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OVERVIEW / MEASUREMENT PRINCIPLE % TR I O PT I CS

Overview

The SpectroMuster® fumily of instruments
has been derived from the renowned TRI-
OPTICS PrismMuster® series of ultru-accu-
rate prism goniometers und is specificully
desighed for prism refractometry with
highest precision. SpectroMuster® Spec-
frometer-Goniometers ure employed by
optical gluss manufacturers, hational
metroloyy institutes us well us scientific re-
seurch institutes with highest accuracy de-
maunds for the determinution of the refrac-
five index und dispersion of opticul gluss
und crystalline muteridls in the UV, VIS or IR
spectrdl ranyge,

The meusurement principle is bused on
the minimum deviution method, origindlly
published by Joseph von Fraunhofer dl-
most 200 yeurs ugo und still regurded us
the most accurate method and capuble
to meusure the refractive index up to the
sixth decimul pluce. It is therefore the
stundurd method employed by most hu-
tionul metroloyy institutes e.y. the
Physikalisch-Technische Bundesanstalt
(PTB) in Braunschweiy, Germuny. The core
of SpectroMuster® is un ultra-high preci-
sion gyoniometer tuble, which is used for
Meausuring the prism ungle and the deviu-
tion unyle of refracted light pussiny
through d prism manufactured from the
opticul material under test. The large
spectral rungye of the high-end Spectro-
Mauster® models is obtuined by the com-
plete use of mirror optics. For a more limit-
ed visible spectral range, models with re-
fractive optics are avdildble, too.
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Measurement Principle

Meusurement principle of devidation angle

The minimum deviation method ds de-
scribed by Fraunhofer ut the beyinning of
the 19™ century is sketched ubove. It is
bused on the refraction of light by d pre-
cise prism munufactured from the opticdl
material under investigation. A bundle of
monochromuatic collimated light from <
collimutor enters at one surfuce of the
prism and is refracted ut u certuin deviu-
tion ungle 8§ when leuving the second sur-
fuce. The deviution ungle is u function of
the wavelength A and is meusured by d
telescope uttached to g goniometer
table. The unyle enclosed by the two
prism surfaces is yenerdlly culled the apex
angle a of the prism. When the incidence
unyle 6 ut which the light enters the prism
is chanyged, the devidation angle d
changes too. It can be shown that the de-
viution anyle § becomes minimal when
the ungle 0' ut which the beum leaves the
second surfuce is equul to 0, i.e. 6 = 0'. This
symmetric cuse is the so-culled minimum
deviation condition. In this cuse, the index
of refraction of the prism Material can be
culculuted uccording to

. fa+0(N)
Smpy\ ——x —
I’l(/l) = (—2) Xnair(/l’p’T)'

sin (%)

where n,, is the refractive index of the um-
bient dir. n,, is g function of the wuve-
length A, femperature T, pressure p und
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humidity und cun be culculated with suffi-
cient uccurucy from p und T with the
generdlly upproved EdIén eyuation. In
most cuses, the humidity cun be nheylect-
ed. Since these culculdtions ure quite
complex und error-prone, this is done duu-
tomaticdlly by the instrument software.,

Autocollimator

Apex ungle meusurement principle

The refractive index cun be deftermined
only when the gpex unygle a is precisely
known. Both ungles a und ¢ ure meusured
with an ultra-precision gonhiometer with
sub-arcsecond accuracy. The dpex ungle
a is meusured with an autocollimator at-
tached to the yoniometer table.

Error Analysis and System Requirements

For reuching un uccurucy down to 1x107¢
u cureful error unulysis of the ubove for-
muld is hecessary from which the techni-
cul reyuirements on both instrument und
ambient conditions can be derived. In the
followiny, it is distinguished between errors
resulting from the goniometer, errors due
to umbient conditions, und errors due to
the munufacturing gudlity of the sumple.

MEASUREMENT PRINCIPLE

Goniometer Error

As shown dubove, the refractive index
Mmeusurement is bused on unygle meusure-
ments. This is done by u precision yo-
niometer eyuipped with an autocollimu-
tion telescope for medusuring both the
dpex unyle o und the minimum deviution
angle 9. The figure below shows the de-
pendence of the minimum deviution dun-
yle on the sumple refructive index und
dpex unyle. For typicul opticul yluss,
prisms with an gpex aunygle of around 60°
are used. The sumples with d refractive in-
dex ranyging from n = 1.2 ... 2.0 cause Mini-
mum deviation anygles of ubout 15° to
100°. The impuct of errors in both upex
und minimum deviution aungle on the re-
fractive index result are compiled in the
followiny tuble, culculuted for stundurd
umbient conditions.
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Minimum Deviution Angle vs. Refructive Index for
different prism upex angles

From this result it becomes evident that
the unyle meusurement must be uccu-
rate to a fraction of an arc second if an
uccurucy of ubout 1x107 is required.

TRIOPTICS hus u lony experience in munu-
facturing prism goniometers meusuring ut
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this level of uccuracy. The gyoniometers of
the TRIOPTICS PrismMauster® HR ultra accu-
racy class dare eqyuipped with specidlly se-
lected Heidenhuin goniometers of the
highest accurucy uvdiluble. With these
precision goniometers und u special ec-
centricity und interpolation error com-
pedtion, un unyle meusurement uncer-
tainty of less thun +0.1 urcsec ut U resolu-
tion of 0.036 urcsec cun be uchieved.

The SpectroMuster® aungle meusurement is
u combined effort of the gonhiometer ussur-
ing the precise ungle meusurement over
large angles and dan electronic autocolli-
mator for small differential angle medusure-
ments. The autocollimator is used for pre-
cisely relating the prism surface orientution
to the graduuted circle of the gyonhiometer.
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High precision optics und high-resolution
CCD cumerus gyuuruntee u lineurity und
resolution to ubout 1/100 urcsec.

The overdll ungle meusurement uccurucy
is curefully checked at the TRIOPTICS lub-
oratory with severdl reference sumples
which have beenh meusured und certified
with +0.1 urcsec uncertuinty (k=2) by the
Physikalisch-Technische Bundesunstalt
(PTB), the Germun nationual institute of
standards und meftrology. At TRIOPTICS,
the PTB results ure typicully reproduced
within +0.1 arcsec muximum deviution
when medusured with ultra-precision class
gonhiometers. The results are directly trace-
uble to nutionul und internutionul ungle
standards.

Physikalisch-Technische Bundesanstalt P-rB

Braunschwelg und Berlin

Kalibrierschein
Calibration Cerificale

Gegenstand: 1 Diepereionapriema
bjost. 1 Dispersion-Prism

Hersleller:

Marufasturer

Typ: P

Ty N-BXT-H4

Kannrummer: 4010313

B N

Auftraggeber: Trioplics

Ao Hatenstr, 35-39
22850 Wede|

Anzahl der Seten: 4

Mot of pages:

Geschaftszeizhen: PTE 4.21-4062213

PR W

Halibrierzeichen 1800 PTB 13

Cavaranioe man:

Datum der Kallbrlening: 2013-03-27
Tk of palbiton

Im Aufirag Braunschwesy, 2013-03-28
O buhal of PTE
i Gl

/»T’Lw

Andreas Fricke

amvene |

Kalkrnliakc chns umxnnr rd Slegel hadan kare Boiighst me“m:u:nerscneu darf nur Lrvarandert wa terehrkst

i er Cenay e
Cullvatien cm\wmu ma it ot a ang soaf ot vabd. Thiz _.:\:nmm Corticate iy 1ot be raproticed sthar thar i fal
Efracts may be & oy v g pa: [ S——y

Physikalisch-Technische Bundesanstalt P-I-B

Saitz 2 zum Kslibrisrschein vomn 2012-03-28, Kaibrierzeichen: 1500 PTE 13
Paga 2 af fha Caklarian Cerifionta daten 2013-03-28, cabivtiar man: 1500 P70 13

Cemal lhrem Frifantrag 33501 vom 28 04,2013 wurde an einem Digpersionsprisma der
Prismanwinkel und die Brachzahl bei & Wellenlangen ermittelt,

Accaring o your appication for festing 32501 of 2073-D1-28, the prism angle and the rafractve index were defarmined af
veavelengihe o0 one iEDerskat priEn

Die Masswerts sind in folgender Tabelle zusammengestellt:
Thi masimd valies have been sompied in ibe foloming i

Kallbrlerzelchen 1500 PTE 13
salibration matk B
Kenn-Hummer P3
eitificatior 40103-13
Prismenwinkzl 66" 00" 42,967
Ape-aimgle 56,011932%
Wi T r——
wavclongth | refractive index i
x hei s 20°C | M=y s 20
m] | 2 a
Hg 404.66 ny 1.530519 0.000002
Hg 436.84 ny 1.626960 0.000002
Cd 479.99 np- 1823088 0.000002
&m 1.521126 0.000002
Hg 546.07 n, 1.618987 0.000002
Cd £43.85 n. 1.514880 0.000001

Der Temparaturkoeffizient resultiert aus der Kalibrierurg des Prismas P1 mit der Kann-Nummer
40101-12 und dem Kalbrierzeichen 1500 FTE 13

Tha thamal roafficnts msuls fom e caibiaibion of te grism P with ihe idenifcstion J0707-13 snd the calivalion mak
13N FTE 13,

Der Durchmaesar des verwandeten I zur s Pris i belrug ca. 30
mm und dar zur Messung des Ablenkwinkels ca. 27 mm.
e af tha bagm psar for the of thie aypex aingiks wars appr. 30 mm and for messammen of the

daviaian angla apamy. 27 mm

Die Abweichung der Messfidchen von der Ebenheit verursacht eine Abhangigkeit des Prismenwinkels
un acmit auch dar Brachzahl von der varwendeten Apertur und der Position das Messstrahles. Die
angegebanan Messwarta bezishen sich auf dan varwendeten Durchmassar des Messstrahlas und
dessen Position in dar Mitte der Messfldcha.

The dawiancn of the measuing froas fom feiness cames & dependence af the prist engle and s of e eacive i
an the measuming baam apertars snd position used. The messored veluss stated (hor e reiale fo e above demetor of
e mEASUTG Baam and fs postion in e midd of the faee.

*] Die erweiterte Messunsicherhedt cer Brechzahl betragt +2 10* und die der Winkelmessung £0,1
Wirkelsekundan.

) The sxpantad uncertainly of massummont of the mimctie indes amoonts o 22707 and that af the angle measurement
10 +0,7 anguar saconds,

Die Brachzahlan sind bai der mitbersn Temperatur des Prismas wahrend der Messung, 1013,25 nPa
und 50% ral. Feuchte angegeban.

The mimzta indiees have bann indiated m e mean ey of the g e
% . Ay,

o 1013,25 tPa and

PTB meusurement certificate for a dispersion prism
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Additiondlly, the SpectroMuster® meusure-
ment procedures ure performed in u way
as to minimize systematic errors and ambi-
ent influences, e.y. dll unyle meusure-
ments ure done differentidlly on both sides
of the prism, so thut potential offset errors
dare removed by culculating ungle differ-
ences only. Furthermore, noise is reduced
since dll anyle results emerge from at least
fwo meusurements. For further noise re-
duction, the system cun be configured to
perform even more meusurements for
better uveruyging. However, the experi-
ence shows that in a well-shielded envi-
ronment hoise shows up in the 7 decimal
place of the refractive index result only.

Ambient Conditions

As stuted ubove, curefully controlled um-
bient conditions ure required since the
Mmedusurement yuuntities depend on the
umbient und sumple tfemperuture und dir
pressure. In stundurd luborutories the uir
pressure cunnot be conftrolled, but must
be tuken into uccount by culculution. This
is auccurate enough when the dir pressure
is known with d precision of ut leust T hPa.,

Ventilation

Chopper wheel and
filter changer

Spectral lamp
housing

Collimator

Schemdatic setup of SpectroMauster®

PRINCIPLE OF OPERATION

The dir temperature should be stuble und
meusured to 0.1 °C with the sumple tem-
perature in eyuilibrium or accurately meu-
sured independently. Typicdlly, the influ-
ence of dir humidity is neyligible, but we
recommend u RH vulue below 70%.

Sample Quality

If highest medsurement precision is re-
yguired, this puts some demunds on the
maunufacturing yuadlity of the prism sum-
ples. Generdlly a surfuce fluthess of ut
leust A/10 or better is reyuired, und the
sumple homoyeneity should be better
than the reyuired index accuracy.

Principle of Operation

The principle meusurement setup is shown
ubove. A fixed collimator is projecting the
image of u glit target through the sumple
prism. An autocollimutor mounted to the
rotary dir bedring goniometer is picking up
the slit imauyge und meusuring the deviu-
tion unyle of the refructed light pussing
through the prism. The illumination of the
variable target slit is done by exchunhye-

Autocollimator
Detector

Air bearing goniometer
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uble spectral lumps, so thut the meusure-
Ments dre done ut precisely knowh wave-
lengths of selected spectral lines. For a
better identification of certuin spectrul
lines, nurrow bund inferference filters cun
be Moved info the beum puth.

The autocollimutor is ulso used for meusur-
ing the gpex ungle of the prism in reflec-
tion. It is supplied with a high-brighthess
LED illumination.

The sumple is positioned on u fixed sup-
port centrdlly above the goniometer. With
a rotary tuble, the incidence ungle of the
collimator beum with respect to the sum-

Spectrdl lines ufter refruction ut the sample prism

ple cun be controlled. Anh optiondl linear
stfage cun be used to move the prism to
the optimum pivoting points for the apex
unygle meusurement und the deviution
unygle meusurement. The deviution ungle
Meusurements ure done differentidlly on
both sides of the collimutor dxis so that ze-
ro offset errors ure suppressed.

The SpectroMuster® HR Universul models
dre completely designed with reflective
optics, e.y. off-uxis purubolic mirrors us fo-
cusing elements in the collimutor und du-
tocollimator. Speciul UV-enhanced cout-
ings gudrantee high reflectivity over the
full spectral range. The extended spectrdl
ranyge ulso reyuires the use of udditionadl
photo detectors besides the CCD. For the
infrared au cooled PbS-detector und for
the UV u photomultiplier is used. For u bet-

& TRIOPTICS
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ter signul-to-noise ratio, the input beum is
chopped by u frequency stubilized chop-
per wheel and d lock-in amplifier is used
to process the detector signhal.

Instrument Description

Rotary Air Bearing Goniometer

- s & Tomws

Air bearing tuble with ultra-accurate piezoelectric
drive

The ultra-precision, high sfiffness dir bear-
ing tuble is the key element of the Spec-
tfroMuster®, us it determines the angular
resolution and medusurement accuracy of
the minimum deviudtion unyle und dpex
unyle, und thus the overdll uccurucy of
the refractive index meusurement. The ux-
ial und radial run-out errors of this bedriny
are smaller than 0.05 um. It is supplied with
an dir control unit including pressure
guuge und udjustment, puarticle filter and
dir dryer. An oil-free fuctory dir supply net
or u dedicuted compressor is heeded ut
the input of the dir control unit. Further
specification of the dir supply is avdiluble
upon reyuest.
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The gyoniometer embodies un ultru-preci-
sion Heidenhuin encoder und d softwdare-
enhunced uccurucy of better + 0.2 urc-
sec. Specidlly selected goniometers ure
used for the SpectroMuster® HR instru-
ment.

The motorized SpectroMuster® HR Univer-
sdl is driven by d highly dynamic and ultra-
precise bucklush free piezo motor drive.
The piezo motors yenerute no significunt
excess heut for optimum temperature stu-
bility at the place of the sumple.

For the same reuson, dlso the rotary and
linear sumple tuble stuyes ure piezo dri-
ven. The piezo drive combines both, high
Mmeusurement speeds und sub-urcsecond
positioning uccurucy.

The munuul SpectroMuster® HR Compuct
employs u differential micrometer screw
for highest sensitivity aund uccuracy during
the munuadl adjustment of the telescope

INSTRUMENT DESCRIPTION

ungle. Due to the sophisticuted software
ussistfunce und dlignment indicutors, it hus
been proven that Manuadl operators cun
reuch the sume high accuracy of the mo-
torized version but at the cost of reduced
Mmeusurement speed.

Collimator and Autocollimator

The mirror collimator and the mirror auto-
collimutor include high performunce off-
uxis pdrubolic mirrors with surfuce qudlity
better A/10. The focul lenyth is 600 mMm
and the clear aperture 60 mMm. Beum fold-
ing Mmirrors of the sume surface und cout-
ing yuulity dllow for a compuct design.
The couting is UV enhunced for best re-
flectivity over the full spectrul runge of
185..2325 hm. The uutocollimutor employs
u gyeometric beum splitter design that en-
sures u wavelenygth independent focusing
over the full meusurement ranye of the
CCD.

Mirror autocollimator and collimator unit
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Detectors

The most convenient and fastest measure-
Mments ure done with the CCD cumeru in
the spectral raunge between 400..1050 hm.
Optiondlly, a speciul UV-enhanced CCD
cumeru is avdiluble which extends the us-
uble UV ranyge down to 250 nm. The CCD
cumeru is ulso used for meausurinyg the
dpex unyle in autocollimation mode.

A photomultiplier tube dllows medusure-
Mments in the spectral range between 130
and 320 hm. Wavelengths below 193 nm
dre considered us Vucuum-UV und cun-
not be meusured ut standard laboratory
conditions; however, experiments in nitro-
gen utmosphere have shown the possibili-
ty of Vacuum-UV medusurements.

Vaucuum-UV photomultiplier-tube (PMT) detector
mounted on SpectroMuster® HR

For the infrured ranyge 1000..2500 nm u
two-stuge thermoelectricully cooled PbS-
Detector with dedicuted low-noise umpli-
fier is employed.

A quick-chunhye
Mmount at the vari-
uble detector slit
allows for the
quick und eusy
exchunye be-
tween both de-
tectors und the
Mmount of uddi-
fional custom spe-
cific detectors.
The sighul detec-

DETECTOR [

Thermoelectricully cooled
PbS Infrared detector
mounted on SpectroMu-
ster® HR

& TRIOPTICS
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fion und umplificution is performed by u
laboratory grade lock-in amplifier for best
sigynul-to-noise rutio und detection of
even weukest spectrdl lines.

lllumination

Accurdate refractive index medusurements
require the exuct knowledyge of the meu-
surement wavelength. This is achieved by
using low-pressure discharye spectral
lumps. Spectrul lumps yenerute u spec-
frum of discrete spectrdl lines with precise-
ly known and stuble wavelengths. The
SpectroMuster® HR comes with u lump
house for up to 9 different spectral lumps
onh u rotuting turret. It dllows the quick
chanye of the spectrdl lump und the set
of spectrdl lines to be meusured. For opti-
Mmum illumination of the taryet slit, the
lamp house is eyuipped with a back re-
flecting mirror and yudrtz condensor op-
fics. The stundard set of & spectrdl lumps is
given in the followiny tuble. Additionul
lumips are avdiluble on reguest.

A manudl or (optionally) motorized filter
changer wheel cun be equipped with up
to 18 nurrow bundwidth interference filters
for the eusy selection und identification of
the medusurement spectrdl line. A set of
standuard filters is delivered with the instru-
ment. Additiondl custom specific filters
cun be ordered sepurdtely.

Air beuring table with manual rotation and adjust-
ing unit
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Accessories

The instrument is delivered with da set of
dalignment tools for regular dlignment
checks of the instrument setup. A set of
different spectral lumps and interference
filters are provided on customer's order.
TRIOPTICS cun ulso provide one or more
certified reference prisms for the trace-
uble cdlibration of the instrument,

Stundard set of spectral lumps

Hg Mercury
Cd Cadmium
Cs Cesium
He Helium

Na Natrium

Filter wheel with interference filters

FPMEETS kll .
=

SpectroMuster® accessories: Alignment tools, detectors and reference prism
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Measurement Results

The ubove ygraph shows typical meusure-
ment results und the fitted dispersion
curve for u K5 ygluss prism over the full gluss
fransmission ranye thut cun be meusured.
A fit module for the Sellmeier coefficients
is included in the software, so that refrac-
tive index vdlues cun be estimuted from
medusured ones ut different wavelengths.
The below plot shows the compuarison of
SpectroMuster® results und meusurement
data from an independent institute in the
wavelenygth range 360..1100 nm. The low
temperuture coefficient of this S-BAL2
yglass dllows highly uccurute meusure-
ments even in stundurd luborutory envi-
ronment which is reflected by the residuails
< +/- 2x107° compured to the reference
vdlues over the full meusurement range.

Traceubility of the SpectroMuster® meu-
surement results is guarunteed by the

Comparison Measurement

& TRIOPTICS
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cureful findl inspection using severul PTB
certified reference prisms avdailuble ut
TRIOPTICS.

O TRIOPTICS

Coefficient of Dispersion: Polynomial 1

TRIOPTICS GribH
Dennis OF
PTB 4808
Dispetasion Prism

Serial Nurmber
Tt of Glass

203991135
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-0 00000TER
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Meusurement results for an S-BAL2 sumple prism

TRIOPTICS

PTB Reference Sample: No. 4737

PTB Certificate: No. 1060 PTB 07 as of Dec. 13, 2007

Measurement Date: 15.03.2008, 11:33-12:44

Operator: S. Krey

Material: Quarz

Temperature: 21.1 °C

Air Pressure: 999.2 hPa

|(Results corrected for normal conditions 20.1°C and 1013.25 hPa by Edlén formula)

Spectral Line Refractive Index Difference
Symbol Wavelength] PTB 4737 | SpectroMaster Sg:jctg::‘l{a:tjr SpectroMaster-PTB
h 404.66] 1.469629 1.4696295 ~ 4E-07 5E-07
g 435.84 1.466705 1.4667048 3.E-07 -2E-07
F' 479.99 1.463513 1.4635138 4.E-07 8E-07
508.58 1.461874 1.4618737 3.E-07 -3E-07

e 546.07 1.460089 1.4600884 3.E-07 -6E-07
C' 643.85 1.456714 1.4567141 4.E-07 1E-07

PTB Uncertainty (k=2) 2x10®

Meusurement report for compurison of SpectroMuster® meusurement results with PTB certified vulues

11
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Each SpectroMuster® is delivered with
comprehensive certificautes showiny its
fraceuble meusurement results within the
specification.

This certificution is repeduted during instul-
lation at customer's site. On reyuest, the
instrument cun be delivered with a PTB
cerfified muster sumple for reguldr checks
by the customer. The below meusurement
report demonstrates exemplarily the ex-
cellent instrument auccuracy with Spectro-
Master® reproducing the PTB results within
<1x107. Unfortunutely, dll national lubora-
tories certify only in a limited visudl ranye.

A& SpectroMaster - E'\Documents and Settings'dofl Desktop\best.smm

File Program Took WView Log Help

INSTRUMENT SOFTWARE

The complete functiondlity of the Spectro-
Muster® instrument is controlled by un inte-
grated Windows XP bused software. It em-
ploys CCD-cumeru und photo detector
reudout, including the full configuration of
uttuched umplifiers and controllers. With
the motorized SpectroMauster® model,
Medusurements can be performed fully au-
tomuated over the complete spectral
range of the chosen detector aund spec-
fral lamp. When for a certuin gluss type
the gpproximate refractive index is known
the softwure seurches und meusures Ju-
tfomaticdlly eauch programmed spectrdl

Measure | wme || Refractive Index (man)
Aequisition Gonlometer
Enc.: +20° 59 19.01" Speed
Camera .
Shutber (refl.): Shutrer (trans.):

| 10000 fus] | 1641578 [us]

Spectral Line: [MgPen (546.08)  ¥]

Filter: iﬁmy -
Sample ——
Apex Ange: [es.000319 [ €|
Refractive Index: | 1.51872 <
see: [ frer]
LackLength: [0 ]
Prism Temp.: | 22 o]

dnfdt: [3.700000 [10-6/x]
Ervironment

Air Temp.: |22 =}

Air Pressure: | 1013 [hoal

Rel, Humidty: [50 %
Caloulation

15t Sur: I -57.15093 o] Capture
Err: I 0.34891 o) FPosition j

adsu [ 0 (2] _captue |
_Poston_|

I Use caloubstion for IRV Recalculate
MoAl): [T 35.56518 (o) _Position
samll: [ 6755632 (o) _Poskion
moafr): [ 3550518 ) _ Positon

Contirnous motion
j 0.0000 mm - |

Move to target

S —

[™ absalute motion

sam): | 66,8595 («) Posion | 4000 A £000 2000 10000
#] Date & Time | RI (nin) | Dif. |
Meamvalue: na. na na. na
Std. Dev.: na na na. na

Muin Instrument Control Diuloy



INSTRUMENT SOFTWARE

SpectroMaster - Certificate

Company:

& TRIOPTICS

TRIOPTICS GMBH - OPTICAL TEST EQUIPMENT

TRIOPTICS

TRIOPTICS GMBH OPTISCHE INSTRUMENTE

TRIOPTICS
User: S. Krey

Serial No.: PTB Reference Sample 1029 PTB 07
Apex Angle[*™]: 65° 2' 3.92"
Type of Glass: BK7
Comment:

Date Wavelength[nm] T[°C] P[hPa] MDA[°] Rl(mes.) Rl(stp)
2009/05/06-09:04:58 363.0000 21.2000 1013.0000 46.30036° 1.5361789 1.5361772
2009/05/06-09:09:12 4047000 21.2000 1013.0000 45.64902° 1.5301904 1.5301888
2009/05/06-09:12:39 435.8000 21.2000 1013.0000 45.26692° 1.5266544 1.5266528

 2009/05/06-09:26:01 467.8000 21.5000 1013.0000 44.95614° 1.5237658 1.5237638
2009/05/06-09:29:39 480.0000 21.5000 1013.0000 44.85442° 1.5228180 1.5228160
2009/05/06-09:14:06 546.1000 21.2000 1013.0000 44.41713° 1.5187295 1.5187279
2009/05/06-09:32:25 508.6000 21.5000 1013.0000 44.64433° 1.5208565 1.5208545
2009/05/06-09:35:21 643.8000 21.5000 1013.0000 43.99316° 1.5147444 1.5147424

Above results are computed for normal conditions (20.160°%/1013.25 hPa) using the Edlen formula.

Trioptics GmbH

Tel 04103/180 06-0

Geschéaftsfihrer:

Optische Instrumente  Fax 041031180 06-20 Dipl. Ing.
Hafenstr. 35-39  e-mail: info@trioptics.com Eugen Dumitrescu

D-22880 Wedel

SpectroMuster® Meusurement Certificute

line and yives u report on the actudl index
vdlues with highest accuracy. Additional-
ly, sophisticuted tools ullow the guick und
eusy characterization of unknown yluss
types, so thut uccurute refructive index
dutu cun be obtuined in u few minutes.
Of course, the softwure performs the cor-
rection of the meusurement dutu to tuke
intfo account the umbient dir refractive in-
dex depending on temperuture und pres-
sure.,

In CCD cumeru meusurements the soft-
wdre relies on the upproved imuyge unaly-
sis ulgorithms of TRIOPTICS PrismMauster®
and OptiAngle® instruments for the uccu-
rate detection of spectrdl line positions. In
scunhinyg photo detector meusurements,

waw trioptics.com

Pinneberg HRB 3215

the spectrdl line profiles are automatically
scunhed und the line center position is
determined with highest precision. The
complete motorization ygives the maxi-
mum independence from operator skills
und mukes repeutubility in the runge of
1077 possible. However, it was proven that
the manudl models could reuch the sume
high system duccurucy due to precise
dlignment indicutors ussisting the operator
in gdining mMauximum accuracy.

Of course, the softwure generates u com-
plete uand detdiled meusurement certifi-
cute. For further anualysis, u MS Excel com-
pdutible output format is avdilable, too.

13



14

TRIOPTICS

TRIOPTICS GMEH - OPTICAL TEST EQUIPMENT

SpectroMaster® Product Range

SpectroMaster® HR Universal

The SpectroMuster® HR Universdl is the
most uccurute refractive index meusure-
ment system currently on the muarket. This
precision is the result of ultra-high precision
components like the dir beuring rotary

SpectroMuster®

PRODUCT RANGE

table or the high-cluss mirror optics und
the high-gquudlity munufucturing with cure-
ful inspection of dll relevant purameters.
The instrument is avdilable in both motor-
ized und munuul version, where the mo-
torized goniometer is equipped with buck-
lash free piezo Motors of neydligible power
dissipution for optimum thermual stability.



TRIOPTICS

PRODUCT RANGE
TRIOPTICS GMEH - OPTICAL TEST EQUIPMENT

SpectroMaster® HR Compact The high uccurucy of this instrument is

uchieved by speciul focusing optics, so
The SpectroMuster® HR Compuct is using that the telescope und the collimutor can
refractive optics und is thus limited fo the be focused to best collimution at the spe-
visible spectrul range between 436... cific meusurement wavelength.
644 nm.

SpectroMuster® HR Compuct

|
& Riopric

& |_§DSC"O MGSfertD

T Comeoct

SpectroMuster® HR Compuct in use®

15
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TRIOPTICS

TRIOPTICS GMEH - OPTICAL TEST EQUIPMENT

Summary of Specification

SUMMARY OF SPECIFICATION

SpectroMastere HR Universal

SpectroMastere HR Compact

Accuracy

VIS 365nm — 1014nm 2x10°¢

SWIR 1014nm — 2325nm  5x10°0
(Sample size at least 10mm)

(Temperature controlled to 0.1°)

Maximum Wavelength Range 195-2325 365-1014

Standard UV, VIS (visible), SWIR (short wave IR) VIS (visible)

Optional MWIR (mid wave IR), LWIR (long wave IR) NUV (near UV), NIR (near IR)
Apex Angle Measurement 0.2 arcsec 0.5 arcsec

Accuracy

Refractive Index Measurement | )/ 195nm - 365nm 3x107¢ VIS: 5x107

(Temperature controlled to 0.1°)

Collimator

- off-axis parabolic mirror collimator
- adjustable target slit

Focusing refractive collimator

Autocollimator

- off-axis parabolic mirror autocollimator
- geometric beam splitter

Focusing refractive autocollimator

Spectral lamp housing

- mounting space for 9 spectral lamp
on a rotary stage for quick manual
selection

- filter changer for 17 interference filters

spectral lamp housing for a single
(HoCd lamp)

Detector -CCD CCD

- PbS for SWIR

- PMT for UV
Order Number 5-107-11 5-108-01
Goniometer

Measuring range +/- 100°,
Air supply unit

Ultra-high precision rotary air bearing, axial and radial run-out <0.05 um,
high precision angular encoder

SpectroMaster® HR Universal

Angle measurement accuracy 0.2 arcsec

SpectroMaster® HR Compact

Angle measurement accuracy 0.5 arcsec

Motorized

Highly dynamic backlash free piezo motor drive with negligible thermal dissipation

Manual

Differential fine-pitch micrometer screw with software assisted adjustment help
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TRIOPTICS GMBH - OPTICAL TEST EQUIPMENT

Collimator

SpectroMaster® HR Universall » Off-axis parabolic mirror collimator
 Mirror surface quality better /10

* UV-enhanced coating

* Clear aperture 60 mm

* Focal length 600 mm

» Adjustable target slit

SpectroMaster® HR Compact * Focusing refractive collimator
* Clear aperture 50 mm
e Focal length 300 mm

Autocollimator

SpectroMaster® HR Universal * Off-axis parabolic mirror autocollimator

* Mirror surface quality better A/10

* UV-enhanced coating

¢ Clear aperture 60 mm

e Focal length 600 mm

* Geometric beam splitter

e LED illumination

* High-resolution CCD camera

* (optionally) UV-enhanced CCD

* UV/IR detector mount with adjustable detector slit

SpectroMaster® HR Compact * Focusing refractive autocollimator
¢ Clear aperture 50 mm

e Focal length 300 mm

e LED illumination

¢ High-resolution CCD camera

Detectors (SpectroMaster® HR Universal only)

* 2-stage thermoelectrically cooled PbS detector incl. thermal controller, preamplifier and bias voltage supply
Spectral range 1000...2325 nm

* Photomultiplier tube incl. voltage supply and low-noise preamplifier
Spectral range 185...320 nm

* UV enhanced CCD camera
Spectral range 250...1050 nm

 Signal detection by laboratory grade lock-in amplifier
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TRIOPTICS

TRIOPTICS GMEH - OPTICAL TEST EQUIPMENT

SUMMARY OF SPECIFICATION

Spectral lamp housing

SpectroMaster® HR Universall .

Mounting space for 9 spectral lamps on a rotary stage for quick
manual selection

Integrated rear reflector mirror

Removable fused silica condensor optics

Electronically stabilized chopper wheel

Motorized filter changer for 18 interference filters (manual filter
changer on manual goniometer models)

Spectral lamp power supply

SpectroMaster® HR Compact o

Spectral lamp housing for a single (HQCA)
Spectral lamp power supply
fused silica condensor optics

Sample stage

Sample table with 3-axis (120°) filt adjustment screws

SpectroMaster® HR Universal .

Piezo drive linear stage for sample position adjustment
Piezo drive rotary stage for sample rotation
Rotary encoder for measurement of sample rotation angle

SpectroMaster® HR Compact .

Precision manual linear stage for sample position adjustment
Precision manual rotary stage for sample rotation
Rotary encoder for measurement of sample rotation angle
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Tuble of typicul wavelengths for refractive index meausurement

TRIOPTICS GMBH - OPTICAL TEST EQUIPMENT

Number Wavelength (nm) Symbol Spectral lamp type
1 194,2nm Hg
2 253,7nm Hg
3 296,7nm Hg
4 312,6nm Hg
5 334,7nm Hg
6 365.0nm i Hg
7 404.6nm h Hg
8 435.8nm g Hg
9 479.9nm F’ Cd
10 508.6nm Cd
11 546.1Tnm e Hg
12 587.6nm d He
13 589.3nm D Na
14 643.8nm Cc” Cd
15 706.5nm r He
16 852.Tnm S Cs
17 1013.9nm Hg
18 1629,6nm Hg
19 1970,Tnm Hg
20 2325,4nm Hg

19
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