri di
thé gitta vat liéu ban dan khong phan cuc va vat li¢u ban dan phan cuc dugc hinh thanh khi
ban dan thudc nguyén t6 nhém IV duge phat trién trén ban dan nhom I11-V.

Mot sé nhém nghién ciru dd khao sat sy phat trién cua Ge trén dé GaAs bang phuong
phap epitaxy chum phan tir va st dung cac k¥ thuat phan tich khac nhau. Mot sb két qua
cong b cho thiy phat trién theo ting 16p cua Ge c6 thé bi thay thé bang ché do dong chay
khi ting nhiét d6 tao mau [6]. Trong khi nhitng két qua nghién ctru khac cho thdy Ge ling
dong trén dé GaAs theo kiéu khong phang mac du su sai khac vé hang sé mang giita Ge va
GaAs 1a khong 16n (c& 0,1%)[7][8]. Vi nhitng 1y do d néu, dé 1am tién d& cho nhing nghién
clru sau ndy vé hé Ge/InxGaxAs vé6i sy chénh 1éch hing s6 mang 16n giita chiing, trudc hét
bai bao nay tap trung khao sat didu kién phat trién epitaxy ctia mang Ge trén dé GaAs (nhiét
d6 tao mau, su tai cau tric bé mit...) ddc biét 1a nghién ctru giai doan diu ctia viéc hinh thanh
16p tiép giap lién két cong hoa tri di huéng Ge/III-V dé dat duoc mang Ge véi chat luong
t6t trén dé GaAs c6 hing s6 mang gan nhu twong thich.

2. THUC NGHIEM

Mang Ge dugc lang dong trén dé GaAs bang cach sir dung hé thong MBE tiéu chuin
vGi &p suat nén thap hon 3+5x107’torr. Nhiét dugc cung cap ¢ hai ving trén nguon Knudsen
1am cho Ge bay hoi véi tbe d6 boc bay khoang tir 2 dén Snm/phut.

Dé GaAs(100) ¢ niang luong bé mat kha 16n [9] vi vdy bé mit co ban rat hoat hoa
va khong bén virng hoa hoc. Phién GaAs bi oxy hoa ngay lap ttc khi no bi phoi trong moi
truomg khong khi va 16p oxide bé mit tw nhién c¢é thanh phan kha phirc tap, bao gém:
Ga0, Ga0Os, AsO, Asy0s... Lop oxide asennic co thé dé dang bi loai bo trén bé mat dé
vi chung c6 dd hoa tan cao trong nudc oxy gia [10]. Oxide Ga,O bi phan huy khi nhiét
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dd trén 600°C trong khi oxide Ga>Os bén virng dén tan nhiét d6 1900°C, cao hon dang ké
so v6i diém nong chay cua dé GaAs (1234°C) [11]. Vi vay, dé phat trién mang cé chat
lugng tot trén dé GaAs, nguoi ta dua ra phuong phap lam sach hoa hoc sau budc ling
dong 16p dém GaAs trong buéng MBE. Nhom nghién ctru ciia Pashley d3 tao ra mot 16p
pha As v dinh hinh sau khi ling dong 16p dém GaAs trong buéng MBE, 16p phti nay s&
bao vé bé mit dé GaAs trong mdi truong khong khi [12]. Khi mau duge dwa viao budng
chéan khéng siéu cao khéc, 16p As c6 thé dé dang bi loai bo bang phuong phép nang nhiét
nhanh, dé lai mot bé mat sach khong chtra oxide va khong can léng dong mot 16p dém
GaAs khac trude khi tao mau.

Trong nghién ctru nay, 16p As v6 dinh hinh ¢6 d¢ day khoang 300nm dugc phu 1én 16p
dém GaAs dé ngan can sy oxi hoa khi dé dé trong méi truong khong khi. Sau khi hoan thién
quy trinh 1am sach mau, quan sat RHEED cho thdy sy xudt hién rd nét cua vach dic trung cho
su tai cAu trac bé mat cua GaAs. Mot cong tic cap nhiét dugc gin ¢ mit phia sau cia dé Si dé
xac dinh nhiét do tang trudng véi do chinh xac khoang + 20°C.

Kiéu ting truong ciia mang Ge trong qué trinh ling dong dugc quan sat bang thiét bi
RHEED dugc lp dit trong budng tang truong MBE. Thiét bi nay cho phép quan sat kiéu ting
truong ctia 16p Ge ngay trong qua trinh lang dong. Nho vao phd nhiéu xa dién tir phan xa ning
lwong cao RHEED véi chim dién tir toi gan nhur song song v&i bé mat mau. Do chum dién tr
nay chi di sdu vao vai don 16p ctia mang Ge nén tir tin hiéu RHEED chuing ta c6 thé khao sat
chat lugng bé mat ciia mang Ge.

Phép do kinh hién vi quét xuyén ham STM (Scanning Tunneling Microscope) dugc
sir dung dé khao sat hinh thai bé mat ciia mang trong qua trinh phat trién 16p Ge trén dé
GaAs(100) wu tién cho su tang truong: Tai cu tric (2x4) ving gidu As va tai cdu trac
(4x2)/(4x6) vung giau Ga.

Bén canh phép do SMT nghién ctru nay con sir dung thém phép do phd nhidu xa dién
tir nang lwong thap LEED (Low Energy Electron Diffraction) dé 1am rd thém vé hinh thai bé
mat trong qua trinh lang dong ciia mang Ge trén dé GaAs.

3. KET QUA NGHIEN CUU VA THAO LUAN

Trudc hét nghién ctru nay tap trung khao sat qué trinh ting truéng cia 16p Ge ling
dong trén dé GaAs(100) voi bé mat tai cu tric (2x4) ving gidu As va tai cdu tric
(4x2)/(4x6) vung giau Ga tai nhiét do dé 14 300°C. Hinh 1 1a anh kinh hién vi dién tt quét
xuyén ham va pho nhiu xa dién tir nang luong thip ciia mang Ge trén dé GaAs dinh hudng
tai cdu triic viing gidu As va ving gidu Ga. Cac mau da dugc xir ly nhiét & nhiét do tuong
ung l1a 460°C va nhiét do 620°C. Anh STM duogc hién thi theo thang mau dam, nhat va mdi
su thay d6i mau sic dai dién cho mot bude ung voi chiéu cao cua 2 16p nguyén ti. Nhitng
anh thé hién ¢ hinh la va hinh 1b cia viing gidu As cho thiy v6i do phan giai c& nguyén
ttr thi bé mat mang dat dugc la khong min hoan toan. Mot bé mat bét trat tu hodc gé ghé
nhu vy c6 thé duge dong gop boi su giai phong bat dong nhét cua 16p phu As trong qué
trinh xu 1y nhiét.
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Hinh 1. Anh STM ciia t4i cAu tric (2x4) giau As (a,b) va tai cAu tric (4x2)/(4x6) giau
Ga (d,e). Phé LEED bé miit miu giau As(c) va giau Ga(f). Dau [] trong biéu thi
nhirng chim nhiéu xa (1x1)

Phé nhiéu xa dién tir nang luong thdp LEED twong tmg dugc dua ra trong hinh 1c cho
thdy 16 su tai cau triic (2x4). Tuy nhién nhitng diém nhiéu xa bi kéo dai ra, dac biét 1a nhiing
chdm béc %. Hon nifa, sy ¢ mit cua nhiing cham kéo dai bac % goly rﬁng co su déng ton tai
clia cAu tric (2x4) va cau trac (2x8). Diéu nay dan tdi viée bién dang nhiing cot mang dao bé
mat thanh nhiing tru bau truc. Két qua 1a 16p tiép gidp gitra hinh cau Ewald vdi nhiing cot
mang dao nhu thé tao ra phd LEED gia vach soc. Diéu nay ciing tuong dong véi két qua cua
nhiing nghién ctru trude [13].

Diéu dac biét thu vi 14, su gb ghé bé mat quan sat dugc ddi voi vé mat (2x4) duoc chi
ra trén hinh la, 1b c6 thé giai thich lién quan dén cuong d6 thap cia quan sat RHEED ghi
nhan dugc tir bé mit sach cua dé trude khi thue hién lang dong mang Ge. Piéu nay tré thanh
nguyén nhan cua viéc tang cuong d0 RHEED nhu da chi ra ¢ hinh 2.

T T T T

RHEED intensity (a.u.)

0 50 100 150 200 250
Deposition time (sec)
Hinh 2. Dao d9ng cwong do RHEED dwgc ghi trong qua trinh ling dong Ge trén dén
GaAs(001) véi ti cAu tric (2x4) tai nhiét d9 300°C
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Mat khéc, v6i bé mat giau Ga (hinh 1d va 1e) anh STM hién thi mot bé mat mau rat
min va c6 cdu tric trat ty voi bude khd thang hang. Tir phd LEED & hinh 1f, ching ta quan
sat thdy su sudt hién cta nhitng chim nhidu xa 1/6 va c6 su quay cua chu ky x 4 di mot goc
90° so v4i truc ngoai mat phang. Vi vay, két qua phd LEED khang dinh rang thudc tinh téi
chu tric (4x6) 12 ciia bé mat giau Ga. Luu y rang phd LEED ctia bé mat (4x6) c6 cau tric 13
nét hon bé miat (2x4).

Hinh 3 biéu thi anh STM va phd LEED ghi dugc sau khi 3 don 16p Ge dugc ling dong
trén bé mat giau Ga tai nhiét d6 300°C. C6 thé thay tlir anh STM, bé mit duoc pha hoan toan
bang mdt 16p nho hat Ge (duong kinh khoang 1 nm) nhung c6 d6 mat trat tu 16n va khong
¢6 ghi nhan nguyén tir ndo co thé dugc phan giai. Mt khac, phé LEED cho thiy bé mat mau
¢6 mdt cau triic khuéch tan (1x1). Tuy nhién sau khi xir Iy nhiét & 420°C trong vong 10 phut
thi bé mat trat tu cao véi siéu ciu tric (1x2) dugc hinh thanh (hinh 4a). Cac bic tré nén
thang hang va dugc ngin cach boi nhimng bude chiéu cao ¢ 2,8A. Tir phd LEED (hinh 4b)
ngoai nhitng chdm (1x1), nhitng chdm bac % da xuat hién do su ting gip d6i chu ky cua
nhiing dimer trén bé mat téi cdu tric. Luu y rang khi d6 day cua 16p Ge khoang 5 nm duoc
léng dong ¢ nhiét d6 phong thi bé mait trat tu cao (1x2) dat dugc ma khong can xu ly nhiét
sau khi tao mang. biéu nay chi ra rﬁng su mat trat tu cua bé mat Ge néi trén chu yéu la do
trao doi gitta Ga(As)-Ge trong khi ldng dong 3 don 16p Ge dau tién.

Hinh 3. Anh STM ghi dwoc sau khi ling dong 3 don 16p ciia Ge tai nhiét d¢
300°C (a)Phé LEED (1x1) twong wng ciia miu (b)

y # o b) s [s] N

. - . | 10nm
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Hinh 4. Anh STM ciia bé mit trit tw cao véi siéu cau tric (1x2) sau khi gia nhiét &
300°C (hinh a) va phé LEED twong trng véi cAu tric bé mit (1x2)
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Khi Ge dugc lang dong trén bé mit (2x4) gidu As & 300°C, su khac biét cau tric déng
ké dugc ghi nhan. Su bién mét cua cdu trac LEED (2x4) ban dau dugc quan sat ngay khi bat
dau ling dong. Sau khi ling dong 3 don 16p Ge, nhitng cham ¥ déc trung cua sur tai cau tric
sdc nét (1x2) xudt hién.

Hinh 5. (a, b) Anh quét STM ciia miu sau khi ling dong 3 don 16p Ge & 300°C
(¢) phé LEED (1x2) siic nét twong (ng véi bé mit tai ciu tric trat tu cao (1x2) ciia
mang chua xir Iy nhiét sau khi tao miu

Diéu nay rat khac véi nhiing gi chung ta da quan sat trudc day déi véi bé mat giau Ga
khi chi dat duoc phd LEED (1x1) khuéch tan (da chi ra & phan trén). Anh STM dugc chi ra
trén hinh 5a, 5b cho théiy su xuét hién cua nhitng béc cua siéu cAu trac trat tu cao (1x2) méac
du khong xr ly nhiét sau khi tao mang. Nhitng bac nay ciing dugc ngan cach boi nhiing bude
cao do bang hai don 16p khoang 2,8 A.

4. KET LUAN

Trong nghién ctru nay, chiing t6i da két hop ky thuat RHEED, LEED va STM dé nghién
clru sy phat trién clia mang Ge trén cac cau triic bé mat khac nhau cta dé GaAs(100) ¢ nhiing
nhiét 6 khac nhau. Két qua cho thiy Ge phat trién thong qua kiéu phat trién timg 16p trong
dai nhiét do tir nhiét &6 phong dén nhiét d6 t6i 600°C. Du cho bat dau ling dong trén dé GaAs
gidu As hay giau Ga thi & viing nhiét ¢ cao hon 600°C thi qua trinh phat trién cia mang Ge
trai qua ché do dong chay. Két qua nghién ciru con chi ra ring bé mat tai cdu tric (2x4) cua dé
GaAs(100) ving gidu As c6 thé 1a tmg vién phit hop nhu mot bé mat ban dau dé dat duoc 16p
giao dién Ge/GaAs c6 chét luong cao. Két luan nhu vay di duoc dy doan khong chi bang bé
mit Ge min dugc quan sat boi anh STM va phd LEED sic nét cia cham (1x2) ma con qua sy
tang lén vé cuong 6 RHEED ngay khi bat dau pht trién mang Ge.
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INVESTIGATION OF Ge FILM GROWTH ON GaAs (001)
SUBSTRATE BY MOLECULAR BEAM EPITAXY

Luong Thi Kim Phuong, Mohammad A.Zrir, Le Thi Giang,
Trinh Thi Huyen, Nguyen Thi Dung

ABSTRACT

In order to modify the energy band gap structure of Ge for enhancing

photoluninescence ability, one can apply a tensile strain in Ge layer by some approaches,
such as growing Ge on a substrate which has a lattice constant higher than that of Ge. For
further studying a highly mismatched system (Ge/In:Gaj.As), our first step is to investigate

the behavior of epitaxial growth conditions (growth temperature, surface reconstruction,
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etc.), in particular to study the initial stage of the formation of the hetero-valence interface
in Ge/ll[-V, in order to obtain high quality Ge films on GaAs substrates with a nearly
matched lattice constant. The growth mode of Ge films during deposited process was
investigated by Reflection High Energy Electron Diffraction (RHEED) measurement in
MBE chamber. Scanning Tunneling Microscope (STM) was used to study the morphology
surface of Ge grown on GaAs(001) substrate with two surfaces of GaAs(001) prior to
growth: the As-rich (2x4) and the Ga-rich (4x2)/(4x6) reconstructions. Beside that, Low
Energy Electron Diffraction equipment was used to get more information about Ge film
quality grown on GaAs substrate.

Keywords: Ge/GaAs, surface reconstruction, Molecular Beam Epitaxy, STM, LEED.
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