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Design and fabrication of high durability infrared antireflection
with diamond like carbon protective layer

Mohammad jannesari, seyed alireza firozifar, hossein zabolian, Hamideh ghanei, seyed gholamreza rahimi
Facuility of physics Isfahan University

Abstract- In this paper design and fabrication of an 8-12 micron antireflection coating on zinc sulfide substrate with good
environmental durability is reported. This five layer is coated by e-gun, heating boat and PECVD methods using a quartz crystal
to measuring the thickness. The chamber pressure order during the process was 10-%mbar. In this coat, diamond like carbon is used
as top protection layer in order to increase the mechanical hardness and environmental stability. This five layer passed the
environmental tests and the abrasion test in agreement with related standards. The optical reflection of this coat in 8-12 micron
wavelenght range, was less than 1.5%.

Keywords: high durability antireflection coating, physical vapor deposition, PECVD, diamond like carbon, DLC

AND

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1340-en.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

1YAD oo VF-1Y

Ivlast oo 39250 3L saY

Sl g (Sel jee o5 oanlill sacgeme (Alib
a S sla b 5l sl wald plosen 1) Vb age
ah oS ol o3¥ Y g gl bl gl T e e
205 Slasay b g S SHU Y ibs )
O Ol Sz obml (i gy Aty Cwls
sglly dlox l Gaee Giloding 9 LY ok g &Y
Sbwl jokie a4 wdlioe dsgeme (nl SSle g ANk
dnge Colbes b oodinn buly o4l (S
S 4 Wb bay cubrs § (s 09,5 o oolaiul
0anliLl Hoee chavly (a¥ 5 Ladlre (g S99 a5 WAL
5 st a5 a3l glojlail 4w Byb 5l 5 aans Lials |,
Gl sl

sl 5 o a¥ Slaay sl a5 bl )
B9 o plol al> 1o g0 5o Sl il Gglaie

SU sy saegeme 25 Jlod g (Sl sla S
oy Sl S 5 S Sl (60 Slge S 5 a5 el
Rged gy iU sleay giluand sla)lil o L ol
o aS JEs! gl g yile 51 ooliul olulyy al58l0 5 o]
el 00l Lo 098 o 00ld Cd Y G 43 VXY Ly yilo
Sl ay o5 g5k 5l raghy al S3b A asgeme ()b
D55en AT zga s ojl 5o sl e ool 35 oo
oy g ddlb ash awle Saiee 0oy Bl
ol 4y basl Koy Jlew! jlaie 4 ol cass
S 3 OasSee YVY cudlis gosl b YDFs wologsle
=05k ol GBSl (Y oM zge Job 1) V/FY sg0 Sl
5 RS SmlB 0 o B8, (he cawy S 6
435 oobe ol a5 il oal cel hwge i mhaw
Ivlast slasay ool lp el

oo Codlad soil 5 (Sl pllovial Gl o5 Ll
VYU as slasay olge il o)ls 852 g cwgSae LLS )|
sheme 6l g S sl aitea SLS 5S0s A
oobadl sl yles (sl )0 i ypdy GBS 5 0y LS
OV e S cslad o3l il b aS o )ls 0ezg o2
oobedl Slasay aSul g azgi Lol |y Sl plSoen]
Olakad el g ol il glogzg Jlad 5 Les &y egran
S by Welee cup Gl oer e S
Susglie 5 (T edie Sldn bl 4l S
Sl s SIS gl Sishise Vb il

Olnl Sigigd (5,9l g (owiigs il IS retd 9 Sgigd g Sl il rege g o

doddo

Gl ole 51l o S36 Y goanliLl sla ey
Sl anl e Jled a4 Sl sleaibls Glakad o
o Eel rghw lo WwlSall Bis 5 (Sl jeue ao )0
o,y g b gwae maw 5 il pl obel as
slogby o)Sles gl wil (gy9,0 el gloaslals
b SHL sleay o zlael J2lw gomuay a4 canliLl
Sy 5 Lk Loy ema cnl 5l pldl b oS e
Culrs g CwSs wolpe L S sbaY  sacgammae
G iy dgad adgi 1) 0oLl Jidisy Ol o0 cmlis
992 Shly 9 (Zoe Job patie ojl lp eailijLl

I wgs o a5l 5 >lob crane
el abls cole ;o ol slocd iy o929 L
@ 5l S o )5 daxe aelasl Loyl i 0 a8 F g8
Y Sl oSles b lojen a5 oanlijll sla iy
N9 s el (Sl plowial g 0o Il
Ol 35l oo o ZNS (ot )k seanlisLl
Vb Sl jee pogdle ddcgazme (ul AT 0l walgs ools
slaslabinl b sllas |, Jase 5 loul sloyge;l ads

.>|9.o ul:uu‘ 3 @b.b

o g0 4y 0ailijLl glo yidgs o IS (goiy s G 0
GAL gm0 Mg oo puwd Y ST g &Y Sz sl iligy
a5 Gl 9 Vb Sl ol po b slge 1Y wiz oL
odd JSas il 518 Rasy S 50 ol 0 S
uwls.u‘ el.b)).o )‘ W) w..i’.uc 6[&450}.: ‘_}>|\.\.> |
@ daas¥ olaxi 5,50 o @ol)8 1) Sl 5,50 05L 0 alweS

Byl (SKows 0aisli3LL 4l sl
Wb e Y ST ooanlill b ool g o dglaie
O g ol Sl culbrs g o] s o o
Jsb zoe Silr g ot S cupd jdome oSS
250 s 59 1y oISl aaS o ol el o 50
O i ) ol S o3l Js o5l o0 pal ik
O Al Faobsll gamsl e by w20
@ bgrye 6 15 Slawlre ol 0 iy 5 Y a8 o 0
gS......a‘ L_.;Ldn..)t’S u.l.(:‘ B ‘@std.cw O ‘_,’_>|).L:

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1340-en.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

1YAD oo VF-1Y

Reflectance (%)

\-.
A

2

¢

=
Y Ny
™
A q ) 3 VY

Wavelenath(nm)

AY o Y gyll s eanlill 2k Sl (e ) IS
S3b slaay (b 1 e g leand 5 (Sb ey Ses
Ot Sl wdlioe gl 350 agly sl (AL s el

gdise Jold i 1) azpo Vo gl oy

(s s
maY Jol A ey d pdy pll A e g0 o Slis 4
“a¥ M aliime )0 (Sopd i Ghgy 4 F B Y la
Sy Hlad a0 Y203 lasaY wan Sl
Y S oo plnil (S9SI SGE Lawgs (7S]
5 WAl piied Sgolyd zlgel S8 4 o ey (Slas
do Sogll JolS Bis jslate 0 ¢ Slasay 51 L3 alolidl
Mo i S )15 S e (2ye o NS (sabiia 5
Cales ab adF i e b e Ox) -7 calaize 4l
Wb g pSoslal (Jlaw ) e, 4 cllal 25 g Y
gl ol Slides glaanld pbsl b glasay
cayd gl ale Cuz ) Y e bl gleadlse
~adlge dulone 0iledl (25 (gl dieS (20 S5
bl g dame 6yl sjloangy (il gy sla
Y Jsoz o codal Caws 4y slodilse | glaods .y
V Jsee slacwbis b Slasay anl s ool snd ool
Bl Gds wole o lp ¥ Jpozr sloailse 5 ol

VRV
Loay canlsl gbe sl )l Y Jgoo
wole | SRBIES | oSt oy s Lo
(nm/s) (mbar) (C9)
Y203 VO vy Yo
Ge -A vo-
YbFs VY Yo-

ANY

Olnl Sigigd (5,9l g (owiigs il IS retd 9 Sgigd g Sl il rege g o

Gl s Sl codlis YU Sleawd Coglio (ol
DLC L owbodl s (25 sla Sig ahoz 5l g 98
Sy bl gaY laie 4y ide cpl SlisaY .ol
Sl Gl oedle @Y s> goanliLl sla
"0 S 5 by Gl a4 Cuaglie Gialil 4 o Jare
&S

31 YDFs 5 DLC (los canlio Sz sbml jlaie 4,
CanSls g o LGB 00,5 o colaiul paile,; S50 sy
VY cdlid ol g GlegSe ¥ozge Jsb o) e
b )l g (Sl sla Thy sl eg,Ses
Tflead sollas

GRS Oges dineS 3 g LY (S Sl sl o
Olye 4 Y203 S5U Jlews Ay 5l s germe ouiledly
b 5l 5 5 oolil Uy oo 4335 o 40 Lanly 4Y
Fhb ol dize glaylnl g 0silse 36 slaayy
ANVY 2eedsb sosl yo YU glwl shhls easslilt
(b e g Job b el p Ojge 4 095
G g Caals abl e gee (b gl 5 09Se V
5 o s ol Sl ulul gy Y 9o

Lol odl anils oS ol

95 A= VY 6anliill b ) Jga

aY oolo (5o gil) Cusles

L 7% -—

N DLC Yo-

¥ Ge 0

Y Y203 \-.

Y YbF; RN

\ Y203 )
Ay ZnS -—

WY 9y ddlgw oyt p ik ez &S (G o
530 5 Sllone b gollas ] coolSiail cials w005 il
Job co (B loged ol nj Dy9e 4 (b
s oo Glad Ty Bl aoys isoges gl g zge
95 AT sojl po ik (pin oSl et

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1340-en.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

1YAD oo VF-1Y

)‘ a&:l.v)l.a WLA u:...lo Q\)y l)lo » OQBLC u“""‘ﬂ-‘ U"‘

(bl Gl pall e byt p s Jasme slab
30 ol oLl Cea ST L plkao Lo 590 nsb""" LSLQQ&‘)’]

ks daygesl cul gl 5l Gy 5 Cdpdy plnil ¥ Jsa
& W35 patie 9S85 13 Gpar owyn 350 wald
ouiid oloul ladiges (g ol CutS o (. g i WX,

ke Glopsesl oS F Joux

o)l 903] oS
Cash 9 1A% Cagh, b ojez 5o (idgy sl askad
T2 D9 g0 00ls 413 V-CO slos
Ohbyy ghle axkd mhe 4 @)ly cex
S Mz | 005 @y g Oges S 3 g od odilewr
v
slblos jo cele ¥ oidg slls axki
Dgd oo aiils B VIEY -V EPY
@ laslinl oF SU alewgs idgs gllo azkad
5 o 13 ple e LY
T Jsbe o ool YF wad Jlisay askd
el | sles 0 FEY grflit clile | S g ks
Dy 0 03 9,3 (GU]
. S de Ho el Y s b aslad
(i 4o 55 oo )),3 ASTM B117-73 | bt

Loo

Ol

Senlg sl a8 aome oBislej]l o bagyge;l oyl
el 0 il abogy o sloo il by 3illas lgio!

ghw » DLC S3b ey by Slis 4 L (g
Oy chaly a¥ 5l eslinul 5 a¥ ST eanliill S
Cools obml ool a5 cole luly 5 eanlisll
-4 dS g asl axsls 58 Vb (aime (5 lask ( SauliLL

eled b 1) e sogygasl

&=y

[1] H. A. Macleod, Thin Film Optical Filters, Fourth Edition, p.
105, Thin Film Center Inc, Tucson, Arizona, USA, 2010.

[2] J. A. Polo, A. Lakhtakia “Tilt-modulated chiral sculptured
thin films: an alternative to quarter-wave stacks”, Optics
Communications, Vol. 242, pp. 13-21, 2004.

[3] G. Wang, X. Ling, X. Liu, Z. Fan “Effects of deposition
temperature on characterization and laser-induced damage
threshold of YbF; fims”, Optics & Laser Technology, Vol.
49, pp. 274-274, 2013.

[4] L.Hang, Y. Yin, J. Xu, “Optimisation of diamond-like carbon
films by unbalanced magnetron sputtering for infrared
transmission enhancement”, Thin Solid Films, Vol. 515, pp.
357-361, 2006

Olnl Sigigd (5,9l g (owiigs il IS retd 9 Sgigd g Sl il rege g o

plxl PECVD g, & DLC Slis 4y o al> o )0
olyie & olie gosle iy 5B 5l by, cnl 5o cdndy
iy A P Cwls 00 5 solatwl S (gdeis
épdy pll Gy See A Eee Job S5 50y (S
ool 03,31 53 Jgazx ;o SlaiaY sl il )b 5l glaods

DLC lzsay bl ¥ Jso

loo | alaisme jlad | Ol (20 S S5 s
(Co (Torr) (sccm) 65,1 (w)
Yo A VY Voo

Relative reflectance (%)
). E

Moo Yoooo \Yooo
Wavelevgth (nm)
oot ablo ;ieg S A = VY oanlijbl 4 bgipe YU el ¥ IS

So)3 ($3g0e j97e 9 Toe Jsb ez (B Home il 2l
3 oolainl b ¢ pmd olSal cade (pl a2 o Gules |y (ced lSa]
ol 00l 48,5 a0 VY wgly oMb 4 s § FTIR olXiws

Comnd) 00l aiSlu degoome (o (WSl g ¥ SCS
am S ol e o lid 1) (a0 VY aggly o Wb anl &
o bl Bis 5 il age Al e naiz Gl o
sl a5 ol maly IS ol 5l cans 4 sl
5 3o idg 1) 9,8ee A-Y esguze (( SanbLl
mo3ll diks a5 LT 5l e TV 51 a8 o] LelSd
45 ES Gl oo ol SG33 b (Ab b 15
b Sl 5 w8 5 4 SlasaY slge sl 5 oS5
oolds &, glalimsdle BB eais g alie o035 b
oSy 5l mle S o Slasay all puisres .ol

gdeo Syl

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1340-en.html
http://www.tcpdf.org

