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~ NGHIEN CUU CHE TAO DIODE PHAT QUANG
TREN NEN VAT LIEU Ge/Si PHA TAP PIEN TU MAT PQ CAO
UNG DUNG TRONG LINH VU'C QUANG DIEN TU TICH HQP

Lwong Thi Kim Phugng
Dai hoc Hong Purc

TOM TAT

La mot chét ban dan chuyen tiép xién nhung ciu triic viing nang lugng cua Ge c6 thé thay doi khi
ddng thoi tao ra Gmg sudt cang va pha tap dién tir véi mat do cao trong mang Ge. Khi d6 hiéu suét
phat quang cua 16p Ge duoc ting 1én dédng ké va viéc hién thuc ho ngudn sang dua trén nén Ge/Si
tuong thich véi cong nghé CMOS tré nén rd nét. Trong nghién ctru nay, pha tap loai n vao mang
Ge bang k¥ thuat dong pha tap tir hai nguyén t6 P va Sb véi mat do dién tir dd kich hoat cao
(4,2x10%cm™®). Diode phat quang dua trén chuyén tiép p-n dugc nghién ctru ché tao. Trong d6 16p
n dugc ting trudng tir vat liéu Ge pha tap dién tir mat d6 cao bang k¥ thuat epitaxy chium phan tir
(MBE). Céu trac cta diode dugc quan sat bang kinh hién vi quang hoc va kinh hién vi dién tir quét
(SEM). Cac dac trung quang, dién cua diode duge khao sat thong qua cac phép do: duong dac
trung von- ampe; phd dién phat quang ¢ nhiét d6 phong.
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INVESTIGATE AND FABRICATE A LIGHT EMITTING DIODE
BASED ON Ge/Si CO-DOPED WITH P AND Sh
FOR OPTOELECTRONIC APPLICATIONS

Luong Thi Kim Phuong
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ABSTRACT

Ge is well-known an indirect band gap material, however its energy band structure could be
modified by inducing a tensile strain combination with highly n-type doping. Thus, the
photoluminescence efficiency of Ge thin-film increases significantly and provides an oppotunity
application of Ge-on-Si light source, which compatible with CMOS technology. In this work, P
and Sb, n-type dopants, are doped Ge thin-film with high activated electron concentration
(4,2x10"cm™®). The light emitting diode based on p-n junction was fabricated and investigated.
The n-type layer was grown based on the highly-doped n-type Ge material by Molecular Beam
Epitaxy (MBE) technique. The device structure of diode was observed by optical microscopy and
scanning electron microccopy (SEM). The optical and electrical characteristics of diode were
studied by current-voltage characteristic, electroluminescence spectrum at room temperature.
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1. Mé dau

Laser tich hop nguyén khéi dua trén Si tir 1au
da 1a mot thach thirc 16n dbi véi viée tich hop
quang- dién tir trén nén Si [1]. Cac nghién
ctru trudc day da dua ra nhidu hudng tiép can
dé giai quyét van dé nay nhu nghién ctu vé
Si va SiGe c6 cdu tric nano [2-4], vat liéu
trén co sé Si pha tap ion Er** [5-6], GeSn [7-
8], B-FeSi, [9] va laser to hop tir nhom III-V
trén Si [10-11]. Tuy nhién, van chua c6 cich
tiép can nao lam cho Si c6 hiéu suit phat
quang manh ¢ nhiét d6 phong. Vi vay, cac
ngudn phat laser hién nay déu dua trén nén
vat liéu ban dan nhom II-V nhu GaAs,
InGaAs va chua thé tich hgp dwoc voi cong
nghé vi dién tir hién thoi. Mot sb nghién ciru
gan day vé kha ning phat quang cia mang Ge
dd chi ra rang, khi thay déi ciu tric ving
ning luong cia nguyén tir Ge bang cach tao
ra ung suit cing dong thoi pha tap dién tir
trong mang Ge thi ciu trac ving ning luong
cua no bi thay ddi. Ttr @6 1am cho Ge tir mot
vat liéu ban dan chuyén tiép xién thanh vat
liu ban dan chuyén tiép thing véi hiéu suat
phét quang cao [12-14].

So voi viéc tao ra (mg suét cing thi pha tap
dién tr trong mang Ge dong vai tro chu dao
dé tang kha nang phat quang ctia 16p Ge. Tuy
nhién, pha tap dién tir véi mat do 16n vao Ge
la mot thach thirc béi vi tinh tan cham va
khuéch tan nhanh ctia chat pha tap. Cac
nguyén t6 thudc nhom V trong bang hé thong
tudn hoan nhu, nguyén t6 P, As hodc Sb
thuong duoc Iya chon dé pha tap dién tir vao
mang Ge. Chu y ring sy thay déi ndng do
dién tir s& lam thay doi tinh chit quang cua
vat li€u. Boi, trong hau hét cac truong hop, su
phat quang xay ra do céc hat tai da kich hoat.
Pé ting ndng do dién tir ching ta c6 thé co
nhiéu cach trong d6 dong pha tap hai nguyén
t6 khac nhau 13 mot phwong an méi. Vi do
hoa tan ctia mdi nguyén t trong vat liéu nén
1a hoan toan xac dinh cho nén ta c6 thé ting
mat do tong cong cac nguyén tb bang cach sir
dung ddng thoi hai nguyén t pha tap. Trén co

s0 do chung t6i da nghién cuu mang Ge pha
tap dién tir mat d6 cao tir k§ thuat dong pha
tap P va Sb. Trong nghién cuu nay, diode
phat quang duoc tap chung nghién ciru, ché
tao va khao sat cac tinh chat quang-dién dic
trung. Diode dugc ché tao dua trén chuyén
tiép p-n, trong d6 16p ban dan p dugc ting
truong to mang Ge pha tap manh dién tir tur P
va Sb con 16p n 1a ban dan Si pha tap B.

2. Thuc nghiém

Ming Ge dugc ling dong trén dé Si bang
cach str dung hé théng MBE tiéu chuan véi ap
suét nén thép hon 3+5x10*torr. Nhiét duoc
cung cép & hai ving trén nguén Knudsen 1am
cho Ge bay hoi véi tbe do bdc bay khoang tir
2 dén Snm/phit. Dé Si phang c6 dinh hudng
(100) va dugc pha tap tir nguyén tir B (loai n).
Bé mit dé dugc 1am sach qua 2 giai doan, giai
doan thir nhat nham ty 16p oxit SiO, thd rap
tu nhién dugc hinh thanh trén bé mat Si dong
thoi loai bo cac nguyén tir C dd nhiém ban
trén bé mat dé. Trong budc xir ly nay, dé
dugc Oxy hod bé mit trong dung dich axit
HNO; dic nong ndéng do 63% va sau do 16p
oxit SiO, dugc tiy di boi dung dich axit HF
ndéng d6 10%. Budc nay duogc lap di lap lai
khoang 3 1an dé dam bao bé miat Si méi hinh
thanh c6 chit luong tot. Sau khi 16p oxit thd
rép trén bé mat Si duoc loai bo, dé dugc ngam
trong hdn hop HCI:H,0,:H,0 d hinh thanh
mdt 16p SiO, mong min cé tac dung bao vé bé
mat khoi su nhiém ban boi cac phan tir hydro
carbon trong qué trinh dua miu viao budng
MBE. Véi giai doan thir hai, mau dugc lam
sach boi nhiét d6 cao trong budong MBE dé
bdc bay 16p SiO, méng di duoc hinh thanh
truée d6. Nhiét do ban dau duoc thiét lap ¢
650°C trong thoi gian khoang 30 phut dé moi
truong chan khong trong budng MBE duoc
6n dinh. Sau d6 mau duoc nung nhiét nhanh
khoang 5 lan & 900°C trong vong 5+10 giay.
Sau khi hoan thién quy trinh lam sach mau,
quan sat RHEED cho thiy sy xuét hién rd nét
ctia vach (2x1) dic trung cho su tai ciu tric
bé mit cta Si (khong trinh bay & day). Mot
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cong tac cap nhiét dugc gén 6 mat phia sau
ctia dé Si dé xac dinh nhiét d6 tang truong vai
d6 chinh xac khoang + 20°C.

Diode phat quang duoc ché tao dua trén
chuyén tiép p-n, trong d6 16p ban dan loai p 1a
dé Si pha tap B voi mat d6 16 tréng c&
10"cm®, con 16p n 12 ban dan Ge pha tap dién
tr tir hai ngudn ran khac nhau GaP va Sb. Cac
dién cuc dugc tao ra ¢ 16p p va 16p n , dién
cuc 6 1op p dugc lam tir Ti/Al va dién cyc 6
16p n duoc lam tir Ni/Au. Chi tiét ciu tric cua
diode dugc mo ta nhu hinh 1.

Kinh hién vi quang hoc va kinh hién vi dién
tr quét SEM (Scanning Electron Microscopy)
dugc dung dé quan sat chi tiét diode sau khi
da ché tao.

LED n-type contact
Ni/Au

p-type contact |Stra
TilAl It

p-type Si(001)

Hinh 1. Céu tao ciia diode phat quang dua trén
chuyén tiép p-n

Ph6 huynh quang trong ving hong ngoai ciia
méang Ge dugc khao sat nhd mot ngudn kich
laser c6 budc song 523 nm dugc hdi tu trén
bé mit mAu. Tin hiéu huynh quang dugc do
bang dau thu InGaAs va cac phép do dugc
thuc hién ¢ nhiét d6 phong.

Tinh chét dién cua diode dugc khao sat qua
phép do I-V va do pho dién phat huynh quang
trong ving hong ngoai. Cac phép do duoc
thuc hién ¢ nhiét d phong.

3. Két qua va thio luin

Trudc hét can danh gia kha ning phéat quang
ctia 16p ban dan n trong chuyén tiép p-n cua
diode. L6p ban dan n duoc tao thanh tir mang
Ge pha tap dién tir mat do cao tur hai nguf‘m
ran khac nhau 13 GaP va Sb. Lép Ge duoc

ting truong trén dé Si theo moé hinh ting
truong hai bude nham tao duoc mang Ge co
chat luong tinh thé t6t voi mat do sai hong
thap [15]. Trong d6, 16p dém Ge duoc ting
truong & 270°C véi d0 day khoang 50 nm.
Lop Ge pha tap dién to dugc léng dong ¢
nhiét d6 dé ¢ 170°C. Nhiét d6 ngudn GaP va
nguén Sb duoc gitr ¢d dinh & cac nhiét do
tuong tmg 1a 725°C va 257°C. Pay la diéu
kién ting truong dé mang Ge co hiéu suit

phat quang 16n nhat [16].
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Hinh 2. Phé hupnh quang ciia mang Ge pha tap
dién tur mdt do cao tir P va Sb (dwong mau xanh)
va cua mang Ge tinh khiét (duong mau den)
Hinh 2 1a ph6 huynh quang ¢ nhiét d6 phong
cua mau Ge pha tap dién t¢ mat do cao
(dudng mau xanh) va ciia mau Ge tinh khiét
(duong mau den). Sau khi tang trudng, cac
mau dugc xtr 1y nhiét & 650°C trong thoi gian
60 gidy dé tao ra Ung sudt cing trong mang
Ge, cai thién chat luong tinh thé va kich hoat
cic nguyén td pha tap. Két qua cho thay,
cuong d6 huynh quang cua mang Ge khi pha
tap manh dién t& cao hon 150 lan so voi
cudng do huynh quang ctia mau chua pha tap.

MESA
ST contact

NifAu layer ~ 20 nm

Hinh 3. Anh ,hié’n vi quang hoc cua diode phat
quang voi cau truc mesa. Cuc ST dwoc lam tiw
Ni/Au voi dé day khodang 20 nm
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Luu y rang dau thu InGaAs bi cit & budc
s6ng 1600 nm nén vi tri dinh phd cua mang
Ge chua duoc xac dinh chinh xdc. Pé xac
dinh mat d¢ dién tir da dugc pha tap trong lop
Ge, phép do hiéu ung Hall da duoc sir dung
(khéng duoc trinh bay ¢ day). Mat do cac
nguyén to pha tap da kich hoat dat t&i gia tri
¢ 4,2x10%cm™. Khi ap dung phuong phap
xtr Iy nhiét nhanh & nhiét 40 650°C voi thoi
gian 60 gidy thi ing suit cing trong mang Ge
ddng pha tap cac nguyén t6 P va Sb dat duogc
¢ £=0,20%. Trong d6, gia tri cua Gng sut
cing duge xac dinh qua phép do pho nhiéu xa
tia X va dugc tinh theo cong thirc:

ey = (ay - ag)fag. Vai ay la héng $6 mang cia
Ge trong mang Ge/Si va a, 1a hiang s mang
cuia vt liéu khéi Ge.

Dé tao ra diode phat quang, cin tao ra mot
cAu tric dya trén chuyén tiép n-p. O day 16p p
chinh 1a dé Si dugc pha tap 13 trong véi mat
d6 pha tap ¢ 10™cm™. Hinh 3 13 anh chyp
bang kinh quang hoc cta diode c6 cu tric
mesa. Cau trac chi tiét ciia diode dugc quan
sat rd hon bang kinh hién vi dién tir quét SEM
& hinh 4. Tir hinh v& ta thiy 16p n dugc tao
thanh tr mang Ge c6 do déng déu, min va do
day ¢ gan lpm. Tinh chit dién cua diode
duoc khao sat qua phép do I-V thuc hién &
nhiét d6 phong . Két qua quan sat tir hinh 5a
cho thady mdi quan hé cua I-V tuan theo
duong dic trung Von- ampe cua diode. Dé
xac dinh dién ap ngudng cho diode, ta dat vao
16p tiép gidp p-n mot dién ap nguoc va thuc
hién phép do I-V. Két qua cho thiy dién ap
nguong ng voi gia tri ¢d 0,5V (hinh 5b).

N -doped (o llem

~
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Hinh 4. Anh kinh hién vi dién tir SEM ciia chuyén tiép
p-n. Bé day I6p mang Ge pha tap dién tir & 1 1m
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Hinh 5. Puong ddc trung Von- Ampe cua diode
phat quang. Pién thé nguong dat gid tri c6 0,5V

\ Il ! L

150 4

Electroluminescence (a.u)

m‘DO
Wavelength (V)

T T
1400 1600

Hinh 6. Pho dién phat quang cua diode ¢ nhiét do
phong. Pinh pho dat dwoc ung voi budc song co
1630 nm
Pé khao sét tinh chat quang cua diode, chung
t6i tién hanh do phd dién phat huynh quang
trong ving hong ngoai. Phép do dugc thuc
hién & nhiét d6 phong. Két qua do phd dién
phat huynh quang & hinh 6 cho thiy, dinh ph6
dat duoc Ung véi vi tri budc song c& 1630
nm. Pay la budc séng tng voi sy tai hop buc
xa cua chuyén tiép thing déi voi Ge. Dbi voi
Ge tinh khiét thi kha ning phat quang ciia nd
la rat yéu va budc song phat xa tng véi
chuyén muc thing c¢& 1550 nm. Cac nghién
clru da chi ra rang khi Ge duoc pha tap dién
tr ndng do cao tir 10°cm™ thi khe ning luong
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bi thu hep lai. Hién tuwong nay duoc goi la
hién tugng co hep ving cAm [17-19]. Tt vi tri
dinh phd cua Ge trong phép do pho dién phat
huynh quang chung ta ciing c6 thé suy ra
ndéng d6 dién tir pha tap trong mang Ge. Cha
¥ rang cudng d6 pho dién phat quang quan sat
duoc trong hinh 6 1a chua du 16n cho cac ung
dung thuc té va dudng cong phd chua sic nét.
C6 hai ly do dé giai thich cho diéu nay, thu
nhit 13 ving tai hop cia dién tir va 15 trong
xay ra ¢ 16p tiép giap p-n. Py ciing chinh la
16p tiép giap giita 16p dém Ge va dé Si. Tuy
nhién do su chénh 1éch hing sb mang giita Ge
va Si 1a kha 16n ¢6 4,2 % nén trong qua trinh
lang dong 16p dém Ge lén dé Si khong thé
tranh khoi sy hinh thanh cua cac sai hong.
Céc sai hong nay tap trung chu yéu ¢ 16p tiép
giap nay va tré thanh cac tdm tan xa gay nén
su suy giam huynh quang cua diode. Thur hai
12 ndng d6 15 trong cua 16p p (chinh 1a dé Si)
kha thdp, chi ¢& 10%cm?® Diéu nay anh
hudéng dén sé luong dién tir va 18 tréng tai
hop phét xa & ving chuyén tiép p-n.

4. Két luan

Diode phé4t quang dwa trén chuyén tiép p-n
v6i 16p n duogc ling dong tir mang Ge pha tap
dién tor mat do cao da dugc ché tao thanh
cong. Lép Ge dugc pha tap dién tir bang
phuong phap dong pha tap tir P va Sb véi
cuong d6 huynh quang ting gap 150 lan so
v6i mang Ge tinh khiét. Diode c6 duong dic
trung von- ampe véi dién thé ngudng ¢ 0,5
V. Phé dién phat huynh quang & nhiét do
phong cia diode cho thdy dinh phd tng voi
budc song cd 1630nm. Budc song nay tuong
g véi tai hop birc xa cua chuyén mirc thang
ddi véi Ge.

Lo&i cdm on

Xin chan thanh cam on nhom nghién clru
“Heterostructure” cua vién CINaM ,Truong Pai
hoc Aix- Marseille, Cong hoa Phap vi sy gitp
dd trong qua trinh thuc hién nghién ctru nay.
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