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TOM TAT

Trong bai bao nay, ching tdi trinh bay mot phuong phap méi dé€ ché tao dau do
tan xa Raman tang cuong bé mat (SERS) trén nén vat liéu da 16p silic xdp (PSM) st
dung phuong phép khtr nhiét. Cdu trac PSM duoc lang dong cac hat nano bac
(AgNPs) sau bén trong cac 15 x0p ¢6 kha nang khuéch dai tin hiéu tan xa Raman
cao nho dién tich bé mat rdng va thoi gian twong tac vat chat anh sang dai tao ra
tin hiéu SERS 16n gitp phat hién cac chat can phan tich v6i d6 nhay cao. D& SERS
véi hiéu sudt tang cuong cao duoc sit dung d€ phat hién cac phan tr chat mau
xanh methyl (MB) véi khoang nong d6 10“M+102M. Hé s ting cuong cta dé
SERS dat khoang 2x108 tai nong d¢ 10#M cua dung dich MB. Giéi han phat hién
cac phan tr chat mau MB dat duoc 10-°M. Két qua nay mo ra trién vong mdi trong
linh vic cam bién khi sit dung d€ SERS trén nén vat liéu silic x6p va phat trién

cong cu cam bién cho cac thiét bi tich hop trén chip.

Tw khoa: cdu trac da 16p silic x8p, hat nano bac, SERS, xanh methyl (MB), hé s6
tang cuong (EF).

1. MO PAU

Téan xa Raman tang cwong bé mat (SERS) 1a mot ky thuat phan tich nhanh cac
chat hoa hoc va sinh hoc, da thu hat sy quan tam 16n ctia cac nha nghién ctru vi do
nhay cao va d dac hiéu phan tir cia né [1]. Hé s tang cuong cua dé€ SERS d6i véi cac
vat liéu cé bé mat g6 ghé hodc kich thudc nano co thé 1én t6i ~10™[2]. Hé s0 tang cuong
nay dat duoc do la do dién treong cam tng anh sang manh tai cac vi tri trong khong
gian c6 cau trac nano kim loai, thuong duoc goi la "diém ndong-hot spots", mang lai kha
nang siéu nhay cta cac cam bién dwya trén SERS. Vi vay, cac cam bién dya trén hiéu
tng SERS c6 thé dat duoc phat hién nong do siéu thap, tham chi dat dén gidi han phat
hién don phan t [3]. K€ tit khi dwoc phat hién vao nam 1956 bdi Arthur Uhlir va
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Ingeborg Uhlir, silicon x&p (PSi) da dwoc stt dung rong rai cho cc cam bién, chang han
nhu cam bién sinh hoc [4], cdm bién dién hoa [5] va cam bién quang hoc [6]. Trong cac
loai cam bién nay, cam bién SERS da nhan duwoc nhiéu su cha y tir cac nha nghién ctu
trong thoi gian gan day. PSi c¢6 dién tich bé mat 16n, &6 nham bé mat cao va kich thuwdc
16 x8p chon loc duoc 1a nhitng thong sd quan trong cé thé tao ra sy téng cuong tin hiéu
tan xa Raman cao cho cac muc tiéu khac nhau. Cdu trac da 16p silic x6p (PSM) ¢ thé
duoc ché tao dé dang b:img cach thay do6i mat do dong dién dn mon va chiéu sau cta
cac 16 x8p duoc diéu khién bang cach thay ddi thoi gian &n mon. Tinh chat quang hoc
ctia PSM khac biét dang ké so véi cau trtic PSi don 16p do su tan sic gay ra boi su thay
ddi cua cac chiét sudt khac nhau. PSM c6 thé kiém soat cac qua trinh bitc xa trong vung
cam quang ttr.

Viéc tang ceong kha nang phan cuc Raman hiéu qua va thoi gian teong tac vat
chat anh sang dua trén ciu trac da 16p dugc st dung dé€ cai thién hiéu qua tan xa
Raman [7]. Trong thap ky qua, cac nghién cttu lién quan dén SERS va ciu trac da 1op la
mot linh vyce rdt duge quan tdm. Tuy nhién, cdu trac da 16p dugc nghién ctu trén
SERS chu yéu la cau tric da 16p bé mat [8]. Cau truc da 16p trong nghién ctru nay cua
chting t6i 1a mot cdu trtc véi sy sap x&p tuan hoan theo chiéu doc ctia chiét suat. D&
nghién ctru va phat trién mot cam bién véi thiét bi cau truc da 16p va hiéu suat cam
bién SERS manh, viéc nghién cttu cau tric da 16p dé€ tang cuong SERS 1a can thiét va ¢
tiém nang. Trong nghién ctru nay, ching tdi cling tan dung dédc diém dién tich bé mat
16n ctia PSi, cac hat nano Ag duoc ling dong sau bén trong silic x3p bang phuong
phép khtt nhiét d€ tao thanh vat liéu hon hop cua silic va kim loai Ag (SCPSM) giup
tang cuong tin hiéu Raman. Hoat déng SERS cta cdu trac SCPSM duoc thtr nghiém
véi chat mau xanh methyl (MB). Cac két qua thu dwoc cho thiy hé s6 ting cuong cua
dé€ SERS lén téi 2x108 va gidi han phat hién cac phan tt chat mau MB dat 10'°M. Diéu
nay chung to kha nang dé PSi phat hién nong do thap cta cac phan t phan tich va mo
ra cach ctra cho cac tng dung st dung PSi lam cong cu cam bién cho cac thiét bi tich
hop trén chip.

2. THUC NGHIEM
2.1. Nguyén vat liéu

Phién silic (Si) loai p dwgc danh béong mot mat, pha tap Bo (B), dién tro sudt
<0,005 Q.cm, dinh hudéng (100), day 525 + 25 um stt dung dé ché tao cdc mau PSM.
Axit flohydric (HF) nong d6 48% (Merck, Btic) dung lam dung dich &n mon dién hoéa
duwgc pha loang véi con tuyét d6i (Merck, d¢ tinh khiét 299,9%) theo ty 1€ 1:2. AgNO:s
(Fluka, 98%) dwoc hoa tan trong nudc cat hai Ian véi nong do yéu cau 1 M d€ st dung
cho qué trinh lang dong AgNPs bén trong cac 16 x&p ctia cdu tric PSM. Xanh metyl
(ham luong chat mau 85%, Merck, Dtic) dugc pha trong con tuyét ddi va nudce cat hai
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lan véi ty 1€ 1:1 d€ thu duoc dung dich goc véi nong do 10°M. Tt dung dich géc nay ta
pha loang véi con d€ tao thanh dung dich xanh metyl c6 nong d6 nam trong dai rong
ttr 10#M dén 10-2M.

2.2. Ché tao ciu tric da 16p silic x6p

C4u trac da 16p silic x8p (PSM) duoc ché tao bang phuwong phap dn mon dién
héa véi mét quy trinh da duoc dé cap chi tiét trong tai liéu tham khao [6]. Trong bai
bdo nay qua trinh dién héa dugc tién hanh bang cach stt dung ngudn dién mot chidu
(Agilent E3640A, 0-8V,3A/0-20V,1.5A) c6 phan mém diéu khién mot cach chinh xac
dong dién va thoi gian &n mon d€ tao 16p x8p theo yéu cau. Diéu nay sé dan dén viec
kiém soat chinh xac chiét sudt va chiéu day ctia cac 10p x0p cau thanh mang da 16p.
C4u trac PSM duoc thiét k& gom mot chudi lién tiép cac 16p x&p co chiét suat cao (H)
va 16p co chiét sudt thap (L) nhu sau: (HL)" trong d6 H va L twong ting vdi 16p chiét
suat cao va thap, n 1a sd luong cap HL. Cac 16p x0p nay c6 do dai quang hoc thdéa man
phuong trinh sau [12]:

A
Z:anH =n.d, (M

trong do6 A la budc séng trung tdm twong ting véi tam vung cam quang; nu va
ne (du va dr) 1a chiét suat (d6 day) ctia cdc 16p H va L twong tmg. T4t ca cdc mau PSM
trong nghién ctru nay duwgc chuan bi véi 16p H va L ¢6 mat do dong dién lan luot la
15 mA/cm? va 50 mA/cm? véi tong s cap 16p 1a 12.

2.3. Lang dong AgNPs bén trong ciu tric PSM

Hinh 1 minh hoa qua trinh lang dong c4c hat nano kim loai Ag bén trong céc 16
x0p cta cdu trac PSM duoc thuc hién qua sau bude. Budce 1 1a qua trinh ché€ tao cau
truc PSM. Cau truc PSM nay sau khi ché tao sé dugc lam sach bé mat béng cOn tinh
khiét va duoc sdy kho bé mat béng khi N2. Budc 2 tiép theo, cac mau PSM duoc oxi hda
tai nhiét do 500°C c6 thdi khi oxi trong hai gio d€ tao thanh mot cdu tric silic xdp bén
vitng va bién ddi cac lién két Si-Hx ky nuwdc thanh lién két Si-Ox wa nuwde. Sau khi cac
mau PSM dugc oxi hda, chung dwoc ngdm trong dung dich mudi bac (AgNOs) véi
nong do 1M trong thoi gian 1h d€ lam wét hoan toan cac 16p x6p (budce 3). Dung dich
AgNO:s du thira trén bé mat mau duoc loai bo bang cach dung khi N2 (buée 4). Day la
bude rat quan trong d& khong ngan can sy tic nghén cac 16 x8p do qua nhiéu cac hat
nano kim loai trén bé mat. Budc tiép theo, cac mau sé duoc say kho trong 10 tai nhiét
d6 100°C trong thoi gian 30 phat muc dich d€ hda hoi dung moéi va hdp thu dung dich
AgNO:s 1én thanh cac tuong x8p (budc 5). Bude cudi cuing (bude 6), cac mau dugc nung
noéng trong 10 tai nhiét d6 500°C trong thoi gian 30 phut dé khir hoan toan dung dich
mudi bac thanh kim loai bac theo phuong trinh phan tng sau:

AgNO, —2€ , Ag + NO, T +%o2 0 )
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Budc 1 Buéc 2 Buéc 3

Ngim céu tric PSM sau khi oxi hoa

PSM N trong dung dich AgNO, véi nong do
. A 1M trong thoi gian 1h
Oxi hoéa cau trac PSM tai nhiét
R, L
do 500°C trong thoi gian 2h l Buéc 4
Buoc 5 ~
Khir nhiét tai 500°C trong Séy khé miu PSM ta;:i nhiét do Loai b dung dich AgNO; trén bé
thoi gian 30 phat 100°C trong thi gian 30 phit miit ciu tric PSM sir dung khi N,

Hinh 1. Cac budc 1ang dong nano kim loai Ag bén trong cac 16 x3p ctia cdu trtic PSM
2.4. Phwong phap nghién cttu

Cau trac cta vat lieu PSM va sy phan bd ctia AgNPs trong cac 10 x8p duoc
quan sat qua anh hién vi dién tr quét va viéc xac dinh thanh phéan cac nguyén t6 thong
qua phuong phap do quang phd tan xa nang luong tia X (EDX) trén may FE-SEM
(Hitachi S-4800 - Nhat Ban) tai Vién Khoa hoc vat liéu — Vién Han 1am Khoa hoc va
Cong nghé Viét Nam. Quang pho Raman ctia chat mau xanh metyl duoc hap thu trong
cau trac SCPSM dugc thuc hién béi hé thdng quang phé Raman (Horiba Scientifc
LabRAM HR Evolution) tai truong Dai hoc Sw pham Ha Noi véi kinh hién vi dong tiéu
duoc ndi voi thau kinh c6 vat kinh 10x, 60x, 100x va budc song kich thich 1a 532 nm.
Budc séng nay phtt hop hon cho nghién ctu chat mau xanh metyl vi gan cong huwong
voi trang thai kich thich cta né [9].

3. KET QUA VA THAO LUAN
3.1. Dic trung ciu triic PSM

Hinh 2a minh hoa hinh thai bé mat cta ciu tric. Hinh anh FE-SEM cua silic x6p
cho thdy bé mit silic x3p bao gom céc 16 x&p duogc sap xép ngau nhién, phan bd dong
déu cd kich thudce tir 10 nm t6i 50 nm. Hinh 2b trinh bay anh hién vi dién t& quét mat
cat ngang ctia cdu triic PSM véi cip 16p chiét suat cao (H) va chiét suat thdp (L) c6 mat
do dong dién lan luot la 15 mA/cm? va 50 mA/cm? va thoi gian an mon twong tng la
5,6s va 2,9s. Cau trac PSM duoc ché tao vdi 12 cdp 16p HL dé€ thu duoc d§ phan xa cao
nhat. C4u trac PSM ché tao véi do day khoang hon 2 um. D6 twong phan cua cac 16p
chiét suat cao va chiét suat thap dwgc nhin ro trén anh SEM. Cau trac da 16p silic x6p
nay duoc sit dung dé lang dong cac hat nano Ag bén trong cac tuong x8p va sau dé
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duroc nghién cttu hiéu tng SERS ctia chung. Cac mau PSM sau khi ché tao sé duoc oxi
hoéa tai nhiét d6 500°C c6 thoi khi oxi trong thoi gian 2 gio d€ bién ddi hoan toan lién
két Si-Hx (x=0,1,2) thanh lién két SiOx bén vitng. Hinh 3c biéu dién phd phan xa ctia cau
tric PSM trwde va sau khi oxi héa. Sau khi oxi hda, budc séng phan xa cua cau trtc
PSM dich vé vung buéc séng ngan, su dich chuyén nay la do sy giam ctia chiét suat
hiéu dung ctia cac 16p x6p khi bi oxy héa nhu theo cong thike (1) [10].

: —— (1) PSM
~ ( C) — - —(2) PSM- oxi héa
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Hinh 2. Anh SEM bé mit (a) va mat cat (b) ctia c&u trac PSM véi 12 chu ky; (c) phd phan xa ctia

cau tric PSM trudce va sau khi oxi hda

3.2. Dic trung cia AgNPs ling dong bén trong ciu tric PSM
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Hinh 4. Anh SEM bé mit (a) va mit cat (b) ctia c&u tric SCPSM, (c) phd phan xa ctia c&u tric
PSM da dugc oxi héa (dwong 1) va sau khi ling dong Ag trong cau tric (dwong 2) va (d) phd
tdn sac nang lugng tia X (EDX) ctia d& hoat dong SERS SCPSM

Cac hat nano Ag duoc phu lén cac twong nano silic mét cach dong déu nho
phuong phap khit nhiét. Phuong phdp nay gitp cac hat nano Ag khuéch tan sau vao
bén trong cau tric da 16p silic x6p tao thanh vat liéu nano tong hop két hgp doc dao
kha nang khuéch dai tin hiéu tan xa Raman ctia bé mét kim loai véi dién tich bé mat
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duoc mo rong cho phép tang cuong cuong do tin hiéu dé phat hién néng do thap cua
cac chat can phan tich. Hinh 4a minh hoa anh SEM céc hat nano Ag duoc lang dong
trén bé mat cdu tric bén trong cac 16 x8p voéi kich thudc tir 10nm dén 50nm. Cac hat
nano Ag nay c6 kich thudc nho hon khi ¢ sau bén trong cau tric xdp va dugc bam trén
cac thanh cta cac 16 x8p (hinh 4b). Khi cdc hat nano Ag duoc tham sau bén trong ciu
tric x8p va lam thay d6i chiét suat hiéu dung ctia cac 16 x8p, theo cong thiec (1) phd
phan xa ctia cdm bién da dich chuyén vé budc séng ngan va cuong d6 phan xa ctia cdu
truc silic giam di, diéu nay dwoc chiing minh qua phé phan xa cta cdu trac da 16p
trude va sau khi lang dong cac hat nano Ag trong hinh 4c. Hinh 4d minh hoa phd tan
sdc nang lugng tia X (EDX) cua d€ hoat dong SERS SCPSM, su ton tai cia Ag duoc
ling dong bén trong cau tric da 16p silic x8p ciing duoc chiing minh. Cac nguyén td Si
va O ciing duoc hién thi. Sw c6 mit cta hai nguyén t8 Si va O la chac chan boi vi dé Si
va Si bi oxi hoa sau khi ché tao [11].

3.3. Hoat dong SERS ctia cau triic SCPSM

7000

6000 —
5000 —
4000 —
3000 —

2000 -

Cwong do (d.v.t.y)

1000

0

T T T T T T T
400 600 800 1000 1200 1400 1600 1800

Dich chuyén Raman (cm-")

Hinh 5. Pho SERS ctia chdt mau MB véi nong d6 10-°M hép thu trén cau truc SCPSM duoc kich

thwdc véi budce song laser 532 nm

D€ danh gia hoat dong ctia dau do SERS SCPSM, chat mau xanh metyl (MB) da
duoc st dung. Chat mau MB dugc pha loang véi con tir dung dich goc 10°M dé tao
thanh dung dich MB c6 néng d6 nam trong dai rong tir 104 M dén 10-2M. Day la viing
khao sat rong ctia nong dd dung dich MB v6i muc tiéu st dung dau do dua trén cau
triic PSM pht cac nano Ag c6 thé phat hién dwoc cac don phan tir cia chdt can phan
tich. Budc song kich thich trong tat ca cac phép do Raman la 532 nm, budc séng nay
phu hop nhét dé€ do MB, boi vi ca chat nén (Ag) va chat phan tich (MB) déu ¢ pho hap
thu gan véi budc séng kich cta laser. Hinh 5 biéu dién phd SERS ctia cac phan tie MB
nong dd 10°M hap thu trén d&€ SCPSM véi cac dai dinh chinh duoc trinh bay chi tiét
trong bang 1 [12].
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Bang 1. Dich chuyén Raman ctia phéan ttt MB va cac mode dao dong tuong ting

Dich chuyén Raman (cm) Mode dao dong
445 0(C-N-C)
497 0(C-N-C)
615 o(C-5-C)
663 v(C-H)
771 -

884 B(C-H)
975 B(C-H)
1067 B(C-H)
1183 v(C-N)
1223 V(C-N)
1272 -

1342 a(C-H)
1395 a(C-H)
1431 Vasym(C-N)
1566 v(C-C) ring
1620 v(C-C) ring

v kéo dan; 6 bién dang khung xwong; Y udn ngoai mat phang; g udn trong mat phéng; a bién

dang vong trong mit phing

Hinh 6a minh hoa pho SERS cta cac phan ti chdt mau MB hap thu trén d€
SCPSM véi dai nong dd rong tir 104 M dén 102 M tai bude song kich thich 532 nm. Cac
dé€ SERS SCPSM st dung trong cac lan do véi cung diéu kién ché tao nhw mat do dong
dién, thoi gian an mon, sd chu ky, nong d¢ dung dich AgNO:s va thoi gian ngam. Phép
do SERS dwoc thuc hién véi cac miu SCPSM duoc ngam trong dung dich MB vdi thoi
gian 15 phut va d€ kho tw nhién ngoai khong khi. Mbi [an do twong ting véi mot nong
dd ctia MB dugc khao sat tai nam vi tri khac nhau va két qua cua phép do duoc 1ldy
trung binh ctia ndm vi tri khac nhau nay dé thu dugc két qua chinh xac trong mdi lan
do. Tt hinh vé nay c6 thé thay rang khi nong d6 MB giam cuong d6 cac dinh Raman sé
giam di va khi nong d6 MB trong dung dich giam téi 10> M, cuong d¢ tin hiéu Raman
thu dugc kha yéu, mét s6 dinh Raman dac trung cia MB bi mat hodc chong chap vao
nhau. Tai ndng d¢ 10°M cua MB, mot vai dinh chinh ddc trung cho MB nhu 445, 663
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va 1620 cm! van dwoc phan tach 1 rang. Do d6 van c6 thé st dung phd Raman nay dé
lam d@ liéu phat hién MB va dinh 1620 cm™ dwoc chon lam thong s6 dac trung cho tin
hiéu SERS. Nhu vay gidi han phat hién d6i v6i cac phan tie MB trén cdu truc SCPSM da
ch€ tao la khoang 10'° M. D€ phan tich dinh lwgng nong do cua chat mau MB, su phu
thudc cuwong do tin hiéu Raman vao nong d6 cua dung dich MB da duoc xay dung
(hinh 6b). Két qua chi ra rang mot quan hé tuyén tinh t3t gitta nong d6 dung dich MB
va cuong do tin hiéu Raman vdi hé sd tuong quan R?=0.99902.
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Hinh 6. Pho SERS ctia chat mau MB véi nong d6 10°M hap thu
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Hinh 7. Pho SERS ctia chdt mau MB véi nong d6 1M trén d€ PSM (duwong 1) va nong d6 10M
trén d€ SCPSM (duong 2)

bé ching minh hiéu sudt SERS cua cac d&€ SCPSM, hé s6 ting cuong tan xa
Raman cta d€ nay d6i véi phan td MB dwgc khao sat ki ludong. Hé s6 tang cuong tan
xa Raman cua cac d€ SERS dang SCPSM duoc tinh theo cong thirc [13]:

EF — II SERS X CCRaman (3)
SERS

Raman
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Trong cong thitc, Isers la ceong d6 SERS cuia cac phan tie MB trong dung dich
trén d€ SCPSM, Irmman la cwong dd Raman chudn hda ctia cac phan t MB trong dung
dich trén d€ PSM. Craman va Csers twong ting la nong dd ctia cac phan tie MB trong dung
dich véi treong hop Raman chudn hda va SERS. Dinh Raman ctia MB tai 1620 cm™!
duoc chon dé€ xac dinh cuong dd Isers va Iraman do coOng d6 tin hiéu Raman tai vi tri nay
14 16n nhat trong pho, hon nita khi giam néng d6 MB trong dung dich thi dinh nay van
duoc phan tach kha r6 ch khong bi chong chap boi cac dinh khéac. D€ xac dinh Iraman,
mot lwong dung dich 2 uL. MB pha trong con nong d6 1 M duoc nho 1én d€ PSi ¢6 dién
tich 1x1 cm? sau d6 tién hanh ghi phd Raman ctiia mau nay. Nhu da dwoc chi ra phan
trén, khi khong cé cdc AgNPs thi hiéu ting SERS khong xuat hién nghia 1a cac phép do
Raman thuc hién trén hé PSM khong c6 AgNPs c6 thé dugc coi la mot phép do khong
c6 SERS. Nhu vay, dwa vao phd Raman trong hinh 7 hé s6 tang cwong Raman ctia d€
SCPSM ddi véi cac phan te MB la khoang 2x108. Su ting cuong tin hiéu Raman trén d€
SERS SCPSM da duoc chiing minh nho co ché ting cuong dién tir va co ché ting
cuong hda hoc. Su tang cuwong dién tir trén bé mat d& SERS SCPSM la do cac phan tw
MB gan bé mat cac nano kim loai Ag sé duoc tang cueong dang ké boi vi cuong do
Raman ti I¢ thuan vdi treong dién tie tai d6. Hon nita, &nh sdng tan xa Raman cting gay
ra su tang cuong bo sung khi cac ddc trung dao déng cua phan tr MB két hop vdi sy
cong huong plasmon. Bén canh d6, cac hat nano silic trén d€ PSi cling gitp tang cuong
truyén dién tich gitta cac phan tie MB va bé mat kim loai.

4. KET LUAN

Trong bai bao nay, chung tdi da trinh bay phuong phap khtt nhiét dé ché tao
dau do SERS SCPSM véi dd nhay cao va gidi han phat hién thap. D€ SERS SCPSM
duoc tng dung phat hién nong d¢ thdp ctaa cac phan ti chat mau MB. Pho SERS caa
dung dich MB thu dugc trong khoang tuyén tinh 10°+10“M véi hé s6 tuwong quan
R?=0.99902 va gidi han phat hién dat duoc la 10°M. Hé s6 tang cuong ctia d€ SERS thu
duoc 1én téi 108. Diéu nay chung to, d€ SERS SCPSM c6 kha nang tng dung rong rai
lam cam bién véi d6 chon loc, d6 6n dinh va d6 lap lai cao.

LOI CAM ON

Cong trinh nay dugc thuc hién voi su hd tro vé kinh phi cua dé tai hd tro kinh
phi nghién cttu cap co s cho can b tré nam 2022, ma s6: HTCBT.01/22-22 va thiét bi
cua Phong thi nghiém trong diém qudc gia vé Vat liéu va linh kién dién t&r tai Vién
Khoa hoc vat liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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DEPOSITION OF SILVER NANOPARTICLES INTO POROUS SILICON
MULTILAYER STRUCTURE BY USING THERMAL REDUCTION METHOD

Nguyen Thuy Van', Vu Duc Chinh?, Pham Thanh Binh!, Nguyen Van An?
Institute of Materials Science, Vietnam Academy of Science and Technology,
2University of Sciences, Hue University
*Email: vannt@ims.vast.ac.vn
ABSTRACT

This paper presents a new method to produce nanocomposite substrates using
porous silicon multilayer (PSM) structure coated homogeneously with silver
nanoparticles (AgNPs) named SCPSM. This SCPSM SERS substrate uniquely
combines the ability of metal surfaces to amplify Raman scattering signals with an
enlarged surface area and the increasing light-matter interaction duration that
generates large SERS signals for the detection of chemicals. Structural properties of
SCPSM substrate were examined via the field emission scanning electron
microscope (FE-SEM) and Energy-dispersive X-ray spectroscopy (EDX). The
obtained results exposed that a uniform amount of silver is present throughout the
depth of the nanoporous substrate. The proposed SERS substrate is verified by
detecting methylene blue (MO) in solutions at ultralow concentration in the range
of 10-2- 10+ M and the SERS enhancement factor achieved up to 2x108. Moreover,
the limit of detection for MB molecules is below 10°M. The ability of SCPSM
substrate to detect low concentrations of target molecules opens the door to
applications where it can be used as the detection tool for integrated, on-chip

devices.

Keywords: enhancement factor (EF), Methylene blue (MB), porous silicon
multilayers (PSM), SERS, silver nanopaticles.
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