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PHUONG PHAP XU LY BE MAT DE SILIC G NHIET PQ THAP
UNG DUNG TRONG KY THUAT TANG TRUONG

EPITAXY CHUM PHAN TU
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Quy trinh lam sach bé mat dé Silic (Si) theo hai giai doan da dugc khao sat dé tmg dung cho k¥
thuat ting trudng epitaxy chum phan tir (MBE- Molecular Beam Epitaxy). Giai doan thir nhat,
mau dugc lam sach theo phuong phap hod hoc dé loai bo sy nhidém béan cta cac hop chat hiru co
ddng thoi tay sach 16p oxit SiO, ty nhién véi chat lugng bé mit thap va sau d6 tao mdi mot 16p
mong SiO, dé bao vé bé mit trude khi dwa vao budng ting truong MBE. Giai doan thir hai, dé
duoc 1am sach 16p SiO, mai hinh thanh nhd bdc bay nhiét & méi trudng chan khong cao. Chat Iuong bé
mit & dugc khao sat nho phd nhidu xa dién tir phan xa ning luong cao RHEED (Reflection High
Energy Electron Diffraction) va phd phat xa dién tir AES (Auger Electron Spectrocopy). Sau khi dé Si
da dugc lam sach hoan toan, mot 16p mang Ge dugc tang truong truc tlep trén dé. Két qua tir quan sat
RHEED cho thiy mang Ge c6 chat lwong tinh thé tot v6i bé mit min va dong déu. Kiéu ting truong cia
16p Ge ung véi tang truong theo ting 16p (téng trudong 2D).

Tir khéa: lam sach dé silic, ky thudt MBE, béc bay nhiét, nhiém ban carbon, oxit SiO,

MO DAU

Tang trudng epitaxy chim phan tir trén dé Si
dugc dé cap rong rdi trong qua trinh nghién
clru ciing nhu trong qué trinh ché tao cac linh
kién vi dién tir tich hop véi cong nghé CMOS
hién nay. Cac nghién ctru gan day vé Gmg suit
cang cua mang Ge/Si pha tap dién tuo cling
nhu chim lugng tir Ge/Si pha tap Mn t{ng
dung trong linh vuc quang dién ti tich hop da
thu hit dwoc nhiéu sy quan tim cta cic nha
khoa hoc trén thé gigi [1-12]. Pé tao ra 16p
mang c6 chét luong tinh thé tdt trén dé Si doi
hoi bé mat Si phai dugc tay sach hoan toan
I6p SiO, va cac tap chat khac trudc khi ling
dong 16p mang phia trén trong budng MBE.
Yéu cau trén cang khat khe hon trong truong
hop ting truong ciia Ge/Si vi sy sai khac hang
s6 mang giita Si va Ge 14 kha 16m 4,2% [13] nén
chi cin mot yéu t6 nhiém ban trén bé mit ciing
lam thay ddi dang ké dén kiéu tang truong ciia
mang Ge ciing nhu chat luong tinh thé.

Nhiém ban carbon duoc xem nhu mot loai
nhidm béan phd bién va bén chit trén bé mat
Si. N6 c6 thé bét ngudn tir sy hap thu cac chét
hitu co trong qua trinh vin chuyén miu vao
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budng ting trudng hodc cac hop chat hitu co
chua duge 1am sach triét dé trong budc lam
sach bang phuong phap hoa hoc. Nhiét do dé
hinh thanh sy xdm nhép cua carbon trén bé
mit dé Si khoang 800-850°C dudi dang céc
dam SiC. Hop chat nay rat bén va doi hoi mot
nhiét do rat cao tir 1100-1200°C dé loai bo
chang khoi bé mat dé. Nghia Ia, dé tao ra mot
dé Si sach va loai bo cac sai hong von co,
nguoi ta co thé nung dé Si & nhiét d6 cao
khoang 1200°C trong méi truong chin khong
cao [14]. Tuy nhién k¥ thuat nay dan t6i sy
khuéch tan khong mong mudn cua tap va thay
ddi néng do tap chit duogc thiét lap ban dau
trong dé Si. Hon nita, sai hong tinh thé c6 xu
huéng ting 1én khi dé dwoc xir 1y nhiét &
nhiét d0 cao. Vi vay, can phai tim ra mot
phuong phap lam sach dé Si ¢ nhiét do dudi
900°C. Mot sb phuong phéap lam sach dé Si &
nhiét do th:flp dd dugc dua ra nhu dung
Galium (Ga) d¢ tay 16p oxit nhung lai kho
tranh khoi hién tuong cac nguyén tor Ga
khuéch tan vao dé Si. Hon nita sy nhiém
khudn cta carbon trén bé mit Si ciing chua
duoc khéng ché hoan toan.

D¢ khic phuc nhimng han ché ciia phuong
phap trén, trong nghién ctru nay ching t6i dé
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xuit mot phuong phap 1am sach bé mat moi,
da dugc dé cap trong mot sb cong bd cla
nhom tac gia [15], [6]. Trong nghién ctru nay,
chi tiét cua phuwong phap lam sach dé Si s&
duoc trinh bay cu thé. Bén cach d6, chat
lugng bé mat Si cling duogc di sau phan tich
va khao sat sy tang trudng ciia mang Ge trén
dé Si trong mot sb truong hop cu thé.
THUC NGHIEM
Dé tang truong 1a dé silic phing, pha tap loai
n va c¢6 dinh huéng (100). Viéc lam sach bé
mat dé duoc tién hanh qua hai budc, budc thir
nhét 1a xir Iy bang phuong phap hoa hoc véi
chu trinh (khoang 03 chu trinh) oxy hoa bé
mit trong axit HNO; dic néng va tay 16p oxit
trong dung dich axit HF dé an mon cac chat
nhiém ban con du trén bé mat.
Bang 1. Quy trinh lam sach dé Si giai doan thir
nhat theo phwong phap hod hoc

Gidi phap Thoi gian Muc dich

Lam sach bui ban
va cac chat ion kim
loai bam vao trong
qua trinh cat gii,
van chuyén mau

Ngam mau
trong bé rung
siéu am Vvoi
nudce ct

5 phut/lan

Lam sach cac chat
Hydro carbon
bdm vao bé mat

Ngim  mau 10
trong bé rung phit/lan
sifu am lan

lugt v6i dung mau

dich C,HsOH

va aceton

Ngam mau  10gidy/lan Lam sach 1op
vao dung dich SiO,ban dau bam
HF (ndng do trén bé mat mau.
2-5%)

Ngam mau véi 10-15‘ Tao mét 16p SiO,
axit HNO; dac  phut/lan maoi

néng(80°C)

Ngam mau véi 10 phat Tao mét 16p SiO,
dung dich méi cuc mong 1én
HCI:H,0,:H,0 bé mat mau nham

bao vé mau trudc
nhitng tap chét
trude khi dua vao
budng MBE

(tilg 3:1:1)

Sau khi loai bo 16p oxit tho rap trén bé mat
dé, mot 16p oxit méng min dugc hinh thanh
khi ngdm mau trong dung dich
HCI:H,0,:H,0 dé bao vé bé mat khéi su
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nhidm cac hop chat hydro carbon trong quéa
trinh van chuyén mau vao budng MBE. Quy
trinh chi tiét dugc cu thé hoa trong bang 1.
Budc 1am sach thir hai 13 lam sach bang nhiét
trong chan khong siéu cao dé boc hoi 16p
SiO; mong da dugc hinh thanh trudc do ¢
nhiét do khoang 650°C truéc khi nung nhiét
nhanh & 850°C trong vong 30 gidy. Viéc xir 1y
nhiét nhanh (Rapid Thermal Annealing-
RTA) dugc thuc hién khoang 4-5 14n cho dén
khi 16p SiO; dugc téy sach hoan toan. Nhiét
do dé duoc xac dinh nho mot cong tac cap
nhiét duoc gén & mat sau cua dé voi do chinh
xac khoang + 20°C.

Tang truéng cua 16p Ge dugc thuc hién nho
hé théng MBE chuén vé6i ap sudt co so thip
hon 2-10"%orr. Budng ting trudng duoc trang
bi thiét bj nhiéu xa dién tir phan xa ning
luong cao (RHEED) cho phép quan sat kiéu
tang truong cua mang Ge ngay trong qua
trinh thi nghiém. Ge dugc bay hoi tir nguon
Knudsen véi hai vung dugc dét nong, toc do
bdc bay hoi nam trong khoang tir 2-5nm/phit.
Phé phat xa dién tir AES duoc ding dé kiém tra
su c6 mat cia cac nguyén tir carbon va oxy trén
dé Si trong qué trinh xir Iy bé mit mAu.

1x2  1x2

hi!

gl

1x1 1x1 1x1

[100] 1x1 3 [100]

Hinh 1. Su bién déi cia anh nhiéu xa RHEED doc
theo huomg [100] ciia dé Si trong qud trinh lam sach
theo phwong phdp xik Iy nhiét trong buong ting
trucng MBE: a) dé Si ngay lam sach giai doan thir
nhat theo phwong phdp hod hoc; b) sau I lan ning
nhiét tir 650-850°C/30gidy; c) sau 2 lan ndng nhiét;
d) két thiic qud trinh xit Iy nhiét, vach (1x1) va vach
(2x1) déu xudt hién sdc nét va dong déu
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Nho st dung dung dich hon hop cia
HCI:H,0,:H,0, mét 16p mong SiO, véi do
day khoang hai don 16p (khoang 0,6nm) da
dugc hinh thanh trén bé mat dé Si. Hinh 1
biéu dién hinh anh nhiéu xa dién tir cua bé
mat dé tir lic mau duoc dua vao budng ting
truong MBE cho dén khi két thic quéd trinh
lam sach dé giai doan hai bang phuong phap
xt 1y nhiét. Do sy c6 mat cua 16p SiO, VO
dinh hinh v&i do day rat mong nén tir phd
phan nhiéu xa RHEED chup theo huéng
[100] cia mau (hinh la), vach (1x1) cua 16p
Si & phia dudi van c6 thé quan sat twong doi
1d. Tuy nhién nhitng vach nhiu xa nay van
c6 d6 rung va khong sic nét, didu d6 ching to
bé mit dé ghd ghé va khong trat tu. Khi bat
dau tang dan nhiét do dé tir nhiét do phong
lén dén 650°C (tang lén 200°C/30 phut-
400°C/30 phat- 650°C/30 phat) vach (1x1)
ngdy cang rd nét, tuy nhién van chua xuat
hién vach (2x1) dic trung cho su tai cAu truc
bé mit ciia cac nguyén tir Si & 16p trén cing.
Chu ¥ rang khi ting nhiét phai giit cho chin
khong trong budng MBE khong vuot qua
5x10® @ tranh sy nhi®m ban 1én bé mat dé
Si. Khi nang nhiét nhanh (flash) tir 650 1én
850°C trong vong 30 gidy roi ha vé nhiét do
ban dau thi bt dau xuét hién vach nhiéu xa
(2x1) nghia 1a 16p SiO, dang dugc bdc bay
dan khoi bé miat dé (hinh 1b). Tiép tuc ting
nhiét nhanh thi vach (2x1) cang xuét hién rd
va sic nét hon (hinh 1c). Dén khi két thuc qua
trinh xir 1y nhiét, 16p SiO, dugc tay sach hoan
toan khoi bé mat dé Si thi cac vach (1x1) va
vach (2x1) xuét hién rét r5 nét, déu din ching
t6 bé mat dé phang min va dong nhat. Bén
cach do, tir phd phan nhidu xa RHEED chung
ta cling khong quan sat thiy cac chim nhiém
ban ciia SiC trén bé mt dé.

Dé khing dinh thém vé su thay d6i cia chat
lwong bé mit dé trong qua trinh xu 1y nhiét,
ching t6i tién hanh phén tich pho phat xa dién
tir AES ctia mau (hinh 2).Tir hinh 2 ta thdy
rang & giai doan ddu cia qua trinh xtr 1y nhiét,

khi nung mau & 650°C/30 phit thi van ton tai
dinh phd cta oxy (¢ vi tri khoang 500 eV)
nhung khéng tim thiy dinh phé cua carbon (&
vi tri 272 eV). Piéu nay ching t6 10p oxit trén
bé mat dé van con nhiéu va sy nhiém ban cia
carbon trén bé mait mang da duogc loai bo
ngay khi 1am sach mau & budc dau tién theo
phuong phap hoa hoc. Sau 02 1an ning nhiét
nhanh tir 650-850°C/30 gidy thi dinh pho cua
nguyén tir oxy c6 cuong do giam dan va van
khong thdy su ton tai dinh phd cua nguyén tir
carbon. Nghia 1a 16p oxit rit mong da duoc
bbc bay dan khoi bé mit nho phan ung voi
16p Si bén dudi va bdc hoi dudi dang SiO
theo phan tng sau [17-19]:
Si+Si0,=SiO
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Hinh 2. Su thay d6i ciia phé tan xa Auger trén bé
mqt de Si trong qud trinh xu ly nhi¢t: Khi nhiét do
dé ¢ 650°C/30 phit (dwong mau xanh); sau 2 lan
nang nhi¢t tir 65 0-850°C/30 gidy (duong mau
den); sau 5 lan nang nhiét (dwong mau do)

Tuy nhién dé tiy sach hoan toan 16p oxit SiO,
thi can tién hanh xi 1y nhiét nhanh theo chu ky
tir 650-850°C/30 gidy khoang 4-5 lan. Két qua
tir phép do phd AES cho thay dinh phd ciia oxy
da duoc loai bo va dé Si da du sach cho qua
trinh ting trudng epitaxy trong budng MBE.

Thong thudong kiéu ting truéng cua mot vat
litu A trén dé B duoc quyét dinh boi su
tuong quan gitra nang luong tu do bé mit cua
dé va cua 16p vat liéu lang dong phia trén.
Nho c¢6 phé nhidu xa ning lugng cao
RHEED, chung ta c6 thé khao sat hinh thai bé
mit ciing nhu kiéu ting trudng clia mang.
Hinh 3 la anh RHEED cia mang Ge tang
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truong trén dé Si ing vai cac diéu kién xu ly
nhiét khac nhau dé lam sach dé Si. Cac miu
dugc ché tao & cung didu kién nhiét do dé 1a
270°C, v6i nhiét do nay thikiéu ting truong
ciia mang Ge trén dé Si 1a ting truong hai
chiéu (theo timg 16p) [20].

Hinh 3. Su thay déi ciia Anh nhiéu xa RHEED doc
theo hudng [110] ciia mang Ge tang truong trén
de Si khi dé Si dwoc xur l){nhiét o cdc diéu kién
khac nhau. Cac lop Ge deéu duwoc tang truong o
cting nhiét d de la 270°C, dg day mang la 200nm.
a) Ge tang truong trén dé Si da dwoc lam sach
theo diing quy trinh
b) Ge tang truong trén de Si (de duoc lam sach
chi sau 2 lan ndng nhiét tir 650-850°C/30giay)
Két thiic qud trinh ling dong cua Ge trén aé Si (dé
dwoc lam sach chi sau 2 lan ndng nhiét tir 650-
850°C/30giay
Tuy nhién két qua trén chi c6 duoc khi dé Si
duoc lam sach hoan toan. Piéu nay co thé
quan sat & ¢ hinh 3a khi mang Ge ting
truong trén dé Si duoc xtr 1y nhiét theo ding
quy trinh va x@ 1y nhiét nhanh 4-5 1an theo
chu trinh tir 650-850°C/30 gidy. Két qua tir
anh nhiéu xa RHEED cho thiy mang Ge dugc
hinh thanh c6 chit luong tinh thé t6t bé mit
min thé hién béi cac vach (1x1) va vach (2x1)
sdc nét. Tuy nhién, néu 16p SiO, chua dugc
tay sach hoan toan thi ngay tir qua trinh ling
dong ban dau, bé mit mang rat go ghé voi su
hinh thanh cac dao 3D. Do dé anh nhiéu xa
RHEED chi gdm cac chdm 16n (hinh 3b). Néu
tiép tuc ling dong Ge thi két qua 1a 16p Ge
tiép theo chuyén sang trang thai v6 dinh hinh
v6i cdc quing dic trung trong anh nhidu xa

RHEED (hinh 3c).
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Su nhiém ban cua cac chét hiru co va cc tap
chat khac ciing nhu 16p oxit ty nhién SiO,
trén dé Si da duoc loai bo nhd phuong phap
lam sach hai buéc bao gdm buéc 1am sach
theo phuong phap hoa hoc va budc xu ly
nhiét trong buong MBE véi mdi trudng chan
khong cao. Sau khi xtr 1y nhiét nhanh khoang
4-5 lan tr 650-850°C/30 gidy trong budng
tang truong MBE, dé Si duoc lam sach va
quan sat rd thdy sy tai cdu trac bé mat trong
phé nhiéu xa RHEED. Phd tan xa dién tor
AES ciing cho thdy khong ¢ sy ¢6 mit cua
nguyén tir carbon trén bé mit dé ngay khi xir
Iy miu bang phuong phap hoa hoc. Cac dinh
phd ciia nguyén tir oxy ciing duge loai bé dan
khi ting s6 1an xir Iy nhiét nhanh. Nguyén tir
oxy trén bé mat dé duogc téy sach hoan toan
sau 4-5 1an nang nhiét. Lop mang Ge don tinh
thé chét lugng cao dd dugc ting trudng trén
dé Si ¢ nhiét d6 270°C theo md hinh ting
truong hai chiéu.
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SUMMARY

SURFACE CLEANING METHOD OF SILICON SUBSTRATE
AT LOW TEMPERATURE APPLICATION

FOR MOLECULAR BEAM EPITAXY TECHNIQUE

Luong Thi Kim Phuong”
Hong Duc University

Silicon (Si) surface cleaning procedure by two-steps was investigated application for molecular
beam epitaxy (MBE) technique. At the first step, surface sample is cleaned by chemical method to
eliminate contamination of organic compound as well remove the SiO, native oxide which has a
low surface quality. A thin SiO, layer is then formed to protect the Si clean surface from
contamination during processing before MBE growth. At the second step, the SiO, thin film is
eliminated from the substrate by the thermal evaporated method at high vacuum environment.
Surface substrate quality is investigated by reflection high energy electron diffraction (RHEED)
and Auger electron spectroscopy (AES). After cleaning, a Ge film is grown directly on Si
substrate. The observation of RHEED results shows that Ge film has a good crystal quality with
smooth and uniform surface. The growth mode of Ge layers corresponds to layer by layer growth
(2D growth).

Keywords:Silicon surface cleaning; MBE technique; thermal evaporation; carbon contamination;
SiO, oxide
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