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NONSAPU3ATOPbI HA OCHOBE
NPOBOJIOYHOW CETKU
AN UK-CNEKTPOCKONUM

M. Teopz,mgeorge@moxtek.com;
B. Mazudos, vmahidov@moxtek.com

LUnpokoamanasoHHbie nonspusaropbl (WGP) Ha
OCHOBEe NPOBOJIOYHOM CETKU HAX0AAT NPpUMeHeHne
B UCCNefoBaHMAX MeTogamMm MK-cnekTpockonuu
(cpenHero v panbHero MK-guManasoHoB), KOTOpbie
TPe6yIoT Nosly4eHns n3o6pakeHus BbICOKOro
KOHTpacTa. KOHCTPyKLMS YyCTPOMCTBA Noisipu3aTopa
BbINOJIHEHA HA TOHKOM KPEMHUEBOM NMOAJI0XKE,
umetowen aHtTupednektopHoe (AP) NnokpbiTue,

no 3anaTeHTOBaHHOMY KoMrnaHuen Moxtek metoay
MU3roTOB/IEHUS CTPYKTYPUPOBAHHBIX KOMMIEKTOB
M3 aJIFOMUHMEBbBIX MJI0CKMX ceToK. Moxtek WGP-
nonsipusaTopbl paboTaoT B KOPOTKOBOJIHOBOM

M OJINHHOBOJIHOBOM o6nactu UK-gmnanasoHa

M OeMOHCTPUPYIOT y/ly4LleHHble XapaKTepuCcTUKu
Mo CpaBHEHMIO C aHAJIOFMYHBIMU NPOAYKTaMK
KOHKYpPeHTOB. OCO6eHHO 3TO KacaeTcsl KOHTpAacTa,
obecrneymMBaemMoro 3a c4eT BbICOKOrO OTHOLLEHUSA
COCTOSIHMSA NONAPU3ALMY MEXAY NPOLLeALnUM

U NOornoweHHbIM usiy4yeHmem.

BBEJEHUE

HInporoauamnasoHHele IHoasgpu3aTopel WGP HCIIonb-
3yI0TCS B HMK-CIIEKTPOCKOIIMH [AJIsS HCCIeH0BaAHUA
XapaKTePUCTUK OUIIEKTPUYECKUX U MeTaIHYeCKUX
IIOKPBITUH, aHAJIM3a [BY/1ydellpeIOM/SIIOIINX Mare-
PHaJIOB U [/1s1 OIlpefie/ieHH sl KojiebaTeIbHbIX MOJL B KPH-
CTa/jax MU CTPYKTYPUPOBAHHBIX IIJIEHKaX. PeasbHbIe
IIOJISIPH3aTOPEI KMEIOT OIlpe/ie/IeHHBIN KOHeYHBIN KOH-
TPacT, II03TOMY CBET C HeXKeJIaTeJIbHBIM COCTOSSHHEM
MOJISIPU3ALIMH BCe-TaKH IIPOMIET CKBO3b IIO/ISIPU3ATOP,
IIPUBOZS K CHUKEHH IO TOUHOCTU H3MepPeHHUH.

[Tonspu3saTtopsl WCP 4acTo OKa3blBaloOTCs Oosee
IIpeJIoYTUTeNbHBIMHU 7151 UK-TIpuiokeHHM. MX KOH-
CTPYKLHS IIpeCTaB/iseT cobOM MacCHB MeTasUIH4e-
CKHX HHMTel, HaHeCeHHBIX Ha IIPO3PAYHYIO IOIIOKKY
C Cy6BOTTHOBBIM LIIATOM.

[TpeumyecTBo momobHbIX WGP-IIOIspH3aTOPOB
repes WHBIMU KOHKYPHUPYIOIIMMHM IIOISPU3ALHMOH-
HBIMH YCTPOMCTBAMHM 3aK/II0YaeTcs B KOMIIAaKTHOH
¢dopMe, yaydIIeHHOM IIPOIYCKAHMU COCTOSHHUSA IIOJIS-
pH3aLMH IPOLIeIIEro CBeTa, MUHUMA/IBHOM H3MeHe-
HUHU K03 PUIIMEHTA IIPOITyCKAHU S ITPU BAPbHUPOBAHU U
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WIRE GRID POLARIZERS
FOR IR SPECTROSCOPY

M.George, mgeorge@moxtek.com;
V.Mahidov, vmahidov@moxtek.com

Broadband wire grid polarizer (WGP) products
suitable for MWIR and LWIR (mid- and long-
wavelength infrared) spectroscopic applications
requiring high contrast were developed on thin,
Anti-Reflective- (AR) coated silicon substrates
using Moxtek wafer-scale aluminum Nanowire®
patterning capabilities. The Moxtek WGP
performance was characterized from the SWIR
to LWIR and shows marked improvement over
competing WGP products, especially in terms of
the contrast ratio between passing and blocking
state polarizer transmittance.

INTRODUCTION

Polarizers are used in IR spectroscopy for
characterization of dielectric and metallic
coatings, analysis of birefringent materials,
and for indexing the vibrational modes in
crystals and textured films. A real polarizer
has a finite contrast ratio, thus some light with
the unwanted polarization state is transmitted,
which can impact measurement accuracy. The
wire grid polarizer (WGP) is often preferred
for IR applications, and consists of an array of
metallic lines with sub-wavelength pitch, often
supported by a transparent substrate. Benefits
of the WCP over competing designs include a
compact form factor with improved passing state
transmittance, minimal performance variation
with angle of incidence or wavelength, and
improved stability in high temperature and
high brightness environments. Unfortunately,
WGP products designed for MWIR and LWIR
applications have historically suffered from
low contrast between transmission of linearly
polarized light oriented in the passing and
blocking states, which is mostly due to their
relatively large wire grid pitch (typically > 370
nm). By dramatically reducing the pitch from
that found in typical IR WGP products to 144 nm,
Moxtek has developed MWIR and LWIR polarizers
with greatly improved contrast.
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yIjla HaJieHus ¥ AJIMHBI BOJIHBL U3/IyYeHHU, YIy4lleH-
HOM CTabUIBPHOCTH XapaKTePHUCTHUK IIPH HCIIOIb30Ba-
HHUH yCTPOMCTBA B YCJOBHSX BBICOKOM TeMIIePaTyphl
U B CpPeZiax C BEICOKOH SIPKOCTBIO.

K coskaneHuIo, Tak YK HCTOPHUYECKH CJIOKUJIOCH,
uyto WGP-IpomyKLMs, IIpeJHa3HauYeHHas A1 paboTel
B OnmkHelM W ganbHer HK-obmacTu, cTpajana HM3-3a
HM3KOrO KOHTPAcTa IpHU MPONYCKAaHUH JHHEMHO
IIOJIIPH30BAHHOIO CBETA, YeMy BHHOHM OBUI OTHOCH-
TeJIbHO OOJIBIION IIar CeTKH (0OBIYHO OH COCTAaBIISUI
Gonee 370 HM). 3HAYMTENPHO yMeHbIIHUB Imar WGCP-
nonsipusaropos g MK-ouarasoHa - mo 144 HM, KOM-
naHuss Moxtek mobuiace OIYTHMOrO YIydIIeHHS
KOHTPaCTHOCTH.

YCN10BUA SKCMNEPUMEHTA

DKCIIepHMeHTajIbHOe U3MepeHre KO3QOHUIIMeHTOB IIPo-
[IYCKaHMS IIPOBOJMJIOCH C MCIIOIb30BAHHEM CIIeKTPO-
MeTpOB IBYyX MapoK - Nexus 870 u CARY 670 FTIR. CyTb
MeTofia COCTOsUIa B TOM, YTO [jBa OJMHAKOBBIX Moxtek
WGP-nionigpr3aTopa YCTaHABIMBaAH PILOM C 3a30-
pom mMeskay HUMH 100 MRKM. OguH o6pa3eu OCTaBaJICH
HeTIOfIBUKHBIM, IPYTOH Bpaliascs. BpameHue obpasia
OTHOCHTe/ILHO IIOJIO’KeHU S € 3aQHUKCUPOBAHHBIM COCTO-
SSHUeM IIO/IIPU3alK II03BOJIMJIO IIPOAaHAIHM3HPOBATh
COOTHOIIeHHe COCTOSHHH IONSIPU3allMK B IIPOITyCcKae-
MOM M ITOIJIOIIA@MOM M3/Ty4YeHUH. KcCaeT0BaHHUIO IIO/-
Bepra/iv IIOSPU3ATOPEl KaK [JIs CPelHero, TaK u JJis
nanpHero MK-ayanasoHa. M3mepUTenpHEIe YCTPOMCTBA
ObLIH IIpeIBAaPUTENIBHO OTKATHOPOBAHBI C ITOMOIIBIO
KPeMHHEBOro CTaHAApTHOro obpasia, IIyMOBOM (oH
OIIpefieIsiICs ITpY 67I0KMPOBKe U3/TyUeHHs .

PE3YJIbTATbl 9KCMNMEPUMEHTA

TunuyHOoe MOPOIlyCKaHHEe, KOTOpOe IIPOAEMOHCTPH-
poBanu Moxtek WCP-mionsipru3aTopsl A CpeLHEero
HUK-nuamasoHa (MWIR), ObI/I0 BBICOKKMM, Ha ypOBHEe
95% OT MHTEHCHUBHOCTU IMaJAIOIIero M3JydeHHs /I
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Puc.1. Moxtek WGP-noasipusamopsl
Fig. 1 Moxtek WGP polarizers

EXPERIMENTAL CONDITIONS

Transmission experiments were performed using
both Nexus 870 and CARY 670 FTIR spectrometers.
Rotation of the WCP sample with respect to
a fixed pre-analyzer allowed for transmittance
measurements in the passing and blocking states.
The pre-analyzers consisted of two aligned Moxtek
WGCP’s (both either MWIR or LWIR) separated by a
gap of more than 100 microns. Open and blocked
beam configurations and a silicon reference
standard were used to validate instrument
accuracy for transmission measurements.

RESULTS

Moxtek’s MWIR polarizer typically transmits
better than 95% of the passing state between 3.5
and 5.5 microns while maintaining a contrast

XapakTepucTUKmM Noaspru3aTopoB Ha MeTaI/IMYeCkmnx ceTkax aas MIK-grnanaszoHa komnaHmm Moxtek, BbINONHEeHHbIX
Ha KPeMHMWEBOM NOAM0XKe C AP-MOKPLITUEM, U KOHKYPUPYIOLLEro NPOAYKTa Ha Tannuii- Bromoiodide noasnoxke (KRS-5)
Performance comparison between Moxtek Infrared wire grid polarizers on AR-coated Silicon and a competing product

on Thallium Bromoiodide (KRS-5) substrate

KoadduumeHT nponyckaHuns [%]

A NnvHa BOJIHbI,

KoHTpacT

MKM Passing State Transmittance [%] Contrast Ratio
Wavelength  poxtek MWIR ~ Moxtek LWIR Moxtek MWIR ~ Moxtek LWIR
[pm] WGP WGP WGP on KRS-5 WGP WGP WGP on KRS-5
2,5 67 H/M 71 2860 H/N 47,3
50 97 H/M 84 12,100 H/M 168
10,0 H/N 89 75 H/N 11,300 326

MpumeyaHwue: H/M — He npumenseTcs / H/T - Not Applicable
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JJIMH BOJIH OT 3,5 0 5,5 MKM. IIpy 3TOM COOTHOIIIEHMeE
CUTHaJI'IIYM COCTaBu/IO 35 b B obs1acTy JIMH BOJIH
3,0-5,5 MkM. Jag ganbHero UK-muamasoHa (7-15 MKM)
Moxtek LWIR- mOJISIpH3aTOPBI ITOKA3a/IH IIPOIYCKAHHE
BbIILE 68% KM OTHOIIEHHE CHUIHAJI-IIYM - Bbille 38,5 n1B.
B Tabnule 1y CpaBHEHHS IIPUBeNEHBl XapaKTepH-
CTUKH IIPOAYKLIMHU KOMIIAaHUK Moxtek, BBIIIOTHEHHBIE
c maroMm 144 u 250 HM. [JaHHBIE ICHO J@MOHCTPHPYIOT
3aMeTHOe y/Iy4IlleHHe COOTHOIIeHM S CUTHAJI-IIIYM.

3AKJTKOMEHUE

[onsspr3aTophl, BLIIIOJIHEHHBIe Ha OCHOBE IIPOBOJIOY-
HOM CeTKH, 001afaloT MHOTMMH IIPeHMYyIIeCTBAMH
repes, OPYTMMH KOHCTPYKUHOHHBIMHU PpeIleHUSIMHU
B C/Iy4asiX, KOTAa HMX MCIONB3yIOT B MHPPaKpPaCHOM
crieKTpocKonuu. OpHako, mepBble WGP-ycTpoHCTBa
CTpajany HU3KHUM KOHTPACTOM. [IJIsl TOro YTobBI IIpe-
OZIOJIeTh 3TH OTPAaHUYeHMsI, KOMIIAaHHU S Moxtek ucronp-
30Bajla AP-TIOKpBITHE [JIs1 IIPO3PayHBIX KPeMHUEBBIX
IIO/IJIO>KeK KOHCTPYKIKMH cOopky Nanowire u3 anqroMu-
HHEBBIX ITPOBOJIOYHBIX CETOK. DTOT HOBBIKM IIPOAYKT
I cpefHero M JgajibHero MK-auara3soHa IIpOgeMOH-
CTPHPOBaJI 3KCTPAOPAHHAPHEIE yIydIlIeHW s KOHTPACTa,
[I0Ka3aB IIPH 3TOM OTIHYHYIO 3QGeKTUBHOCTb COXpaHe-
HUS COCTOSIHU A IIOJISIPU3allUU IIPOLIeIIero CBeTa. M
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ratio of better than 35dB from 3.0-5.5 microns.
The Moxtek LWIR polarizer typically transmits
better than 68% of the passing polarization state
between 7 and 15 microns and has a contrast
ratio exceeding 38.5dB. Table 1 compares the
performance of the 144 nm pitch Moxtek products
to a 250 nm pitch WGP from another supplier and
clearly demonstrates the dramatic improvement
in contrast ratio.

CONCLUSIONS

Wire grid polarizers have many advantages
over other designs when used as analyzers
in infrared spectroscopic applications,
but have historically suffered from poor
contrast between transmittance in the
passing and blocking states. To address
these limitations Moxtek has extended its
aluminum Nanowire® patterning capabilities
to AR-coated silicon substrates designed for
the mid- and long-wavelength infrared. These
new product offerings offer extraordinary
improvements in contrast while maintaining
excellent efficiency in passing state
transmittance. [
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