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PHAP BOC BAY NHIET VA KHAO SAT MOT SO TiNH CHAT CUA NO

Tém tat: Mang méng BaSi; duwoc ché tao bang phwong phap béc bay nhiét trén dé Ge phang va diéu
chinh véi thoi gian didu chinh dé t. khac nhau. Tiép ndi nghién ctru trwdc, tinh chét két tinh va thoi gian

sbng cla hat tai khéng co ban 7 trong mang BaSi; lan lwot dwoc khdo sat. Két qua cho thay chat lwong
két tinh cGia mang BaSi, dan suy gidm vé& phia b& m&t mang. 7 clla mang BaSi, trén dé diéu chinh cao
hon so v&i trén dé phéng, dat gia tri 3.17 us vé&i t. = 15 phit. Pay la gia tri cao nhat dat dwoc khi do
mang méng BaSi, ldng dong trén cac dé khac nhau (46 day < 300 nm). Céc két qua trong nghién ctru
nay gép phan cing cé thém két luan vé& thoi gian diéu chinh dé t6i wu & nghién ciru trwdc. Phd phéat
quang clia BaSi, cho thay mang BaSi, lang dong trén dé diéu chinh véi te = 15 phit cé chat lwong két
tinh t&t hon trén dé phang. T d6, gia tri viing cAm cla mang BaSi, dwoc thiét lap, dat 1.17-1.2 eV.

T khéa: Bari Disilic; ban dan hop chét véi silic; béc bay nhiét; s diéu chinh dé; phé phat quang; thoi

gian sdng cua hat tai.

1. Giéi thiéu

Trong cac nghién ciu gan day vé vat liéu hap thy
ng dung ché tao pin nang luong mat troi dang mang
mong, ban dan hop chét bari disilic (BaSiz) nhan dugc
su quan tam dang ké nhim thay thé cho vat liéu truyén
thong silic (Si). Hai wru diém ndi bat cua BaSi, so véi Si
1a: (i) ving cdm cua BaSi; (~1.20-1.30 eV) [1-6] rong
hon so v&i viing cim cua Si (~1.12 eV) va gan vdi gia
tri ving cam li tuong (~1.40 eV) dé ché tao pin ning
lwong mat troi tiép xtic don; (i) hé s6 hap thu cua BaSi,
(~3%x10* cm™ ¢ nang lugng kich thich 1.5 eV) [4, 6, 7]
cao gap 30 1an so véi hé sé hip thu cua Si. Biéu nay co
nghia 1a véi cing do day mang, BaSi, ¢ kha nang hap
thu &4nh sang mat troi cao hon nhidu so véi Si. Ngoai ra,
BaSi, con c6 mot sé wu diém ndi bat nhu: vat liéu duoc
cau thanh tir 2 nguyén t6 ré va c6 san trong tu nhién Ia
Ba va Si; vat liéu c6 chiéu dai khuéch tan va thoi gian
sdng cua hat tai khong co ban dai [8, 9].

V6i nhimg wu diém trén, mot sé nhém nghién ctu
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da tién hanh ché tao va khao sat tinh chat vat liéu cua
BaSi, bing cic phwong phip khac nhau nhu epitaxy
chum phan te [4, 6, 8, 10-16], phtn xa [17-20] va béc
bay nhiét [7, 21-25]. Vit liéu nay ciing dwoc ché tao va
khao sét trén cac loai dé khac nhau nhu Si [21, 22, 24],
thuy tinh [7], CaF. [23], va Ge [25]. O nghién cuu
trudce, toi da ché tao va khao sat tinh chat vat liéu cua
BaSi, trén dé Ge bang phuong phap bdc bay nhiét [26].
Trong d6, dé Ge da duoc diéu chinh bé mit tré nén go
ghé truge khi ling dong mang mong BaSiz. Céc két qua
thuc nghiém cho thiy su diéu chinh dé cé tac dung lam
giam sy phan xa va lam tang sy hap thu 4nh sang & vat
liéu BaSi,. Péy ciing 1 chia khoa lam tang hiéu suit cua
cac pin mat troi. Thoi gian diéu chinh dé téi wu dugc
chon 1a 15 phat, sau khi xem xét su can bang gitra chit
luong két tinh va cac tinh chat quang.

Trong nghién cau nay, cac két qua thuc nghiém
méi vé tinh chat két tinh va thoi gian séng cua hat tai
khong co ban cua vt liéu BaSi, trén dé Ge diéu chinh
bé mat duoc dua ra va thao luan. Qua d6, nham cang ¢
két luan vé thoi gian diéu chinh dé toi wu (15 phit) &
nghién ctru truéc. Pho phat quang cua BaSi, trén nén Ge
cling duge do dac va thao luan. Tir d6, ving cam thuc
nghiém ciia BaSi, duoc suy ra. Bé d& dang so séanh va
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thiy duoc nhimg wu diém cua su didu chinh bé mat dé
trong viéc cai thién chat luong két tinh cling nhu céc
tinh chat vat liéu cia BaSi,, mang mong BaSi, ciing
dugc ling dong trén dé Ge phang ¢ cung diéu kién véi
dé Ge dugc diéu chinh bé mat.

2.Quy trinh thwc nghiém

Dé Ge (100) pha tap loai P véi dién tro suat p = 1—
10 Q.m sau khi cdt thanh nhiéu manh nhé véi kich
thude 1.7x1.7 cm? duoc rira sach béng axeton va nudc
Kkhir ion. Tiép dén, cac dé Ge dugc nhung vao dung dich
HNO3 pha lodng 70% dé tao nén bé mat gb ghé ¢ dang
hinh ban nguyét. Thoi gian nhung (te) thay ddi tir 5 dén
20 phut. Sau do, cac dé Ge dugc cho vao dung dich axit
HF pha loing 5% trong 3 phut dé loai bo 16p oxit méi
tao thanh do nhtng trong dung dich HNOs. Sau khi
duoc rira sach voi nuée khir ion, cac dé Ge dugce dua
ngay vao budng miu cua hé phun xa dé lang dong mang
Si v6 dinh hinh (a-Si) véi bé day 50 nm & nhiét d6 dé
300 °C. Muc dich cuia viéc 15'1ng dong mang a-Si da duogc
trinh bay ¢ nghién ctru trude [26]. Tiép theo, cac dé Ge
da phi 16p a-Si duoc chuyén ngay vao budng miu cua
hé bbc bay nhiét. Mot 16p BaSi, véi do day 200 nm
duoc léng dong & nhiét do dé 500 °C va ap suit nén
1.0x10° mbar. Pé dé dang so sanh, cac mang a-Si va
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BaSi, ciing dugc ling dong trén dé Ge phéng trong cling
diéu kién. Hinh 1(a) va 1(b) lan luot thé hién hinh anh
cit ngang minh hoa cac budc thyc nghiém trén dé Ge
diéu chinh va dé Ge phang.

Tinh chat két tinh cua mang BaSi, dugc do bang
may nhiéu xa tia X (Bruker Discover D8) sir dung
birc xa Cu Ko. Trong phép do nay, toi sir dung ché do
do 6-26 va ki thuat gbc téi nho. Bong hoc phan ra cua
c4c hat tai khong co ban dugc khao st bang phuong
phdp phan rd quang dan dung vi séng (u-PCD,
KOBELCO LTA1512EP). Céc hat tai duoc tao ra bang
xung lade 5 ns véi bude song 349 nm va kich thudc
diém c6 dwong kinh 2 mm. Hon 95% chum sang t6i
dugc hap thu trong khoang d6 day 50 nm cua mang
BaSi, ké tir b mat vi hé sb hip thu cua BaSi; tai budc
s6ng 349 nm 1a 5x 10° cm™ [6]. Pé khao sat anh hudng
cia muc tiém hat tai vao thoi gian séng cua hat tai,
mang duoc do ¢ 2 diéu kién mat @6 photon khac nhau,
1.1 x10% cm=2 and 1.1x10%* cm2. Sy phan ra quang dan
duoc do bang viéc sir dung su phan xa caa vi séng ¢ tan
s6 26 GHz. Phé phat quang cua mang BaSi; duoc do
véi nguon lade Nd-YAG (532 nm) ¢ cong suat 20 mw
va & nhiét 6 phong (300 K). Tur d6, d rong ving cam
thuc nghiém ciia mang BaSi, duoc suy ra.
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Hinh 1. Hinh dnh cdt ngang minh hog cdc buéc thuc nghiém trén dé Ge (a) diéu chinh (b) phang

3.Két qua va thao luan

Hinh 2(a) va 2(b) lan luot Ia hinh anh nhidu xa tia
X cua mang BaSi; trén dé Ge phiang va dé Ge diéu
chinh véi thoi gian diéu chinh khac nhau (5, 10, 15, va

20 phut) & 2 goc t6i 2.0° va 3.5°. Hinh anh nhiéu xa mo
phong cia mang BaSi, ciu tric hé thoi va dinh huéng
ngau nhién ciing dwoc hién thi dé so sanh. Hinh anh mé
phong nay duoc Iy tir phan mém VESTA, trong do6 co
s& dit liéu tinh thé dugc hién thi. Bang cach thay ddi géc
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t6i, chat lugng két tinh & cac do sau khac nhau tinh tir
bé mit cua mang BaSi, ¢ thé duoc khao sat. Goc téi
cang 1on, tia X cang cd thé xuyén su vao mang tinh tir
bé mit. Hinh anh nhiu xa cho thay tat ca cac dinh quan
sat duoc cia mang déu tring khép vai cac dinh trong
hinh anh nhidu xa méd phong cua mang BaSi, cau trdc
hé thoi va dinh huéng ngiu nhién. Piéu nay cho thiy
cac mang BaSiy ché tao dugc déu 1a cac mang don pha.
Trong Hinh 2(a), d6i voi mang trén dé Ge phang va trén
dé Ge diéu chinh c6 te = 5 va 10 phut, cac dinh (201),
(301), va (411) c6 cudng d6 twong ddi cao hon so véi
c4c gié tri md phong cua chung. Trong khi do, d6i véi
mang trén dé Ge diéu chinh c6 te = 15 va 20 phut, cac
dinh nay c6 cuong d6 twong dbi twong tu Véi cac gia tri
md phong cua ching. Céac két qua nay chang to rang
mang BaSi, ling dong trén dé Ge diéu chinh voi te = 5
va 10 phat ¢6 dinh hudng uu tién trong khi cdc mang
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Vé6i te = 15 va 20 phut dinh huéng ngau nhién. Cac dinh
(201), (301), va (411) dwoc phan loai thanh ho hm1 (h >
m). Didu nay ciing goi ¥ rang tinh thé cia mang BaSi,
ling dong trén dé Ge phang va dé Ge diéu chinh véi te =
5 va 10 pht c6 thé dinh huéng quanh cac truc tinh thé a
va b [23]. Nguon géc cua dinh huéng wu tién nay hién
van chua 1o rang va dang dwgc nghién ctru thém, nhung
chic chin khong phai do viéc st dung dé Ge hay 16p a-
Si vi dé Ge co6 dinh hudng (100) va Iép a-Si la 16p vo
dinh hinh. Hinh anh nhiéu xa ¢ Hinh 2(b) c6 cuing biéu
hién va khuynh huéng nhu & Hinh 2(a). Diéu nay cho
thdy chat luong két tinh ciia mang BaSi, kha dong déu
doc theo dé day ciia mang. Tuy nhién, quan sat ki ta
thdy cac dinh cua tat ca cac mang BaSi; trong Hinh 2(a)
rong hon cac dinh trong Hinh 2(b). Diéu nay goi ¥ rang
chat lwgng mang BasSis bi suy giam vé phia bé mat.
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Hinh 2. Hinh dnh nhiéu xq tia X cia cac mang mong BaSiy ldang dong trén dé Ge phang va diéu chinh véi goc téi (a)
2.0°va (b) 3.5°. Hinh dnh nhiéu xg mé phéng ciia mang BaSi, cdu tric hé thoi va dinh hiéng ngdu nhién ciing dwoc
hién thi dé so sanh

Pé khao sét tiém nang ng dung ciia mang mong
BaSi, trén dé Ge diéu chinh trong pin mit troi, thoi gian
séng 7 cua hat tai khong co ban trong mang BaSi, dugc
tién hanh khao sat. Hinh 3 hién thj cac duong phan ra
quang dan cua cAc mang BaSi, ling dong trén dé Ge
phang va diéu chinh véi céc te khac nhau o 2 diéu kién
mat d6 photon (a) 1.1 x10% ¢cm va (b) 1.1 x10¥“ cm™.
Xét vé toc do phan ra, sy phan ra quang dan c6 thé duoc
chia thanh 3 phan: (1) sy phan ra nhanh chong ban dau
do co ché tai hop Auger, (2) su phan ra thir 2 gan nhu
khong db6i do co ché tai hop Shockley-Read-Hall
(SRH), va (3) su phan rd thir 3 xay ra cham do tac dung

cua hiéu wng giam git hat tai [23, 27]. Vi c&c mang
BaSi, khong dugc phu 16p 1dm cham phan ung, sy phén
ra ban dau c6 thé duoc quy cho su tai hop tai bé mat. Vi
su tai hop SRH khéng cd hiéu ung giam git hat tai phan
anh chat luong két tinh va thuong xac dinh thoi gian
séng cua hat tai khong co ban, 7 duoc rdt ra tir phan
phan rd thir 2 nhu hién thi bang cac duong nét dut trong
Hinh 3. Vi phan phan ra thir 2 rat ngan d6i véi mang
BaSi, ling dong trén dé Ge phang trong Hinh 3(a) va
3(b) va trén dé Ge diéu chinh véi t. = 5 phut trong Hinh
3(b), cac duong phan ra quang dan rat khé quan sat. Sy
phan ra cham do hiéu Gng giam giit hat tai bit dau kha
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sém & nhirng mang nay so véi cdc mang BasSi, khac ¢
I& 1a do s6 lugng hat tai tw do hodc khong bi giam gii
kha it. Pidu nay goi y rang sé lugng cac tam giam gitr
hay khuyét tat mang trong nhitng mang nay Ién hon so
véi nhitng mang khéc. Su phu thudc caa thoi gian song
7 cua hat tai khéng co ban vao thoi gian diéu chinh dé
Ge, te, & 2 didu kién mat do photon duoc hién thi & Hinh
3(c). Ching ta c6 thé thiy ring z cia mang BaSi, trén
céc dé Ge diéu chinh dai hon so voi mang BaSiy trén dé
Ge phing & ca 2 diéu kién mat do photon, biéu thi chat
lugng két tinh cua mang BaSi, trén cac dé Ge diéu
chinh t6t hon so v&i trén dé Ge phang. Tap trung vao dé
diéu chinh, ta thdy  tang theo te dén 15 pht roi giam
khi te = 20 phut. Xu huéng nay la giéng nhau cho ca 2

10*

didu kién mat do photon va phu hop véi su phan tich vé
chat lugng két tinh da trinh bay & nghién ciru trude [26].
O diéu kién mat do photon thap hon, 7 ngan hon cho tat
ca c&c mang, goi y rang nhiitng mang ndy c6 mat do
khuyét tat cao va co ché tai hop SRH chiém uu thé [24,
27]. Vi mat do khuyét tat 1a xac dinh, 7 tang theo muc do
tiém hat tai. O t = 15 phat va mat do photon 1.1 x10%
cm?, 7 dat gi tri 3.17 ps. Gié tri nay 1 gia tri cao nhit
dat duoc khi do mang mong BaSi, ling dong trén cac dé
khac nhau (d6 day < 300 nm). Céc két qua ndy nhiam
cung ¢ cho két luan & nghién ctu trude rang viée didu
chinh bé mit dé Ge c6 tac dung tich cuc va thoi gian te =
15 phut 1a diéu kién t6i vu dé dat dugc mang BaSi, c6
chat lugng két tinh va céc tinh chat quang hoc tét.
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Hinh 3. Sy phan ra quang dan cua cAc mang mong BaSiz ldng dong trén dé Ge phang va diéu chinh ¢ mdr d¢ photon

(a) 1.1 x10% cm~2va (b) 1.1 x10% cm2 dugc do bang phirong phdp u-PCD. Cdc dwong nét dit biéu thi cdc dwong

khop thuc nghiém dioc vé ¢ phan phan ra gan nhue khéng doi. (c) Thoi gian séng cua hat tai khéng co bdn t ciia cac
mang BaSi, lang dong trén dé Ge phang va diéu chinh véi céc thoi gian diéu chinh te khac nhau
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Hinh 4. Phé phét quang ¢ nhiér d¢ 300K cuia cac mang BaSiz cé dg day 200 nm trén cdac dé Ge (a) phang va (b) diéu
chinh véi t. = 15 phat

Hinh 4(a) va 4(b) lan luot biéu thi phd phat quang &
nhiét ¢6 phong (300 K) cua cac mang BaSiz co d¢ day
200 nm trén cac dé Ge phang va diéu chinh véi te = 15
phit. Phd phat quang dwoc phan giai thanh 2 dinh phd
1a Po (1064 nm) caa ngudn lade kich thich va P; cua

10

mang BaSi,. So sanh hai Hinh 4(a) va 4(b) ta c6 thé
thdy cuong d6 tuong ddi giira hai dinh (P+/ Pg) ¢ Hinh
4(b) cao hon so véi & Hinh 4(a). Piéu nay cho thay
mang BaSi, ling dong trén dé Ge diéu chinh vai te = 15
phat c6 chit lwong két tinh t5t hon trén dé Ge phing
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[28, 29]. Két qua nay phu hop véi cac két qua do SEM,
Raman, va hoi dap quang hoc & nghién ciru truéc [26]
cling nhu két qua do sy phan rd quang dan nhu da trinh
bay & Hinh 3. Tir dinh phd Py, viing cam thuc nghiém cua
mang BaSi, trén d¢é Ge phang va dé Ge diéu chinh véi
te = 15 phit duoc xac dinh lan luot 12 1.17 eV va 1.2 eV.
Céc gia tri nay thap hon so vdi c4c gid tri ving cam do
dugc bang cac phuong phap khac [18, 24, 30-32]. Piéu
nay c6 thé giai thich do: (i) cac mau dwoc do phd phat
quang & nhiét do phong, su anh huong cta nhiét do 1én
dao dong mang 1a dang ké; hoac/va (i) su khac nhau vé
hé s6 gidn no gitta mang BaSi, va dé Ge dan dén sy
hinh hanh céc bién dang trong mang BaSi,.

4.Két luan

Mang mong BaSi, duoc ché tao bang phuong phap
bdc bay nhiét trén dé Ge phang va dé Ge diéu chinh voi
thoi gian diéu chinh dé te khac nhau (5-20 phat). Tiép
néi véi nghién ciru trudc, cac tinh chat két tinh va thoi
gian song cua hat tai khong co ban trong vat liéu BaSi,
lan luot dugc khao sét bang cac phuong phap XRD va
u-PCD. Két qua thyc nghiém cho thiy chat lwong két
tinh cua mang BaSi; dan suy giam tir khéi ra bé mat
mang. Thoi gian séng z cua hat tai khong co ban trong
mang BaSi; trén dé Ge diéu chinh cao hon so voi trén
dé Ge phéng, va dat gia tri 3.17 pis vai te = 15 phut. Day
la gia tri cao nhét dat duoc khi do mang mong BaSi,
ling dong trén cac dé khac nhau (d¢ day < 300 nm). Cac
két qua thu dugc trong nghién ctu ndy gép phan cang
cb thém két luan vé thoi gian diéu chinh dé téi wu (15
pht) & nghién ciru trudce. Phd phét quang cua BaSis, trén
nén Ge ciing dugc do dac va cho thdy mang BaSi; ling
dong trén dé Ge didu chinh véi te = 15 phit cé chit
luong két tinh tét hon trén dé Ge phing. Tir do, ving
cam thyc nghiém cua mang BaSi, dugc suy ra, dat gia
tri 1.17-1.2 eV.
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FABRICATING BARIUM DISILICIDE THIN-FILMS ON GERMANIUM SUBSTRATE AND
INVESTIGATING SOME OF ITS PROPERTIES

Abstract: BaSi, thin-films were fabricated by thermal evaporation method on flat and modified Ge substrates with various
etching times t.. Continuing with the previous study, the crystalline properties and minority carrier-lifetimes r in BaSi, thin-films were
investigated respectively. The obtained results showed that, the film quality slightly degrades toward the film surface. r of the BaSi,
films grown on modified substrates are longer than those on flat substrate and reaches 3.17 ps at te = 15 mins. This is the highest
value obtained while measuring the thin BaSi; films (thickness < 300 nm) evaporating and condensing onto various substrates. The
results obtained in this study contribute to strengthening the conclusions about the optimal etching time in the previous study.
Photoluminescence spectra of BaSi, films on Ge substraes showed that BaSi; film deposited on modified substrate with te = 15 mins
has better crystalline quality than that on the flat one. The experimental bandgap of BaSi, thin-films was deduced, reaching the value
of 1.17-1.2 eV.

Key words: Barium disilicide; Silicide semiconductor; Thermal evaporation; Substrate modification; photoluminescence; carrier lifetime.
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