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! Thermal transmittance
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! Thermal emissivity
2 Transient conductors (TCs)

% Ultraviolet
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Solar Spectrum by Wavelength
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! Far infrared

2 Total thermal transmittance
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! hand-to band absorption
? localized surface plasmon resonance

% Plasmonic effects

# interband

fa



Blae (S0 S0l Canglin (uSe) (Fasilen, 51 (SodlS ootz Joto ol (sl 09,0 Joa

L1y oo L o (0 50 ol 25 4035 0l 1Y, Y] Tl gy 5 39,8 a5
O ygmo dn Dl syl pl 40 08 e oy WS oo &S > Llu, yo ailoliT aS L sla el
Lo s Sl S ladge b aloliT by il aigd oo ygad Jiiaws 5 0151 (slo oy 2501 51 (658
055550 i 3T e} T 45 1255 o 55,1 =TT Thoagie llS 3 b g Lo o5
3,02 3 3l v 9 =S CS o azS 10 10,100 0929 3,85 1 5l e (65500 cawlio Sl el
SLd Las s e Lo g Sl (2 )5 i jpa> )0 09 walss Solad slacgr il
wglite iy (Sl 4t 53 S5 oe s2ie By (S S Blyz 4l 5 %55 s

Y WPV TSP S alayl, b ogyo Jow yo olils ol G(CO)

G(G_}) — O—Stﬂltic (VA_Y)
1—iwt

D9 o0 Adg i IS 4 (OF-T) dolas g dlolas ol 5l ookl b 0g,0 G Sl g0 &6

mz
_ 4 (Ya-yY)
EDmde (m) - w2 1+ iﬂ.}}’
il (nl (o990 g (b Coond
(@) =1-—27 A--Y)
W)= _&;2—4_},2

! Drude model
2 Sommerfeld
% Average rate
* Relaxation time

% Motion-electrical



€, (w) = m Loy =

£pMM,

So yiSlss @l 0y, o LS a Sl o o5l slayg iU L g5 (iiSed p Ciiogs (slp a8

ol g0 e ams ge s S e p0 i s3I L ) 5,9 Kby g
oS8T 5 05l sz Me (58Ul L € oy xSl pozn JB N oy (5,5 00
ole OF-Y adolas 085 o 4V (030le L s pdyiadad )0 aude sl s mSUl oo

(5\.@060

oS 3 lowdly uilS 3 5l jiaST LS Y g xS il 3 (BUT sles yo lils el o
Sl e o8B L alpbiy w)lo S8 8w g (e (b edgaze o IS slendly
il stab 0ogaze (pl 10 89,0 G pSUl6s b sogRge g Bd> slotend

w? w?,y
_ P _@Wp (A--Y)
g, (w)=1— 0z 5 (w) = 3 (w > ¥)

)“ 0 a5 ] 00 r:b;.ﬂ G’LJUQ.A «S9, S| LsUL.;)«o.,:.S).g%)Lc o,iii}léé” ::\JL,.:) Q.;.\)o
Sl shd- 5l s o 03,91 1, b s 90 a5 0,8 oo 8 come Ol3ls A jo (Sus e

5 oske slogg Ul (SiseSily 5 [Y7,YF] 0)l0 518 o) 51551 Somby 5 00l ()T (S 2SI

O



23 Coles o (S5l 23las, 505 @ w5yl 8 (08 515 5 ds a5 s d-slajls
ol oy bl olﬂ Sloyg =SIholy olaws Jdo & (658 S50 slapls LS cdl> o
D9 g0 ey 0y 4y e il layg xSl g 5g8 e SRy 00 Dl 4 e o0
5 P b sem> gemady JUie job 4)) I3l aniie 4 (S Dol 4 Jsedly S
Syl (G g SO Sl s jye 0 SIL I
oy, i) gls Sl (iile ) slagyg iSUl slaylugs Jdo 4 0,85 alex 51 (6518 &340

NUCE R g QL.....s L;|c\.|<':.>)b J..ls o'.bjfab be.w 6L°Q3M>L§

Oleis b j0 ddads 59y JumS o5 S Abg 0 Slos 7Y
ObSel g aied (S adgs slaanlp cd i b (g lae omy (55918 059 !
o=l 3l S il sduy g dlas a4l (AT ol w59, Sl slaaY Slisay
sl b 15 45 poboislan wdlso Jood o Lioby L dind taio adys bod iy
oSy S8 oS 5 5 (SHL s slpan¥ JmS o5 sl idigy il o)Ll
SLaian ol glaan¥ o5 b aied 69, 6)9e ek i3S sl 45 aiis (558
Ermgp b ol slozos Jobo (Hy s 1) (S il pleien Laidisy (nl Wigd oo
JLES! 50,5 og0mme LSl laislas sl oty 55 Lavdionds ol 0,0,LS i e 3L |,

S o o2l 1) (Spe ye alaxde BB ralS ygan a9 il b5

19d o0 4y 2 (S (il b JeS o5 Gl SRg b )35 9 ok

! Interband excitation

oy



b zgba G Wb 4 LS o o] Geb 45 ng (olmlr (9B 5 e plaul g8 ()
T Jsb 50 e Sl S LS S e 5 098 00 s gl ()l e
Job o=l BLT les jo plux! gl ol o 3lasl w)ls  Kis g sbo @0 a5 o>
Ll el (Spe G 5l )l g H9sSee V1 S99 )0 zge
bla, olgo ;0 oliT slolsl> Lol o1 Gro 45 g =S lo (68 5 09,0 (5595 (¥
S an ol 5] 58 La iS5 8 A5 a5l by ol ol uilS 3 S )
Sy 4y bgr o Locditns ¢ puag B 23k 5 0810, g 1y (18 o (umrboliieg i)
il o osle Sy S
Oyl SalS” sla g b (sl 0329 5 (il G 5l (e el 0,5z nlple
bl (oS o5 SlaSis b slosle gy ol oo (S (S5l 9 (Se MBS
Lol (g Sl
G0y el (e e "Bl 35,55 sleaied 1 95 sl b sl S oS Sl by
Slestatul ¢ ip S suSTles oS 2alS 5 (6551 (205l [l sl o y9iS 51 (6 lws 10 05950l
ol 5 Jon o8 sloaies GEauSudss o kol a5l plazsle s boaios ol
3¢90 slacais yiiw a5 Guardian ¢ NSG AGC Saint gobain [PPg (Pilkington :;l o5 ,Le
Ll 00l ploil oS 15 pl Colos g (o)law &
S asley Jdo 4 58 (6500 gaite lao )5 Lt o b ilsy cpl 08l sla
lalKiws 1 6l 5o Blad slablo, olsie 4 bl 5,015 ke o1 S92y lapkd ol (So Sl
I LQJT o ioles g [Y’?] ol J! ‘[\‘a]&;) O be b SO guuds e sldolu aiile

Ll 001> 1,8 (659l pl sl oy o Caglgl o

! Insulating glass units (IGUs)
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2 Insulating glass units (IGUs)
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! Insulating glass unit
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Abstract

The low-emissivity (low-E) coatings are multiple ultra thin layers on
glass used for producing spectrally selective glazing. The use of low-E
glazing in building windows makes possible to limit the radiative heat

transfer without reducing the visible transmittance perceptibly and

accordingly altering the necessary natural lighting in the low energy
buildings. In this thesis, ZnO/Ag/ZnO thin films are deposited on glass
substrate via RF and DC sputtering by ZnO and Ag targets respectively, in
various deposition time of ZnO and Ag layers. The NIR reflectance is
advanced by using a feasible and affordable method with a low number of
ultra thin layers and by reducing the cost of the vacuum. Presented results
are related to electrical, optical and thermal properties for multi-layers
based on sandwiched Ag by ZnO in diverse deposition time at room

temperature.

The electrical and optical properties of the single and double Low-E

coatings are investigated as a function of Ag deposition time, too.

The goa of this work is to highlight the correlation between the Ag and
ZnO ultrathin films in multi-layers and the resulting properties, in order to
advance low emissivity solutions with high ratio of visible transmittance to

solar transmittance, high NIR reflectance and low glazing system U-value.

Key words: Optical properties, Building, Saving energy, Low E Coatings, Ag, ZnO
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