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KHONG CHE SU HINH THANH TANG TRUONG DANG DAO CUA
GERMANI TREN DE SICLIC BANG PHUONG PHAP

EPITAXY CHUM PHAN TU

TOM TAT

Lwong Thi Kim Pl‘nu'(.rng*
Truong Pai hoc Hong Dirc

Nhirng ndm gan day, cac thiét bi tich hop trén co so silic tng dung cho quang dién tir tich hop da
thu hut dwoc sy quan tim nghién ctru. Mang epitaxy Ge trén d¢é silic dang tro' thanh mot loai vat
lidu quan trong vi Ge c6 dic tinh gia vat liéu chuyén tiép xién va hoan toan tuong thich véi cong
nghé silic. Tuy nhién, van con ton tai mot trdy ngai lén dé dat dugc lop Ge véi chat lugng tinh thé
t6t khi ting trudng trén d silic do su sai khic hing sé mang 16n giita Ge va Si (4,2%). Trong bai
bdo nay ching t6i nghién ctru, ché tao mang Ge chét luong cao trén dé Si (100) v6i mat do sai
hong dang day thip, dat duge nhd qua trinh ting truong hai budc va xir 1y nhiét nhanh & 900°C
trong thoi gian 3 phut. Phuong phap ché tao mau 1a phwong phép epitaxy chim phan tir. Mat do
khuyét tat dat dwoc chi dugi 10%cm™, két qua nay gép phan hién thuc hod viéc ché tao cac thiét bi

Ge trén nén Si tmg dung trong céng nghé CMOS.

Tir khoa: Germanium, Silicon, Tang truong hai bude, Epitaxy chum phéan tir, Ung dung quang

dién tr

MO PAU

Hién nay Ge dugc coi nhu tng cir vién tiém
nang cho nhiing ung dung trong linh vuc
quang hoc vi budc song phat quang cua cia
né nam trong vung dai song truyén théng.
Hon nira, tuy 13 vat liéu viing cdm xién nhung
ving thung ling truc tiép co ning luong cao
hon 136meV so vé6i ving thung liing gian tiép
[1]. Piéu d6 c6 nghia 1a Ge c6 kha ning ting
cuong su tai hop phat xa nho tao ra mot ing
sut cang va ap dung qué trinh pha tap dién tir
[2-3]. Vi vay, Ge dugc xem la vat liéu Iy
tuong cho 16p kich hoat ciia dau thu quang
tich hop hodc ngudn phat hong ngoai trong bd
phan din séng twong thich v&i cong nghé
silic. Tuy nhién tré ngai 16n cia cau trac di
thé Ge/Si 1a su tang truong dang dao cia Ge
do su khac biét dang ké vé hing s6 mang giita
Si va Ge (c& 4,2%) va chat luong tinh thé anh
hudng truc tiép dén hiéu suit cua dau thu
quang va qué trinh tich hop ciing nhu céc tng
dung trong dan séng quang.

Dé ngin can sy hinh thanh cac mam dao, k¥
thuat tang truong hai budc di duoc dé suit.
N6 bao gébm mot 16p dém Ge dugc ting
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truong ¢ nhiét do thap, tiép theo do 1a 16p thir
hai dugc tang truéng ¢ nhiét dd cao hon [4-
5]. K¥ thuat tang truong nay da duoc ching
minh tinh hiéu qua trong viéc giam mat dg sai
hong dang day ciing nhu giam do gd ghé cua
bé mit mang [6-12]. Tuy nhién diéu dang chu
yla tat ca cac thuc nghiém ké trén duoc thuc
hién bang k¥ thuét lang dong hod hoc tir pha
hoi (CVD). Nhung v6i phuong phap CVD thi
ning lugng nhiét duoc cung cép boi dé can
phai du 16n dé phan tach cac phén tir chat khi
[13-14]. Vi nhiing ly do nay ma cac nghién
ctru trudc day di chi ra ring nhiét do ting
truong & bude thir nhat dugc thyc hién trong
khoang tir 350 dén 400°C [6-12]. Hon nita, su
c¢6 mat cta hydro (tir khi mang hodc tu su
phan tich cic phan tir hydrid) trén bé mat
tang truong ciia dé co thé lam giam chiéu dai
khuéch tan bé mit cua nguyén tir Ge [15].
Céc nghién ciru di chi ra ring mang Ge ting
truong bang phuong phap CVD ¢ nhiét do dé
xudng thap t6i 330°C c¢6 mat do sai hong 1on
[16]. Trong nghién cltu nay, chung t6i dua ra
nhiing két qua cua viéc diéu khién kiéu ting
truéng trong cac 16p epytaxy Ge trén dé silic
dinh hudng (100) st dung ky thuét epitaxy
chum phan to (Molecular beam epitaxy-
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MBE). Uu diém cua ky thuat MBE 1a no
khong yéu cau nhiét do tiang truong cao dé
phan tach cac precusor khi. Mang Ge dugc
tang trudng theo quy trinh hai budc, trong do6
budc thir nhat dong vai trd quan trong trong
viéc khéng ché sy hinh thanh dao va dat dugc
nhiing 16p Ge min véi chat lugng tinh thé t6t.
THUC NGHIEM

Tang trudng cua 16p Ge dugc thyc hi€n nho
hé théng MBE chuin véi 4p suit co s thip
hon 2-10"%orr. Budng ting truéng duoc trang
bi thiét bj nhiéu xa dién tir phan xa nang
lwong cao (RHEED) cho phép quan sat kiéu
tdng truong cua mang Ge ngay trong qua
trinh thi nghiém. Ge dugc bay hoi tir ngudn
Knudsen véi hai viing dugc dét néng, tbe do
bbc bay hoi nam trong khoang tir 2-5nm/phut.
Pé tang truong la dé Silic phang, pha tap loai
n va c¢6 dinh huéng (100). Viéc lam sach bé
mit dé duoc tién hanh qua 2 budc, bude thir
nhét 1a xir Iy bang phuong phap hoa véi chu
trinh 6xy hod bé mit trong axit HNO; dic
noéng va tay 16p oxit trong dung dich axit HF
dé an mon nguyén tir carbon nhidm ban con
du trén bé mat. Sau khi loai bo 16p oxit thd
rap trén bé mat dé, mot 1op oxit mong min
duoc hinh thanh khi ngdm mAiu trong dung
dich HCI:H,0,:H,0 dé bao vé bé mit khoi su
nhiém hydro carbon trong qua trinh van
chuyén mau vao budong MBE. Budc lam sach
th hai 1a 1am sach bang nhiét trong chan
khong siéu cao dé boc hoi 16p SiO, mong da
duoc hinh thanh trudc d6 ¢ nhiét d§ khoang
650°C trude khi nung nhiét nhanh & 900°C
trong vong 5-10 gidy. Sau budc lam sach nay,
bé mit Si thé hién rd su tai cAu trac cta vach
(2x1) trong quan sat RHEED. Nhiét do dé
dugce xac dinh nho mot cong tic cip nhiét
duoc ge'in & mat sau cua dé véi do chinh xac
khoang 20°C.

Chat luong ctia mang Ge duoc khao sat bang
kinh hién vi dién tir truyén qua phan giai cao
(HR-TEM) ctia h¢ JEOL 3010 hoat dong & 300
kV véi @6 phan giai khong gian ¢& 0,17 nm.
Dé x4c dinh mat do sai hoéng dang sg¢i chung
toi str dung k¥ thuat an mon sai hong chon
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loc. Dung dich cua crom da dugc sur dung voi ti
1¢ thanh phan 1a: CrO; 0,6mol/lit: HF 12 mol/lit
H,O. Sau khi st dung phuong phap dn mon,
kinh hién vi dién tir quét (SEM) duogc dung dé
do mat do sai hong trong 16p mang Ge.

Kinh hién vi lyc nguyén tir (AFM) dugc st
dung dé danh gia do gd ghé ciia bé miat Ge
tang truong tryc tiép trén dé silic, ché do sir
dung ctia hé AFM 1a ché do tiép xuc.

KET QUA VA THAO LUAN

Su ting truong cua Ge trén dé silic dugc coi
nhu 1a vi du dién hinh cua kiéu ting truong
Stranski- Krastanov (SK): mét 16p udt hai
chiéu chi dugc hinh thanh khi d6 day mang
dudi do day toi han ¢& vai don 1op. Vuot qua
d6 day nay, kiéu ting truong dang dao (ting
truong ba chiéu) s& xuat hién dé giai phong
g suét tich tu trong 16p Ge [17-19]. Hé qua
clia qua trinh xa Ung suét trong kiéu ting
truong SK 1a 16p epitaxy c6 mat d§ sai hong
dang soi 16n va bé mat mang thd rap.

.

Hinh 1. A’}?h TEM dién hinh ciia mang Ge ldang
dong trén de Si dinh huong (100) voi nhiét do tang
treeng la 700°C
Hinh 1 13 4nh TEM dién hinh ciia mang Ge
v6i d6 day 200 nm ling dong trén dé silic
dinh hudéng (100) & nhiét do 700°C. Quan sat
tong thé ta thiy mang Ge c6 do gb ghé 16n &
ca bé mat va 16p tiép giap véi dé. Mang ludi
sai hong do chénh 1éch hing s6 mang giita Ge
va Si dinh xr & ving tiép giap c6 mat do day
dic, vi vay 10p tiép giap gitta mang Ge va dé
Si rat khong rd rang. Phép do tir kinh hién vi
luc nguyén tir && khao sat hinh thai bé mit
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clia mang cho thiy, d6 g ghé trung binh cao
hon 80 nm. D¢ thé rép 16n nhu vay bat ngudn
tir sy chuyén kiéu tiang truong tir dang hai
chiéu sang dang déo.

Hinh anh dic trung cia kiéu ting truong dang
ddo noi trén cia quan sat RHEED doc theo
hai huéng chinh 14 hudng [100] va hudng [1-
10] duoc thé hién trén hinh 2. Mang Ge duoc
tang truong & 700°C véi do day 200 nm. Kiéu
tang truong dang dao dugc nhan biét nho cac
cham trong hinh anh nhidu xa RHEED. Nhu
quan sat trén hinh 2, tat ca cac chAm 3D duge
dinh xt doc theo cac vach (1x1) thé hién rﬁng
chung dugc tao ra tir hiéu tng nhidu xa khéi
va cac dao do ting truong theo kiéu epytaxy.
Céac vach % 1a cac vach bat nguén tor sy tai
cdu trac bé mit (2x1) ciia mang Ge dinh
huéng (100). Chung ta ¢ thé thay ring cac
cham 3D chiém s lugng 4p dao trong anh
nhiéu xa RHEED va vach ' van ton tai
nhung v6i cuong do yéu. Pidu do thé hién
rang kiéu ting truong ciia mang Ge dugc tién
hanh theo kiéu ting truéng dang dao (kiéu
tang trudng ba chiéu).

Sy anh hudng cua nhiét do dé t6i kiéu ting
truong cuia mang Ge da dugc khao sat trong
khoang nhiét d6 tir nhiét d6 phong dén 750°C.
Két qua cho théy tdn tai mot vung nhiét do
hep tir 260-300°C ma kiéu ting truong SK cia
Ge trén dé Si bi han ché hoan toan. Thay vao
do, kiéu tang truong hai chiéu dat dugc doi voi
d6 day mang co thé 1én t6i 200 nm. Két qua 1a
cac 16p Ge epytaxy c6 chét lugng mang tot va
hau nhu khong con sai hong dang soi.

ar ‘ :
I\I/l

1x1 3D Spots 1Ix1 [1-10]

a)

i

1x1 3D Spots 1x1 [100]

Hinh 2. Hinh dnh nhiéu xa RHEED doc theo hai
hwong chinh la huong [100] (hinh 2a) va hwong
[1-10] (hinh 2b) quan sat duoc khi mang Ge tang
trieong trén dé Si ¢ 700°C
Dbi v6i qua trinh ling dong cua Ge trén dé
silic & nhiét do cao hon 300°C (vi du nhu cho

muyc dich tao ra mg sut cing trong mang
Ge) hodc thap hon 260°C (chang han cho qua
trinh pha tap dién tir trong 16p Ge), ching t6i
dé xudt phuong phap ting truong 2 budc.
Budc thtr nhit 14 tao ra mot 16p dém Ge c6 do
day khoang 30-50 nm dugc tang trudng trong
ving nhiét do tir 260-300°C. Lép nay co
nhiém vy giai phong tmg sut do sy sai khac
hang sb mang giita mang Ge va dé Si va duy
tri mot bé miat phang min bang cach han ché
su linh dong cua nguyén tir Ge ¢ nhiét d6 tang
truong thap. Tir d6 co thé ngin can sy hinh
thanh mam cua cac dao 3D trong 16p Ge.
Budc thtr hai véi do day tuy y duoc ting
truong ¢ nhiét d6 mong mudn trén nén cua
16p dém nén s& co chat lugng tinh thé tbt va
giam dugc dang ké mat do khuyét tat cda
mang Ge.

a2 B,8,8
|‘|.|
!
a Ak

1x1 sp Ixl [100]

Hinh 3. a) Hinh anh nhiéu xa RHEED doc theo
huong [100] cua l6p mang Ge voi do day 200nm
tang truong theo ky thudt hai budc. b) Anh AFM
cua bé mat mau do o nhiét do phong ung voi che

do tiep xuc
Hinh 3a md ta hinh anh nhiéu xa RHEED cua
mang Ge duoc ling dong trén dé Si theo ky
thuat tang truéng hai budc, budc dém tha
nhit ting truong ¢ nhiét do dé 1a 270°C va
buédc thtr hai duoc léng dong & nhiét do
700°C. Sy xuat hién rd rang cta nhiing vach
soc dai trong anh RHEED ma khong chira bat
ky chdm 3D nao chimg té sy hinh thanh cac
dao 3D hoan toan bi dap tat va bé mat maiu
phang min. Hinh 3b 1a anh kinh hién vi luc
nguyén tir AFM ciia bé mit mang Ge trén dé
Si duoc tang trudong theo phuong phap hai
budc nhu dd néu trén. Két qua cho thiy bé
mat cia 16p Ge min va déng déu voi kich
thudc hat ¢& 50nm va d6 nham bé mat trung
binh uéc lugng ¢& 0,5nm. Cac két qua quan
sét tir anh nhiéu xa RHEED va anh kinh hién
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vi lyc nguyén tir cling rt trong dong véi két
quéa do TEM dugc chi ra trén hinh 4.

Ge epilayer

Si substrate

Hinh 4. a) Ayn%z TEM dac trung cua lop Ge voi do
day 200nm lang dong theo ky thudt tang truong
hai buéc 6 270°C va 700°C. b) Anh TEM phong to
gan lop tiep giap gitta mang Ge va de Si
Hinh 4a 1a anh TEM tong thé cua 16p Ge
epitaxy voi chat luong mang tot va do day
ddng déu. Diéu dang chu ¥ 1a nhiing sai hong
xép chong theo huéng mit phang (111)
thuong quan sat thdy ¢ mang Ge/Si ting
truong & nhiét do dé cao hon 330°C hau nhu
bién mat [16] khi nhiét d6 ting truong ting
1én thi mang Ge c6 thé chuyén sang trang thai
6n dinh hon véi ca hai loai sai hong 1a sai
hong do su sai khac hang s6 mang va sai hong

dang soi dugc sinh ra.

Hinh 5. Anh SEM ciia bé mdt mang Ge sau khi an
mon cdc sai hong trong dung dich CrOs/HF/H,O
trong vong 5 phut. Hinh a) anh SEM cua lop Ge
véi dg day 200nm ling dong trén dé Si dinh hudng
(100) 6 700°C. Cac vét dn mon dang soi my da
dwoc hinh thanh do su tdp trung mdt do cao cua
sai héng dang soi. Hinh long bén trong la hinh
phéng to ciia cdc vét an mon nay. Hinh b) Pdc
trung cua hinh kim tw thap vuong cho cac sai
hong dang sgi da dwoc quan sat ro khi mau dwoc
quay di mét goc 15°

Tuy nhién so sanh véi mang Ge tang trudng
mot budc & nhiét dé cao, ddc biét la so véi
mang Ge ling dong theo phwong phap ling
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dong hoa hoc tir pha hoi CVD [5] thi mang
Ge tang trudng hai budc c6 mat dd sai hong
dang soi va sai hong do sai 1éch hang s6 mang
thép hon nhiéu. Hon nita, sai hong do sai 1éch
hang sb mang dugc tim thdy ¢ nhitng vi tri
lan cén lop tlep giap giita mang Ge va dé Si,
dan t6i 16p tiép giap nay ré va min. Sau khi
lang dong mang, phuong phap xur 1y nhiét
nhanh dugc 4p dung dé 1am giam mat do sai
hong trong mang Ge. Ghi chu rang tit ca cac
mau dugc xir 1y nhiét nhanh & 900°C trong
thoi gian 3 phat va téc do ting nhiét 1a
25°C/pht.

Pé dinh luong mat do sai hong dang soi,
chung t6i str dung k¥ thuat an mon sai hong
loc lya dé 1am 10 ra nhiing sai hong dang soi
nay. Dung dich dugc st dung cho k¥ thuat an
mon nay la CrO;z 0,6mol/lit: HF 12mol/lit:
H,0. Véi dung dich an mon trén co sé créom
nay, sai hong dang soi trén bé mat dinh hudng
(100) dugc hién ra c6 dang hinh kim tu thap
vuong. Trude hét, thoi gian an mon duoc tdi
uu hod trén mau Ge ting truong & nhiét do
cao véi du doan mat do sai hong co 10’cm™.
Két qua tinh toan thu duoc tuong dong voi
két qua bao cao trong bai bao [20], cung thiy
dugc rang thoi gian dn mon nam trong
khoang tir 2,5 dén 10 phat 1a phu hop dé cac
sai hong dang s¢i dugc boc 16 d?iy du. Hinh 5
1a anh kinh hién vi dién tir quét SEM sau 5
phut an mon cta mang Ge véi d§ day 200nm
ling dong trén dé Si (100) & 700°C (tuong
mg v6i mau ¢6 anh TEM & hinh 1). Ta thdy
rang mat d6 sai hong dang soi rat day dic dén
muc cac sai hong nay két ndi v6i nhau va tao
thanh dang nhu soi my trén bé mit mang.
Hinh 5b la anh phong to ciia dam sai hong khi
mau dugc nghiéng di 15°, cac hd hinh kim ty
thap véi kich thudc khac nhau duge quan sat
& va didu nay cho thdy nhiing hd nay bat
nguén tr sy an mon loc lua cua cac khuyét tat
dang soi.

Trén hinh 6a la anh SEM ctia mang Ge ting
truong trén dé silic sir dung ky thuat ting
truong hai budc (twong ung véi mau co anh
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TEM ¢ hinh 4) véi d6 day mang 1a 200nm.
Diéu dang chu ¥ 12 bé mat mang boc 16 nhirng
vung c¢6 mat do sai hong rat thép, hau hét
chung c6 dang hinh vuong. Trong nhiing
vung hinh vudng nay c6 mot viung hinh tron
chtra dung nhiing hd kim tu thap voi mat do
cao. Hinh anh chi tiét ctia mot ving hinh tron
dugc thé hién trén hinh 6b. Néu ta thira nhan
mdi viing sai hong hinh vudng tuong tmg voi
mot don vi sai hong thi mat d6 sai hong cta
mang Ge la khoang duéi 10°cm™, gia tri nay
thép hon tir 2 dén 3 béac so v6i mat do sai
hoéng ctia mau mang ting trudng theo phuong
phap CVD truyén thong [11-12], [19].

Hinh 6. &) Anh SEM ciia I6p Ge véi dj day 200nm
dwoc lang dong theo ky thudt tang truong hai
buée 6 270°C va 700°C. Nhitng ving sai hong c6
dang hinh vuong dwoc 19 ra trén bé mat mang. b)
Anh SEM phong to cia mot vung sai hong hinh
vuong. Néu coi moi vung hinh vuong la mot don vi
sai hong thi mdt do sai hong do dwoc chi dudi
10%*cm™,

KET LUAN

Trong nghién clru nay, su ting trudéng cla
mang Ge trén dé Si theo k¥ thuat ting truéng
hai buéc bang phuong phap MBE di duoc
khao sat. Su lang dong ctia 16p thir nhat (16p
dém) dong vai tro quan trong khong nhiing
trong viéc quyét dinh chét lugng tinh thé cia
mang ma con anh huéng dén hinh thai bé mat
cua l6p Ge. Chung t6i da tim ra mot khoang
hep nhiét do ting trudng tir 260 dén 300°C
ma trong ving nay kiéu ting truong SK c6
thé khong ché hoan toan. Bang k¥ thuat ting
truong hai budc két hop v6i xtr 1y nhiét (¢
900°C trong thoi gian 3 phat) sy hinh thanh
cac dao 3D trong qua trinh ling dong c6 thé
dap tat khi nhiét d6 dé thap hon 260°C hoic
cao hon dang ké 300°C. Két qua thu duoc
mang Ge c6 chat lugng tinh thé tot voi mat do
sai hong dudi 10%cm™. Gia tri ndy thap hon 2-

3 béc so vodi 16p Ge epitaxy tang trudng theo
phuong phap CVD.
LOI CAM ON

Xin chan thanh cam on GS. TS Lé Thanh
Vinh cua Truong DPai hoc Aix- Marseille,
Cong hoa Phap vi sy giup d& trong qua trinh
thyc hién nghién clru nay.
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THE SUPPRESSION OF ISLAND FORMATION FOR GERMANIUM GROWTH
ON SILICON SUBSTRATE BY MOLECULAR BEAM EPITAXY SYSTEM

Luong Thi Kim Phuong”
Hong Duc University

In recent years, Silicon-based integrated devices for optoelectronic integration have attracted wide
attention. Epitaxial Ge film on Si substrate has become a significant material due to its narrow
pseudo-indirect gap behavior, which is compatible with silicon technology. However, remain a
major challenge to achieve a good quality Ge eplilayers on Si because of high lattice mismatch
between Ge and Si (4.2%). In this paper, we present a high quality Ge film on Si (001) with low
threading dislocation densities, which was obtained by two step growth process following by rapid
thermal annealing (at 900°C in 3 min) using molecular beam epitaxy system. This result
contributes to realization of Ge-on-Si devices for optoelectronic applications.

Keywords: Germanium, Silicon, Two steps growth, Molecular beam epitaxy, Optoelectronic

applications.
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