TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 45.2019
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MANG Ge/Si PONG PHA TAP Sb VA P

Lwong Thi Kim Phwong'
TOM TAT

Cdu triic viing ndang lwong cia Ge cé thé bi thay déi néu tao ra mét iing sudt cang va
pha tap dién tr trong mang Ge. Diéu nay lam cho kha néing phdt quang ciia Ge duoc cdi
thién ddng ké. Trong bai bdo nay, ching t6i dé xudt mot cach tiép can mdi dé tang nong do
cde nguyén té pha tap trong mang nén Ge bang ky thudt dong pha tap tir hai nguon rdin
GaP va Sh. Mang Ge dwoc ling dong trén dé Si (100) bang phwong phdp epitaxy chiim
phdn tir MBE (Molecular Beam Epitaxy). Phép do phé nhiéu xa dién tir phan xa ndng
lirong cao RHEED (Reflection High Energy Electron Diffraction) dwoc ding dé danh gid
chat lrong bé mdt ciia mdu ciing nhie chat lwong tinh thé cia mang Ge. Anh huéng ciia
nguyén té pha tap thir hai (Sb) tGi cdu triic va tinh chdt quang cia mang Ge dwoc tdp
trung nghién cteu. Nhiét @6 ciia nguon Sb dwoc khao sdt trong khodng 257 - 300°C va
nhiét @ tang truéng dwoc thay doéi tr 140-230°C. Kha ndang phdt quang cia I6p Ge
duoc khao sdt bing thiét bi do phé huynh quang. Phép do hiéu vmg Hall dwoc sit dung
dé xdc dinh mat dé dién tr da kich hoat trong mang Ge. Trén nen vat licu Ge pha tap
dién tw mat do cao, diode phat quang da dwoc nghién cutu, ché tao va khao sat cac tinh
chat quang dién dic trung.

Tw khoa: Ge, dong pha tap, GaP va Sb, mdt dé dién tir, phé huynh quang.

1. PAT VAN BE

Su gidam kich thudc ctua cac vi mach dua trén cong ngh¢ CMOS (Complementarry
Metal Oxide Semiconductor) dang tién dan dén mirc t6i han. Hon nita, tdc d6 xur ly cua
cong nghé nay cling chi dat ngudng thip hon nhiéu so véi cac cong nghé khac. Nguyén
nhan chinh 13 do sy tré cua cac thanh phan tu trd méc bén ngoai mach [1]. Chinh vi vay
viée xdy dung mot hé thong lién két cac linh kién khép kin trong cac IC (Intergrated
Circus) dang 1a mot hudng di kha quan trong viée ¢6 thé nang cao duoc toc do xir y. Dé
dat duoc didu nay thi phai tim duoc vat liéu thay thé cac thanh phin RC hoic sir dung mot
tin hiéu khac khéng phai tin hiéu dién dé loai boé hoan toan thanh phan RC (Resistance
Capacitance). Giita nhitng hudng tiép can trén thi thiét k& mot hé thong lién két bang tin
hiéu quang tuong thich véi cong nghé CMOS dang ndi 1én nhu mét giai phap kha quan
nhit [2]. Hé thdng quang bao gém cac thanh phan chinh nhu: Ngudn phat; module chuyén
tin hiéu; kénh dan séng; bo nhan tin hiéu [3]. Hau hét cic thiét bi trén da duogc phét trién
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trén nén CMOS v&i bang thong 16n, duy nhat phdn ngudn bom van con 13 van dé nan giai
khi né chua thuc sy tuong thich véi cong nghé nay [4].

Vi viy, nhiéu hudng tiép cin dé giai quyét vin dé nay da duoc dua ra nhu nghién
ctru kha nang phat quang ciia cac loai vat lidu trén nén Si [5-9]. Tuy nhién dén thoi
diém nay, van chua cé cach tiép cdn nao lam cho Si cé hiéu suit phat quang manh &
nhiét d6 phong. Mot s6 khio sat gin day vé kha nang phat quang ctia mang Ge da chi ra
rang, khi thay d6i cdu triic viing nang luong cta nguyén tir Ge bang cach tao ra Gng suat
cang dong thoi pha tap dién tir trong mang Ge thi cdu trac ving ning lwgng cia né bi
thay d6i [10]. Tir d6 lam cho Ge tir mot vat liéu ban din chuyén tiép xién thanh vt lidu
ban dan chuyén tiép thing véi hiéu suat phat quang cao [10-12]. Hon nita, mang Ge ¢6
thé tang truong truc tiép trén dé Si bang k§ thuit ting trudng hai budc véi chét lrong
tinh tot va phlt hop cho nhitng ng dung quang dién tr [4]. C4c nghién ctru da chi ra
rang, so véi hudng tao ra ing suét cing thi huéng pha tap dién tir vao mang Ge to ra
hiéu qua hon trong viéc ning cao kha ning phat quang cua mang Ge [13]. D¢ pha tap
dién ti vao 16p Ge, chung ta thuong pha tap cdc nguyén t6 thuéc nhém V trong bang hé
théng tudn hoan nhu P, Sb hodc As. Vi khi t6 hop va thay thé vi trf cia Ge trong mang
nén, cac nguyén t6 nay chi tham gia lién két vdi 4 nguyén tir Ge 1an can va thira ra mot
dién ti. Trong bai bao nay, ching toi dua ra mot cach tiép cin méi dé ting ndng do dién
tr tong cong trong 16p Ge. Vi d6 hoa tan ciia mdi nguyén td trong vat liéu nén 1a hoan
toan xac dinh nén ta co thé tang mat do téng cong cua dién tur béng cach su dung k¥
thuat déng pha tap. Trén co s¢ d6 ching t6i dd nghién ciru mang Ge pha tap dién tir mat
d6 cao sir dung k¥ thuat dong pha tap P va Sb. Trong nghién ctru nay, P duoc t6 hop
vao mang nén Ge tir ngudn ran GaP vi P dugc phan tach tir ngudn GaP c6 hé sb dinh 16n
gap 10 lan so véi phdt pho duoc tao ra tir ngudn khi PH; thong thuong khi miu duoc
ché tao bang phuong phap CVD [14]. Piéu tha vi I ban kinh nguyén tir ciia P (128 pm)
nhd hon 10% so vdi Ge (137 pm) trong khi ban kinh nguyén tir cua Sb (159 pm) 1on
hon 16% so v&i Ge. Do d6, cac truong két hop ciia P va Sb trong mang tinh thé Ge c6
thé duoc bu dap 1an nhau va cho phép ting ndng do hoa tan tong ctia nguyén t6 pha tap
trong Ge. Theo hiéu biét caa chung t61, cho dén thoi diém hién tai chi mai c6 két qua vé
viéc pha tap riéng P hodc Sb trong Ge [14-15] ma chua c6 két qua vé viéc pha tap dong
thoi ctia cic nguyén té do trong Ge.

2. THUC NGHIEM

Mang Ge duoc ling dong trén dé Si bang cach sir dung hé thong MBE tiéu chuan
vGi 4p sudt nén thap hon 3+5x10"°torr. Nhiét dwgc cung cdp ¢ hai ving trén nguon
Knudsen 1am cho Ge bay hoi véi toc d6 bdc bay khoang tir 2 dén Snm/phit. Cac nguyén tb
Sb va P dugc t6 hop vao mang nén Ge tir cac ngudn ran Sb va GaP trong cling qua trinh
ling dong ctia 16p Ge. Céc ngudn rin nay dugc lip dit trong budng ting truong MBE. Chi
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y rang khi ngudn GaP duoc nung néng thi xay ra su phdn tach thanh cic nguyén t6 Ga va
P, tuy nhién nhd c6 cdu tao dang bay ciia ngudn ma hau nhu chi c6 nguyén té P dugc thoat
ra khoi ngudn dé t6 hop vao mang nén Ge [14].

Pé Si phing c6 dinh hudng (100) va dugc pha tap tir nguyén tir B (loai n). Bé mat dé
duoc lam sach qua 2 giai doan: giai doan xur ly hod hoc va giai doan xur ly nhi¢t trong
budng MBE [16]. Sau khi hoan thién quy trinh 1dm sach mau, quan sat RHEED cho thiy
su xudt hién o nét cua vach (2x1) déc trung cho su tai cau trac bé mat cua Si. Mot cong
tic cap nhiét duoc gén 0 mat phia sau cua dé Si @é xac dinh nhiét do tang trudng véi do
chinh xac khoang + 20°C.

Kiéu ting truong cua mang Ge trong qua trinh ling dong dugc quan st bang thiét bi
RHEED duogc ldp dat trong budng ting trusng MBE. Thiét bi nay cho phép quan st kiéu
tang trudng cua 16p Ge ngay trong qué trinh ling dong. Nho vao phd nhidu xa dién tir phan
xa nang luong cao RHEED vdi chim dién tir t6i gan nhu song song véi bé mit mau. Do
chum dién tir nay chi di sdu vao vai don 16p ctia mang Ge nén tur tin hiéu RHEED chung ta
c6 thé khao sat chat luong bé mit cua mang Ge.

Phé huynh quang cta 16p Ge duge do khi st dung dau thu InGaAs dé thu tin hiéu
huynh quang phat ra tir mau. Mau duoc kich thich bang ngudn laser c¢6 budc séng 523nm.
Céc phép do huynh quang dugc tién hanh & nhiét d6 phong. Phép do hiéu tng Hall dugc
su dung dé x4c dinh mat do cac hat tai (dién tir) trong mang Ge.

3. KET QUA VA THAO LUAN

Dé khao sat anh hudng ciia ndng do Sb tdi cdu trac cia mang Ge chung toi st
dung phép do RHEED dé xic dinh luong Sb c6 thé thém duoc vao Ge trong qué trinh
ddng pha tap. Pé nghién ctru viée dong thoi pha tap P va Sb trong Ge, ching t6i ¢6 dinh
nhiét do ngu@)n GaP & 725°C va nhiét @6 dé 1a 170°C. Luong Sb va s€ duogc xac dinh
thong qua nhiét d6 cia ngudn Sb. Hinh 1 mé ta cdc hinh anh RHEED quan sat thay khi
nhiét d6 ngudn Sb dugc thiét lap twong tng ¢ 257°C (hinh a), 275°C (hinh b), 300°C
(hinh ¢) va ¢ 330°C (hinh d.). Ban diu mang Ge ting truong theo kiéu tirng 16p mot, thé
hién qua hinh &nh RHEED 1la cac vach soc vdi sy ¢6 mat cia cd vach (1x1) va vach
(2x1) khi nhiét d6 ngudn Sb tang tir 257°C dén 275°C (hinh a va b) va cic chdm 3D
cling bit dau hinh thanh. Khi tiép tuc ting nhiét d6 ngudn Sb 1én 300°C (hinh c), cic
vach (2x1) dan dan bién mat va cac chdm 3D rd rang hon. Lic nay mang Ge dugc ting
treong theo kiéu dao (3D). Cudi cing, khi ngudn Sb dwoc thiét 1ap & 330°C (hinh d),
mang Ge tré nén vo dinh hinh sau 15 phit ling dong. Véi viéc st dung k¥ thuét
RHEED chuing t6i c¢6 thé kiém soat duoc qué trinh tién trién hinh thai hoc va céu tric
clia mang theo thoi gian thyc va nhan dugc két qua 1a ton tai mot khoang nhiét do kha
hep ciia ngudn Sb tir 257 - dudi 300°C ché d6 tang truéng ciia mang Ge dong pha tap P
va Sb 1a theo kiéu tirng 16p mét.
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Hinh 1. Sw thay doi ciia phé quan sat RHEED theo huéng [100]
ciia mang Ge dong pha tap P va Sb ¢ nhié¢t d¢ khac nhau ciia ngudn Sb:
(a) 6 257° C, (b) tai 275° C, (c) tai 300° C va (d) ¢ 330° C

Su phu thudc ctia phd huynh quang theo nhiét d6 ting trudng (nhiét do dé) duoc
biéu dién trén hinh 2. Nhiét d6 dé anh hudng truc tiép dén hé sb dinh cta cac phan tir pha
tap 1én trén bé mat dé. Su khuéch tan ngoai cua P va Sb cling phu thuéc manh vao nhiét d
tang trudng, dac biét 1a nguyén t6 Sb [15,17]. Vi vay, nhiét do tang trudng ciia mau dugc
chon khao sat trong ving 140 - 230°C va nhiét d6 clia nguén Sb duge ¢ dinh & 257°C. Két
qué tir hinh 2 cho thdy, khi nhiét d6 giam tir 230°C dén 160°C thi cwong d6 huynh quang
tang dan. Cudng d6 huynh quang dat gia tri 16n nhat tai 7s= 160°C. Nguyén nhan 1a do
nhiét do dé cang thap thi hé sé dinh cua cic nguyén td pha tap ting 1én, din t&i mat do
tong cong P va Sb trong mang Ge tang. Tuy nhién khi tiép tuc giam nhiét do dé xudng
140°C thi cwong d6 huynh quang suy giam manh. Vi khi nhiét d¢ dé thap (<170°C) thi qua
quan sat RHEED cho thiy kiéu ting truéng ciia mang Ge trén dé Si chuyén sang ting
truong dang dao 3D v6i mat do sai hong 1on trong mang tinh thé dan dén sy suy giam
manh kha nang phat quang cua Ge.

Pé nghién ctru su anh huong cia ndng d6 Sb dén cudong d6 huynh quang, ta ¢ dinh
nhiét do dé & 170°C va thay dbi nhiét d6 ngudn Sb. Hinh 3 biéu dién phd huynh quang PL
(Photo Luminescence) ¢ nhiét do phong ciia cac 16p Ge dong pha tap véi P va Sb khi nhiét
d6 nguon Sb tang dan tir 257°C dén 275°C va cudi ciing 300°C. Dé so sanh, chiing t6i ciing
dua thém phd huynh quang PL ciia mét 16p Ge khong pha tap va mang Ge chi pha tap P. Tat
c4 cac mang ¢ do day 600 nm va i nhiét duoc thyuc hién bang cach stir dung phuong phép u
nhiét nhanh & 650°C trong thoi gian 60 gidy dé kich hoat nguyén tir pha tap vao cac vi tri
thay thé cta mang tinh thé Ge. C6 thé thdy, cuong d6 huynh quang PL ting 1én khi tang
nhiét d§ ngudn Sb tir 257°C dén 275°C. Khi tiép tuc tang nhiét d6 ngudn Sb 1én 300°C thi
cuong d6 huynh quang giam, diéu nay khd phu hop véi két qua tir phép do RHEED vi lac
nay mang Ge tang truong theo dang dao va chit luong tinh thé bi suy giam. Cudng do PL
cao nhat thu dwoc ddi véi nhiét do nguén Sb ¢ 275°C. Quan sat théy so v6i cuong do PL cua
mau Ge khong pha tap thi luc ndy cudng do tang 1én dén 150 lan. Tir d6 ta co thé di dén két
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ludn rang véi nhiét d6 ngudn Sb & 275°C sé& cho phd huynh quang t6t nhat. Can lwu y rang tir
phé huynh quang PL hién thi trong hinh 3, vi tri dinh phé cta Ge khong duge x4c dinh, dinh
pho bi cit & khoang 1600 nm vi né vugt qué gisi han cta dau thu InGaAs.
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Hinh 2. Sw phu thudc ciia pho huynh quang ciia mang Ge pha tap dién tir tir ngudn rin
GaP va Sb vao nhiét d¢ ting trweéng khi ting nhiét do dé tir 140°C dén 230°C
Céac phép do dwoc thye hién ¢ nhiét d¢ phong
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Hinh 3. Sy phu thugc ctia cwong dg huynh quang PL & nhiét d¢ phong ctia mang Ge
dong pha tap P va Sb theo nhiét d nguon Sb tai 257, 275 va 300°C
TAt ¢4 cic mang cé dd day 600 nm

Cuong d6 huynh quang cua 16p Ge phu thudc vao chat lugng tinh thé va mat do dién
tr da kich hoat. Mat d¢ dién tir da kich hoat dugc dinh nghia la mat do cac nguyén td pha
tap da thay thé vi tri ciia Ge trong mang nén. Mat do dién tir da kich hoat tang 1&n dang ké
néu mau duoc xir Iy nhiét sau ting trudng vi khi xtr ly nhiét cc nguyén té pha tap duoc
cung cap mot dong nang dé chuyén tir vi tri xen k& vao vi tri thay thé trong mang nén. Sau
tang trudng, tat ca cac mau dugc xir Iy nhiét nhanh & 650°C trong thoi gian 60 gidy, khi d6
g suét tao ra trong 16p Ge 13 £,=0.20%. Dé xac dinh mat ¢ dién tir da kich hoat trong
mang Ge ching t6i st dung phép do hiéu Gmg Hall. Hinh 4 biéu dién sy thay d6i ciia mat
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dd hat tai trong mang Ge theo nhiét d§ do. Co thé théy réng, mat do hat tai (dién tr) thay
ddi nhe theo nhiét dg, khi nhi¢t 46 do tang tir SK dén 300K (nhiét d6 phong) thi mat d¢ hat
tai giam nhe dén tir 4,2x10cm xuéng 4.1x10%cm™. Péi vdi mang Ge chi pha tap minh P
thi mat d6 dién tr da kich hoat dat c¢& 2x10"cm™ [18].
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Hinh 4. Sy thay d6i ciia nong dd hat tai ciia mang Ge dong
pha tap P va Sb vao nhiét do do

Dién cuc p

Hinh 5. Ciu tao chi tiét ciia diode phat quang quan sat qua kinh hién vi quang hoc (5a)
va kinh hién vi dién tir quét SEM

Trén co s& kha ndng phat quang manh cua mang Ge dong pha tap P va Sb, ching toi
tién hanh ché tao mot diode phat quang dya trén chuyén tiép p-n, trong d6 16p ban dan n
duogc tang truong tir mang Ge pha tap manh dién tir tir P va Sb con 16p p 1a ban dan Si (dé
Si) pha tap B. Cac dién cuc duge tao ra & 16p p va 16p n, dién cuc & 16p p dugc lam tu
Ti/Al va dién cuc & 16p n dwoc lam tir Ni/Au. Hinh 5a 13 anh chup bang kinh quang hoc
cta diode cé cdu tric mesa dang hinh tron. Pién cuc p c6 dang hinh vanh khuyén bé con
dién cuc n c6 dang hinh vanh khuyén 16n. Vung phét quang cua diode (mesa) 1a hinh vanh
khuyén xen k& gitra di¢n cuc p va dién cuc n. CAu tric chi tiét cua diode dwgc quan sat 1o
hon bang kinh hién vi dién tir quét SEM (Scanning Electron Microscopy) ¢ hinh 5b. Tir
hinh v& ta thay 16p n duge tao thanh tir mang Ge cé do dong déu, min va do day c& 1,2 um.
Céc phép do dién (khong trinh bay & day) cho thay, dd thi I-V tuan theo duong dic trung
Von- ampe cia diode va pho dién phat quang cé mét dinh phd ing véi bude séng 1630nm
g v6i phat xa cua chuyén mirc tryc tiép trong mang Ge.
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4. KET LUAN

Mang Ge pha tap dién tr mat d6 cao st dung ky thuit dong pha tap tir ngudn rin
GaP va Sb dd duoc ché tao thanh cong. Lép Ge duoc tang trudng epitaxy trén dé Si co
chat lugng tinh thé tét. Cac phép do huynh quang cho thiy, cudong d6 huynh quang cia
mang Ge dat gia tri 16n nht tng véi nhiét d6 tang trudng 1a 170°C va nhiét d6 cac ngudn
rin GaP, Sb tuong tng 1a 725°C va 275°C. Mat d6 dién tir tong cong da kich hoat duoc
pha tap trong mang Ge dat t&i 4,1x10"cm™. Trén co sé vat liéu ban dan Ge pha tap dién tir
va c6 hiéu suét phat quang 16n, mot diode phat quang da duoc ché tao thanh cong véi cac
tinh chét dién - quang dic trung.
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THE EFFECT OF Sb ELEMENT ON OPTICAL PROPERTIES OF
Ge/Si THIN FILM CO-DOPED WITH P AND Sb

Luong Thi Kim Phuong

ABSTRACT

The Energy band structure of Ge could be modified if we apply a tensile strain and n-
doping in the Ge layers. As a result, the photolumiescence ability of Ge is enhanced. In this
paper, we propose a new approach to increase the total dopant concentration in the Ge matrix
by using co-doping technique from two solid sources of GaP and Sb. The Ge film was grown by
Molecular Beam Epitaxy technique. The surface quality was investigated using Reflection of
High Energy Electron Diffraction. The effect of the second dopant (Sb) on structure and optical
properties was studied. The Sb source temperature varied in the range of 257-330°C and growth
temperature increased from 140°C to 230°C.The photoluminescence efficiency of the Ge layers
was evaluated by the photoluminescence spectrum. Hall measurement was used to estimate the
activated electron concentration in the Ge film. Based on highly n-doped Ge material, a light
emitting diode was investigated, fabricated and analyzed in terms of optical-electrical properties.

Keywords: Ge, co-doping, GaP and Sb, electron concentration, photoluminescence.
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