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TOM TAT

Trong nghién cifu nay, chiing t6i trinh bay quy trinh ché tao thanh cdng cau tric thanh nano di thé MoS,/Si(100) thong qua su két hop gitia ky thuat an mon
w6t va lang dong hoi héa hoc sir dung tién chat kim loai hitu co (MOCVD). Cac thanh nano Si(100) dugc hinh thanh véi dudng kinh dao dong tir 150 dén 350nm,
chiéu cao khoang 10um va dinh huéng thang ding trén nén dé Si(100). Trén bé mét céc thanh nay, cac tam nano MoS, do day xdp xi 60nm, dang tai ndm duoc
hinh thanh, véi dd day chi vai chuc nm. Phén tich cdu triic tinh thé cho thdy MoS, két tinh t6t vdi mat phang (002) déc trung cdia cau tric luc gidc, phan anh miic
do tinh khiét va do 6n dinh cao. Két qua phan tich thanh phan nguyén t6 bang phé nhiéu xa phan tan néng lugng (EDS) xéc nhén su hién dién duy nhét cia Mo
(1,27% at.) va S (3,21% at), cho thdy vat liéu thu dugc co dd tinh khiét cao va khong lan tap chat. Phd hdp thu va huynh quang cia MoS, ghi nhan hai diém
chuyén tiép dién ti ddc trung tai 632nm va 680nm, cling véi dinh phat xa huynh quang rd nét tai 665nm, dac trung cho MoS, tinh thé mong. Nhitng két qua thu
duac cho thay phuang phap két hop gita MOCVD va an mon w6t Ia mot hudng hiéu qué trong viéc ché tao cac cu tric di thé nano tich hop MoS,, mé ra tiém
nang (ing dung trong cac thiét bi quang - dién t{t hiéu ndng cao.

Tir khoa: MoS,/Si cdu triic dj thé, thanh nano, dn mon udt, MOCVD, linh kién quang dién - dién ti:

ABSTRACT

In this paper, we demonstrate the controlled synthesis of MoS,/Si(100) nanorod heterostructures through a synergistic approach combining metal-organic
chemical vapor deposition (MOCVD) and wet chemical etching. Vertically aligned Si(100) nanorods with diameters ranging from 150 to 350nm and an average
height of approximately 10um were successfully fabricated on Si(100) substrates. Subsequently, ultrathin MoS, nanosheets - approxiatly 60 nm thick - were
conformally grown on the top facets and sidewalls of the nanorods, forming a well-defined heterostructure. Energy-dispersive X-ray spectroscopy confirmed the
presence of only Mo (1.27% at.%) and S (3.21% at.%), verifying the high chemical purity and structural integrity of the MoS, nanosheets. Optical absorption
and photoluminescence measurements revealed two distinct peak excitonic transitions (632nm and 680nm) and a pronounced emission peak at 665nm,
characteristic of two-dimensional crystalline MoS,. These results highlight the effectiveness of the combined MOCYD and wet etching strategy for engineering
MoS,-based nanostructured heterojunctions, offering significant promise for optoelectronic devices with enhanced performance.

Keywords: MoS,/Si heterostructure, nanorods, wet chemical etching, MOCVD, optoelectronic devices.
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1.DAT VAN PE

Nhing nam gan day, vat liéu ban dan MoS, céu tric
hai chiéu, viing cdm thdng va chiia mat dé tam hoat dong
xUc tac cao tai bién canh da va dang dugc xem la vat liéu
tiém nang cho nhiéu ting dung khac nhau [1-10]. Nh¢ s&
hitu hang loat dac tinh uu viét nhu hiéu sudt chuyén déi
quang dién cao, kha nang diéu chinh dugc d6 rong viing
cdm thang trong khoédng 1,2 - 1,9eV théng qua s8 16p, hé
sO hap thu anh sang I6n (~10’m™"), dién tich bé mat riéng
cao (~900m?g"), cing vGi d6 bén nhiét va héa hoc tét, it
doc hai va than thién véi méi trudng , MoS, dugc Ung
dung réng réi trong cac linh vuc quang dién - dién tu,
quang xuc tac, dién phan nudc va siéu tu [2, 3, 11-22]. D€
téng hgp MoS;, nhiéu phuong phap da dugc bao cao:
thay nhiét [16, 23, 24]; sol-gel [25]; Idng dong héa hoc hai
co kim (MOCVD) [11, 16, 20, 26]; boc tach trong pha long
[18] va bdc tach co hoc [27, 28]. Trong d6 phuong phap
MOCVD da dugc danh gia c6 nhiéu uu thé vugt trdi, nhg
khé nang téng hop cau trac hai chiéu ctia MoS, véi dé day
mdng mdng dugc kiém soat chinh xac dén don I6p, nhiét
dé téng hgp thap, déng thai c6 thé thuc hién trén cac dé
¢6 hinh dang phtic tap. Ngoai ra, MoS; cling c6 thé dugc
tich hgp dé dang vowiss cac vat liéu ban dan thap chiéu
khac thong qua phuong phap nay [9, 11, 14, 17, 29-34].
Bén canh d0, cac hé vat liéu di thé gilta MoS, va cac chat
ban dan khac cling dugc quan tam nhé kha nang cai thién
hiéu suat chuyén ddi quang dién, quang xuc tac, quang
dién hoa. Nhitng hiéu qua dugc cho la nguyén nhan tu dé
linh déng hat tai cao, mat do khuyét tat, dién tich bé mat
I6n, cling véi qua trinh phan tach va truyén tai cap hat tai
dugc thuc ddy thong qua dién thé ndi hinh thanh tai ving
tiép giap di thé [3, 8, 22, 32, 33, 35-37]. Mac du vay, trong
nhiéu nghién cutu, cadc hé di thé trén van con ton tai
nhing han ché nhu dé linh dong hat tai chua cao; hé s6
hap thu anh sang con thap; dién tré tiép giap 16n; téc do
tai hgp cap hat tai nhanh va mat do khuyét tat cao, lam
suy gidm kha nang hoat déng cua linh kién [2, 22, 38]. Dé
cai thién cac yéu t6 nay, nhiéu giai phap da dugc dé xuat
nhu bién d&i cau tric MoS2 nham tang mat d6 tam hoat
déng xuc tac [39-41], gidam mat do khuyét tat [42], 6n dinh
pha va pha tap kim loai quy (Pt, Au, Ag) [43-45]. Bén canh
do, cac phuong phép ché tao mang mong MoS; cling da
dugc nghién cdu va téi uu héa[16] nham nang cao dé linh
déng dién ti va hiéu suat chuyén déi téng thé cla vat
liéu. TU nhimng phan tich trén, ¢ thé thdy viéc thiét ké va
téng hop vat liéu MoS, véi cau truc nano phu hop, két
hgp cung phuong phap ché tao hiéu qua, déng vai tro
quan trong trong viéc nang cao hiéu suat quang dién va
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quang dién héa. Trong nghién ctu nay, vat liéu MoS, da
dugc téng hop bang phuong phap MOCVD véi muc tiéu
nang cao chat lugng tinh thé, d6 linh dong dién tt va hiéu
suat chuyén déi téng thé.

Céng nghé ban dan silic (Si) da phat trién tir nhiing
nam 1954 va dén nay van la mét trong nhiing vat liéu
quang trong trong nganh céng nghiép chip ban dan. Si
da dugc chiing minh vuot trdi so véi gemani (Ge) nho cac
dac tinh ndi bat [46]. Chat ban dan Si hién nay dugc ting
dung réng réi trong nhiéu linh vuc quang dién - dién ti
bao gém pin mat trdi, dau thu quang, linh kién phat
guang, quang dién héa tach nudc va pin nhién liéu [9, 47-
51]. Cac linh kién quang dién t& s& dung Si ¢ hiéu suat
chuyén déi quang dién dat dugc theo tinh toan ly thuyét
[én dén 29,4% [48]. Khi dugc két hop véi cac chat ban dan
khac nhu (GaAs, GalnP, perovkite), hiéu suat nay cé thé
tang lén gan 50% [47]. Dac biét, cau tric mét chiéu (day,
thanh nano) cta Si [52-54] da va dang thu hut su quan
tam I6n trong cac Ung dung quang dién - dién t& nhd vao
mét s6 dac trung héa ly néi bat nhu hiéu tng giam gil
lugng tu. Cau tric nay co dién tich bé mat I6n (323m?g™)
tao ra nhiéu tinh chat héa ly thu vi, chdng han nhu hé sé
hap thu anh sdng mat trdi trong viing nang lugng Ién hon
1,7eV va ¢6 do6 linh déng hat tai cao 1400cm?V-'s™! nhu
hiéu (ng giam gitr dién t theo hai chiéu [55-57]. Do dé,
thanh nano Si dugc ché tao thanh cong bang nhiéu
phuong phap khac nhau bao gém an mon uét [9, 58]; sol-
gel [59]; epitaxy chum phan t (MBE) [60]; phun xa [61] va
lang dong hoa hoc hai ca kim (MOCVD) [62] cling nhu
phuong phap hai long ran (VLS) [63]. Tuy nhién hiéu suat
chuyén d6i quang dién cuia cac linh kién ché tao ti thanh
nano Si van cho thay chua dat dugc muc ly thuyét du da
st dung cac phuong phép ché tao nay. Nguyén nhan ctia
van dé nay dugc cho la do mét s6 han ché bao gom
phuong phap ché tao, téc do tai hgp cdp hat tai I6n, dién
trd mat ti€p gidp 16n va cdu triac chua t6i uu. Mac du vay,
khi vat liéu nano Si dugc két hop véi cac chat ban dan
khac, hiéu suat chuyén déi quang dién, quang xuc tac da
dugc cai thién dang ké [9, 47-51, 64]. Qua trinh tang
cudng nay dugc cho la nha vao 16p tiép giap di thé gitia
hai vat liéu, noi hiéu thé hiéu ndi dugc hinh thanh, gitp
thuc day qua trinh truyén tai cap hat tai gitia cac vat liéu
dudi diéu kién kich thich. Su két hgp nay con gilp giam
dién trg ti€p xuc va dién trd mat do ngan can qua trinh ty
6 xi hoa trén bé mat Si. Thém vao do, viéc két hop nhiéu
tiép gidp gitip M3 rong hé sé hap thu anh sang tir viing
héng ngoai dén vung ti ngoai, nang cao dé 6n dinh va
dd bén nhiét-héa hoc. Cac vat liéu ban dan chia mat do
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tam hoat déng xuc tac cao cling déng vai tro quan trong
trong viéc phat sinh va truyén tai hat tai qua cau truc tiép
giap di thé. Tuy nhién, cac co ché nay van con chua dugc
tudng minh, va can c6 nhiing nghién ctu tiép theo dé téi
uu héa cdu trdc, tir d6 nang cao hiéu suat clia cac linh kién
quang dién - dién ti nano.

Trong nghién ctu nay, ching téi tap trung ché tao
thanh nano Si d6ng nhat bang phuong phap an mon
uét, véi dé Si(100) dugc st dung dinh huéng thanh. Cac
thanh nano Si thu dugc hinh thanh thdng ding trén dé
Si ¢6 duong kinh dudi 500nm va chiéu dai khoang 10um.
Trén ca s& do, cac tdm nano MoS; dugc lang dong bao
phl xung quanh thanh nano Si st dung phuong phap
MOCVD, tir d6 tao thanh cau tric di thé (MoS,/Si). Trong
hé MoS,/Si, cac tdm MoS, cé dang tai ndm, d6 day dao
dong tu vai nm téi hang chuc nm, dugc hinh thanh va
dinh hudng moc thang ding doc theo thanh cua thanh
nano Si. Cau truc di thé MoS,/Si, chung t6i ché tao thanh
nano Si dong nhat thong qua phuang phap an mon udét,
st dung dé Si(100). Thanh nano Si thang ding trén dé Si
c6 dudng kinh dugi 500nm, chiéu dai 10um. Sau d6 ché
tao tdm nano MoS; moc xung quanh thanh nano Si
(M0S,/Si) str dung phuong phap MOCVD. Cau tric nano
di thé MoS,/Si c6 cac tdm nano MoS; dang tai nam dé
day vai nm téi hang chuc nm moc thang ding doc theo
thanh cda thanh nano Si. Ciu tric di thé MoS,/Si da dugc
khao sat toan dién cling nhu thao luan vé hinh thai hoc,
cdu truc tinh thé va tinh chat quang hoc. Nhiing két qua
nghién ctiu thu dugc cho thay tiém nang trong viéc khai
thac sirdung két hgp gitra vat liéu hai chiéu MoS; va chat
ban dan thap chiéu Si, huéng tGi cai thién hiéu suat
chuyén déi quang -dién trong cac linh kién quang - dién
dién ti. Dong thai, nghién cru nay cing dugc ky vong
sé dong gop mot cach thiét thuc vao viéc tim kiém va
phat trién cac ciu tric vat liéu di thé mdi véi hiéu nang
cao hon.

2. THUC NGHIEM
2.1. Héa chat va vat liéu

Tam ban dan silic thuan dinh hudng tinh thé (100),
dugc danh bong hai mat, d6 day do day 500um, nong do
~10" hatcm3, hé s6 dan nd nhiét 2,6pmm-'k™', dugc mua
ti hang AXT, Hoa Ky. Cac chat AgNO; (d6 sach 99,9%),
HNO; (86 sach 60 - 65%), HF (48% khéi lugng), H,0, (30%),
CoHsOH (d6 sach 95%), CGGHeO (d6 sach 99,5%) dugc mua
ti hang Samchun, Han Quéc. Cac tién chat st dung H,S
(a6 tinh khiét 99,99%) va Mo(CO)s (d6 tinh khiét 99,9%)
dugc mua ti hang Sigma Aldrich, Hoa Ky
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2.2. Ché tao thanh nano MoS,/Si
2.2.1. Ché tao thanh nano Si

Phién dé Si(100) dugc xt ly lam sach bé mat theo quy
trinh chuan [9, 65] nham loai bd cac tap chat hitu co va vo
cd trén dé. Cu thé, phién dugc rung siéu am lan lugt trong
cac dung dich: GGHsO trong 10 phut, C;HsOH trong 10
phut va nudc khirion (D) trong 15 - 20 phut (Iap lai 3 -5
lan). Sau dé phién dugc rlta sach ban nudc DI va say kho
bang khi N, & nhiét dé phong.

Cac hat Ag c6 dudng kinh tir 50 - 120nm dugc lang
dong lén bé mat phién Si thdong qua phuong phap dong
két tha. Trudc hét, 20mL AgNO; néng do 0,4mM dugc
khudy trong 10 phut & t6c do 1200 vong/phut. Sau do,
10mL dung dich va HF (48%) nong d6 0,14M dugc them
vao dung dich AgNOs va tiép tuc dugc khuay trong 5 phut
G toc d6 1500 vong/phat. BE Si dugc nhing vao hd hop
dung dich noi trén trong thai gian 60 giay dé thuc hién
qua trinh lang dong hat Ag. Mau dé Ag/Si dugc rita bang
nudc DI va say khé bang khi Na.

Tiép theo, d€ Ag/Si dugc chuyén vao dung dich an
mon gom HF (néng dé 4,6M) va H,O, (néng dé 0,4M) vai
téng thé tich 20mL, thai gian an mon kéo dai 3 gid. Sau
qua trinh an mon, mau dugc chuyén sang dung dinh
HNO; trong 60 giay dé loai bd hoan toan céc hat Ag con
lai. Cudi cing, cac thanh nanoSi/Si(100) dugc rira lai bang
nudc DI (Iap lai 3 - 5 1an) va sdy kho bang khi N, & nhiét do
phong trudc khi chuyén sang budc 1ang dong tdm nano
MOSz.

2.2.2. Ldng dong tdm nano MoS/Si

Loai bo hat
nano Ag

Ling dong ~ An mon uot
hat nano Ag

| Wiy

7 | Thanh nano
MoS,/Si Ling dong
;‘\ tam nano MoS,

I'hanh
nano Si

90/ HEHO0:HO
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= g
Si{10)

Si 10g)

|
.

W

Hinh 1. So'd6 tdng hop cau tric di thé MoS,/Si

Tam nano Mo$S; dugc lang dong truc ti€p lén thanh Si
bang phuang phap MOCVD vdéi trong diéu kién: ap suat
lam viéc 1,0mtorr, nhiét d6 dé la 180°C, thaoi gian 60 giay.
Trong qua trinh nay, cac tién chat Mo(CO)s (dugc hoa hoi
G 20°C, luu lugng dong khi 75sccm) va khi H,S (tron véi
5% khi Ny, luu lugng dong khi 75sccm) dugc chuan bi san.
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Mo(CO)s dugc lam lanh dén 5°C trudc khi dugc tron vai
H,S va dua vao budng phan tng MOCVD nh& moét khi
mang Ar véi luu lugng dong khi la 25sccm. Qua trinh lang
dong dugc tién hanh tai mét diéu kién duy nhat, dugc lua
chon dua trén cac nguyén cliu cla ching téi truéc doé [11,
19, 66]. Sau khi qua trinh 1ang dong két thic, mau dugc
lam lanh tu nhién dén nhiét phong. Tom tat quy trinh ché
tao thanh nano di thé MoS,/Si dugc mé ta trong hinh 1.
2.3. Pac trung va tinh chat vat liéu

Cac déc trung hinh thai hoc, cau tric, va thanh phan
héa hoc clia vat liéu nghién ctu thong qua phuong
phéap hién vi dién tir quyét phat xa trudng (FE-SEM,
Hitachi, Japan, $4800), nhiéu xa tia X (XRD, JD2584 N,
Rigaku, nguén buc xa Cu_Kq A = 1,54A), phé Raman
(micro-ANDOR, SR303i, s& dung budc séng kich thich
532nm) va phé nhiéu xa phan tan nang lugng tia X (EDS,
JED 2300, Hitachi, Japan). D€ khao sat tinh chat quang
ctia mau, phé hdp thu (UV-2600) va phé huynh quang
(M-PEX-2, stt dung nguon sang kich thich Aex. = 325nm)
da dugc tién hanh.

3. KET QUA VA THAO LUAN

Si(100), (b) Hat nano Ag lang dong trén dé
m nano MoS; lang dong trén thanh nano Si

Hinh 2. Anh FE-SEM cla (a) Dé
Si, (¢) Thanh nano Si(100) va (d) Ta
véi thi gian 45 giay

Hinh 2(a) trinh bay hinh thai hoc bé mat ctia dé Si(100)
sau xUr ly. Bé mat dé€ quan sat dugc phang, nhan va khéng
xudt hién cac khuyét tat nhu tray xudc hay go ghé, cho
thay qua trinh lam sach da dugc thuc hién hiéu qua
khong gay tac dong an mon hoac pha hiy co hoc. bBiéu
kién x{r ly nay dugc cho 1a phu hop dé dam bao su phan
bé dong déu cac hat Ag va kich thudc trong qua trinh
lang dong. Hinh 2(b) cho thay, anh FE-SEM cula cac hat
nano Ag sau khi lang dong lén bé mat Si trong thai gian
60 gidy. Cac hat Ag c6 dudng kinh phan bé trong khoang
200 - 450nm va dugc phan bé kha déng déu trén toan bo
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bé mat, véi mat do xap xi 2.10° hat/cm?. Khoang cach gilia
cac hat Ag nam trong dai tir 40 - 60nm. Su phan b6 néu
trén ddm bao cho qua trinh an mon héa hoc, tu d6 hinh
thanh cac thanh Si c6 kich thudc déng nhat va kiém soat
dugc. Hinh 2(c) la anh FE-SEM cla cac thanh nano Si sau
thdi gian dn mon 3 giG an mon trong dung dich HF/H,0,,
st dung cac hat Ag lam mat na. Cac thanh nano c6 dudng
kinh dao déng tur 150 - 350nm, chiéu dai khoang 10pum va
thang dung trén dé véi khodng cach trung binh gitia cac
thanh trong khoang 70 - 130nm. Cac thanh nano cé mat
dé khéng qua mau, va khédng qua thua, thang ding, déng
déu, bé mat nhén, cho thay qua trinh dn mon dién ra én
dinh va tuan theo co ché an mon dang huéng trong moi
truong c6 mat déng thoi HF va H,0, [9].

Pé hiéu ré hon vé ca ché lién quan dén vai trd cha hat
Ag, HF va H,0, trong qua trinh 3n mon c6 thé tham khao
thém trong mot s6 tai liéu trudc d6 [67-69]. Hinh 2(d) trinh
bay anh FE-SEM culia tdm nano MoS; lang dong trén bé
mat cac thanh Si, thai gian 45 gidy. C6 thé nhan thay cac
tdm MoS; moc thang ding tai thanh va dau ctia moi
thanh, lam cho bé mat tré nén nham hon so vai trang thai
ban dau (hinh 2(c)). Cac tdm MoS, ¢ do day xap xi 60nm
phan bé theo dang vady éc hodc ndm moc bao phi doc
theo cac thanh Si (xem hinh dugc chén vao ctia Hinh 2(d)).
Trong pham vi nghién ciu nay, cac yéu t6 anh huéng toi
hinh thai hoc nhu thai gian lang dong hay nhiét do dé
chua dugc khao sat chi tiét, thay vao dd, cac diéu kién
tong hgp da dugc lua chon dua trén cac két qua téi uu tir
cac nhiing nghién clu trugc day cda ching t6i [11, 70].
Két qua téng hop cho thdy cdu trdc di thé MoS,/Si da
dugc ché tao thanh céng théng qua su két hgp gilia
phuaong phap an mon uét va MOCVD.

Nguyén td Nguyén tir
(%)

Si_K | 78,15

Mo_L 1,27

Si 5_K 3,21
0K 10,77

Mo CK 6,21
Tolal 100,00

Curong do (d.v.t.y.)

o 1 2 3 4 5 6
Nang luong (KeV)
Hinh 3. Ph tan xa ndng lugng tia X (EDS) ctia thanh nano di thé MoS,/Si

DPé xac dinh thanh phan hda cla cdu trac di thé
MoS,/Si, phuong phap phé tan xa nang luong tia X (EDS)
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da dugc sir dung. Két qua khao sat phé EDS cla thanh
nano MoS,/Si trong hinh 3 cho thdy, cac thanh phan
nguyén t6 chu yéu bao gom silic (Si), molypden (Mo) va
luu huynh (S) véi ty 1é nguyén t1an lugt la 78,15%; 1,27%
va 2,31%. Khéng cé cac nguyén to khac xuat hién trong
cdu trdc di thé nay. Thanh phan 6xy (0) chiém khoang
10,77%, c6 thé la do 6xy hap phu trén bé mat hodc do su
hinh thanh oxit ctia Mo va S trong qua trinh luu trir mau.
Lugng 6xy nay c6 thé gidm néu mau dugc bdo quan trong
moi trudng chan khong cao (> 10°torr) hoac néu moét qua
trinh dn mon bang tia ion dugc thuc hién trudc khi tién
hanh khao sat EDS. Thanh phan cacbon (C) chiém 6,21%,
dugc xac dinh tirbang dinh cacbon dung dé ga mau. Mac
du khéng thé loai bé hoan toan cacbon, nhung muc dé
nay co thé giam thiéu bang cach che chan mau trudc khi
chiéu tia X vao bé mdt mau. Tuy nhién, sy hién dién cua
cacbon va 6xy khéng anh hudng I6n dén cdu trdc va tinh
chat cta di thé MoS,/Si, vi vay chung c6 thé dugc loai bo
trong cac phép tinh sau nay.

Hinh 4(a) trinh bay gian d6 nhiéu xa dién tu tia X (XRD)
clia thanh nano Si, MoS; va MoS./Si trong dai géc nhiéu xa
tUr 10° t6i 65°. Cac dinh nhiéu xa XRD & cac vi tri 20 = 14,2;
33,3; 39,8 va 58,6° dugc xac dinh tuong Ung la cac mat
mang tinh thé (002), (010), (103), (105) va (110) ctia vat liéu
MoS;, nhu da dugc xac nhan tur thé chudn JCPDS N°. 037-
1492) 23, 64]. Dinh nhiéu xa tai 20 = 27,9° dugc cho la mat
tinh thé (111) cda tinh thé Si [64]. Theo gian dé nhiéu xa,
thanh nano khi chua ldang dong MoS; chi xuat hién mét
dinh nhiéu xa, trong khi thanh nano lang dong MoS, cho
thay su xuat hién hai dinh nhiéu xa (002) va (103) bén canh
dinh nhiéu xa (111) Si. Su dich chuyén dinh ca mat mang
tinh thé (103) tir géc 37° dén 40° dugc gidi thich |a do su
giadm ty & Mo cla tam nano MoS; trén Si [64]. Hai pha tinh
thé véi cudng do6 dinh nhiéu xa I6n va dé ban rong nhd,
diéu nay chiing t6 mau MoS,/Si dugc ché tao ra c6 chat
lugng tinh thé t6t, khong bi pha tap va khéng xuat hién céac
pha tinh thé ngoai MoS,. Mac du cac dinh nhiéu xa c6 su
dich nhd (+ 0,02°) so véi cac thé chuan, vi tri nhiéu xa van
dugc xac dinh rd rang va dac trung cho MoS; va Si. Su hién
dién clia cd MoS; va Si trén cling cau tric di thé da dugc
xac nhan, chiing t6 rang vat liéu MoS, da dugc lang dong
thanh céng trén thanh nano Si.

Hinh 4(b) trinh bay trinh bay phé Raman clia tdm nano
MoS; va thanh nano MoS,/Si. Cac dao ddng Raman chinh
tai cac s6 séong 386cm~' va 407cm~', tuong Ung la dao
dong E} va A, ctatinh thé MoS,luc giac [28, 71-73]. Cac

dao déng E‘29 va A, phan anh cacdao dong bén trong va
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bén ngoai mat phdng cla cac nguyén tir S-Mo va luu
huynh (S).

(a) _ MoS,/Si MoS,/Si
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Hinh 4. (a) Gian d6 nhiéu xa tia X (XRD) clia MoS,, thanh nano Si va
MoS,/Si; (b) Pho tan xa Raman cda MoS; va thanh nano MoS,/Sivéi thai gian
ldng dong 45 gidy

Dao dong tai vi tri 466cm dugc gan cho 2LA(M), dao
déng bac 2 ctia tinh thé MoS,, phat sinh tir phonon quang
am theo chiéu ngang tai vi tri diém M trong vung
Brillounin cua tinh thé MoS,. Dao déng nay thudng rat
nhay d6i véi sé don I6p va thudng dugc quan sat khi laser
kich thich cé budc séng 532nm, cung véi hiéu ing cong
hudng. Diéu nay cho thay khi sé don I6p MoS; tang,
cudng dé dao dong giam. Khi nang lugng kich thich trung
véi nang lugng exiton thi cudng d6 dao dong sé dugc
khuéch dai ro rét [71, 74, 75]. Ngoai ty s6 cudng do va
khoang cach (A=21cm™) gilta hai dao ddong Raman chinh
la E},va A, cudng d6 dao dong clia 2LA(M) cling c6 thé

dugc sirdung dé udc lugng s6 don I6p MoS,. Cling Vi cac
dao déng clia MoS; trong cau truc di thé MoS,/Si, mét dao
dodng tai vi tri 527cm~! dugc xac dinh la dao dong phonon
quang hoc (TO) dac trung cla tinh thé Si [9, 76, 771. Vi tri
dao dong TO ctia Si dich 5cm™ vé phia tan sé thap hon so
V@i gia tri ly thuyét 520 - 521cm™, diéu nay dugc giai thich
la do anh hudng cda kich thudc thanh nano Si, su xuat
hién 16p MoS; va I6p mong SiO, trén bé mat ca thanh,
dan dén sy thay déi Uing suat trong tinh thé Si [76, 77].
Dua trén cac két qua khao sat cau tric, hinh thai hoc va
thanh phan héa hoc clia mau, c6 thé két luan rang cau
trdc thanh nano di thé MoS,/Si da dugc ché tao thanh
céng va c6 tiém nang lng dung trong cac nghién ctu
tinh chat hoa ly cling nhu trong cac linh kién quang dién-
dién td nano.

Hinh 5 trinh bay phé huynh quang va phé hdp thu cta
vat liéu di thé dang thanh nano MoS,/Si. Dua trén phd
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hap thuy, ba dinh dac trung da dugc quan sat tai cac budc
s6ng 632nm (A), 680nm (B) va xap xi 450nm (C). Cac vi tri
nay cé thé dugc gan cho cau trdc dac trung clia mang
mdng MoS,. Cu thé, hai dinh A va B thudng dugc lién két
vGi qua trinh chuyén tiép dién td xién cda ving cdm nang
lugng xay ra tai diém K trong vung Brillouin [78-80].

665 MoS,/Si

= Fit
== Thuc nghiém

Do hdp thu (d. v. t. y.)

Crong do huynh quang (d. v. t. y)

600 700 800

450 500 900

Budc song (nm)

Hinh 5. Phé hap thu va huynh quang cdia vét liéu thanh nano di thé MoS,/Si
tai nhiét do phong

Trong khi dinh C dugc cho la xuat phat tir cac dién ti
chuyén tiép thang trong viing cdm nang lugng tai diém
M [78]. Su hién dién déng thai cla hai loai chuyén tiép
trong cuing mot mau vat liéu da goi y rang cac dién tir co
thé da dugc kich thich dén muc nang lugng da dé vuat
qua vling cam, tir d6 chuyén tir ving hda tri lén vung dan.
Nh& d6, cac qua trinh truyén hat tai va tai hgp phat quang
da duogc nang lén. Théong qua phuong phap phé Tauc,
nang lugng viing cam tuang tng véi cac chuyén tiép gian
ti€p va truc tiép da dugc xac dinh lan lugt la Eg, = 1,40eV
va Eg, = 2,16eV. Cac gia tri nay cho thdy su phu hgp tot
V@i cac bao cao trudc day vé vat liéu MoS, cé cau trac 2H.
PhS huynh quang thu dugc & nhiét do6 phong cho thay
hai dinh phat xa ro nét tai 665nm va 754nm, dugc quy cho
hai loai chuyén tiép thang va xién tuang ting [78, 80-82].
Déng chuy, cudng d6 phat xa tai 665nm cao hon gan 10
1an so véi dinh tai 754nm, di kém véi dé ban rong phd
hep. Diéu nay cho thay xac suat chuyén ddi dién ti trong
vling cdm thédng la cao hon, déng thai cho thay mat do
khuyét tat thap va hiéu tng giam gil lugng t c6 thé da
déng vai trd quan trong trong qua trinh chuyén tiép.
Trong khi d6, dinh c6 cudng d6 yéu hon tai 754nm dugc
gan cho su tai hgp cla cac dién tu kich thich trong ving
cam xién tai diém K trong vung Brillouin [78]. Mac du phé
huynh quang ghi nhan dugc cé xuat hién nhiéu do diéu
kién do tai nhiét d6 phong, cac dinh dac trung van cho
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thay su phu hop véi cac dudng fit chuan va céc tai liéu
tham khao trudc day [27, 75, 78, 80, 83]. Diéu nay cho thay
rang ly thuyé vé ca ché phat xa van dugc duy tri trong vat
liéu dugi diéu kién khao sat. Cudng do phat quang da bi
chi phéi bai mét s yéu t6, chdng han nhu mat dé khuyét
tat cGia cac nguyén tir Mo va S, su hién dién cla tap chat
bé mat, su gan két clia nguyén tir 6xy tai cac vi tri khuyét
tat cda luu huynh va cac qua trinh tan xa phonon trong
mang tinh thé. Nhiing yéu t8 nay da gop phan lam suy
gidm xac sudt chuyén dai dién tl, tir d6 dan dén cudng
dé huynh quang thap han. D€ giam thiéu nhiéu va tang
cudng do phat quang, cac phép do & nhiét d6 thap va
trén cac mau c6 chat luong tinh thé cao hon la diéu can
dugc xem xét trong cac nghién cliu tiép theo. Trong
pham vi nghién ctiu nay, ching t6i ban dau gidi thiéu két
qua ché tao thanh céng cau tric di thé MoS,/Si. Hinh théi
hoc, cau truc tinh thé va dac tinh quang hoc & diéu kién
nhiét d6 phong da dugc ching t6i khao sat so bé. Cac
nghién ctu chuyén sau han nham lam ré co ché chuyén
ti€p dién t va kha nang Ung dung cla hé vat liéu di thé
nay trong cac linh vuc cu thé sé tiép tuc duoc trién khai
trong thdgi gian téi.

4, KET LUAN

Tadm nano MoS, da dugc téng hop thanh céng trén
thanh nano Si (MoS,/Si(100)) théng qua quy trinh két hgp
gilta phuong phap an mon uét va (MOCVD). Trong qua
trinh nay, bé mat dé Si(100) da dugc xt ly bang an mon
UGt trong 3 gid, qua dé cho phép cac thanh nano Si dugc
hinh thanh theo phuong thang ding vai dudng kinh
trong khoang 150 - 350nm va chiéu cao dat dén khoang
10um. Sau d6, MoS, da dugc lang dong mot cach dong
déu lén ca bé mat va thanh bén cta cac thanh Si, tao
thanh mét I6p c6 dd day xap xi 60 nm. Cau truc tinh thé
clia MoS, dugc xac dinh thudc pha luc gidc véi mat tinh
thé (002) dac trung tai vi tri 26 = 14,2° va khéng ghi nhan
su hién dién clia cac pha tap. Hai nguyén t6 Mo va S da
dugc phat hién la thanh phan chinh trong I16p vat liéu. Khi
ti€n hanh khao sat tinh chat quang hoc ctia cau tric di thé
MoS,/Si, hai muc chuyén tiép dién ti da dugc ghi nhan tai
cac budc séng 632nm va 680nm trong vung dnh sang kha
kién. Dong thai, hai dinh phat quang ro rét tai 665nm va
754nm cling da dugc quan sat & nhiét d6 phong. Tu cac
két qua thu dugc, mét hudng tiép can téng hgp cau tric
di thé da dugc dé xuat, trong dé tdm nano MoS, dugc tich
hagp vai cac vat liéu ban dan nén théng qua két hgp gilia
an mon uét va MOCVD. Phuong phép nay dugc ky vong
sé gop phan cai thién hiéu suat chuyén déi trong céac ing
dung quang dién t& & quy mo nano.

Tap61-5611(11/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

LOI CAMON

Nghién cttu nay dugc tai trg bdi Pai hoc Duy Tan.
Chuing t6i xin chan thanh cdm on su hé trg vé trang thiét
bi ctia Phong Thi nghiém Céng nghé nano Ung dung
(LAN), Bai hoc Duy Tan.

TAI LIEU THAM KHAO

[1]. Gopika, M.S., B. Bindhu, "Preparation and Characterization of Few
Layered MoS;Nano Flakes," Int. J. Recent Technol. Eng., 8(253), 146-148, 2019.

[2]. Taffelli A., S. Diré, A. Quaranta, L. Pancheri, "MoS, Based
Photodetectors: A Review," Sensors, 21(8), 2758, 2021.

[3]. Tobis M., S. Sroka, E. Frackowiak, "Supercapacitor with Carbon/MoS;
Composites," Front. Energy Res., 9, 2021.

[4]. Hwangbo S., L. Hu, A.T. Hoang, J.Y. Choi, J.H. Ahn, "Wafer-scale
monolithicintegration of full-colour micro-LED display using MoS; transistor,"
Nat. Nanotechnol., 17(5) 500-506, 2022.

[5]. Kumari R., R. Kumar, "Review - Recent Advances in MoS; and Its
Derivatives-Based Two-Dimensional Gas Sensors," ECS J. Solid State Sdi.
Technol., 11(9), 097003, 2022.

[6]. Joshi K., K. Mistry, B. Tripathi, P. Chandra, S.M. Shinde, M. Kumar, D.
Santola, H. Chokshi, P. Gurrala, "MoS, Nanostructures for Solar Hydrogen
Generation via Membraneless Electrochemical Water Splitting," ACS Appl.
Electron. Mater., 2023.

[7].HuT.,R.Zhang, J.P. Li, .. Cao, F. Qiu, "Photodetectors based on two-
dimensional MoS; and its assembled heterostructures,” Chip, 1(3), 100017,
2022.

[8]. Jubu P.R., B. Yusuf, A. Abdulkadir, 0.5. Obaseki, K.M. Chahrour, Y.
Yusof, H.D. Dehiin, N.S. Akiiga, G.F. Newton, M. Umar, B.T. Terngu, U.F. Onah,
AJ. Atsor, "Enhanced photoelectrochemical transient photoresponse
properties of molybdenum oxide film deposited on black silicon," Mater. Sci.
Eng. B-Adv. Funct. Solid-State Mater., 289, 116260, 2023.

[9]. Dang T.C., V.T. Dang, T.D. Nguyen, T.H. Truong, M.T. Man, T.T.H. Bui,
T.K.C. Tran, D.L. Tran, P.D. Truong, C.K. Nguyen, V.C. Nguyen, D.B. Seo, E.T.
Kim, "MoS, hydrogen evolution catalysis on p-Si nanorod photocathodes,"
Mater. Sci. Semicond. Proc., 121,105308, 2021.

[10]. Cha E., D.K. Kim, W. Choi, "Advances of 2D MoS; for High-Energy
Lithium Metal Batteries. Front," Energy Res., 9, 2021.

[11]. Nguyen T.D., M.T. Man, M.H. Nguyen, D.B. Seo, E.T. Kim, "Effect of
few-layer Mo$, flakes deposited ZnO/FTO nanorods on photoelectrochemical
characteristic," Mater. Res. Express, 6(8), 085070, 2019.

[12]. Hassan M.A., MW. Kim, M.A. Johar, A. Waseem, M.K. Kwon, S.W.
Ryu, "Transferred monolayer MoS; onto GaN for heterostructure photoanode:
Toward stable and efficient photoelectrochemical water splitting," Sci. Rep.,
9(1), 20141, 2019.

[13]. WangT.,Y. Zhang, Y. Liu, J. Li, D. Liu, J. Luo, K. Ge, "Layer-Number-
Dependent Exciton Recombination Behaviors of MoS, Determined by

Vol. 671 -No. 11 (Nov 2025)

Fluorescence-Lifetime Imaging Microscopy,” J. Phys. Chem. (, 122(32), 18651-
18658, 2018.

[14]. He H., J. Lin, W. Fu, X. Wang, H. Wang, Q. Zeng, Q. Gu, Y. Li, C. Yan,
B.K. Tay, C. Xue, X. Hu, S.T. Pantelides, W. Zhou, Z. Liu, "MoS,/Ti0, Edge-On
Heterostructure for Efficient Photocatalytic Hydrogen Evolution," Adv. Energy
Mater., 6(14), 1600464, 2016.

[15]. Li Z, X. Meng, Z. Zhang, "Recent development on MoS,-based
photocatalysis: A review. J. Photochem. Photobiol," (-Photochem. Rev., 35,
39-55,2018.

[16]. Xiaoli Z., "A review: the method for synthesis MoS, monolayer," Int.
J. Nanomanufacturing, 10(5-6), 489-499, 2014.

[17]. Li H., W. Dong, J. Zhang, J. Xi, G. D, Z. Ji, "MoS, nanosheet/Zn0
nanowire hybrid nanostructures for photoelectrochemical water splitting,"
J. Am. Ceram. Soc., 101(9), 3989-3996, 2018.

[18].JiS., Z. Yang, C. Zhang, Z. Liu, W.W. Tjiu, L.Y. Phang, Z. Zhang, J. Pan,
T. Liu, "Exfoliated MoS, nanosheets as efficient catalysts for electrochemical
hydrogen evolution. Electrochim," Acta, 109 269-275, 2013.

[19]. Trung T.N., D.-B. Seo, N.D. Quang, D. Kim, E.T. Kim, "Enhanced
photoelectrochemical activity in the heterostructure of vertically aligned few-
layer MoS; flakes on Zn0," Electrochim. Acta, 260, 150-156, 2018.

[20]. Seo D.B., S. Kim, T.N. Trung, D. Kim, E.T. Kim, "Conformal growth of
few-layer MoS; flakes on closely-packed Ti0, nanowires and their enhanced
photoelectrochemical reactivity," J. Alloys Compd., 770 686-691, 2019.

[21]. Mao CH., C.C. Chung, W.R. Syong, Y.C. Yao, K.Y. Hsiao, M.Y. Lu, M.
Hofmann, Y.P. Hsieh, Y.J. Lu, T.J. Yen, "Bifunctional Semimetal as a Plasmonic
Resonator and Ohmic Contact for an Ultrasensitive MoS, Photodetector," ACS
Photonics, 2023.

[22]. Tian X., S. Wang, H. Li, M. Li, T. Chen, X. Xiao, Y. Wang, "Recent
advances in MoS;-based nanomaterial sensors for room-temperature gas
detection: a review," Sens. Diagn., 2023.

[23]. Feng G., A. Wei, Y. Zhao, J. Liu, "Synthesis of flower-like MoS2
nanosheets microspheres by hydrothermal method," J. Mater. Sci.: Mater.
Electron., 26(10), 8160-8166, 2015.

[24]. Gonzalez-Anota D.E., E. Castafieda-Morales, S.P. Paredes-Carrera, A.
Manzo-Robledo, "Modulating the HER-overpotential at the interface of
nanostructured Mo$; synthesized via hydrothermal route: An in-situ mass-
spectroscopy approach,” Int. J. Hydrogen Energy, 2023.

[25]. Taffelli A., G. Ligorio, L. Pancheri, A. Quaranta, R. Ceccato, A.
Chiappini, M.V. Nardi, E.J.W. List-Kratochvil, S. Dire, "Large area MoS; films
fabricated via sol-gel used for photodetectors," Opt. Mater., 135, 113257,
2023.

[26]. Endler 1., A. Leonhardt, U. Konig, H. van den Berg, W. Pitschke, V.
Sottke, "Chemical vapour deposition of MoS; coatings using the precursors
MoCls and H,S," Surf. Coat. Technol., 120-121, 482-488, 1999.

[27]. Splendiani A., L. Sun, Y. Zhang, T. Li, J. Kim, C.Y. Chim, G. Galli, F.
Wang, "Emerging Photoluminescence in Monolayer MoS,," Nano Lett., 10(4),
1271-1275, 2010.

HaUl Journal of Science and Technology | 181



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

[28]. Mak K.F., C. Lee, J. Hone, J. Shan, T.F. Heinz, "Atomically Thin MoS,:
A New Direct-Gap Semiconductor," Phys. Rev. Lett, 105(13), 136805, 2010.

[29].ZhaoY.F.,Z.Y.Yang, Y.X.Zhang, L. Jing, X. Guo, Z. Ke, P. Hu, G. Wang,
Y.M. Yan, K.N. Sun, "Cu,0 Decorated with Co-catalyst MoS; for Solar Hydrogen
Production with Enhanced Efficiency under Visible Light," J. Phys. Chem. ,
118(26), 14238-14245, 2014,

[30]. Chen B., Y. Meng, J. Sha, C. Zhong, W. Hu, N. Zhao, "Preparation of
MoS,/Ti0; based nanocomposites for photocatalysis and rechargeable batteries:
progress, challenges, and perspective,"” Nanoscale, 10(1), 34-68, 2018.

[31]. Tian N., Z. Li, D. Xu, Y. Li, W. Peng, G. Zhang, F. Zhang, X. Fan,
"Utilization of MoS, Nanosheets To Enhance the Photocatalytic Activity of Zn0
for the Aerobic Oxidation of Benzyl Halides under Visible Light," Ind. Eng.
Chem. Res., 55(32), 8726-8732, 2016.

[32]. Wu C,, M. Shrisha, K.G. Motora, G.Y. Chen, D.H. Kuo, N.S. Gultom,
"Highly Efficient MoS,/Cs,W0; Nanocomposite Hydrogen Gas Sensors," Front.
Mater., 9, 831725, 2022.

[33]. Seok H., M. Kim, J. Cho, E. Kim, S. Son, K.W. Kim, J.K. Kim, P.J. Yoo,
M. Kim, H.U. Kim, T. Kim, "Tailoring Polymorphic Heterostructures of MoS,-
WS, (1T/1T, 2H/2H) for Efficient Hydrogen Evolution Reaction," ACS
Sustainable Chem. Eng., 11(2), 568-577, 2023.

[34]. Veeralingam S., S. Badhulika, "Ti@MoS, incorporated
Polypropylene/Nylon  fabric-based  porous, breathable triboelectric
nanogenerator as respiration sensor and ammonia gas sensor applications,”
Sens. Actuator B-Chem., 380, 133346, 2023.

[35]. HuY.H., J.H. Wang, Y. Chen, J.P. Tang, Z.Y. Wang, Y.J. Yuan, "Solar
driven conversion of agricultural biomass to H, over few-layer MoS, modified
ultra-small Ti02 nanoparticle photocatalysts," J. Mater. Chem. A, 2025.

[36]. Peng K., J. Ye, L. Zuo, Y. Wang, H. Wang, M. Niu, L. Su, L. Zhuang, X.
Li, "Heteronanostructures constructed from vertical MoS, nanosheets on
sepiolite nanofibers boosting electrocatalytic hydrogen evolution," Appl. Clay
Sci., 233, 106798, 2023.

[37].Jia L., C. Yang, X. Jin, D. Wang, F. Li, "Direct Z-scheme heterojunction
Bi/Bi,Ss/a-Mo0; photoelectrocatalytic degradation of tetracycline under
visible light," Chemosphere, 315, 137777, 2023.

[38]. Polumati G., C.S.R. Kolli, V. Selamneni, M.F. Salazar, A. De Luna
Bugallo, P. Sahatiya, "Modulation of Schottky Barrier Height by Nitrogen
Doping and Its Influence on Responsivity of Monolayer MoS, Photodetector,"
Adv. Mater. Interfaces, 10(9), 2202108, 2023.

[39]. Huang H., Y. Cui, Q. Li, C. Dun, W. Zhou, W. Huang, L. Chen, CA.
Hewitt, D.L. Carroll, "Metallic 1T phase MoS; nanosheets for high-performance
thermoelectric energy harvesting," Nano Energy, 26, 172-179, 2016.

[40]. Liu Y., V. Wang, M. Xia, S. Zhang, "First-principles Study on
Structural, Thermal, Mechanical and Dynamic Stability of T'-MoS,," J. Phys.:
Condens. Matter, 2016.

[41]. Toh R.J., Z. Sofer, J. Luxa, D. Sedmidubsky, M. Pumera, "3R phase of
MoS; and WS, outperforms the corresponding 2H phase for hydrogen
evolution," Chem. Commun., 53(21), 3054-3057, 2017.

182 | Tap chi Khoa hoc va (ong nghé Trudng Dai hoc Cong nghiép Ha Noi

[42]. Kushwaha A., M. Aslam, "Defect controlled water splitting
characteristics of gold nanoparticle functionalized ZnO nanowire films," RSC
Adv., 4(40), 20955-20963, 2014.

[43]. Liang P., B. Tai, H. Shu, T. Shen, Q. Dong, "Doping properties of
MoS,/Zn0 (0001) heterojunction ruled by interfacial micro-structure: From
first principles," Solid State Commun., 204, 67-71, 2015.

[44]. Tian-you P., L. Hong-jin, Z. Peng, Z. Xiao-hu, "Preparation of Zn0
Nanoparticles and Photocatalytic H, Production Activity from Different
Sacrificial Reagent Solutions," Chin. J. Chem. Phys., 24(4), 464, 2011.

[45]. Dubale A.A., C.J. Pan, A.G. Tamirat, H.M. Chen, W.N. Su, C.H. Chen, J.
Rick, D.W. Ayele, B.A. Aragaw, J.F. Lee, Y.W. Yang, B.J. Hwang,
"Heterostructured Cu,0/Cu0 decorated with nickel as a highly efficient
photocathode for photoelectrochemical water reduction," J. Mater. Chem. A,
3(23), 12482-12499, 2015.

[46]. Historyoflnformation.com, https://www.historyofinformation.com/
detail php?id=723&utm_source=chatgpt.com. 2024-2025.

[47]. Antolin E., M.H. Zehender, S.A. Svatek, P. Garcia-Linares, A. Marti.
"lll-V-on-silicon triple-junction based on the heterojunction bipolar transistor
solar cell concept," in 2020 47th IEEE Photovoltaic Specialists Conference
(PVS(), 2020.

[48]. Shockley W., H.J. Queisser, "Detailed Balance Limit of Efficiency of
p-n Junction Solar Cells," J. Appl. Phys., 32(3), 510-519, 1961.

[49]. Raza E., Z. Ahmad, "Review on two-terminal and four-terminal
crystalline-silicon/perovskite tandem solar cells; progress, challenges, and
future perspectives,” Energy Rep., 8, 5820-5851, 2022.

[50]. Peng S., D. Liu, H. Bai, C. Liu, J. Feng, K. An, L. Qiao, K.H. Lo, H. Pan,
"Progress on Si-based photoelectrodes for industrial production of green
hydrogen by solar-driven water splitting," EcoEnergy, 3(1), 25-55, 2025.

[51]. Douhan R., K. Lozovoy, A. Kokhanenko, H. Deeb, V. Dirko, K.
Khomyakova, "Recent Advances in Si-Compatible Nanostructured
Photodetectors," Technology, 11(1) 17, 2023.

[52]. Wang XX, G. Zeng, QJ. Yu, L. Shen, CY. Shi, HL. Lu,
"Photodetectors integrating waveguides and semiconductor materials,"
Nanoscale, 16(11), 5504-5520, 2024.

[53]. Srinivasan Raman, Ravi Sankar A, Sindhuja M, "Advances in silicon
nanowire applications in energy generation, storage, sensing, and electronics:
areview," Nanotechnology, 34(18), 2023.

[54]. Bouaziz L., A. Lamouchi, M. Karyaoui, R. Chtourou, "Enhanced
Optoelectronic and Electrical Properties of Silicon Nanowires by
Electrodeposited ZnO Nanoparticles for Efficient Diode Performance,” Silicon,
16(18), 6337-6347, 2024.

[55]. Fonoberov V.A., A.A. Balandin, "Giant Enhancement of the Carrier
Mobility in Silicon Nanowires with Diamond Coating," Nano Lett., 6(11), 2442-
2446, 2006.

[56]. Patchett S., M. Khorasaninejad, N. 0, S.S. Saini, "Effective index
approximation for ordered silicon nanowire arrays," J. Opt. Soc. Am. B: Opt.
Phys., 30(2), 306-313, 2013.

Tap61-5611(11/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

[57]. Chen X, Q. Bi, M. Sajjad, X. Wang, Y. Ren, X. Zhou, W. Xu, Z. Liu,
"One-Dimensional Porous Silicon Nanowires with Large Surface Area for Fast
Charge™Discharge Lithium-lon Batteries," Nanomaterials, 8(5), 2018.

[58].Huang W., J. Wu, W. Li, G. Chen, C. Chu, C. Li, Y. Zhu, H. Yang, Y. Chao,
"Fabrication of Silicon Nanowires by Metal-Assisted Chemical Etching
Combined with Micro-Vibration," Materials, 16(15), 5483, 2023.

[59]. Zha J., H. Roggendorf, "Sol-gel science, the physics and chemistry of
sol-gel processing," Adv. Mater., 3(10) 522-522, 1991.

[60]. Bauer J., F. Fleischer, 0. Breitenstein, L. Schubert, P. Werner, U.
Gosele, M. Zacharias, "Electrical properties of nominally undoped silicon
nanowires grown by molecular-beam epitaxy," Appl. Phys. Lett., 90(1), 2007.

[61]. Uchida G., K. Masumoto, M. Sakakibara, Y. Ikebe, S. Ono, K. Koga, T.
Kozawa, "Single-step fabrication of fibrous Si/Sn composite nanowire anodes
by high-pressure He plasma sputtering for high-capacity Li-ion batteries," Sci.
Rep., 13(1), 14280, 2023.

[62]. Anthony C. J., H. Michael L., Overview of chemical vapour deposition,
in: Chemical Vapour Deposition: Precursors, Processes and Applications.
Cambridge, UK., p. 1-39, 2009.

[63]. Wagner R.S., W.C. Ellis, "Vapor-Liquid-Solid Mechanism of Single
Crystal Growth," Appl. Phys. Lett., 4(5), 89-90, 1964.

[64]. Dwivedi P., S. Das, S. Dhanekar, "Wafer-Scale Synthesized
MoS,/Porous Silicon Nanostructures for Efficient and Selective Ethanol Sensing
at Room Temperature," ACS Appl. Mater. Interfaces, 9(24). 21017-21024,
2017.

[65]. Nguyen T.D., E.T. Kim, K.A. Dao, "Ag nanoparticle catalyst based on
Ga;05/GaAs semiconductor nanowire growth by VLS method," J. Mater. Sci.-
Mater. Electron., 26(11), 8747-8752, 2015.

[66]. Seo D.B., S. Kim, T.N. Trung, D. Kim, E.T. Kim, "Conformal growth of
few-layer MoS; flakes on closely-packed Ti0, nanowires and their enhanced
photoelectrochemical reactivity," J. Alloy. Compd., 770, 686-691, 2019.

[67]. Bian C., B. Zhang, Z. Zhang, H. Chen, D. Zhang, S. Wang, J. Ye, L. He,
J. Jie, X. Zhang, "Wafer-Scale Fabrication of Silicon Nanocones via Controlling
(atalyst Evolution in All-Wet Metal-Assisted Chemical Etching," ACS Omega,
7(2),2234-2243, 2022.

[68]. Gondek C., M. Lippold, I. Rover, K. Bohmhammel, E. Kroke, "Etching
Silicon with HF-H,0,-Based Mixtures: Reactivity Studies and Surface
Investigations," J. Phys. Chem. C, 118(4), 2044-2051, 2014.

[69]. Rajkumar K., R. Pandian, A. Sankarakumar, R.T. Rajendra Kumar,
“Engineering Silicon to Porous Silicon and Silicon Nanowires by Metal-Assisted
Chemical Etching: Role of Ag Size and Electron-Scavenging Rate on
Morphology Control and Mechanism," ACS Omega, 2(8), 4540-4547, 2017.

[70]. Hien B.T.T., T.T.K. Chi, N.T. Thanh, M.M. Tan, N.T. Dai, N.M. Hung,
T.D. Lam, V.T. Bich, "Photoelectrochemical characteristics of hybrid structure
between Zn0 nanorodsand MoS, monolayers,". HueUni-INS, 129(1C), 15-22,
2020.

[71]. Li H., Q. Zhang, C.CR. Yap, B.K. Tay, T.H.T. Edwin, A. Olivier, D.
Baillargeat, "From Bulk to Monolayer MoS,: Evolution of Raman Scattering,"
Adv. Funct. Mater., 22(7), 1385-1390, 2012.

Vol. 671 -No. 11 (Nov 2025)

[72]. Frey G.L., R. Tenne, M.J. Matthews, M.S. Dresselhaus, G. Dresselhaus,
"Raman and resonance Raman investigation of MoS, nanoparticles,” Phys.
Rev. B, 60(4), 2883-2892, 1999.

[73]. Deshpande M.P., S.V. Bhatt, V. Sathe, B.H. Soni, N. Garg, S.H. Chaki,
"Raman scattering in 2H-MoS; single crystal," AIP Conf. Proc., 1512(1), 808-
809, 2013.

[74]. Bera A, D.V.S. Muthu, AK. Sood, "Enhanced Raman and
photoluminescence response in monolayer MoS; due to laser healing of
defects," Journal of Raman Spectroscopy, 49(1), 100-105, 2018.

[75]. Livneh T., J.E. Spanier, "A comprehensive multiphonon spectral
analysis in MoS,," 2D Mater., 2(3), 035003, 2015.

[76]. latsunskyi 1., S. Jurga, V. Smyntyna, M. Pavlenko, V. Myndrul, A.
Zaleska, "Raman spectroscopy of nanostructured silicon fabricated by metal-
assisted chemical etching," SPIE Photonics Europe, 9132, 2014.

[771. Roisin N., M.S. Colla, J.P. Raskin, D. Flandre, "Raman strain-shift
measurements and prediction from first-principles in highly strained silicon,"
J. Mater. Sci.-Mater. Electron., 34(5), 373, 2023.

[78]. Mondal K.G., P.C. Jana, S. Saha, "Optical and structural properties of
2D transition metal dichalcogenides semiconductor MoS,," Bull. Mater. Sdi.,
46(1),15,2023.

[79]. Ahmad R., R. Srivastava, S. Yadav, D. Singh, G. Gupta, S. Chand, S.
Sapra, "Functionalized Molybdenum Disulfide Nanosheets for 0D-2D Hybrid
Nanostructures: ~ Photoinduced  Charge  Transfer ~and  Enhanced
Photoresponse," J. Phys. Chem. Lett., 8(8), 1729-1738, 2017.

[80]. Mak K.F., C. Lee, J. Hone, J. Shan, T.F. Heinz, "Atomically Thin MoS;:
A New Direct-Gap Semiconductor," Physical Review Letters, 105(13), 136805,
2010.

[81]. Mouri S., Y. Miyauchi, K. Matsuda, "Tunable Photoluminescence of
Monolayer Mo$; via Chemical Doping," Nano Lett., 13(12), 5944-5948, 2013.

[82]. Song S.H., B.H. Kim, D.H. Choe, J. Kim, D.C. Kim, D.J. Lee, J.M. Kim,
K.J. Chang, S. Jeon, "Bandgap Widening of Phase Quilted, 2D MoS, by
Oxidative Intercalation," Adv. Mater., 27(20), 3152-3158, 2015.

[83]. Park J.W., H.S. So, S. Kim, S.H. Choi, H. Lee, J. Lee, C. Lee, Y. Kim,

"Optical properties of large-area ultrathin Mo$, films: Evolution from a single
layer to multilayers," J. Appl. Phys., 116(18), 183509, 2014.

AUTHORS INFORMATION
Tran Huu Toan', Nguyen Cao Khang?, Nguyen Tien Dai**

1School of Electrical and Electronic Engineering, Hanoi University of
Industry, Vietnam

2Center for Nano Science and Technology, Hanoi National University of
Education, Vietnam

SInstitute of Theoretical and Applied Research, Duy Tan University,
Vietnam

*Faculty of Natural Sciences, Duy Tan University, Vietnam

HaUl Journal of Science and Technology | 183



