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This Standad Fefererce Maternd (SEI) 15 ntende d primanly for use in cahbratmg ophecal nstomerts that meanre knear retardance
and polarimeters that require a known state of polarzation for calibration. Each SEM unit is mdividually certified and consists of a
packaged double-rhomb retarder, composed of baro concatenated Fre snel thombs carefilly alzned so that the tpet and outped bearmns
are collinear. Retardance, d, arises from four total rtemal reflactions (TIER) and is stable within + 0.17 retardance over inpnat angle
variahons of = 17, wavelength varishons at least 50 o, and termperasbare vanabons & least 5 °C. Twno apertares are provided to aid
in the aligument of the SEM.

Tahle 1. Certified Retardance Wahie

Wavelangth in mm) Fetardance, 4 (in *) Uneertanty, UF(m ") Towdst ©(in ")

+1 + +

Ceriified Values and Measuremend Uncertainfies: The certified retardance of this SEM umitis giveninTable 1. The expanded
uncertaivty CHuses a coverage factor & = 2 5o that the true vahie of retardance, §, lies watlm + U approximately 35 % of the tone
[1,2];users canuse other coverage factors & and caloalate expande d uncertarty U7 = jueusing the combmed standard uncertanty
u. listed in Tabla 2. Twist 15 reported as it may mmpact retardance meanrerernt m some systeans (see Instrachons for Use).
Uncertairty analysis was perforned in accordance with NIST raquiremerts [2]; sources of uncertandy are histed in Table 2.
Measmement acouracy was determmed by ntercompansons with other methods [1,5,4].

Expiration of Certification: The certfication of SEB 2525 is walid, withm the measuremernt uncertainties specified, untl Jarmary
1, 2007 provided that the SEM 15 handled in accord ance with the mstructians given intlis certificate (see Intrictions fior Use). Tlos
certification 1s rmalbfied if'the SEM is modified or damaged (see Notice and Wamings to Users).

Notice and Wamings to Users: This device is fagile and noast be handled with zreat cave. Dammage to the thomb or package, or
prolomzed storage in lnmad environmments can canse signficat changes in retardance and wall woid the certfication.

Upon receipt, allow the package to equibbrate ovendzlt. Then remove the device fromm the shippmg cortamer and visualby inspect
the optical path. Do not open the protective alinmoum housig.

When the SEM 15 not muse, store i at rocen temperahare m a desiccator. The SEM temperahure should be (22 + 51 " C during use.
Let the device equilbrate to rocm temperabare for at least 24 hif'nt has been exposed to extrane temperahares.

Tha sapport aspects prvolred in the preparation, cerficabon, ad issuance of this SEM were coordinated through the Standard
Feference Materials Program by BE.J. Gettngs.
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Developrment of the SEM and supportmg measremerts were perforned by KB, Rochiord, A H. Fose, and P A, Williams with
assistance froon S0, Et=el .G, Clarke, GW. Day, and P.D. Hale of the NIST Optoelactranes Dioasion, and H. Kienkn onntemship
froen the Insthat Thaverstaire de Teclmologie Lowns Pastenr de Strashourg, France.

The certification measrermernts were perfonned by 4 H. FEose and 5 M. Etzel of the NIZT Optoelectroaies Division.

Statistical analyses leading to certification of this SEM were performed by C.M. Wang of the HIST Statistical
Engmeenng Division.

Table 2. Tabnalation of Uncertanties

Uneertaty Source Method Unecertarty (m )

Type & (measared) uncertanhies

1 (standard deviation) of repeated 0.033
independent measirermerts

Meamrement noise

Hine retardance meamremerts across
face

EBeamn position emor

Type B (mferred) uncertantios

Fetardance axis nmisahgunent doring Estomated fromm abizronert uncertanty

meamirernent 0.003

Incidence angle exror C almlated masanoum ervcr allovre d by 0.0l
aligpment blocks

Temperatura 5 °C varlation cnnl

Combined standard uncertanty ue = [In]*

Expanded uncertanty r=2u,

Certificaion Measurement Poocedure: Fetardance meanirements were made oneach indoadual SEM unit ushg the pdanneter
descnbed inFefarence [5]. The device was aligned wathm + 0.537 of nonnal modence usingthe shownet aperbares and was measurad
vith a(2 + 0.17mm dimneterbeam (1&%) centered on the it face of the device. Sixmeammements were taken and the mean vahe
reported. The device was translated and addibond sets of 510 mesmrements were made at eiglt postions about the certer. & total
of nine sets of st mesuremernts, made on a square grid with 2 non certer spachgs, was used to estonate the spatial wafonnty of the
retardance [B].

Instruchions br Use: The measurermert wavelength shouldbe between 1,258 prmand 1.35 pm. The somee coherence langth should
be less than &0 an or noliple colerart rdlachons may alter the rabardance. Wavebngths andior colerence kngths caside ths range
may be acceptable, but referto the section Comection for Coherert Sources and Other Warelenghs on page three to ascertam f'the
uncertanty nust be adjnsted. Tse a collimated beam for meamrvervent ; beam diverzence should be kss tha 10 wead. The 1/e® beam
diameter shondd be 2 mm to attan the uncertanty stated in Table 1. See the section Aoconmmodaing Other Beam Dismeters forlarger
be amn diamneters up to & non.



For optical beamn diammeters less than or equal to 3 now, optical aligenet can be aided using the ahgunest blocks. Gently msart the
blocks intothe windowr openings; do not foroe the blocks as they nmast be removed withont dishobmg the SEM alizomend. Place the
SEM inthe opical beam and adjust #s posibion and angle to masmrizs traspussion. Forbeams smaller than Snen, additional lateral
translation may be requred to center the beam. Remove the alicwmment blocks before proceeding with the retardance
measurement.

A1 optical dasses with lowr retardance can exddbit Faraday rotation For the rhomb device, Faraday mtation is negligible in magnetic
fields less than 1 T (10 3). This requivernert 1s easily acconmnodated by mavms that no magnets or ligh owrerts ave nearhy (for
example, ourverts withn 10 m should be belor 500 47,

Meaasrements should be made waith losr posrer (less than 50 mW0, comtrmons-ware [greater than 10 % daty arele) optical bearms.
High average powers may damage the ophes, and high peak powers could change the retardance through nonmear effacts.

If the endfaces become dirty, they may be drag cleaned using ht-free lens tsme and a2 mild residue-free solvenmt such as
spactrophotometer grade ethancdl.

Comection for Coherent Sources and Odther Wavelengihs: IFthe meamrement source is highly coherert (1e., produces
coherant ntedference fior path nusmatehes greaater than 60 awn), the retardance of the SEM can wary as the thonh path length
changes. The change m retardance depends on the source coherance, SEM retardance, and the reflectance of the SEM
anbreflection coatmzs. Table 5 bsts the maannmm and standard deviation of thas retardance change assanung fully coherert
irterference [1].

Table 3. Retardance Changes Due to Coherent Effacts

Wavelength Imer Coatms Chater Coatmg Maxinoon Exor (m Standard Deviation, o (in
[m rmw) Raflectance Eeflectance "1 “
1200 gxl0* 2.3x10% 0.80 0.22
1230 Sxl0 1.3xl0% 0.33 0.11
1300 510 610 020 0.0
1320 &xl0? sxl0 R E:: 0.0s
1330 Tl 4x10 0.1s 0.0s
1400 1.3x10°% 7x107 0.30 0.0z
1450 2.1=x10% 1.3x10°% 0.53 0.14

Because the mean erroris zemo, repeated measurements over sinalltermperature (0.3 "C) varatins can decrease the SEM retardance
uncertanty eventd the source 5 coherert. Use us = oo/H ¥ for M meanmements as the standard ervor dae to coherert wflections, and
form a new expanded uncertatty U= 2 (u + 2:71%. See References [1] and [4] for detals.

Accommodating Chher Beam Diameders: The alimmnert blocks canmot be wsed to ade quately for ahznrmert for bearms larger than
3 mun. Maoutor the back-eflecton of a wsible laser mnodent anthe S EI endface to determme theinmdence angle. The SEM should
be aligned within + 0.53° of nonnal moidence with the beam centered on the thorb face. Under no clronmstances should the device
aparture be used to block an oversized beam.

For beam diameters other than 2 nen, an additional uncertanty up (Table 4) nost be inchaded to account for spatial nomedfonnmity.
This can be inchded in the expanded uncertamty by calmlamg U= 2 (2" + 2, 1%. This asaomes the we of ciroular wifonm or
Gamssian beams. For other shapes, contact the NIST Optoelactrosios Division at (3010 975-3084 for uncertarty statements.



Table 4. Tncertanty Arisng froen Other Beam Diametars

Beam Diameter 1 2 3 4 5
[m non)
wp (M) 0

The spatial vanation of ratardance may also cause a correctable change in the wtardance expected for varios beam sizes. To obtain
the corrected retardance value for lie® beam diameters ather than 2 nom, add the vahe & from Table 5 to the retardance vahe § in
Takle 1.

Table 5. Retardance Correcticn Fequived for Other Bearm Diameters

Beam Diameter 1 2 3 4 5
[ nmw)
dy (in 7] il

Effect of Twist: Twist, T, may affectthe acouracy of meanirement systems that rely on Imewlkdze of the prmeipal retardance axes
of the SEM or asswme Imear elgenpolazations. Findmg the prmeipal axes by msertmg the device bebaean crossed polarizers will
result in anancertandy, A0 = 2.4 1, inthe aas locabion.
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