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Abstract

The study aimed at investigating radiation properties of multi-layers constructions including underneath layer of silicon, slightly covered by
non-metal coating of silicon nitrate and silicon dioxide, and metal coating of gold, silver and cooper in temperature of 25 degrees Celsius and
polarized incident radiation. Ray Transfer Matrix model was used to calculate radiation properties of multi-layers constructions as well as
experimental expressions of optical constants of slightly covered silicon. The transmission coefficient of metallic coatings in polarization
types of P and S and non-polarized status was zero due to low penetration power and high radiation coefficient. In non-metallic coatings, on
the other hand, the transmission coefficient increased contributing to the larger penetration depth of electromagnetic waves. The overall
results indicated that polarization coefficient of transmission of type P was significantly larger than Type S in non-metallic coatings.
Radiation coefficient of metallic coatings was significantly larger in comparison to non-metallic coatings. As the result, they can be used in
industries requiring high radiation. The results indicated that in underneath silicon layers, in room temperature and wave length of.4 to.84
micrometer, the absorption and consequently radiation coefficients were insignificant. However, silver coating indicated significantly higher
absorption and radiation. In addition, the fluctuation in polarization of the incident ray of P and S type resulted in an increase in emissivity
and transmission factors. The findings showed that silver in comparison to gold and cooper revealed significantly higher radiation coefficient.
In radiation angle of zero (normal), radiation properties were equal for both types of S and P.

Key words: Radiation properties, slightly covered silicon, polarization, coherent formulation, multi-layer constructio


mailto:Amiroloomi@iauyazd.ac.ir
mailto:Amiroloomi@iauyazd.ac.ir
https://yujs.yu.ac.ir/jste/article-1-36-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-28 ]

WA lcwsl (ol ol (Jgl Jlw (8551 30 09 35 3 Colio 9 Pl

£
- %
X
fy. dy 0,

iy Ay Oyt

Z
[¥] s o olis 1) sl s Jlsle o awaa o) S

Zlool gaazme pl J ool lame (punblise (o a5 oS )8 S
bug Y 2 50 udblise floe W eanse Z gz )0 g 9 gy
0] g o ls o alad,

[Alei(hzz n Ble—i(hzz k(iqxx—iwt), j=1
E. = . . .
J |:Aje|qu(z_zjfl) +Bje—'qj'z(Z—ZH)}e(qux—laﬁ), j=23..N
M
Oyl &y Al ol ] Y )0 gy g gyies Zlsel gloaials By g Aj a5
u,..,l_f)s (O] MLGA ZJ= Zj_1+dj (j=2,3,...,N—1) ) Z]_:O o
A zg0 105 (53508 5 S50 ST Oz 5 O cslassl;
Liiye <l LBy g A colyo (JHI gobw 53 550 Ll Jlesl L
LOF] oS o T bl s dolee S0 bawg «jsbne slaas¥
dwle 3 dailgy lawg glaY aix sl ERARA ele> asmaiye
1005
_ BB/
= T
M
. Re(n, cos8, ) A, Ay
2
n, cos 6, A

Yo,

)
—1—p—
g pO—7T )

il oo dalisee zgoie aiiS asein # Cudle YU SYoles o

5o ¥T (Sl (5595 (Sl (gl (02,265 slo S0 ~Y-¥
wole G (K) SVl oy 9 (N) CanSs o Juals (5,95 slaculs
5 Jle S Sl @ rizes ia Los 5 zge Job 5 slodurm &
5 Beios ol jo il e atisly palBl Az 5 e cunYl 4 S
Clile) (FoaVl (Sl (5355 Socall arlne sl (8 Slapke

gdze ooliil (a5L 1 "0 eM Sl 2SS Y]
Jsb esgazma ;5 (K) Szl 38 5 (M) CSls g 3o Al Sz
7] 55 co oolizasd (M) alayl, 51 yiog e /AT b +/F o1y clogse

Ny (4, T) =No(4) + BT

@)

AR

FPREN -

53 Slindod ladine; (pyeie 51 (S 4 SileSSel 3l glale o
Fol o a5 @o)lse 51 Sl oad oy (ng slasisleSS
Gl 42315 ooliial 5,50 (5550 5 00,8 jsbar o o (5 slidails
3 et OB Y sl il ol sl baylisle gb e i,
)Li,.ui bloyos o5 (ot o jlae calex 3l ol (la 659 9iSS
il Bl s Lloyee oo yed labd o atilsS olr (glaonsss
My Sollsgigd slaoShee 6l Ak GBIl Glagile ()9
15 Syl Jl aallias S e Gyl ey oliogil > (sl
Fo i w5515 ol i3 sl )5 & (liias sliie & 5 ol
B jsbay S sbay etais plys a8 el il e Conl
5] 13 s Sglis erlyel Sas 5 bl G iz il Joay
e Sy 1Sy Som b iy 55 S sl paints ol
aalys ol Gloop)5 g aldd Glapiuew «s)sldgil 555l
B jsbay Wiy e b idigy sl g s 23lol Sy sboay ol
D] ses 15 50 cou 1) slge ontais olys cslasgs

S35 2 099 axbl (g (ohad ;S ) 0 Baiod pae 4 a9 L
G ol anglio 5 308508 5 3 lagiin U (riats ol
Pl clls wales (5S3e mbio o Jlsld slas )5 paas pl jo
ombad 4 aiagly Saday whide ¢b glaY ws gbolisle ey
Sl b lg oo 1) @lizes mlio Lo g, ol 5l ail oo (99,5 (sanil
5,5l sy P LS gg5 idad

5 goize oyl o Sl @ a5 cwl golbaas eSdlw
oiais olys Gdms opl e Y] WS e 5L - 3 MEMS/NEMS
&5L°u““’5" L pSQMYT u5§...l......« A.\y).;) J.‘:L..; ‘Ls‘my..\.o LsL:b)L';_'}L.J
Mo 55 slagids 5 GsSekmanaSles 5 HeSekiw i 588
S)9e m}._o)lg: $°9,9 x| 9 o‘)iMJL&J 4,0 Yo ‘_cho IO e 9 c).n.;
St anglie ;0o b 388 5 3B sla ity (285 1B o) n
wz sle)litle (it pli dnile Sgar JESH Sl b,
35 5 pSeunl sl )55 ol Gl )28 Slagle 5 slaY
Gy ol lpy S Seas jo oud ‘5)9]&.@? sla-ools
ooliisl e g 0,85 b «ysSekimdnST6d «rysSerkoar g i gl yed

Pese

Lg}L»J.\.o -\

g (gam go,8 —)-Y

2l 3o oo b dslie B b 55 oY 3] oS 2 Calis oS 0
Gl @Y o U5l gyl U505 Sl olST il urbolieg Sl
dbre Sq clbie By o JEET G ple g, 09 oe Saeal
il S ety chay wr elblisle xieis oy
ol e ams o LS 1) glagYaus Lsle S awas (V) S8
Ple bl lea 6,5 (olsd clanloe [0 .cnl g oYL Colpiy des
oo Lazma Gl 5l mebolios S| e e 0 S5 0 Sy
sl bhug 5 oS o 0,5 laY ax Lsle 4 8y 4yl b (s0)
WS 0 9o b DBk G n


https://yujs.yu.ac.ir/jste/article-1-36-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-28 ]

WA lcwsl (ol o louis (Jgl Jlw (8551 30 09 35 3 Colo 4 Pl

38 023z qal o ((F) 5 (1) ladsis ol QL) W36 2l asls L s
3 &S wgSilen WS o dunlio Vo] @S L 1) ks logl ol QUL g
s e i |y st 5l gl ] e b logei ool
sloylisle aiais olss s9,0 SBpd 5 B slogaiy b
Aleont G ol il oslite e glaY wx
dmlio 5 538508 5 53 Slagidn (59, 2 $99)9 4Bl (53luorkd
5 OfhseSles Gl milnee bl Gl Oslite ol
Ol e g 0,8 M 3l g 3l lg Olsear (eSekeuns 2
50 a0 Feoagly Loy daB (609,9 axdl ol eolaiul (g3l8 iy
b ide Cald g ey Soe Vo osSekow 4 5 Culis 5 GBI sles
b 4z S L o Zagl Fe e

O5Sabiw 425 b lYarzr JlSle o amlie (V) 5(F({0) S5
Ll Sy Caw 90 5l osSehaanaSTles sy 5 pSeanY
Iy Coom 98 5 0,8 gy 9 pSodmVT elaw ¥ 5 b slaYos

0.4 -
035 | .

o il *_2:!:{11;‘; o
° -
> °
L 4 g Y
e  H SN
. "
» g
»

o
w
1

&

0.25 A

—eo— Reflectance
0.15 -

Reflectance
o
N
1

—a— Reflectance[10]

o
[unY
I

0.05 -

O T 1
0.5 0.6 0.7
wavelenght, A(um)

O5ebianSTlgs Gidgr b (eSibw ¥ 55 P O3k copo annlie 1Y IS
D] bt b oo g0 50

0.74 -+
0.72 —0 —e— Emittance
N —a— Emittance10] -
qg’ 07 i ‘ .,/./, £ g
20684 % P e
E " * . ,,,I"'. ‘,""‘
w 0.66 4 m e .,'. P 4
- ) S =
0.64 - e
0.62 , .
0.5 0.6 0.7

wavelenght, L(um)

Ok a6 by b y9Sidw Y 55 € JouS o o anslia 1P S8
V] @b b e 90 50

AR

No =J4.565+ 5 973 5
3.648% —(1.24/ 2)
*
B(A) = -1.864x107 + 5"2’94”0 3 g
3.648° —(1.24/ )
)
kJM (AT) = ko(/l) EXP{ T }
369.9 — exp(~12.92 + 6.831/ 1)
(M)
ky(4) = —0.0805 + exp {— 3.1893+ m}
)]

0C oy oo Ty UM i 35 50 50 Jsbo A el el o o5
RN
ezl o Sean¥l sk (555 b dlne Cqz i Slajz
cOraSakinnds 5 eyaSiiwinSlss (6,95 sl .l ool [AY-F]
Syl S Sgaaim 50 00l (g y9lae Slaoslo 4l p e g 0yi Mo
1] el

=W -y
ebliia 3 (S Slaglige | oS peebliiag S gl
Gliwly g aiS oo (3] pay dg0e sLul) [0 lae 90 cpl Laiil o
9 Ser S Glaplace cusl sgee zae Hlil Glisly g0 2 i)
Jlexl 1 85,5 (o0 )8 Sz 2 50 Sl ©j00 gliel (ouobline
Oloee a5 el 03 (65 )l50 55 Lol LSy Dl pled 55 plaee d95
21y olaee (g ybas b cplplo abl ails 042y ol g SO 0
(Jos ol il s Cam SO Glawe bads g 5 5 Bds o Sl
$99,9 axdl amas 4 sgac (SO Sl lawse oy o8 e ol pb el
S o o o0 5wl S g9 5l (o (5399 andl il

el Poggi 5l dnB (60,9 axdl (il (599,9 dxisl axio (5lee

Grating
P-polarization

S-polarization
(into paper)

Incident Beam Diffracted Beam

PsS gg ptukd Y S50

4 dlwly Gaday whide gb glaYas b lsle rieis plg>
L olgioe |y alidee mlio jli s, Gal 5l ailioe (535)5 (sandl il

sl ks P LS gy akad Ll
4 o5 0aoVT (oSl Lol ¥y Jels GlaY ws jsle S
Froculs 4 (sSlmanSles (idisy 9l L yog S O Cusls
bB el (5955 andl g Kl az )3 YO (glos )0 uns 99 5l yiegil


https://yujs.yu.ac.ir/jste/article-1-36-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-28 ]

WA lcwsl (ol ol (Jgl Jlw (8551 30 09 35 3 Colio 9 Pl

ool b 3l it bliieg S zge Sl 45 el (glalols (il
Sl me oo Gl cde a0 093 adgl Jlaie 1/€=37%
bl i8Il zoe 39k Bee (39 FSn st slagiiy
S asbar wilie 5B slaids balie o s5l8ne Sla sy
2305 o ye Syt Glaiis ;0 o5 wims o (LS oasl Cuwsy S
iloe S g Gebad 5l 35,5 P e il

Ok Y 5 ax ST s aao o las () IS 0 oads &l il
S 50 5 2l ol oo b zse Job ek cal 5 BT sbes 5o
;S 9 i & e o) e (Jy el 22l S oyl
VYU g VO PSR-

GIBa e Pa S eg jl 60g)5 sandl ok el s
O8Seke s 388 by 53 Sl plyeas w5 o JouS i po
PP e Gl gy JeS cupe i gSehen (ol Y5 S 93 50
caibie S go Gl pl VIY Ljis yiag See +IVY 50 Jsbo

$99y9 Al (iuad i (53 5 3 Slagits )3 (S 5sba
GRIBLSUk oy 2l JonS o pe Gl 4 e P aS gl
Y

ssba e Glaids 4 Cewd 38 Glagids Sk ce s
S ubee 0 3 de 5l Glgiee &Suysba w3g obj 5 pReis
V) JS) sg05 aolaml cawl ol 5 S5k & 5L

L QU3k i rd Grtien e 9 b 4 o 058 a0 LS gl
Toe 9 Bee o9 SzgS Jowr ol (nl &5 ((A) JS2) wsboe 1o
el 1 58 erboliieg 2SI

0.9} yd ,

0.85[ 1

o
0o
T
1

075+ / 1

Reflectance

e
u
T
1

0.65-/ E

0.6

s-polarization[Ag Si Ag] ||
oss- |7 s-polarization[Au Si Au] H
— s-polarization[Cu Si Cu]

05 : : : r
05 055 06 065 07 075 08 08 09

Wavelenght

oo 30,8 Mo sla gy DUk o po dnnlie 1A K&

Oy Ly 53 ((Jlo ) 42 )3 o @ (63959 4l A gly e L
@ dajlisle o cnl (i ol g9, 2 andl Jdsd Sl (o2
ho o Sl riat ol ke G augly o S wimoe ol
wibos LSy (b8l 5 P gy (a8 S g8 (aB (5399 ansl >
63555 dnd] o a (gl JUED! oy 5le ST ((V0) 5 (V) US5)

el LSS

Wavelenght-Epsilon

1 T T
s-polarization [Ag Si Ag]
09 * p-polarization [Ag Si Ag]
08l N | s-polarization [Si3N4 Si Si3N4]
’ \ — p-polarization [Si3N4 Si Si3N4]
0.7r / \ 4
8 06 / = -
c /
Sos / ,
IS / v/ \ |
w 04p N \ | B
0.3 ./ ]
0.2 b
01 ;'o--.-. i

0 ; : . :
05 055 06 065 07 075 08 085 09
Wavelenght

S35t Gilisy 5 oo 93 0 0585 (5318 by S o po Al B S5
S e YTosSubow (ol 0¥ 5 oo 58 5 (gSbonssy s

Wavelenght-Tau
5.00e-001 T T ©
s-polarization [Ag Si Ag]
4.50e-0011 «  popolarization [Ag Si Ag] 1
4.00e-0001H s-polarization [Si3N4 Si Si3N4] |
~— p-polarization [Si3N4 Si Si3N4]
3.50e-001 J
©
8 3.00e-001 -
g /
E |
£ 2.50e-001F / E
2 [
§ 2.00e-001- | -
= |
1.50e-001 | -
1.00e-001 .
5.00e-002 - ]
0.00+000 STereeesessssrees y
0.5 0.6 0.7 0.8 0.9
Wavelenght

S Abg g Ceom 93 53 0,8 53 Al je8 S alie 1P S
o5 oI008k hol Y 305 Cuos 53 53 (3Sabmsy 5o

Wavelenght-Rho
1 . r -

vesssessssssesssssseesesassarsssaresersente
so00®
0.9F s-polarization [Ag Si Ag]
08l * p-polarization [Ag Si Ag]
""""""" s-polarization [Si3N4 Si Si3N4]
0.7+ —___ p-polarization [Si3N4_Si Si3N4]
o Jay
O 0.6h. AL\ \ 1
8 \ A\
o 05 7
© 04F : ,
x |
0.3r \ / \ 7
ozl \ |
01l ] iy

0 ; : ; : :
0.5 055 06 0.65 07 075 08 08 09
Wavelenght

S Gidigy 5 Caom 9 53 058 (531 by QUL o anlie Y S

pSab\,,.LYT Osediws (ol Y 55 oo 90 10 Sy i

e upo bl canlin BB 5 F JSE 0 a5 4T olen
S5k oy latdisy (nl S9& Bes og o5 ey (53 slaads
398 Boe Lol jho (b g P ogsi oS gg3 bl cle o ML


https://yujs.yu.ac.ir/jste/article-1-36-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-28 ]

WA lcwsl (ol o louis (Jgl Jlw (8551 30 09 35 3 Colo 4 Pl

S slogidy aivwws 3 Glagiby SUiL cuye T
Odg 3l Olger &S (g 9ba wag ol (6 pSediar jebay
Sges oalaiwl il ob; QUL 4 Ls oS mlis jo (5308

D (s o 9 Mo A 0,8 (6518 Glaidsy o
sl IS 1) QUL po 2 e e 5 o5k

SeiBes (Op pS ey jae s (5B Glajidy 0 O
€555 &9 ook Sl 0 Vb OBk pog baidisy )
sl yho olabyd 5 P

Om DS il 5 i laide s (L5 ke
©95y5 gandl b gl Gl L P 5 S ey il
e a3l

(899y5 axil S o iodad Iyl l o g3l8 8 sla piligy oY
L QB3k cerd (e @z)d e 4 Se35 g5 gl b

'M}b

Om WS 3l g e Glails 0 L5 sk A
$39y9 andl b gl GRlB L P 5 S g el

355 sanl Giohad os5 sl 5 o3l slaiag o A
cuye G oS pe Ml ame P S gy

D9ise 958 o o Sl 3L

$Oged

P -f

[1] Makino T. “Thermal radiation spectroscopy for heat transfer science
and for engineering surface diagnosis”, In: Taine | editor. Heat transfer vol.
1. Oxford: Elsevier Science, p. 55-66, (2002).

[2] Oloomi, S.A.A, Sabounchi, A and Sedaghat, A. “Predict Thermal
Radiative Properties of Nanoscale Multilayer Structures”, the IASTED
International Conference on Nanotechnology and Applications, pp. 113-118,
Crete-Greece, (2008).

[3] S. A. A. Oloomi, Saboonchi, A and Sedaghat, A.Effects of Thin Film
Thickness on Emittance, Reflectance and Transmittance of Nano Scale
Multilayers, International Journal of the Physical Sciences, 5(5), pp. 465-
469, (2010).

[4] PJ. Timans, “the thermal radiative properties of semiconductors”
Advances in Rapid Thermal and Integrated Processing, Academic
Publishers, Dordrecht, Netherlands, pp. 35-102, (1996).

[5] Z. M. Zhang, C. ]. Fu, and Q. Z. Zhu, "Optical and Thermal Radiative
Properties of Semiconductors Related to Micro/Nanotechnology," Adv.
Heat Transfer, vol. 37, pp. 179-296, (2003).

[6] G. E. Jellison and F. A. Modine., "Optical Functions of Silicon at Elevated
Temperatures," J. Appl. Phys., vol. 76, pp. 3758-3761, (1994).

[7] P. ]. Timans., "Emissivity of Silicon at Elevated Temperatures,” J. Appl.
Phys., vol. 74, pp. 6353-6364, (1993).

[8] B. ]. Lee and Z. M. Zhang, “Modeling Radiative Properties of Silicon with
Coatings and Comparison with Reflectance Measurements”, JOURNAL OF
THERMOPHYSICS AND HEAT TRANSFER, Vol 19, No4, pp.558-565, (2005).
[9] H. R. Philipp, "Silicon Dioxide (Si02),"; “Silicon Nitride (Si3N4)” and
“Au”, Handbook of Optical Constants of Solids, E. D. Palik (Ed.), San Diego,
CA. (1998).

[10] S. A. A. Oloomi, Parametric Stady of Nanoscale Radiative Properties of
Multilayer Structures, PhD Thesis, PhD Thesis, Department of Mechanical
Engineering, Isfahan University of Technology, Isfahan, 2010. (In Persian.

Y¥

Transmittance

0.35 ; ;

s-polarization
030K ° p-polarization |
O unpolarization

Transmittance
=3 o o
= N N
[6)] o (4]

o

o

S
7

N

05 055 06 065 07 075 08 085 09
Wavelenght

b ooV 8w 4Y 5 Jolis sla¥ siz [isle [ oo 18 S50

4> )0 a0 (695,9 dxdl b Arsli b coms 99 51 ey s b

8.00e-023 T T T T T T T
* s-polarization
— p-polarization H
O unpolarization

7.00e-023

6.00e-023
5.00e-023
4.00e-023
3.00e-023
2.00e-023 p

1.00e-023#

0.00e+000 r t — ;
05 055 06 065 07 075 08 08 09

Wavelenght
b pSean¥T (sSiew 0¥ 05 ol slyY aiz Jlsle j5e oo 1)e S0

4> )0 o (63959 dxdil il agly b ciams g0 I gy

@ian ool o Saleml ol ad S s is psla G ol o
o B8 1N ailge ST jlewn Glaslide )0 pob (G alols
sy Sl pyn Saz Olgiee s el Jekene o8 sk o
2 gl Ly oen pled 9 0903 (0,8 5 |y Zskaw (6,500 eign o

RS

G S Az =¥
dges Gl 2 Sogen Gl 1) 0han e S
J3Is cdeas @l s cllug wals 6,8 gl iig 5 )
cleas 5518 la idgy 10 a5 g SU sl o zlsl
Ol 50 5es wayd OOD yho s gleel SeRiGes (g oS

el oo zlael JSa Bl salss o iy

5 oSSl adle b laiig Y
Gl e 5 wiS oo Jos QUL 0o (el oS
Gl idgy 00,5 o Sk Y 5 e S5l oo
Sk care Gl aymie (e g om b wiile (g3l

20,5 oo


https://yujs.yu.ac.ir/jste/article-1-36-en.html
http://www.tcpdf.org

