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Abstract: Early differentiation of healthy and cancerous skin tissue models requires sensitive optical platforms
capable of detecting subtle refractive index variations in biological media. In this study, a multilayer Surface Plasmon
Resonance (SPR) sensor in the Kretschmann configuration with a BK7/Ag/ZnO/TiO, /BP architecture was
numerically designed and optimized using the Transfer Matrix Method (TMM) at a wavelength of 633 nm. The
primary objective was to simultaneously leverage the optical properties of black phosphorus (BP) and the dielectric
properties of TiO, and ZnO layers to enhance the interaction of the electromagnetic field with the sensing medium
and improve the plasmonic response to refractive index changes. During the optimization process, the thickness of
the silver layer, the thicknesses of the dielectric layers, and the number of BP layers were systematically investigated.
The results demonstrated that the optimized structure—comprising a 52 nm silver layer, 4 nm ZnO and 2 nm TiO,
layers, and three BP layers—offered the highest performance among the evaluated configurations. This structure is
capable of detecting the refractive index shift from 1.36 in the healthy tissue model to 1.38 in the cancerous tissue
model, exhibiting an angular sensitivity of 354 deg/RIU and a Figure of Merit (FoM) of 83.87 RIU™ 1. The findings
indicate that combining ZnO, TiO, , and BP layers can improve sensor performance against refractive index variations
by modifying plasmonic coupling conditions and increasing electromagnetic field interaction with the sensing
environment. Consequently, the proposed architecture holds promise as a suitable optical platform for refractive-
index-based discrimination between healthy and cancerous skin tissue models. However, since the present study is
based on numerical refractive index modeling, confirming its capability for selective detection of specific cancer cells
or biomarkers will require experimental validation and the integration of specific bioreceptors in future studies.

Keywords: Surface plasmon resonance, Skin cancer, Black phosphorus, Optical biosensor

Corresponding Author. Email: vmohadesi@iau.ac.ir

How to Cite This Article:
Mohadesi V, Dadashzadeh N. Design and Optimization of a Black Phosphorus-Based SPR Refractive-Index

Sensor for Differentiating Healthy and Cancerous Skin Tissue Models. Nanomeghyas. 2026;():e741116 (In
Persian). doi: 10.22034/ns.2026.2095230.1442

L-H This is an open access article under the CC-BY license (https://creativecommons.org/licenses/by/4.0/).

Volume 13 | Issue 2 | 2026 | Pages 748-762


mailto:vmohadesi@iau.ac.ir

g obow puid a3l 51 SPR cnsll oy S (giludinge 9 (210
Sy 9 ol (Jwgy b glaJoro 32lod

TVooly olols cumiigs 1T Fuxe ouusg

Il el e oDl of5T olZzils «ol oo A1y 5y owdigen 09,5
Ol dils ol Sf5T oKty ¢yl a1y o5y (odigen 095"
. & a - e Y
Oyl s e oodlol Sl3T ol&ils 3y 15wty « Sgigdgm lidos 35 e

VE0/+£/V8: b iy b VE O oYY L S5k, b VEe 0/ Y/ Fercdl s b

Clalase )3 Cunsls o po SoS Gl s Al &5 Canl olus (6555 Syt diojls by g Wl gy CBb (sla Jde plimdg; les 0SS
AL b pedS sanSy e aYuz (SPR) (rlaw ppeudl mati S S iroh ol S S
S50y ¢ shol Bua 0 gilwdiny jogil FYY 9 Job > JGsl s ple bgy il eslaiwl b g (b (s38e &0 BK7/Ag/ZnO/T|OZ/BP
e b ol 5 e S o S pltiog; ZNO 5 THO, (slaay¥ K,0ied ol 5 (BP) slow yins (695 sl Sz J olojend
sl g So,x8Ulied slaarY Caalus o, Y Caalus o ¢ilodings Anl) 50 g CunSis o s Slyusd 4 Cons  Sgewdl gl dgu0 9 (6w
scwbus L TIO, §ZN0 slaaY (rogl O cuolses b oyds 40 Jolis aigy [l lo a5 5l (LS gl (50 o)y Stopllss & yguody BP (slaay Y
VS 5l oS o i s (5o )01 &y 08 Jlidls sl o o Bl,] 0wy (sl )bl yloo 55 1y 3, Sdoe 0 VL BP aY aws g y0gil Y 9 ¥
b omablizeg oSUl lise (53S0 ial38l g Soewdly ad oS bl 2ol b il o BP gTIO, « ZNO sladY oS 5 oS a0 s Juol>
Sy cwlio ()5 st SO lgisds Blgi o (golpiuing JLBLu cgy cpl 5 a2 daus Cunsld Cu s Sl ply 3 1) See 0,Ses (K e
Coys 338 Silw e ab p sl adllas a8 Lol el ipll 508 )5 as g5 3590 (Sl g g Wl il (cla e Gl CunSis Copd p e plod
5 275 Pyl piliie b olaid] o, Sliscan; b Sl sla Jsle gl i3S jasuis cubll bl wwl ssd plool cunsls

ol oai] Slllas > olaid] ) sboki S (5 Sa

6395 SSons colsns yinsd gy by o b (ygemsdly A5 TS 5y

vmohadesi@iau.ac.ir :J gwwo dxums o5

Godde e Cign olpns i 4y 5 SPR CuSll y pan Sossn (5 Sl 5 o) ol i 000§ (31013 o5 (S 1o 9] g dUia] 2900
. Nanomeghyas. 1405;():e741116. doi: 10.22034/ns.2026.2095230.1442 b ju 5 alls (i 53 <8l

(https://creativecommons.org/licenses/by/4.0/ cuw! suuis yiiin CC-BY 131 oww yiuwd joxo cxi' allito ¢y L-H

V¥4
- VEA - VY Oloxieo | ¥ 0l | @23 5mw JUo | V€40 oyl


https://creativecommons.org/licenses/by/4.0/
mailto:vmohadesi@iau.ac.ir

D9 en gmre 0jg> Cpl Gl (p et S So plizmes b S
2 Suuslliey s g (gamgd dlgegil I edlatwl 3] gl Jlw
29 DS oh 2 39 lp B 62,509y e SPR (cla S 1 L
)8 g 2y90 (Fgewdhy Gl (Il g oigdome (lae Cogli o
Jisle s 4 (BP) Yolaw jaud ol opl po [YO-YY] cul a3 S
Ol b (698 GiSea g i BB (95l g 6)95 el sl
Soigisd slad S gly Gisudel 5 (gamgd (slosle 4 ¢ pubolineg K]
5 (ZN0) ") 108t 05 (g9 3 [VF] sl 003 a5 (5,5
M sS bl b Al e e gy slajlidlo b ()53l 5 (abend ()lk
J35 1 SPR (sl il )3 (quboliiag ySUl live 5 9 (Sgomdly
$lp AG-TIO, ;5 e baylisbs dbwly fpen p> [Y=VV] auS
5 syt 393 SPR 1 ool | gy ol ps (sl Jokes s
&) logil dlge 5 g5 sV L Zn0O S 5 e cpiorad [V ] wlass S
s ol (asnis 9 Sue 5,Sles Doty sl SPR sbsals
@ bgpe Clllas [WV] cuwl 48)S )15 (wyp 3)90 Comgy olbop
5 A gusly 4 Bloals s S Sl oo 5 Sigansdly (sla 5L
byl 5 aY slal 5 dwiin olse o5 4y adibolw (pl (559 s Shg
gl Oldlae > [¥Y YY) )b SPR &ub JpiS 0 et il
oo gy Gl (b Jolo o i Slb o glasbs pais (ol
L W] cwlosds j5)55 S (60 Sl sl yadli 5y 200 g 0l
slySus 3 TIO, 3 ZNO BP 5, o)l sasie Slillae 3934
e odlizl S ySss 8 Siigmdly ol o sSPR
oS g i Ol pi (65, 83T (gl Vs (g loro S5 y3 dlge ol
b el aiapllas (gilodine 9 Sy g Wl Congy sl Joboo b basye
rol igh )3 e olil cnl el yidi (g diajls (e ()l
e Lo ogess ] p e SPR e S
Gl opl el ond sLeisBKT7/AQ/IZNO/TIO,L/BP
sl sliss TiO, 5 ZN0 (b cubks o) 4Y cwlbus

3 Zinc Oxide
4 Titanium dioxide

doddo — )

93930 Jled 4 ol 3 gy gl els (S g Gy
S Rl E 95 b derlge Sl o a4y 3 cloams )3 o 5950 30
[V sl @l gl g LB jsba oz Jalge 5 (S5 S
Oloy> Jloinl al381 )5 (SlodisS a2 6)low ) pRAR95 (et
P YT o) ghlew (S85 cuaS dae g loyd slads e yhals (3950
92905 by (Oluld Syl 9o Sl op i 3 b ¢ Hlio
@y (sl S by dmwgs yinl I {F] 398 (loyy sl als
(o Sacdl adgl Sliss (lolid (ly ajaeS 5 (co2ledped (350
S g (SBi (ke 0j9> )2 (hlgh whe Clegdge S
IA-b] cuslord o i
255w90yd oSl diles dlox I Cungy (b jw il @) lagby,
b o Ll s e 0 @Vl cds jlaz ST Bl ()b paiged
il e by lgisd bpdise lelen  glacydgio
lge 5 ol )3 9 039 paasle Oilae @ Ay g polej (o2l
roped (AN e @S |y @ LS b plie il Sl
balys 5 gl i & Ygean adpin oppgal slagss)
dawgs &S Cunl ol Cge udgaoe Cpl [Ve] Wb 5L aawss
250 o siut Ol ol g g0y (5300851 CbiB by (55 sl S
DI 2p8 )13 olyStingy 0308 dxgs
" et A g e b )Ses (ng Sl Ghe
e Cansls Copd Ol 4 Cawd YU Cuwlus > 4 (SPR)
Ol g plond b Gt jgld (slacansyy 4 5l pas dadyy (gl S
VO] SlaBl b Suscanj 0jo 53 lofug ol o yFeo s (65501l
5 bae Gl i pb Sog8 Jlan OlpeS oS (pl )3 [N
23 et i (pl 9390 00 M0 90 Job b 4l (lrl o
Oladllas [YY V4] 20,8 o )8 oolatwl 350 tan; Syt ololid ly
5 o cla sk ho CanSid o pd gl &8 Llodly L5 edspls]
ol b (S sla ol (2lulidd sl (plive (lgis s Slg5 0o S poo
Glyp paie jba 9,5 15 olitwl 3y SPR s Sus
VYA o VS Sy polia by g ol Casgy sl Jske
b S 3,8kee c3lold bl g2 b [0 NF] Casl 0nd b5
e sl g Comlan 3 alacydgioe b lozes J5heSPR

I'Surface Plasmon Resonance
2 Black Phosphorus

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



Sopslles Y 9> Sus lame by (S eap g g oNgdse
S ksl 50 YOAY 5 V/AA CunSids el s b eus s TIOZ 5 ZN0O
9 dlwgw L;Lm\h/ )..o‘.> J.A.n » T|02 9 ZnO [YV] Slodds M;
Oygo a4 Y 9 pl 51K ja Cwls g Bl osd 48 )T s (Sed
B VY + /N T ke cunSid oy b (sdagd ologil o lgicas
gos 48,5 Lo 3 4Y 4w 5 5l BP laay¥ slass L [V el a8 )5
ool 25000 555 13 K 4133 bl 1S cfige 555 il

S98isn s gl 205
Pl ab o oz 5 (giludinge 3T o Slos (it 4 (litiod pslatod;
gl FO B ¥ odgdote 13 0,8 Y Cuolbus st dls yo 5D .l 0
B Y o5l o eyt TIOZ 5 ZN0 (laa¥ colses Lupw 23,5 cyonsd
BV odgame ;0 BP (claa¥ slas gl ccoles 13 i (g5lwaigs yiogil 0
wrobfwhm&u)onL;Jiom¢wm9fu:l)3
b by Cunsd copd Olposi U Cuol oad 48,5 ,la3 0 S5 sl
SPR )55 Jue i wsple 0 Glojs g ollo gy <l sla s
9 Pl oy CBb b e )9 Rl Dl Gl s
S sy Gan sl Jie ol 3 [10] 51 o 488 Jai 3 oy
lold (Joho ol § (555199590 cgycnljl tcaml 0395 35dk0 Sl Jobo
S piS a5 ooy ol slaKenl (Sus g I
oy MBS .00 bld oo jobay Sus maw b Jolo aolaid
O b )9 zoe MBS bulpd e carge Jio 9 (e S
gl plbals (pl Dgd e LA 4gl) Slbals 4 )3 g (oxdaw
2 odlpid Hd b culbB b5yl 6l S Ful ol jadls leica
35 5 ool 3j90 CnSs oy Ol SSB g (ol
» SPR i il gls gy Sl Job @b nlple
15 5 ol (8, sl 3o L oy i e s 4 (5 ol
sods Sy Sladsle RS b e pasels Ol glsiea

dgud

7 Detection Accuracy
8 Figure Of Merit

BP
¥ Tio,
Zn0
Ag

‘ g&a :0 @Q ¢@ :@; Analyte

BK7 prism

Jolis cyomd S ity 2 (3legubg SPR jSme Seilows Y JSu

gy ol pw gl (55w, 85T (1

O 5] Ly lo o, 5 odlitsl by [Usles (655 geusly loddd wulits dinge
< (Rmin) b3l Joho bl 2 S 5 Skae 5 (5loans(TMM)
Yok sl cds « (FWHM) sSlisacs sl « (S) “comlus
ol Baa el oas b))l (FOM) A Siwls cups o(DA)
5 Comols | qunlio (S 5 & (oliod (gl a3 Lo (el g
2l sly cwlie (6)9 yaw S Sl Sl ) g WAL i CuhS
el Slbyus g Wl Cavgy b b o Gl o b gl o ybio

G iy S LS L0 -Y

VUSS ilke eSSl 2 e SPR Sus  mggy ol 0
oz 8l sloe b basye sl oy Ol (g5l Sl (ol
0,8 oils Y BK7 jpiie &l Ko il ol ond slpiig
el e g BP 4Y ¢ TiO2 5 ZNO o :Slles 4Y 95 (AQ)
FTM il g 2096 7Y g0 Jsbo b oSS g ol o0 S
4 (5298 @90 5 RM gy )3 g 0ad 0anl B Ls & ypdie Byl
Jite S8l b g B Sy Juad > (v slagygendly
B85 dgly obrals coge Clll b Cusld o i Dgd 0

3o oSt |y S 3 Slos (Slive g o
Bl (g5 0aiS JysS leisds VONDY cansls (oo b BKY s
[VE] /-05Y0 + ¥/YVST Ll cusis cops b oyl 4Y .ol o
SO e odgame 3 oyl Cuolius g atily sage o |y Sgewdl &Y i

e ad (a8l jglaiody Cul 485 )15 (ilusdinge 3,90 9 S yogll

3 Transfer Matrix Method
¢ Sensitivity

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



Db S5 4Y lea cpl 4 by la s ple ol p (S s 5l
ol oles clodilie Stugy dape 93 ,n S jide fad
Ja5] il e TM 2 U g5 (el g 0 Jlosl unaboline 5 o281

Dy se Ly 15 O ygo & S e Juad

)
Ti=t = —

aY ol )3 oasolonl 316 s d) cuabes b 4Y a5l zge yee 5l
Dgd o 48,8 a3 > 55 Ll L yile jl eolatwl b

pi — [e®=d 0 ®)
d 0 o~ ikizd

sbily 55 zge oy ailie Kiz o 1 4 causlis cups Ni¢ggd Laily,

2mn;

ki =T 4]4{‘))"6&»)‘[&4&\,){)9&&

‘e B = 1 . — 2
dilfe padS il dede e Kz = ,/ki — kg,

9039 Sl ¥ (oolod gl S yidie Juad sliwly )3 zge )l (owlos
crd Ty ol o8 Mo s ek = (EIpsin 6 o),
o 205 by .l (6 49l 0 9 G zse Jsb A gt Cunss
b jgiie Gk | oS hisS y95 @se oy (sulee adlye o5 39 )5
b g 56 Spiefuad ) (v Ggewdl gge o (ol ade
Oyl 3o b (639,890 (D koS bl pb cl )3l Bullas S Sl
D9 o0 Sbml pattie dikeS S QUL e )3 5 0ld Cogl (S
b jblie glj (il cilisce sblgs 53 (R) (Sanbl dmwlxa b gy
Gupo g 9dioe s (Ores) i agly Jlsicds CUjL aes
@bl x50 5 MBS bulid et coge Sl biome culs

ol s Gl dolbro (glus 45 D9 0 LALT dglj
gl g uads agly oa Gl dallyy ol 5 ol QUL el
Sl yiahl s b opimen Cusl 4S5 )13 Sus 3 Sles lagasli
5 i) olSel Olge Sl Lol 5 Y cubis i gkl
3Lyl > bt byl 4 olitd sl S 5 Slas (gludigg
w28 Sl gl (g <8l o Je b las o CunSid 8 Ol s

) 0445

S 545 g5l dae Y

Oy 2085 58 () 9 (e Ul (698 Gy (gilodend (S
Q;)JD)J)K)J )‘ USA U09) ‘_y‘ Cawl 0 s3lizwl TMM )l ‘L;Ja.w
Sl 53 abolitog Sl glsel )L alllas gl Jubos (slacSiSs
ol )2 Z9e g 9 QU3 )5 e )0 b g 29 o0 Dgucne 4V
2 V]S o ol 1) CU3L cab 385 duslee Sl daS o Juad
5 o9y ol 3l eoldtwl b Wais ayglj 9 QUL sla dotie adS ( imeds ol

ilodds duwslo ™ Obudad by g5 dl)-f
LS a5l (e o S Lot sl S 518, o Jlisl (g ile gy 50
U5L 89958 sl ey bLS) e gl cpl D98 0 Chnogs M sl

S 0yl 8p ) Oyge ]y SHme g

[Ht] M [Hi] _ [Mn M12] [Hi]_ (V)
0 H, My1  Maa) 1Hy )’
S5 9 203 83958 (sl e dioly s iy Ht} Hr Hi Oi » s

23 gy 5l S Le (Suubijl o QB3L cop (S e dnslxe Sl

2] o Cawd &

2
. My, (¥)
H;’ Myl
LA dgly g ObjL i (il calite (sblg; 0 R lade avwloe b

R=|r|?>=

Dgdise e S
Gl Y @ bayye o ple Jlgio Cys il Hldle (IS ile
1098 oo S5 dgdote Cuolus

— T1/=N
M =TI, M (¥)
oyl g Canl {13 Lo 13 a0 Caals (gl slaasY slas N o )3 a8

& (DY) sl asto 5 (TT71) Jasl o sle oy fols &Y o

bl o Cawd

M; = T7>'Dg, )

eVl Lo 5 BK7 ygiie plply txun BP , TiO, ZNO

9 Sload 4B)S Jlai )3 (2955 5 (539)9 Colidpdes b (s

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



5l wais al SOib wuwles poogdle asls cpl a5 bl )
slylisle 5 Slee awlis gy awle jlre S 0 bld Sluslxe
Slojad oliwd sxmdlis FOM 55,5 yolie .39, g0 jleas 4 cilisee
S poglas 3 Sles Silo g 0392 05 2085 g 9 YL Gl @

o]
sdalcanddy Ob3L cla sovo 5 Shas (gl jadls olod ( jidgs ol )
ol o el pl awslis losds gl sl (goie slagjlwans jl
gl oyt b gyl Sl Kol gjloiugs o o> b cilisee
sbae g 03, wald |y (il )BT €8> 0 5VL g wats sligg o yieS

el 485 )13 (ool N 3)Sles 25 (b))

oy g i -0
0,85 a¥ Cwlbus (g5lwaings —V-0

sl Sus 3,los g 5o slayiahl o ete 5l (S B Y cwles
Al o p ogMe pj sl (oaw gendl WA (e
R dl) Cumdge o slaggendl b (9398 595 (SabhsS
O )3 egynli) 2l tane 3 f 205 S (sligg 9 3L ol
2B N oy d)0 0y 4Y sl giludingy Ll bl dl> o
s el ¥ U plp TIOZ 4 ZNO (oY cuwlbs wsyo oyl
byl bl b Cansls cops g Y SO L ol obus jind slaaY
20y Cwlus s S5l s b ad a8 las 5 ol (Wl diges) V/YE

D9d byl K el
B ¥ o5l o el oyl linl 0,8 Colbes Caslio 03500t (s jolaiody
ol jl ol QUL laiztie b 03l i Jiegill 8 pIS L yiegil F0
b g oo 03l &S 4365 lan lods 0dly lis QY ISS > dls e
brale 5S)5 bly) Coomw & 0285 dygl5 Cumbge o) Cunlus ol
B 520986 0+ 1 208 (clacaalins 50 il Ky o (ommon D90
ol Blas xegil A0 U A dga U Cuolbus Linli8l b g 009y oL
b398 )98 351 5350 (SaB S S0l &5 sy 0 393 )l (g yieS
PO g Fra o) Culid yidn GBIl Ll (o gl
PeenS Ll Sy g 4l (il e QUL Jilis e ojragl
ol s slagondly 555y IS 0l 03200 4 2ye
2 0,8 iy Cuobbus &S Wb asule (st dls e pls 4 ase b
ColBus (5385 o jelaiody (ol plly 3yl )13 11ogili OO b A+ 0gie
Fogl OF B¥R slaculis (58,5 )55 ) L (giloding pgd dlo o i
Sl oV JSS p blie QUL glagioxie il plsl jiegli VB

s 3 Slos g el b, -£

o padls I glasgares wui 2l SPR Sus 5 Slos Jilow 4l
Cops g iyl cdy wuwlus 3L Bl Jols 5 lakil
Soliie aix byiall ool 1Sy - wlad)S )5 ekl 3)90 (il
G55 2yl el o] lojiom gy 2 9 S (oo iogi |y S )15, 5]
Sl oo palyd 1y (oolpiiiny Hld ke 5,Slas Coas

Jade pl ds e aad o i |y Lads aely o O3 Hlade ObL Sl
03jb b (Ao slagygeudly 4 (6398 zge I s3pl JUiml bl yieS
2O s JSB oyt ©a b (Sgewdly L5 g 0ad ploxl (g i
9 03d Cogll (N Lo g 6 550 )3 (publisng pSUl (e s
S 3,Skoe 390 4 pol 0l 48 oo Gl SV L o] Som
D9se e

oS Sl (giloyST ey ore sl Sl S (S
1Y+ ] 2wl o cavds 4 FWHM

_ 1 )
FWHM

polie) S b sladld Ll Luls AlS pady e Sils edls ol

DA

o 53 9 03,8 wal B |y 1085 gy 538> s ISl (FWHM a8
las L 1) cusd cupd SosS sl i 0g lss 0B Sus
LA e R 3 2Ll sl et e Cumles

D98 e dnslre yj abal o 2o (g0l

4 gres \)

S =
An

e CanSl cups AN 5 1185 4l jis Abpesl 3
Gyl s 2y g Slil 4 oS s e Gl el pl sl (6K
e Lilidl cplply ©ed 0 bals Mie dr LAl agly sl
0l b Sl plold p Sus iy oUly Gl 4 Conles
ol 8305 55

Nl ol s el CuS 5 Gl lojan (2Ll Hslaiea:
D9 g0 iy ) g 4 AT 3945 oo o3lisl

S )

FoM = wvim

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



woyn G L TIO2 § ZN0 claayY o)y yogil & b Y Caolies o)L
iS85S L 3 S5 o S 2SU55 (slaaY S gl
BP 156 2 sshatods (mizpon -2 ol dlage caalbius ool
Jits jobots BP Y oz b 6 sl 418 ol sl aige bl
2 Cmlus )l @oaiss & g0t Ll ol il ol @l a plx]
93 oSy b Bz (5) b () clo S ity 45 ol 005 1,1 ¥ S
Slp el slaylisle Ol jobaioas aiiwn BP aY s 5 aw
il ol G e 35 CL3L Pl olus  ogMe (iloding
O B BeseS Wl by o bl Ll o ad)S L )
LS o iy |y (S (63 ST bl g 303 il |y 1yt 4yl
Elbadi )3 36 +IY 1 a8 ool il il e o5 o ksl s
oxad sl ¥ JSs p JB sals wss b s &l )l
3 onlpls 9 25103,55 03,905 1y /Y > Rmin b ys 48 s placaS 5
sl ) wdlh ¥ S8 glaeblotd Gls atgy ksle sl ]
5 ZN0 4y 9 o cwbus Gl b cawls BP 4y & )
5 0390 gy ilidl cpl (Jle ol bl il sxg, TIO,
Oy iy D)1 S Sl e Y g Cuolbus S A aa g BB (Sl
B Culss y3 45 o3 YA deg/RIUL ylp cdls opl )3 coles
ol 0sd Jools TIO2 (slpy yiogil ¥ 9 ZNO (gl 209l

i Lo Jldy (oY USB) 4Y 93 4 BP claaY sl il b
sl o9 ¥ 5 ZNO (gl 5ol ¥ Cuslies 5 Gl dindyy g 03,5
ol gl ol ol osel cowd 4 YFUA deg/RIU juie L TiO,
S oS Ll s g oluws yiasd slodyY 2l i3l & An3 e
saY apy sbcwbuw gbals a5 ublizeg xS ol
Do o S Sl e

boplp Comles gyt gV JS9) ol jaud 4¥ 4w
TiO2 yogl ¥ 5 ZNO yiogh ¥ cuwbrs ,» YOF/F deg/RIU
loyilo oles o > Comluo Yl olade oyl 295 o osnlio
Osedly RIS Al s (g)h8y eaaaplis o sl oad g
ol Cwlbus S 5 opl o (odaw

(¥ JS5) Y e ol jand oY shai (IS L (bl )
o ol Lol ety o YOVE AEY/RIU 4 cpnlass aipiiy jlaio 45 )3
5ZN0 jiogl ) coolbies 45 g adly yialS Swl Y aw el 4 Cous
o9 2l Gl g 1y 5y nl g e Jols TIOZ gl ¥
b als Cage a5 3l s BP 4 culbs i)l 5l ol el o

D95 o bl Lo g (Sus Syiiio Juad ;0 odigud 9o yliue

UL JBlas o ylid b Zuwly (S005 3939 b &S dad o L gl ilosds
bcules plo & Cund g doyon sbo 4 by yaglh OF culbies
JUsl o3 Lts (Shag (! S (0 2l (6 5gdly g 5Baes AL S
2 Gl WA CadS ol g o yeewdl slade 4 (65 ,5) dipe
aabdl (gly 0y Y dpy Cubs lgicds jegil OY cuolius ¢ wlwl (]
u;l (gdm oo jd il bl R jbs Lo u>|)]o 9 ilwdinge .\.uT)S
2 &l el plo giloaige 5 oad a8)s s )5 ol e

A5 sy plosl ol ol

1.0
0.8 1
Q
]
0.6
[
e
° —— dag =40 nm
% 0.4 1 dag =45 nm
4 —— dag =50 nm
02d — dag = 55 nm
—— dag =60 nm
—— dag =65 nm
0-0 T T T T T T T
70 71 72 73 74 75 76 77 78
Incident Angle (degrees)
0.040
0.035
(<)
0.030
S
c 0.025
8
< 0.020{ da = 49 nm
“_q', 0.015 | dag = 50 nm
[-'4 —— dag = 51 nm
0.0101 — dsy = 52 nm
o005 dy; = 53 nm
— dy; = 54 nm
0.000
74.6 74.8 75.0 75.2 75.4

Incident Angle (degrees)
Y Cwbus glwdings $lp S SU3L gl bode T JSu
9 5053l 0 o5 L 5iogili N0 U £+ I Cuolbeds s (A1) 0,85
0L U £ 51 Coolieds pudi U dionger 039500 (3483 ow sy (&)
Fogl ) o5 b Sagil

BP 5 TiO; . ZNO laar¥ cuobis ¢ 3ludings Y0

sl Cwlus 3l ped dlaye 13 0,8 &Y Ay Cwlbud pus 51

L/\B)f )‘)5 %)) b)}b)iué CML.;D )JTIOZ 9Zn0 &.gi)..ﬁldb
5 b 48,8 oy 13 ol gl OY bl 0y &Y Cuolbusd s yo oyl jo

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



pulbiogili

ZN0 (laaY aigp cuwlbbus a5 ams o olis ¥ S5 s ( IS jgbas

Ol 500 e Il Siwuly olow youwd claasV dlus & TIOZ 9

340
5
(=) 320 s 325
- =z _
Ee 00z t L3002
- = c4d Z
w gl — -]
9 260 - o 12758
<3 e T
¥ 260 & - EY 2087 >
E 2 2 t2502
= - = 2
o 2403 [= -
g 2 g2 225 ¢
220 = 2
200
1937 2087 N 200 iR 169.7 180.2 189.2 = 202.7
175
! anl.'J ThicIcBn ess (ndm) > 1 2 3 4
Zn0 Thickness (nm)
5 340 s 240
(<) (2
320 _
- 320 ~ - 5
E 2 £ 2
c4 & cd =
- ) -~ 300 5
u 300 g In b
o o 0 T
£, - £3 280 >
v 280 2 M £
F 2 E 2605
4 ‘n o [
2 c Q2 c
I% 260 4 F 240 8
' n 240 ' — L -
; ; 220 : 200

Zn0 Thickness {(nm)

ZnO Thickness (nm)

S (8) 9 4w (Z) 92 (&) S (W) 51 TiIOZ 9 ZNO sy Cuolbusd cond g 35w Cabs ()l sAE Y JSS
lasl 8315 yioled Cawl +/Y 51 yioS ol Q5L JBlus lade &5 oS 5 b . BP 4y

oo Casld Cops Sinlidl 0gd o sdalie ¥ S 3 a5 465 lea
ol & 298 0 S )5 sblgs Coonw 4 1S gl Sl coge (¢S
ol ool g oogde sl R Cawls dsbre sl (olbals

oS5 e oms )l ol Haud sladyY g sl Gl (¢l
il s 5l S 3 ,Slas el o ol TIOZ 3 ZN0 (laculbses

Sl gy g Sl ¢ (3l 151 €85 ¢ dity da g « SUjL
(Sl &S Mtd asedo g res il sladld gl aigy slo il

298 z9o oo Fhe SihsS g (daw slagendl cuslio (S5l
ol 538 Y

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



¥ clacabies b olus piud 4 dw Jold Suo by sl sl
b oply wamles oyt TI02 (lp el ¥ 9 ZNO &y jiagil
i oy ieS cpiomed L lo cpl .l 03] s 4 1, oY deg/RIU
Jsl j Sl 45 amde ol osd oy locdls be 5 1, Rmin
el Sogd wads SS9 (aw gt slase 4 31 5%
Sul M3 Llise gla sl ;5 DA gFWHM pslie 505 (cow
JRRREN N PESVE O3 R -cpp PPTCS I NPT Ty
356 0wy 039a50 1> TIO2 4 ZNO (laayY caobies pois cdons
b sl 5 Slae iglas odoe ¢ andly il Ald gl p wgmono
i 9 4 4555 lat csspat ol il i 5 gl 53 i §
0jb 5 atpy laybdle el lp FOM polie 0gs o osnlin ¥
3 e S Gy LIS CuS Lis Ly a5 )b L3 A— AF RIUT

ol (6 5lwdipg
L ZNO oyen 4 BP ¥ w l ISuie sl s ol ol
age Hl3lo olgeds el ¥ cwbrs b TIOZ § yiegl ¥ b
2 U3k O eS camles (il & (ol oM 15 0l Sl
Copd g Bl ab cuas Jb pe )0 g aad e &l 55 1) Lals al;

Lol o85le uBL @9‘“4" Cja.u o UT U.i.wul.w

1.0 [—
4
084 0.8 (_a..l)
v
8 ]
£0.6 £ 0.6
H ]
] ]
H ]
Soa g 0
& &
%21 mi=136 %21 mi=136
— RI=138 — RI=138
0.0 0.0
6 65 70 75 80 85 90 60 65 70 75 80 85 90

Incident Angle (degrees) Incident Angle (degrees)

"
[

o8 (4) 0a{ (2)
g g
0.6 £ 0.6
il 8
¥ §
& 0.4 &= 0.4
o o
= «
%21 — mi=136 021 — mi=136
— RI=1.38 — RI=138
0. T T T T T 0.0 T T T T T
60 65 70 75 80 85 90 60 65 70 75 80 a5 90

Incident Angle (degrees) Incident Angle (degrees)

e oy i b dier Sl 4y bga o O 5L b £ JS
BP ¥ £ (dga¥Y(za¥YY(wa¥) (Xl cowns

ol Bl oles 13 arbolbinl diagy slaliils & sl sl
Ollas 15 ol a8 wimd o &1y i b YO+ AEQ/RIU 5405 5

oo 3 sl Faes gl Jilil 5 TIO, 3 ZN0 claayY oS 5

ay ke Uy Jold (g, ldlw glp ySuws 5,Sdes s ad Wi 9 TIOZ § ZN0O aigy shcwlbis 1Y Joua

a¥ € Yy Yy a¥) BP
) ¥ Y ) (;0956) ZNO cuolus
¥ Y ¥ ¥ (ye99l) TiO2 Coliess
VIvs VYA Atz VYA ars VYA Atz VYA CUT CamSls y g
ofeeY NAYS o[+ ¥ AR of+e5 AN ofee¥ VAV Rmin
YISE | fIYO Y/0A AR Y/0A F/YY Y/¥4 F/\Y FWHM (deg)
AT - /vy VAR LS VAR -Iv¥ -[¥- -IY¥ DA (1/deg)
- Yo\ - Yo¥ - Yo- - Ya- Sensitivity
(deg/RIU)
- AN - AY - AY - AY FoM (RIUY)

VY0 - VEY Sloxiuo | ¥ 0,lans | eddjw JUo | V€40 il



550 o |l 0390 ol e Cmlues il b g ol (FWHM)
cdy o A¥Y RIUT Siuls cupo bis geo oolidy bl
claylialo phe (0 1y Camlus o i ol iy ulio o 5bo, 1K1
iyl g (o s lad )8 (gl a8 3l Cawd 4 oddbaslbo

D)l gyt Sl (CanSld o po S b Sy
ZNO (oay aliElen 34 ol e ) eoloiy sl 5 Slas 55
ZN0 S Slied 4 93 lojd jgias 31 Cons ol yaud g TIO02
ORIl g sl T 1alS ecgy95 (il Gl 5100 290 TIO2
@ ol jhud o Jlo 53 09 00 (6N Lame 4 oXigd e (e 2o
Cogl cge ool (SigpSllgnl (el g Vb sl cops W
2 ogde 298 oo (6K e g B Syiie Juad 3 Syt e
S g S SUlen slaasY )i Y Cwbus flojen (g5lwdisg ¢y
ol 03,8 ) 5, Shoe pl dy pliwd 3 age il ol yaud laayY
Al s ool Hldle &5 md o i duslie ulS (Egeome
L asl )l (55 02508155 SPR sla S il &) s copli
e orgllae ol (St s g (5l 3 aslio yli Lais
sl daShy ol casl 03,8 dboml 3Slee Cilive (cla sl
BK7/Ag/ZnO/TiO,/BP
g ol Gwg <8l sl Jie o pled Cae YL cda b ()95 oK

S o b Sy

drog glp cwle glanS 4 )

Oy SWR93 T b dulio

ol @l b o] 5 Slos «ooloiiy 15 lo L 25 pskatos,
diaglis Cungy ol poo (sl igad ()2 1y 005815 SPR el S
ol o S Y Jodo ) duslie opl poli .cuwl ond

@by Sl 2gde sdalis ¥V Jp» I8 L5l
¥OF  Cawles 4 lzes L BK7/AQ/ZnO/TiO,/BP
6395 oyl b dunlia )31y (65 8y slaygl; ol dEG/RIU
Sl Gl b o CnSld i (6K sl 3l 0as )15 SPR
slylidle b awlio ) Ko ol Comlas diged plyicds a3 o0
BK7/Ag/CeF3/MXene
BK7/Ag/ZnSe/CeO,/Ag/PbTiO;

5 N-FK51A/Ag/AION/BP BK7/Ag/ICNT/Pt/Fe,05
33 cwiya  BAKIL/AQ/BaTiOz/BlueP/WS,/Ni/GO
2 omied ol jidn VE 9108 AYY Y as (deg/RIV)
TiO,/Au/Graphene AU/HTfSe; 5 e bs,Sus b duslis
Dgd oo odalie Comlus 3 g B L8l 35 AQ/TISIL/BP
e wAS )5S Fr S
S & G 65V Sl ey o BKT7/AQ/ICeF3/MXene

5l szl

s alb cligy il 31 (b Baes dgg ol Lol cilon,S” &il)] oalecing

Cowgy 3l pw b a0 pudion (cloddod U galoidn L Lo 5, Slos o lio:Y Joso
FoM
( Sensitivity | DA . .
" bl S
er |l gy (deg/R1U) | (1/deg) ’ "
Y
o AY vor vy BK7+Ag+ZnO+TiO,+BP |
T
W] | e [y A N BK7 +Ag +CeF3 +MXene | '
" v ~ ‘.. o BK7 +Ag +ZnSe +Ce02 +Ag v
[vo] +PbTiO3
(vs] | Yeve | vsio oy v | BK7+Ag +CNT +Pt +Fe203 | ©
V]| Yeva | velo 1A ¥V N-FK51A +Ag +AION +BP | °
Ys] | Yeve | s e vy | BAKL - +Ag +BaliO3 | »
+BlueP/WS2 +Ni +GO
[FA] | YeYE | ¥YAN YA- Y BK7 +Au +HfSe2 | ¥
[¥a] YoYY | OFAYY \AE - TiO2+Au+graphene+BK7 A
Dy | very | vsiry 18 N BK7+Ag+TiSi+BP | °

VY0 - VEY Sloxiuo | ¥ 0,lans | eddjw JUo | V€40 il



Jias il conman 95 bLd SPR gl s ) (s sloised
P S & oSl o gt 2 (e S Sl syl )
st oS L) Sas gaw plgice pd i pasuts Bl
JsSse ol polis plo | ayols] da ool 5T dlas I e sz
s Jl 2909 (o)) st Bl sladiged 1) (12 Sas 55,5 o bels
Sgewdly sba)lidlo $5e 9 (Sel sla el (Ktuwly 4 25 b 50
&b ooop Xl lial dwsin g ojlul (iS5 4 S pdlea— 5o
J5 g bzgedsb I sramy oS lidn Bl b
S S8 Sl (65355 S Kl oo (uablineg xSl e (sl el )l
(Rl Sogendly Gl cw)p dily cpl 5348 wal)d gilase
A5 (5,500 Slosy Ui izman 9 (A) posizegll 5 (AU) Mo a3l
i (SuSTy p dlee cuS 5 3l ol Wlg e SIOZ 5 ZNS
225 318 eolaiwl 350 (Siuld Copd g Ll Al ol amwlus
lbilobo ¢ olais] ) ololid ol b digs i5ls oS 5 wulys
oo Nl o WS oS g (Bl 4yl slaby) 9 JlwgySee
salbls sl canlio 05all 5 0ads g lwSs oS SPR Sy S drag
s olapasls bl (Jlocpll 8 walyd 1) 4l ooy (il
Pk bl 5 (6)lnl () paseis o (s phio bl dnlas
ol Jsl Gl ()0 sl iy (Bly ladiged 5 228 klyd 5

Dy dled (65908 (60,8 asuii dlble S 4 gl s

S 75 4o —A
oS Sl stee (s (geusdly A5 S G (g ol 2
il b oo SS& sl BK7/AQIZNO/TIOL/BP jusls b
Joslial b Sus 3)Slac 48 (Gilodisgs 9 (b Gy g Wl (s
5 ZN0O (baY )i oY cobus Bl g oo Jas! jwple b,
Soopllas Cjgo 4 (Sgewdly Fuol ol yaud b)Y s 4 TiO,
90 Siawls oy g il Ka] cds (Shsans ligy wowlas
Wb o i S 38les 45 0 ol mlicd,S JLE b))
ol Olejer Silwding 9 30 48 Gt cbaY awsin byl
9 Zaw slaggendly (KBuSSlp Coghi )3 (sloaliS (e (i s el )b
L TIO2 5 ZNO lbaY (el OF culss b oy 4Y Jols
S &l 5 Slas oy yiag ol b Y dw g yogil ¥ g ¥ slaciolbus

suis] Il 9 (63.39,15 Uil (B dgume -V

bl pol adlas (odlpidn Ll culie 5)5 3Sles 3925 L
e 55 )8 dagi )50 gl padi ) b & Cunl placodgime
S oy Jao Syl odlizl g o] )i Camle (Simghy Cadgue
@ s e (Juo opl 3l s e Jhales sl S
Sblie g o AYA 5 WP cansld colpd b Sen bame S )90
il sl ord 485 Jlas )3 Slbyw 5wl gy <Ol slaJae L
Cualbd 5 (sGglgd g0 Aoz i Bly () slalams odzmy sl Sy
G ehy g Jheg)b pmple (ilgn S 5 bl (SKeab (Jolo
ol Wlosts blod bl Jio 5 oSus pmaw b Jolo olass]
Slp by Gl clblB lasa Ll ol Cuwdds  Comolus
ol (g 3590 Bl (slb s 5> CunSl s Sy (351
(Sl sadobs ph (5 b s gl Sl e & 9 095
;1 BK7/AQIZNO/TIOL/BP a4¥us (syloxs 53,8 oBwd jl
slaaY Glgce 93, (228 Gilwosly g (o) p bl Colo ool i
oY 5 oobiegl LY s cogig) bl of Sl 5 58
2,5 slul (gamgd dlge Sl b sl culie sla ysg, L 1, BP
Y Cwlses (385 JyuS pilie dsgg jli3le (025 colo (Jlcnll
o) il ol g BP &Y _1uS, dacs i b cuis
o DUl s (625 b €08 Canl (S S By Gl cizeen
@l gy ol 30y 8 calo wlp o ole (Sl el s
3l 5 Shae 3l )ba i <5 olgieas BU 1) sdalcwssdy (goae
85

sl Jage Ll 53 ol yad (65l e lacadgioe 10 (S
Caghy 5 O3Sl o pme 2 Sib 5wz slaylsls )3 of5a BP
380es 5 6198 Ll 3 Nlg oo Al (pl g Canl (a0 B At
BISe 5 0,5 aewl ilise (sl Saly )i Ll s Gsenils
75 oy sl Wlesd (a)S JSe l talS (sl BP o
85 Ll (sloay ) o3lisiol ales ] oo cdblis caslio (sla sy
Ak oan] Sldlhas e Slegisge 5l S Wlg o SPR sl L
7 Dyge 4 g 4l (oleidn JBLs b Cuss es] Sldlles )
g (525 Sl ol i g ol (Bly 5, Slae b 25 olbaasue
Silw e casl (5 .33,8 bl (BP) sl jaud ()lub g (o) olals
Selagdly Jsgecumj b Jobo oY (55 s > L Wl e
Pl bulyd Bl dawgi (aw gloptiSeayn g (Real glalace

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



Dermatology. 2022;87(2):255-68.

10.1016/j.jaad.2021.12.066

[v]. Saeed W, Shahbaz E, Magsood Q, Ali SW,
Mahnoor M. Cutaneous oncology: Strategies
for melanoma prevention, diagnosis, and
therapy. Cancer Control.
2024;31:10732748241274978.
10.1177/10732748241274978

[v]. Atak MF, Farabi B, Navarrete-Dechent C,
Rubinstein G, Rajadhyaksha M, Jain M.
Confocal microscopy for diagnosis and
management of cutaneous malignancies:
clinical impacts and innovation. Diagnostics.
2023;13(5):854. 10.3390/diagnostics13050854

[f]. Tasdogan A, Sullivan RJ, Katalinic A, Lebbe C,
Whitaker D, Puig S, et al. Cutaneous
melanoma. Nature Reviews Disease Primers.
2025;11(1):23.10.1038/s41572-025-00603-8
[6]. Chatzilakou E, Hu Y, Jiang N, Yetisen AK.
Biosensors for melanoma skin  cancer
diagnostics. Biosensors and Bioelectronics.
2024;250:116045. 10.1016/}.bi0s.2024.116045
[#].  Jin F, Xu Z, Cao D, Ran Y, Guan B-O. Fiber-
optic biosensors for Cancer Theranostics: From
in vitro to in vivo. Photonic Sensors.
2024;240415(4):14.10.1007/s13320-024-0706-
4

[v. Dey D, Goswami T. Optical biosensors: a

revolution towards quantum  nanoscale
electronics device fabrication. BioMed
Research International. 2011;11(1):348218.

10.1155/2011/348218

AL KVM S, Pandey BK, Pandey D. Design of
Surface Plasmon Resonance (SPR) Sensors for
Highly Sensitive Biomolecular Detection in
Cancer Diagnostics. Plasmonics. 2024:1-13.
10.1007/s11468-024-02343-z

] Kilic A, Kilic A, Kivanc AE, Sisik A. Biopsy
techniques for skin disease and skin cancer: a
new approach. Journal of cutaneous and
aesthetic surgery. 2020; 13(3):251.
10.4103/JCAS.JCAS_173 19

[\-]. Owida HA. Developments and clinical
applications of noninvasive optical
technologies for skin cancer diagnosis. Journal

Cupd g pShode by culie plie bais 5 CUGL Jhe o
DA Fl CadsS g Camlas e Pl cp Fowlie Cudlys o Stuols

S onl 1,
TiO; ZNO (laa JoSo Lid & ol oo |y i le cpl 3,Slos douo
Sy el byl abul b S iSlied sy ol s oluw yaud g
(§ S Lo > oXigdoe (Mue 3985 Gl g ()9 (il (Belas
Ji> 4 ol yiand o5 Jbo 3 S oo s |y Ul gy SESen
Ol 35505 (IRl coge 5 Cglhae (Sg sl g (Sl ol
Sl s 5l i iol380 el b gl oo LS 4l 3 wboliseg xS
oials 4 e (gy9 Ol g Gl Rl b 4 olu yiud slaaY
hlaaY oolad glojen (gjludigy Cuonl 45 398 g0 R 3 Slos (o

2 o lis
oYl lojen oslitel &5 amd o (LS Gimggy (nl gl cggecne 5
@y S5 oSl @Vas il S 55 ol yiud ¢ TIO, ZNO
ot SasS oy Dyt il )88l )3 SPR (gla S 5 Shos 29:4
S0 0 2 o9V o3ty bl el Camgy Gl b L yo s
il Cublf g o3k Td (S J scwlio 025 el 9 YU Canles |
Olpsa Sy g Cunl Jloygp g LY Jolite slacsslis L
55350 (§)5 Gl N ) > Jud dans i (sl WiSusel la S
5 O3S 4 (BP) olw b colan 4 2095 b eJls ol b 2,5 )13
oo oyl gaw cblis cuwlie sl sls) 5 INY (28 (s by
@it HBle (Jos pholSal g ©aestly 3Sas Db Sl

sl (gy9 08

&8Ue 2,5

&l

[\l. Perez M, Abisaad JA, Rojas KD, Marchetti

MA, Jaimes N. Skin cancer: primary,
secondary, and tertiary prevention. Part I.
Journal of the American Academy of

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



V4]

[Y#]

Taheri RA, Rezayan AH, Rahimi F
Mohammadnejad J, Kamali M, Saberi F.
Application of Surface Plasmon Resonance
(SPR)Sensors for Detectionof Vibrio cholerae.
Nanomeghyas. 2015;2 (1), p: 1-5 (In Persian) .
Mohadesi V. Sensitivity Enhancement of
Plasmonic Biosensor for Glucose Level
Detection Using Black Phosphorus and Copper-
Based Multilayer Design. Plasmonics. 2025.

10.1007/s11468-025-02896-7
Goli M, Mahmoudi S, Moradi M. Bio-Sensor

Based on Surface Plasmon Polariton: Study,
Comparison and Optimization. Nanomeghyas.
2018;5(3):209-13. (In Persian)

Mohadesi V, Asgari A, Siahpoush V, Taheri SS.
Analysis and optimization of graphene based
reconfigurable electro-optical switches. Micro
and Nanostructures. 2022;165:207193.

10.1016/j.micrna.2022.207193
Vasimalla Y, Pradhan HS. Modeling of a novel

SCHOTT B270 prism based SPR sensor using
Ag-Si-BP/MXene structure for detection of
specific biological samples. Optical and
Quantum  Electronics.  2022;54(10):612.

10.1007/s11082-022-04022-x
Yadav A, Mishra M, Tripathy SK, Kumar A,

Singh O, Sharan P. Improved surface plasmon
effect in Ag-based SPR biosensor with
graphene and WS2: an approach towards low
cost urine-glucose detection. Plasmonics.
2023;18(6):2273-83. 10.1007/s11468-023-

01945-3
Toloue H, Meshgingalam B, . Ahmadi M,

Centeno A. Graphene Based Surface Plasmon
Resonance Bio-sensor Response Modeling.
Nanomeghyas. 2015;2(2):e46707 (In Persian).
Rahman T, Hossain B, Islam MM, Mow RH,

Paul AK, Ahmed DS, Khan MB. High-
performance BlueP/WS2 heterostructure-based
GO-coated surface plasmon  resonance
biosensor for rapid detection of cancer cells.
Plasmonics.2025;20(7):4315. 10.1007/s11468-

024-02498-9
Karki B, Pal A, Sarkar P, Yadav R, Muduli A,

Trabelsi Y. ZnO-silicon enhanced surface
plasmon resonance sensor for chemical sensing.

Y7

Y],

[WY]

[VF].

of Skin Cancer.

10.1155/2022/9218847

Rey-Barroso L, Pefia-Gutiérrez S, Yafez C,
Burgos-Fernandez FJ, Vilaseca M, Royo S.
Optical technologies for the improvement of
skin cancer diagnosis: a review. Sensors.
2021;21(1):252. 10.3390/521010252

Karki B, Uniyal A, Pal A, Srivastava V.

Advances in surface Plasmon resonance-based
biosensor technologies for cancer cell
detection .International Journal of Optics.

2022;2022(1):1476254. 10.1155/2022/1476254
Uniyal A, Yadav A, Sharma V, Uniyal PD,

Dwivedi D. Performance Enhancement of an
Optical SPR Sensor for the Detection of
Cancerous Basal Cells. Sensing and Imaging.
2026;27(1):10. 10.1007/s11220-025-00707-1

Saccomandi P. Antimonene-coated uniform-

waist tapered fiber optic surface plasmon
resonance biosensor for the detection of
cancerous cells: design and optimization. ACS
omega. 2023;8(5):4627 .

10.1021/acsomega.2c06037
Karki B, Alsubaie AS, Sarkar P, Sharma M, Ali

NB. Detection of skin, cervical, and breast
cancer using Au-Ag alloy and WS2-based
surface plasmon resonance sensor. Plasmonics.
2024:1-12. 10.1007/s11468-024-02521-z

Daher MG, Trabelsi Y, Ahmed NM, Prajapati

YK, Sorathiya V, Ahammad SH, et al.
Detection of basal cancer cells using
photodetector based on a novel surface plasmon
resonance nanostructure employing perovskite
layer with an ultra high sensitivity. Plasmonics.
2022;17(6):2365-73. 10.1007/s11468-022-

01727-3

Janze EJT, Alaei S, Meshgingalam B. On the
sensing performance improvement in SPR
biosensor using ZnO and TMDCs architecture

2022:2022(1):9218847.

for cancer detection. Scientific Reports.
2025;15(1):28349. 10.1038/s41598-025-
14131-8

Mohadesi V, Abrinaei F. Stability Enhancement

and Optimization of a Black Phosphorus-Based
Surface Plasmon Resonance Sensor Using
Graphene for Urinary Glucose Detection.
Nanomeghyas. 2026;e738107 (In Persian).

VY0 — VEY Oloxio | ¥ 0w | 3w Jlwt | 1£40 biansls



[Y&].

[YV].

[¥a].

Nagarajan P, Manoharadas S, Dhasarathan V ,

Rajeshkannan S. Cancer detection using multi-
layered Kretschmann configuration—based

refractive index SEensor. Plasmonics.
2025;20(3):1563.-74 10.1007/s11468-024-
02381-7

Rafi SA, Emon W, Rafsan AA, Mahmud RR,
Nayan MF, Eid MM, Rashed ANZ. Optical
based surface plasmon resonance sensor for the
detection of the various kind of cancerous cell.
Cell Biochemistry and Biophysics.
2025;83(1):689-715. 10.1007/s12013-024-
01503-6

Kumar R, Shah RS, Alsubaie AS, Ali NB,
Kumar M, Pal A. Hafnium diselenide 2D
material-based surface plasmon resonance
sensor for detection of basal cancer.
Plasmonics.2025;20(6):3117-26.
10.1007/s11468-024-02518-8

Mostufa S, Akib TBA, Rana MM, Islam MR.
Highly sensitive TiO2/Au/graphene layer-
based surface plasmon resonance biosensor for
cancer detection. Biosensors. 2022;12(8):603.

10.3390/bi0s12080603

[¥Y].

Silicon. 2024,16: 3861. 10.1007/s12633-024-

02973-2
Khalig N, Rasheed MA, Khan M, Magbool M,

Ahmad M, Karim S, et al. Voltage-switchable
biosensor with gold nanoparticles on TiO2
nanotubes decorated with CdS quantum dots for
the detection of cholesterol and H202. ACS
Applied Materials & Interfaces.
2021;13(3):3653-68. 10.1021/acsami.0c19979
Karki B, Trabelsi Y, Sarkar P, Pal A, Uniyal A.

Tuning sensitivity of surface plasmon
resonance gas sensor based on multilayer black
phosphorous. Modern Physics Letters B.
2025;39(01):2450364.

10.1142/S0217984924503640
Emon W, Chaki A, Mondal TP, Nayan MF,

Mahmud RR. Photonic crystal fiber-based SPR
biosensor coated with Ag-TiO2 and Au-TiO2
for the detection of skin cancer: a comparison.
Optical and Quantum Electronics.
2024;56(8):1322.10.1007/s11082-024-07250-5

Paul S, VR S. Kretschmann Configuration-

Based versatile fiber optic sensor for skin and
blood  cancer  detection. Plasmonics.
2024;20(7):4355-67.10.1007/s11468-024-
02629-2

Sadeghi H, Khalili H, Goodarzi M. Plasmonic

Nanostructured Electromagnetic Materials.
Chinese Physics Letters. 2012;29(9):096201.
10.1088/0256-307X/29/9/096201

Sadeghi H, Zolanvar A, Khalili H, Goodarzi M,

Nezamdost J, Nezamdost S. Effective
permittivity of metal-dielectric plasmonics
nanostructures. Plasmonics. 2014;9(2):415-25.
10.1007/s11468-013-9638-3

. Mohadesi V, asgari a, siahpoush V. Effects of

Physical Parameters on the Reflection
Minimum in  Graphene based Otto
Configuration. Journal of Research on Many-
body Systems. 2019;9(2):199-205 (In Persian).

Ahmed T, Hosain MK, Kouzani AZ. Highly

sensitive SPR sensor employing zinc selenide,
silver nanocomposite, and lead titanate for the
detection of cancer cells. Microchimica Acta.
2025;192(3):203. 10.1007/s00604-024-06867-

3

VY0 — VEY loiuo | ¥ 0,lows | whdjaw Jlw | V€20 i



Nanomeghyas

www.nanomeghyas.ir
-

Design and Optimization of a Black Phosphorus-Based SPR
Refractive-Index Sensor for Differentiating Healthy and Cancerous
Skin Tissue Models

V. Mohadesi **", N. Dadashzadeh 23
1Department of Electrical Engineering, Sara.C., Islamic Azad University, Sarab, Iran
2Department of Electrical Engineering, Ara. C., Islamic Azad University, Jolfa, Iran
3Biophotonics Research Center, Ta. C., Islamic Azad University, Tabriz, Iran

Received: 2026-04-19 Revised: 2026-05-14 Accepted: 2026-07-10

Abstract: Early differentiation of healthy and cancerous skin tissue models requires sensitive optical platforms
capable of detecting subtle refractive index variations in biological media. In this study, a multilayer Surface Plasmon
Resonance (SPR) sensor in the Kretschmann configuration with a BK7/Ag/ZnO/TiO, /BP architecture was
numerically designed and optimized using the Transfer Matrix Method (TMM) at a wavelength of 633 nm. The
primary objective was to simultaneously leverage the optical properties of black phosphorus (BP) and the dielectric
properties of TiO, and ZnO layers to enhance the interaction of the electromagnetic field with the sensing medium
and improve the plasmonic response to refractive index changes. During the optimization process, the thickness of
the silver layer, the thicknesses of the dielectric layers, and the number of BP layers were systematically investigated.
The results demonstrated that the optimized structure—comprising a 52 nm silver layer, 4 nm ZnO and 2 nm TiO,
layers, and three BP layers—offered the highest performance among the evaluated configurations. This structure is
capable of detecting the refractive index shift from 1.36 in the healthy tissue model to 1.38 in the cancerous tissue
model, exhibiting an angular sensitivity of 354 deg/RIU and a Figure of Merit (FoM) of 83.87 RIU™ 1. The findings
indicate that combining ZnO, TiO, , and BP layers can improve sensor performance against refractive index variations
by modifying plasmonic coupling conditions and increasing electromagnetic field interaction with the sensing
environment. Consequently, the proposed architecture holds promise as a suitable optical platform for refractive-
index-based discrimination between healthy and cancerous skin tissue models. However, since the present study is
based on numerical refractive index modeling, confirming its capability for selective detection of specific cancer cells
or biomarkers will require experimental validation and the integration of specific bioreceptors in future studies.
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