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NGHIEN CUU TINH CHAT PIEN CUA MANG Ge PHA TAP PIEN TU TU
NGUON RAN GaP VA Sb BANG PHUONG PHAP EPITAXY CHUM PHAN TU

Lwong Thi Kim Phugng
Truong Pai hoc Hong Dirc

TOM TAT

Trong nghién ctru nay, tinh chat dién cia mang Ge dugc pha tap dién tir st dung ddng thoi tir hai
ngudn ran GaP va Sb duoc tap trung khao sat. Mang Ge duoc ling dong truc tiép trén dé Si bang
phuong phép nudi cay chum phan tir. Su thay ddi dién tré sut cua 16p Ge khi thay doi nhiét do
tang truong tir 140°C dén 300°C va thay doi nhiét do ngudn Sb trong khoang 257-330°C di dugc
phan tich nho phép do dién tré bon diém. Do linh dong ctia hat tai va mat o dién tir trong mang
nén Ge tham gia vao qua trinh dan dién dugc xac dinh bang cach thuc hién phép do hi¢u tng Hall.
Két qua cho thdy, gia tri ciia mat do dién tir tu do trong 16p Ge dat t6i 4,1x10°cm™. Hiéu tng co
hep ving cam ctia Ge khi pha tap dién tor mat do cao di dugc quan sat bang cach st dung phép do
phd huynh quang trong vung budc song tir 1100-2200nm. Kha nang phat quang cua 16p Ge pha
tap dién tir tir cac nguodn ran GaP va P dugc cai thién dang ké véi cuong d6 huynh quang ting gap
3 14n so v6i mang Ge chi pha tap P.
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STUDY OF ELECTRICAL PROPERTIES
OF ELECTRON DOPED Ge FILM USING GaP AND Sb SOLID SOURCES
BY MOLECULAR BEAM EPITAXY METHOD

Luong Thi Kim Phuong
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ABSTRACT

In this work, electrical properties of n-doped Ge epilayers using both GaP and Sb solid sources
were investigated. The Ge films were directly deposited on the Si substrate by molecular beam
epitaxy method. The resistivity variation of the Ge layers when the growth temperature varies in
the range of 140-300°C and the Sb cell temperature increases from 257°C to 330°C was analyzed
by four point probe resistivity measurement. Electron mobility and carrier concentration which
contributes to the electrically conductive process in the Ge matrix were estimated by Hall
measurment. Results shown that, the value of free electron concentration in the Ge film obtained
up to 4.1x10"cm™. The band gap narrowing effect of Ge occurs at a high n-doping level was
observed from photoluminescence spectra which were recorded at an infrared range of wavelength
from 1100nm to 2100nm. Photoluminescence intensity of the n-doped Ge layers was highly
enhanced by a factor of 3 times compared to the Ge sample doped with P only.
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1. Mé dau

Trong nhitng ndm gan day, nghién ctru vé
vat li€u Ge phat quang da thu hat dugc su
quan tim ciia cic nha khoa hoc trén thé gidi.
Vén di 1a mot chat ban dan chuyén tiép xién
nhung kha ning phat quang cua Ge c6 thé cai
thién dang ké khi duoc pha tap dién tor mat do
cao[1-3]. Tuy c6 su chénh léch dang ké
(4,2%) vé hing s6 mang giita mang Ge va dé
Si nhung nho c6 ki thuat ting trudéng hai
budc ma 16p Ge van cé thé lang dong truc
tiép trén dé Si ma van tao duoc mang Ge voi
chat luong tinh thé tét [4]. Piéu d6 co y nghia
quan trong trong viéc hién thuc hod mot
ngudn sang trén co sé silic va trong thich voi
cong nghé vi dién tr hién nay- muc tiéu cua
nhiéu nhom nghién ctru trong sudt vai thap ky
qua. Vi muc tiéu ndy ma nhiéu nghién ctru vé
cac vat liéu phat quang trén nén Si da dugc
tap trung khao sat nhung chua dat dugc hiéu
sudt phat quang nhu mong doi ¢ nhiét do
phong [5-9]. Bén canh nhimng loi thé ké trén
thi Ge duoc tap trung nghién ctu vi do linh
dong cua 13 tréng trong Ge 1a 16n nhit trong
cac chit ban din va d6 linh dong cua dién tur
trong Ge cao gap 2,7 lan trong Si [10]. Dé pha
tap dién tir vao mang Ge ngudi ta co thé sir
dung cac nguyén td pha tap nhu P, As, Sn,
Sb...Cac cong b gin ddy cho thiy, véi
phwong phép pha tap don thudn tir mot ngudn
pha tap thi mat d6 hat tai trong mang Ge chi
dat ¢& 2x10cm™®[2, 11]. V6i mat do dién tir
ndy thi kha ning phat quang cia 16p Ge van
chua du 16n dé dua 16p Ge vao Gng dung
trong viéc tao ra cic ngudn sang ciing nhu st
dung 1am 16p hoat dong trong cac linh kién vi
dién tir. Trong nghién ctru ndy, tinh chit dién
ctia mang Ge pha tap dién tir ddng thoi tir hai
ngudn GaP va Sb duogc tap trung khao sat. Do
hoa tan ciia mdi nguyén t6 trong mang nén 1a
mét dai luwong xdc dinh. Khi st dung hai
nguén pha tap thi mat do hat tai s€ dugc tang
1én nho sy thay ddi vat liéu nén cling nhu st
dung dugc do hoa tan clia ca hai nguyén to
pha tap. Pién tré suit cua vat liéu, Do linh

dong va mat do cua hat tai trong mang Ge la
céc thong sd quan trong duoc nghién ciru. Vi
céc thong s6 nay quyét dinh truc tiép dén tinh
chat quang ctia mang Ge.

2. Thuc nghiém

Mang Ge dugc ling dong trén dé Si bang
cach sit dung hé théng MBE (Molecular
Beam Epitaxy) tiéu chuan v&i p sudt nén
thip hon 3+5x10™ torr. Nhiét duoc cung cap
& hai ving trén ngudn Knudsen 1am cho Ge
bay hoi véi tbc d6 bdc bay khoang tir 2 dén
Snm/phut. Tdc dd bdc hoi cua nguén Ge duoc
xac dinh nho dao dong RHEED (Reflection of
High Energy Electron Diffraction) cua cuong
do tai mot diém trén bé mit mau khi tang
truong Ge trén dé Ge dinh hudng (100) dé
dam bao kiéu ting trudng cua 16p Ge trén dé
Ge 1a ting trudng theo timg 16p (hinh 1). Mdi
chu ky dao dong ctua cuong do RHEED ung véi
2 don 16p da duoc ling dong (twong tmg véi do
day cua hai 1an duong kinh nguyén tir Ge. Khi
xac dinh duoc chu ky tir quan sat dao dong
RHEED ta c6 thé xac dinh duoc tbe do léng
dong ctia ngudn Ge. Quan sat tir phd RHEED
con cho phép danh gia chat luong bé mit ciia
mang Ge ngay trong qua trinh ling dong.
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Hinh 1. Dao c‘i’éng cuong do nhiéu xa RHEED cuia mot
diém trén bé mat mang Ge theo thoi gian lang dong
Pé Si phang kich thudc 2x2 cm® c¢6 dinh
huong (100) va da dugc lam sach theo quy
trinh trude khi dugc dwa vao budng MBE.
Cong tic cap nhiét dugc gin ¢ mit phia sau
ctia dé Si dé xac dinh nhiét d6 ting truong voi
dod chinh x4c khoang + 20°C. Dién tir dugc
pha tap vao mang Ge bang cach st dung dong
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thoi cac nguyén t6 pha tap 1a P va Sb. Trong
d6 P duoc t6 hop vao mang nén Ge tir nguon
ran GaP. Dudi tac dung cta nhiét 6, GaP bi
phén tach thanh Ga va P,. Tuy nhién nho co6
mot bay dic biét (Hinh 2) ma cac phan tir Ga
bi gitr lai do cé ban kinh nguyén tir l6n hon
ban kinh nguyén tir P va hau nhu chi c6
nguyén tir P duoc thoét ra khoi nguon va ling
dong vao 16p Ge.

Phép do dién tré bon diém duoc st dung dé
do duong dac trung I-V cua mang Ge khi pha
tap. Tu do, dién tro suét cta vat liéu cling
dugce xac dinh theo cong thic: R=p.l/S. Bé
phép do I-V dugc thyc hién chinh xac, cac
dién cuc béng Au duoc tao ra béng phuong
phap quang khéc trong phong sach.

Pé xac dinh mat d¢ dién tir da kich hoat trong
mang Ge, phép do hiéu tmg Hall bang thiét bi
Kanaya dd dugc thyc hién dong thoi do linh
dong cua dién tr cling da dugc xac dinh tu
phép do nay.

PBN cap for Ga
trapping (GaP)

/0 O
LR\~

GaP (N6) polycristal
Hinh 2. M6 hinh nguon GaP véi bdy déc biét dé
giir nguyén to Ga khong thodt khoi nguon

Ph6 huynh quang trong ving hong ngoai ciia
mang Ge dugc khao sat nho mt nguon kich
laser c6 budc song 523nm dugce hdi tu trén bé
mdt mau. Tin hiéu huynh quang dugc do bang
dau thu InGaAs va cac phép do dugc thuc
hién & nhiét d6 phong.

3. Két qua va thio luin

Trudc hét chat lugng bé mit ciing nhu kiéu
tang truong cua mang Ge dugc tap trung khao

sat vi chat luong tinh thé 1a mot yéu to quan
trong anh hudng dén kha ning phét quang cuia
16p Ge. Hinh 3 1 anh nhiéu xa RHEED cua
méang Ge pha tap P va Sb ting truong trén dé
Si theo huéng [100] khi nhiét do dé giam tir
210°C dén 140°C. Mang Ge dugc ling dong
theo m6 hinh tang truéng hai budc. Nhiét do
ctia nguon GaP va ngudn Sb duoc gitt & cac
nhiét do tuong tmg 1a 725°C va 275°C [12]. O
nhiét d6 ling dong tai 210°C (Hinh 3a) thi
tdng trudéng ctia mang Ge tudn theo ting
truong ting 16p (ting trudng hai chidu) duge
dac trung boi cac vach soc (1x1) va vach
(2x1). Pidu d6 chimg t6 16p Ge co chat luong
tinh thé tot va bé mit mang min, d(“)ﬂg déu.
Khi giam nhiét d6 xudng 170°C thi kiéu ting
trudng theo timg 16p ciia mang Ge van dugc
duy tri tuy nhién da xuat hién mot vai mam
dang dao 3D (Hinh 3b). Tiép tuc giam nhiét
d6 xudng 140°C thi quan sat anh nhiéu xa
RHEED cho thiy cac cham 3D trd nén rd nét
va cac vach soc (1x1), (1x2) mo dan. Didu do
chtng t6 kiéu ting trudng cua 16p Ge di bao
gom kiéu ting truong dang déo (ting truong
ba chiéu). Hon nita, quan sat tir hinh 3¢ con
cho thiy cac quang cua anh nhidu xa RHEED
dac trung cho cau trac vo dinh hinh hodc da
tinh thé ciia vat liéu.

Ix1 8 Ix1

|

Ix1 80 Ixl

Ix1 90 Ix1

Hinh 3. Phé nhiéu xa RHEED theo huéng [100]
cua mang Ge pha tap P va Sb khi thay doi nhiét do
tang trucng tir 210°C dén 140°C
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Khi pha tap dién t&r vao l6p Ge thi nod s€
chuyén tir chit ban dan sang chat dan dién.
Hinh 4a biéu dién su phu thudc cua dién tro
sudt ciia mang Ge pha tap P va Sb vao nhiét
do tang truong. Quan sat tir dd thi cho thiy
khi giam nhiét d6 dé tir 290°C xudng 170°C
thi dién tro suat giam dan. Diéu do chung to
mat do dién tir da kich hoat trong mang nén
Ge tang 1én. Dién tro suét dat gia tri thép nhét
bang 6,93x10Q.cm™ tai nhiét 46 dé la
170°C. Tiép tuc giam nhiét do ting truong
xubng 140°C thi dién tro suat lai ting lén
dang ké. Nghia 1a mat do tong cong cia cac
nguyén t6 pha tap P va Sb di thay thé vi tri
ciia Ge trong mang nén giam manh. Nguyén
nhan 13 do su két dam cia cac nguyén té pha
tap cling nhu chat luong tinh thé cia mang Ge
(d3 dugc phan tich ¢ hinh 3c¢). Hinh 4b biéu
dién sy thay ddi cua dién tré suit theo nhiét
do cua nguén Sb. Nhi¢t do tang truong dugc
gilt khong ddi tai 170°C. Nhiét do ngudn Sb
dugc ting dan tir 257°C dén 330°C. Tur hinh
4b cho théy, dién tro suat ciia 16p Ge khi pha
tap dién tir tir nguon GaP va Sb giam dan khi
nhiét d6 ngudn Sb tiang tir 257°C dén 275°C.
Tai gia tri Ts,=275°C thi dién tr& suét dat gia
tri bé nhat va tiép tuc ting nhiét do nguén Sb
1én dén 300°C thi dién tré sudt ciia mang Ge
tang manh. Ch y rang khi ting dan nhiét do
ngudén Sb thi phd nhidu xa RHEED (khong
trinh bay & diy) ctua bé mit 16p Ge cho thiy
tang truong cta 16p Ge trén dé Si dan chuyén
tr kiéu ting truong timg 16p (257-275°C)
sang kiéu ting truong dang dao (300°C). Tai
nhiét d6 ngudn Sb 1a 330°C thi mang Ge
chuyén sang trang thai vo dinh hinh sau 15
phiit ling dong nén mau nay khong dugc thuc
hién phép do I[-V. Nguyén nhan vi¢c hinh
thanh trang théai vo dinh hinh cua mang Ge la
lwong Sb duoc td hop vao mang nén qua 1on
dan dén su két dam giira chung. Hon nita ban
kinh nguyén tir ctia Sb 16n hon so véi ban
kinh nguyén tir cia Ge nén khi lugng Sb thdm
nhap vao mang tinh thé ting 1én s& pha v& cau
tric mang von co cua Ge.
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Hinh 5. Sy phu thudc ciia mdt dé hat tai trong
mang Ge pha tap P va Sb theo nhiét do do
Mot théng sd quan trong cua mang Ge pha
tap dién tir can duoc xac dinh d6 chinh 1a mat
d6 dién tur da kich hoat trong mang tinh thé.
Vi thong sé ndy anh hudng truc tiép dén tinh
chét dién ciing nhu kha ning phat quang cua
Ge. Kha nang phat quang cua Ge dugc cai
thién déang ké khi mat d6 dién tir tw do trong
16p Ge ting 1én vi cac dién tir nay s& chiém
gilt cdc muc nang lugng cua thung ling L.
Dian t6i xac sudt dé xay ra chuyén muc truc
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tiép cua dién tir tir cac mirc ning luong cua
thung liing I" tang 1én [1]. Mat d dién ti da
kich hoat trong mang Ge dugc xac dinh bang
phép do hiéu tmg Hall. Luu ¥ rang truée khi
thuc hién phép do nay thi mau duoc xu ly
nhiét & 650°C trong thoi gian 30 gidy dé kich
hoat dién tir da pha tap. Hinh 5 biéu dién sy
thay d6i ciia mat do hat tai trong mang Ge pha
tap P va Sb theo nhiét do do. Nhiét 6 do
dugc tang dan tir 4K dén 300K. Tir hinh 6 ta
thdy khi ting nhiét d6 do thi mat do hat tai
giam nhe tir 4,2x10cm™ xubng 4,1x10"°cm®
(tai nhiét do phong). B9 linh dong cua dién tir
trong mang Ge ciing dugc khao sat khi thay
d6i nhiét do do trong khoang 4-300K (Hinh
6). Tt hinh 6 ta théy d6 linh dong cua dién tu
pha tap trong mang Ge giam dan theo chiéu
tang cua nhiét d¢ do. Tai nhiét do phong thi
d6 linh dong giam con 210 em®>.V's™. Chiy
rang dé thuc hién phép do hiéu tng Hall thi
mang Ge pha tap dién tir ddng thoi tir ngudn
GaP va Sb duoc ting trudng trén dé SOI
(Silicon on Insulator) dé tranh dong ro tir dé
Si di 1én 16p Ge. Tur @6 dinh lugng chinh xac
mat do hat tdi va cac thong sb dién trong
mang Ge.
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Hinh 6. S thay déi ciia dé linh déng ciia hat tai
trong mang Ge pha tap dién tir mat do cao khi
tang nhiét do do tir 4K déen 300K
Dé xac dinh hi¢u sudt phat quang ciia mang
Ge pha tap P va Sb, phép do phé huynh quang
trong ving budc séong 1100-2100nm ctia miu
da dugc thuc hién tai nhiét d6 300K. Tt hinh
7 ta thdy, cuong do huynh quang mang Ge
pha tap dién tir tir hai nguén GaP va Sb cao

gip 3 lan so v6i mang Ge chi pha tap P. Dai
bude song cia dau thu kéo dai dén 2100nm
cho phép ta xac dinh vi tri caa dinh phd Ge.
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Hinh 7. Sw thay déi ciia phé huynh quang tai nhiét
do phong theo nguyén to pha tap
Mot diéu tha vi & day 1a ta c6 thé quan sat
dugc hién twong co hep ving cdm trong céu
truc dai nang lugng cua Ge. Pay la hién
tuong xay ra khi pha tap dién tr mat do cao
vao vat liéu Ge [13-14]. Khi d6 dinh phd phat
xa ciia Ge s& dich chuyén vé phia budc song
dai (dich chuyén d6). Can ctr vao do chénh
1éch budc song nay so véi vi tri dinh phd cua
Ge tinh khiét ta c6 thé x4c dinh dugc mat do
cac nguyén t6 pha tap di duogc kich hoat (mat
d6 hat tai) [15]. V6i Ge tinh khiét thi dinh pho
phat xa nam & vi tri xung quanh budc song
1550nm. Khi pha tap dién tir vao mang Ge tu
ngudn GaP thi dinh phd dich chuyén dén vi tri
1580nm (rng véi mat d6 dién tor c& 2x10°
Yem®). Tiép tuc ting ndng do pha tap biang
cach sir dung dong thoi hai ngudn pha tap la
GaP va Sb thi dinh phé dich chuyén tiép dén
budc séng ¢& 1638 nm tng voi mat do hat tai
¢ 4x10"cm™. Két qua nay kha twong ddng
v6i két qua thu duoc tir phép do hiéu tmg Hall
da trinh bay & trén. Chi ¥ riang budc song
phat xa xung quanh 1550nm (ddi véi Ge tinh
khiét) 1a budc song ung véi chuyén muc
thang ciia dién tr tir thung ling I xubng dinh
clia ving hod tri. C6 thé thay rang khi pha tap
dién tir mat do cao thi cuong d6 huynh quang
g véi chuyén mirc thang cao hon nhiéu lan
so voi cudng do huynh quang Gmg vé6i chuyén
mirc xién. Hiéu suit phat quang ctia mang Ge
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pha tap P va Sb dugc cai thién dang ké so véi
mang Ge tinh khiét.

4. Két ludn

Maing Ge pha tap P va Sb ting truong trén dé
Si da duoc ché tao thanh cong bang ky thuat
epitaxy chum phéan tu. Tur viéc thuc hién phép
do I-V cta mau khi thay d6i nhiét 4o dé va
nhiét ¢ ngudn Sb cho thiy, dién tro suat cia
mang Ge c6 gia tri thip nhat khi TS=170°C
va TSh=275°C. Nong d6 hat tai trong 16p Ge
thay doi nhe khi nhiét do do ting tir 4K dén
300K. Tai nhi¢t d0 phong thi mat do hat tai
dat gia tri 4,1x10"%cm™ va d6 linh dong cua
dién tir 1a 210 em®.V1s™. Cuong d6 huynh
quang ciia mau Ge pha tap P va Sb ting gap 3
1an so voi mang Ge chi pha tap P. Hién tuong
co hep ving cAm trong cu triic ving ning
luong cua Ge khi pha tap dién t&r mat dé cao
dd dugc quan sat. So voi mang Ge tinh khiét
thi do dich chuyén dinh phd tmg voi chuyén
mirc truc tiép c& 88nm.

Lo&i cdm on

Xin chan thanh cdm on nhém nghién cuu
“Heterostructure” cua vién CINaM ,Truong DPai
hoc Aix- Marseille, Cong hoa Phap vi su gilp
dd trong qua trinh thyc hi€n nghién ctru nay.
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