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2. Definition

2.1. Scope

This instruction manual describes principles and operation of the Perkin-Elmer Lambda
900 (PE900) transfer standard spectrometer setup at the Metrology Research Institute
(MRI) that is used to perform transmittance and absorbance measurements. Procedures
for the characterization of the instrument and calibration of transmittance standards
are also given.

2.2.  Object and field of application

PE90O spectrometer: setup for measuring transmittance and absorbance.

Regular spectral transmittance: The regular spectral transmittance T of a given medium
is the ratio of the transmitted spectral radiant flux @, 1 to the incident spectral radiant

flux @;:

()
T(4,0)=—21
D,

Regular spectral absorbance: The absorbance values A are related to regular transmit-
tance T as

A =-10g10T.

2.3. Features

Transfer standard spectrometer setup consists of Perkin-EImer Lambda 900 device thor-
oughly described in ref. [1]. Setup is located in spectrometer laboratory of the MRI. The
instrument is designed to perform regular transmittance and absorbance spectrophoto-
metric measurements by comparing intensity of a beam transmitted through the me-
dium to a reference beam transmitted through the free space (air).

2.4. Principles and definitions

Regular transmittance and absorbance are derived from monochromatic light fluxes
transmitted through the medium under investigation and free space (air). Fluxes are
measured by photosensitive detectors corresponding to wavelength of monochromatic
light and compared to each other according to principles and definitions described in
ref. [2]

[1] Perkin Elmer Lambda 900 Users Guide

[2] Quality Manual of Reference Spectrometer Laboratory

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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3.  Equipment

3.1. Instrument description

The instrument (Perkin-Elmer Lambda 900) is a double monochromator, double beam
spectrometer with a wavelength range of 185-3300 nm. The bandpass can be selected
within 0.05 to 5.00 nm in UV/VIS range and within 0.2 to 20 nm in NIR range. The setup
and its maintenance are thoroughly described in ref. [1].

3.2. Measurement ranges and best measurement capabilities

PE9Q0O spectrometer in our laboratory has been characterised for operation with the
parameters given in Error! Reference source not found..

Table 1. Operation parameters of the PE900 spectrometer in transmittance measurements.

Wavelength Band- Beam Light Colli- High-order  Detection

range width  sjze source mation rejection system

(nm) (M) (mmx mm)

uv 2x4-5x1 Deuterium Photomulti-

220-330 05-5 2 lamp <3° _ plier-tube de-

tector

Visible 1x3-5x1 Quartz- Photomulti-

330-870 03-5 2 halogen - 3o Filter plier-tube de-
lamp tector

NIR 2x5-9x1 Quartz- TE-cooled PbS

870-1700 1-20 2 halogen <30 Filter detector
lamp

Version: 1.0
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4.  Traceability Chain

4.1. Photometric scale

PE900 photometric calibration is traceable to reference spectrometer via several neutral
density filters calibrated every 2 years according to the “Calsched” as described in ref.

[2].

4.2.  Wavelength scale and bandpass

After a 30-minute warm-up period, running the software (Start-up check) tests the
wavelength scale. Instructions are given in the user manual on how to proceed, if the
test fails. The wavelength scale and bandpass are verified twice a year by scanning the
spectral absorption peaks of known wavelength standard materials such as Holmium
oxide doped glass filter and McCrown glass filter (see ref. [2] Sec. Error! Reference
source not found..B).

4.3. Linearity of the detectors

The linearity of the detectors of PE900 has been checked with a set of five reference
filters measured with the Reference spectrometer at 300 nm, 750 nm, and 1300 nm. The
nominal transmittance of the filters is 0.05, 0.25, 0.5, 0.7, and 0.92.

4.4.  Stability

If the temperature remains stable the wavelength scale is not altered, but for the base-
line a drift of 0.1% has been observed in the NIR wavelength regions in less than one
hour. Usually the measuring time is less than 15 minutes.

4.5. Beam polarization

The degree of polarisation of the instrument beam was determined in the same manner
as described in ref. [2] Sec. Error! Reference source not found.. For this purpose the
transmittance of a Glan-Taylor polarising prism was measured over the spectral range
from 240 to 1700 nm using the sample beam. The calculated degree of polarisation P,
varied from 0.06 to 0.75.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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5. Calibration methods and procedures

5.1. Measurement procedure
1. Turnon the device and start the program from the desktop

&

PerkinElmer
LViwWinkahb

2. Choose your user name. ‘Operator’ is typically used

UV WinLab

PerkinElmer Login

AT .
o e - e o
L 1 Select your user name from the
ccrstance = Punty Ind = drop down list.

User name

[Dpaator - ]

|

Version 6.0.4

PerkinEimer
For the Better

Version: 1.0 Date: December 13, 2018 Last edited by: DL



IM for PE9QOO spectrometer Page 7 (25)

Aalto University
School of Electrical
Engineering

3. Turn on the PE9OO, the spectrometer will take some time before it is ready for
use.

4. Choose either existing method, which are listed in the middle, or click “Scan —
Lambda 900”.

Scan method scans a range of wavelengths with chosen interval. Other methods
are also available. For example, wavelength program method is used to measure
discreet wavelengths chosen by the user.

[ UV Winlab Expk =

Fie Edt View Tools Help

X | Name Type Modified on | Modified by Status

@ B! 5can - 700-500_Kasperi San 13, toukokuuta ... Operator Draft

Scan -PE_FM2 Scan 8. toukokuuta 20...  Operator Draft

Scan -Lambda 900 5 Instruments [Etlsean - small_beam_Fm Sean 21 huhtkuuta 20..,  Operator Draft
(3 Queries [EElFm, 2 nm peak test Sean 4, maaliskuuta 20...  Operator Draft

@ [XgWavelength program - wallac fitters Waveleng. 26. helmikuuta 20...  Operator Draft
i m s |t scan - PE_FM Saan 25, helmikuuta 20...  Operator Draft
{0 Recycle Bin [Biscan -vTT_FM Sean 19, tammikuutz 2., Operator Draft

[F&scan -Farah Scan 8. jouiukuuta 201...  Operator Draft

% Igwavelengxh program - 666 fiters Waveleng... 8. joulukuuta 201... Operator Draft

X MeCrone Sean 4. jouiukuuta 201...  Operator Draft
Wavelength quant - [BElF1 Scan 2. joulukuuta 201...  Operator Draft
Lambda 500 [E}Planmeca IR Scan 21, lokakuuta 201... Operator Draft

[EglFm34 Scan 15. syyskuuta 20...  Operator Draft

ohenheide - out of band - Lambda 500 Scan 8. syyskuuta 201...  Operator Draft
L -V(ambda) 1nm scan 7. toukokuuta 20...  PerkinEimer Servi...  Draft
Scanning quant -

ME56 nm peak test Scan 7. toukokuuta 20...  PerkinEimer Servi...  Draft

Lambda 500
[BEscan - paiksekad Sean 24, huhtkuuts 20...  PerkinElmer Servi...  Draft
“ Fa40 Scan 4. huhtikuuta 201. PerkinEimer Servi. Draft
[ sara-vfambda) 1om Sean 2. masliskuuta 2...  PerkinEimer Servi..,  Draft
Wavelength program [BisaraHoo-tm Sean 26, madiskuuta 2., PerkinElmer Servi...  Draft
-Lambda 900 [& sara-vflambda) Scan 25, magliskuuta 2...  PerkinEimer Servi...  Draft

(ambea) Sean 3 meaiskuuta 20...  PerkinEmer Servi...  Draft

@L‘ SEBH -Lambda 900_FM Sean 27. helmikuuta 20. PerkinElmer Servi. Draft

2 %Pnlanzannn scan - Lambda 900 Polarizatio...  18. helmikuuta 20. PerkinElmer Servi. Predefined

P”‘fgmﬁh‘:’z”;u‘gn - [} Wavelength program - Lambda 900 Waveleng... 18, helmikuuta 20... PerkinElmer Servi... Predefined
[E}scanning quant - Lambda 500 Seanning .. 18, hemkuuta 20..,  PerkinEimer Servi...  Predefined
[ weavelength quant - Lambda 500 Waveleng... 16, hemkuuta 20..,  PerkinEimer Servi... Predefined

Timeckive - Lambda 900 Timedrive 1. hemkuuta 20... PerkinEimer Servi...  Predefined

[B&scan -Lambda 900 Sn 13. helmikuuta 20...  PerkinEimer Servi...  Predefined
£ Example Methods Public folder 18, helmkuuta 20..,  PerknEimer Servi...
[ service Methods Public folder 18, helmkuuta 20...  PerkinElmer Servi.

Database Queries

1
782013
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5. General settings

& UV WinLab - Run - Sean - Lamibda

Fie Edit View DataCollection Tools Help

No Instrument

FDE' LT tk %! D2 Lamp External Lamps Tungsten Lamp Method Settings
E-E Tas
T From
[SRs":| Data - - To
PR L oY 80000 2 25000 -
: = fm) —————» =1/ (nm]
] <
i o ons Data Interval Ordinate Mode: Scan Speed
H 100 == 3 v 26675 i
[ _ Lamp Change S [ Y lonie]
:-3% Processing 7 =
LB Resuts . EEEN R :
[ output t Cycles
Mottt .

Number of cycles

\ P — )
Y ) 88080 Hpny | © Astast as possible
f \ © 1 2] [ssonss_=)

'\f . Ed . [Detector Settings
Y i st Gain Flespanse
100 2z PMT [Fised v 200 2 PMT  |Auto 020 =g
= =] pbs [seno <200 =g Pbs 1 5 0 e
\;R |Pol/Depol Sample Compartment Deteclor Change | &
v o g
—~1 - 3
5 N CBD
- Aftenuators
Beam
100 -
v |
28] fal
@ - LA ['m" |

A .

782015

After the task is chosen, new window opens. Select Data Collection from the menu
on the left side of the window to access general settings.

a. Method settings (Left upper coner)
I. Set your wavelength range, start form the longer wavelenght
(e.g. from 600 to 500)
il. Choose data interval (1 second is often suffcient)
iii. Set the ordinate mode to %T
b. Detector settings
i. Choose desired integration time by changing ‘Response’ setting
c. Slits
I. Set the width of the slit
d. Beam selection

i. Choose which beam passes through your sample (the rear beam
is often prefered)

Other settings can also be modfied according to the requirements of your
measurement.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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6. Corrections tab

Eu\lwml’n‘b: Hun - 5

- Fle Edit View DataCollection Tools Help

oA B G 2 O% » @

Cpen cut Copy Paste Report  Send ToDPY. ©  Stat  Stop  Seth  Autoeero  Align
No Instrument
Corrections
L X
Fotd@a #stk o T
B asl ’
515 Data Collection S Dcna © Never
Progiam [Aweys ot task start =) [-] @n
A
? Lccessony [] 100%T [ 0A Baseline (Autozera) | | @ ‘t L W
= Corrections
[ sample Infa e ‘ ‘
$, Processing
= Results Use internal attenuator
Output [7] Do not invalidate baselines with respect to instrument settings
Reflection Corrections
Correction Type
[none =
Light Spectral Reference [spectralon -]
Dark Spectral Reference |Nune

Attenuator Corrections

Correction Determination

‘Measure b | | ‘ D

Do not invalidate attenuator corrections.

a. Tick “100%T / OA Baseline (Autozero)’
b. Tick ‘0%T /Blocked Beam Baseline’
7. Samples tab

5 Y Winkst - R

@4 B BRE LI>DO% 0
¢ Gpen ut = Paste Reporf  sendToDPY 3 Stat Stop  seth Automm  Akn

Sample Info
(Foertit X[ e |
-] Task :
& Data Collection | 1 Sanples Foimal S apie Table
-5 Frogram
-~ Accessary  Sample D | Description | Type |
L%, Comechions 1 Sample212 Sample
By Processing
3 Resuhts
-] Output

Version: 1.0 Date: December 13, 2018 Last edited by: DL



A IM for PE9QOO spectrometer Page 10 (25)

Aalto University
School of Electrical
Engineering

a. Set the number of samples you want to measure.

| Folder List X || Samples Graphs |

=-F Task
|__% Data Collection

..... i Accessory | Sample ID | Description
i.® . Corrections 1/ Sample212
®:=3] Sample Info
..... ‘E‘g Processing
% Results

Cutput

b. You can rename your samples by clicking the cell which contains the
current name (here Sample212) and typing the desired name.

1 Samplez

Sample ID Des

Sample212

8. Aligning

> 1 D

Start Shop Seth  Autozero

it sandth

a. You can make sure that your sample is placed properly by using ‘Align’.

b. NOTICE! When you press ‘Align’ and the instrument produces white
light. It is recommended to cover the hole through which the beam is
aimed to protect the detector from saturation. The hole can be easily
covered with a sheet of paper.

c. When you are done with your aligning, press ‘Align’ button again and
wait until the white light is gone. Then, remove the cover you used.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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9. Autozero

| it wanirth

a. Press ‘Autozero’.
b. Remember to remove everything that might be blocking the beams and
click ‘OK’.

[ B
57 UV Winlab - - et G

Remove sample(s) and then press OK to perform a 100%:T / 0A correction
{Autozero)

| ok || Ccancel

10. Starting the measurement

1Y B &

Stop SetA  Autozero .l!;.jign

St waadth

a. Press ‘Start’.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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b. Insert your sample and press ‘OK’.

’
N7 UV Winlab e |

Place "Sarmple2l2 Sample” in the instrument and press OK to begin data
collection

| ok || Ccancl

11. During the measurement

a. Results are shown in a graph.

12 ¢ Wik on- S Lo 5007, ot 2015 1108 1 Oy i ™

Fie Edit View DataColecton Tools Help

=l 0 I~ o %
SO > E e w ¢
Open Cut Copy Paste DPY Start. Stop Seth  Autozero  Align
Scanning [ sit width
‘400.00nm 69.2473% T ‘500
.00 nm
older Lis Sampes | Graphs |
2
ata Collection
@] ¢ Tofl b s
o
83
=1 83
& 82-
g
L] 81
T
80
7
A
78
[E4 7
L 76
R
76
74
73
72
il
70
400 450 500 560 600 660 700
nm
Name Description
»——Sample212 Sample

e M. s 0> B

b. If you have several samples, the program will tell you when to insert the
next one.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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c. When all samples have been measured, the following message is
shown, press ‘OK’.

'
UV WinLab |

All sarmples in the table have been run

oK

12. Saving the results

a. First, save the data to a task.

& UV WinLab - Run -

File | Edit View Data Collection Tools Help

g Bpen::. I% % Save Task As u

% Import Table

Copy Paste

| Save Results | = ToTask S

Save Settings » ”ﬁ- A e T | Scan - Lambda 300 7. elokuuta 2015 11:28 FLE Daylight Time

-~/ save spectra... 1 !

e i
Export

B
Export Table Samples C
B | Samples |

Send To 4 L
'i@" Report Preview .<< 5 i
[E Report... @ - Save ] l Catncel
oL 83}
& Ext
E Reziiltz @ /2

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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b. Next, click ‘Export’ to export the results data and select the type of data

you need.

E UV Winlab - Run ﬂ
File | Edit View

E Open...

E Import Table

Data Collec

Save Results »
Save Settings r
| E Save Spectra...
j[E» Export |

[ % Export Table

Send To L4

Report Preview

Report...

o Exit

=

#
EH Export Data

===

Export Data Options:

5& Data Export E:AUsers\PublichDocurents',
BB Tables

B% Sample Table

|':1 Coalumiis

. Sample D

..... Dezcription

A Type

=-E8 Resuls Table
-:, Columng

B-- Spectral Data
F: Data

Spectrurn Export File [raw) SP
d Spectrum Export File [proceszed] 5P

#r Data I:r-i'-"'-'] ISampIes by Columns

L[ wvData [proceszed] Samples by Columne

Restore Defaults...

[

E xport

H Cancel I

Version: 1.0

Date: December 13, 2018
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c. The data folder with the task name should now be found at the docu-
ments folder.

— - -
@le » Libraries » Documents » Scan - Lambda 900 7. elokuuta 2015 11_35 FLE Daylight Time
Organize = Share with = Burn MNew folder B @'
¢ Favorites Documents library Amangeby: Folder =
B Desktop Scan - Lambda 900 7. elokuuta 2015 11_35 FLE Daylight Time 2
8 Downlaads Name Date n1cc[|f\&c| Type Size
2l Recent Places
Calibrations |z_'a] 100% or 0 Absorbance Baseline.Correction.Raw 7.8.2015 11:46 Microsoft Excel C... 2KB
%] 100% or 0 Absorbance Baseline.Correction.Raw 7.8.201511:46 5P File 3KB
B fibraris =] Info 7820151146 Text Document 1KB
=
@ Results Table 7.8.201511:46 Microsoft Excel C... 1KB

<] Documents

d'.s Music @ Sample Table 7.8.201511:46 Mic
] Pictures [ Sample212.Sample.Raw 7820151146 Microsoft Excel
é Videts #| Sample2l2.5ample.Raw 7.8.2015 11:46 SP File

1M Computer

£, Local Disk (C2)

ﬁb Metwaork
/8l FARSHID_LABRA
M METROLOGY
M PALLOLABRA
8 TKK-FC16CAEFESC

} 7 items

Version: 1.0 Date: December 13, 2018 Last edited by: DL



A IM for PE9QOO spectrometer Page 16 (25)

Aalto University
Scho « -lectrica

6. Handling calibrations items

e Calibrated items are not to be cleaned without permission from customer.
e If samples are cleaned calibration results are given before and after the cleaning.

e Filters are cleaned according to [3] with permission from branch manager

[3] ORIEL, Guide to Cleaning Research Optics, (Tutorial text).

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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7. Uncertainty components

7.1. Regular transmittance

Table 2. Uncertainty components in regular transmittance measurements for absorption
neutral-density and for interference filters with a nominal transmittance of 0.1 - 1.0 at
UV, visible, and NIR wavelengths. The numbers are absolute values and valid in the
wavelengths. The numbers are absolute values and valid in the wavelength range of 220
- 1700 nm. summarises the measurement ranges and the corresponding uncertainty
budgets applied for customer calibrations. In addition, filter induced uncertainty such as
material homogeneity and high reflectance is added as sum of squares to the measure-
ment standard uncertainty. The expanded uncertainty in measurement of 0.0001 —
0.001 transmittance, ranges from 0.5% to 5%.

Table 2. Uncertainty components in regular transmittance measurements for absorption
neutral-density and for interference filters with a nominal transmittance of 0.1 - 1.0 at UV,
visible, and NIR wavelengths. The numbers are absolute values and valid in the wave-

lengths. The numbers are absolute values and valid in the wavelength range of 220 - 1700
nm.

Bandwidth: Standard uncertainty in transmittance / %
0.5nm-2.0 nm
Component Neutral-density filters 20-nm interference filters

uv Visible NIR uv Visible NIR
1. Transmittance of ref-

erence filters 0.07  0.05 005 014 0.08 0.12
2.  Detector linearity 0.04 0.04 0.09 0.04 0.04 0.09
3.  Systemdriftand noise 0.05  0.02 0.06 0.05 0.02 0.06
4.  Beam polarisation* 0.03 0.07 0.03 0.03 0.07 0.03
5.  Interreflections 0.04 0.02 0.02 0.09 0.08 0.07
6.  Square root of

sum of squares 0.11 0.10 0.12 0.18 0.14 0.18
7.  Expanded

uncertainty (k=2) 0.21 0.20 0.25 0.36 0.28 0.36

*The filters are measured in two perpendicular orientations to average the effect of beam geometry and
polarisation where necessary.

7.2.  Regular absorbance

UV WinLab v6.0 software of PE90O is used to collect measured data and to find wave-
lengths of absorbance peaks for the case of rare-earth doped-glass ‘wavelength stand-
ard’ filters.

Version: 1.0 Date: December 13, 2018 Last edited by: DL



A IM for PE9QOO spectrometer Page 18 (25)

Aalto University

The uncertainty components for absorbance value are determined from those of spec-
tral transmittance as ua=0.4343 x AT/T, where AT/T is the relative uncertainty of trans-
mittance measurements .

If A=-logi07, then 7=104 or 7=(0.1)"

To observe the change of transmittance as a function of absorbance, we have A 77A4=(0.1)#
In(0.1) =7'In (0.1).

After rearranging then,

ATIT=In (0.1) AA
AA=1/In (0.1) AT/T= 0.4343 x AT/T.

Table 3 summarises the corresponding uncertainty budgets of Absorbance measure-
ments applied for customer calibrations.

Table 3. Uncertainty components in Absorbance measurements for absorption neutral-den-
sity and for interference filters with a nominal absorbance of 0.02 - 1.0 at UV, visible, and
NIR wavelengths. The numbers are absolute values and valid in the wavelength range of
220 - 1700 nm.

Bandwidth: Standard uncertainty in Absorbance
0.5nm-2.0 nm
Component Neutral-density filters 20-nm interference filters

uv Visible  NIR uv Visible  NIR

8.  Transmittance of ref-  0.0003 0.0002 0.0002 0.0006 0.0003 0.0005
erence filters

9.  Detector linearity 0.0002 0.0002  0.0004 0.0002 0.0002  0.0004
10. Systemdriftand noise 0.0002 0.0001  0.0003 0.0002 0.0001  0.0003
11. Beam polarisation* 0.0001  0.0003 0.0001 0.0001 0.0003 0.0001
12. Interreflections 0.0002  0.0001 0.0001  0.0004 0.0003 0.0003

13. Square root of
sum of squares 0.0005 0.0004  0.0005 0.0008 0.0006  0.0008

14. Expanded
uncertainty (k=2) 0.0009 0.0009  0.0011 0.0016 0.0012  0.0016

*The filters are measured in two perpendicular orientations to average the effect of beam geometry and
polarisation where necessary.
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8. Laboratory accommodation and environment

Laboratory accommodation and environment is the same as for the reference spectrom-
eter and is described in ref. [2] Sec. 8.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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9. Field calibrations

Not applicable.

Version: 1.0 Date: December 13, 2018 Last edited by: DL



A IM for PE9QOO spectrometer Page 22 (25)

Aalto University
Scho « -lectrica

10. Control data

Maintenance records of the equipment are written in a chronological order to a note-
book labelled “PE900 Spectrometer Data notebook” and it is kept in the Reference spec-

trometer laboratory.

Version: 1.0 Date: December 13, 2018 Last edited by: DL
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11. Certificates

Calibration certificates are handled according to [4]. In the calibration certificates in-
cluded are:

e Ambient temperature and relative humidity,

e Source of traceability,

e Regular transmittance and/or absorbance values at the measurement wavelengths
and uncertainty estimates.

e Comparison with previously recorded transmittance and absorbance values if data
on articles under investigation is available.

[4] Instructions on writing calibration certificates.
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12. Intercomparisons
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13. Publications
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