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Overview 

This manual describes the 150 mm Integrating Sphere, the 100 mm Integrating Sphere, the 
60 mm Integrating Sphere and the 60 mm Detector Sphere accessories that are available for 
use with the high-performance Lambda spectrometers. The manual contains installation 
instructions, a description of the internal components, and operating and maintenance 
procedures. The high-performance Lambda spectrometer manuals provide detailed 
information regarding the instrument. 

The sphere accessories are diffuse reflectance accessories that load directly into the detector 
compartment of the Lambda 650/750/850/950/1050 spectrometer. The integrating sphere 
device expands the measurement capability of these instruments to include total and diffuse 
reflectance of both specular and diffuse samples. 

The sphere accessories covered in this manual are: 

• 150 mm diameter InGaAs integrating sphere; 

• 150 mm diameter PbS integrating sphere; 

• 100 mm diameter InGaAs integrating sphere; 

• 100 mm diameter PbS integrating sphere; 

• 60 mm diameter InGaAs integrating sphere; 

• 60 mm diameter PbS integrating sphere; 

• 60 mm diameter PbS detector sphere. 

The indium gallium arsenide (InGaAs) spheres have a photomultiplier tube (PMT) detector 
for the UV/Vis range (up to 860 nm) and an InGaAs detector for the NIR range  
(860–2500 nm). The lead sulfide (PbS) spheres have a PMT detector for the UV/Vis range 
(up to 900 nm) and a PbS detector for the NIR range (860–2500 nm).  

 

Figure 1 A 150 mm Integrating Sphere mounted in a Lambda 1050 spectrometer 
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The sphere accessories consist of two basic components: an optics chamber and an 
integrating sphere. The optics chamber contains the transfer optics that guide the instrument 
sample and reference beams to their respective entrance ports on the integrating sphere. 
The integrating spheres are 150 mm, 100 mm or 60 mm in diameter and are constructed of 
Spectralon, a highly diffuse reflecting material. Embedded in the internal walls of the 
integrating sphere are two detectors: a photomultiplier tube (PMT), and a thermoelectrically 
cooled lead sulfide (PbS) photocell detector or a thermoelectrically cooled indium gallium 
arsenide (InGaAs) detector. 

The sphere accessories are controlled by the UV WinLab software, and when installed in the 
instrument are immediately recognized by the software. During reflectance or transmittance 
measurements, the integrating sphere collects and detects the radiation input by the 
spectrometer beams and relays the information to the UV WinLab software. 

NOTE: The software instructions in this manual refer to UV WinLab Version 6. UV WinLab 
Version 6 is required to use the InGaAs spheres. The PbS spheres can also be 
controlled by UV WinLab Version 5 – refer to the on-screen Help file in UV WinLab for 
further details. 

 

NOTE: For details of the Gain settings that should be entered into the UV WinLab software 
when sphere accessories are being used in a high-performance Lambda 
spectrometer, see Appendix: Recommended Gain Settings for use with Sphere 
Accessories on page 65. 
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Conventions Used in this Manual 

Normal text is used to provide information and instructions. 

Bold text refers to text that is displayed on the screen. 

UPPERCASE text, for example ENTER or ALT, refers to keys on the PC keyboard. '+' is 
used to show that you have to press two keys at the same time, for example, ALT+F. 

All eight digit numbers are PerkinElmer part numbers unless stated otherwise. 

Notes, Cautions and Warnings 

Three terms, in the following standard formats, are also used to highlight special 
circumstances and warnings. 

NOTE: A note indicates additional, significant information that is provided with some 
procedures. 
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CAUTION 

 
We use the term CAUTION to inform you about situations that could 
result in serious damage to the instrument or other equipment. Details 
about these circumstances are in a box like this one. 
 

 
Caution (Achtung) 
Bedeutet, daß die genannte Anleitung genau befolgt werden muß, um 
einen Geräteschaden zu vermeiden. 

 
Caution (Bemærk) 
Dette betyder, at den nævnte vejledning skal overholdes nøje for at 
undgå en beskadigelse af apparatet. 

 
Caution (Advertencia) 
Utilizamos el término CAUTION (ADVERTENCIA) para advertir sobre 
situaciones que pueden provocar averías graves en este equipo o en 
otros. En los recuadros como éste se proporciona información sobre este 
tipo de circunstancias. 

 
Caution (Attention) 
Nous utilisons le terme CAUTION (ATTENTION) pour signaler les 
situations susceptibles de provoquer de graves détériorations de 
l'instrument ou d'autre matériel. Les détails sur ces circonstances 
figurent dans un encadré semblable à celui-ci. 

 
Caution (Attenzione) 
Con il termine CAUTION (ATTENZIONE) vengono segnalate situazioni 
che potrebbero arrecare gravi danni allo strumento o ad altra 
apparecchiatura. Troverete informazioni su tali circostanze in un 
riquadro come questo. 

 
Caution (Opgelet) 
Betekent dat de genoemde handleiding nauwkeurig moet worden 
opgevolgd, om beschadiging van het instrument te voorkomen. 

 
Caution (Atenção) 
Significa que a instrução referida tem de ser respeitada para evitar a 
danificação do aparelho. 
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WARNING 

 
We use the term WARNING to inform you about situations that could 
result in personal injury to yourself or other persons. Details about 
these circumstances are in a box like this one. 
 

 
Warning (Warnung) 
Bedeutet, daß es bei Nichtbeachten der genannten Anweisung zu einer 
Verletzung des Benutzers kommen kann. 

 
Warning (Advarsel) 
Betyder, at brugeren kan blive kvæstet, hvis anvisningen ikke 
overholdes. 

 
Warning (Peligro) 
Utilizamos el término WARNING (PELIGRO) para informarle sobre 
situaciones que pueden provocar daños personales a usted o a otras 
personas. En los recuadros como éste se proporciona información 
sobre este tipo de circunstancias. 

 
Warning (Danger) 
Nous utilisons la formule WARNING (DANGER) pour avertir des 
situations pouvant occasionner des dommages corporels à l'utilisateur 
ou à d'autres personnes. Les détails sur ces circonstances sont 
données dans un encadré semblable à celui-ci. 

 
Warning (Pericolo) 
Con il termine WARNING (PERICOLO) vengono segnalate situazioni 
che potrebbero provocare incidenti alle persone. Troverete 
informazioni su tali circostanze in un riquadro come questo. 

 
Warning (Waarschuwing) 
Betekent dat, wanneer de genoemde aanwijzing niet in acht wordt 
genomen, dit kan leiden tot verwondingen van de gebruiker. 

 
Warning (Aviso) 
Significa que a não observância da instrução referida poderá causar 
um ferimento ao usuário. 
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Safety Information 

General Safety Information 

Only use the sphere accessories indoors and under the following conditions: 

Temperature  15 °C to 35 °C 

Relative Humidity  80% maximum (non-condensing) 

If possible, avoid any adjustment, maintenance or repair of the opened, operating 
instrument. If any adjustment, maintenance or repair of the opened instrument is necessary, 
this must be done by a skilled person who is aware of the hazard involved. 

Whenever it is likely that the accessory is unsafe, make it inoperative. The sphere 
accessories may be unsafe if they: 

• Show visible damage; 

• Fail to perform the intended measurement; 

• Have been subjected to prolonged storage in unfavorable conditions; 

• Have been subjected to severe transport stresses. 
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Warning Labels 

 

 
WARNING 

When this label is attached to an instrument it means refer to the 
manual to find out the nature of the potential hazard and any actions 
which have to be taken. 

The following warning labels are displayed inside the sphere accessory compartments, as 
shown in Figure 2: 

 

 
 
 

 

Figure 2 Top view of inside the cover of the 150 mm Integrating Sphere optics 
chamber 

 

 
WARNING 

The baseplate thumbscrews ground the accessory to the instrument 
chassis, and must be tightened securely. 
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The sphere accessories also have a high-voltage warning on the preamplifier circuit board 
housing, inside the cover, as shown in Figure 3: 
 
 
 
 
 
 
 

 

 
Figure 3 High-voltage warning label on the preamplifier circuit board housing 

Caution, risk of electric shock 
(refers to Z-axis drive voltage) 
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Unpacking and Inspection 

Carefully check the components after unpacking for any damage that may have occurred 
during shipping. If there is any such damage, file a claim immediately with the freight carrier 
and contact your local PerkinElmer Service Engineer. 

150 mm Integrating Sphere 

The accessory includes the following components: 

• Integrating sphere accessory; 

• Hexagonal ball-ended driver, 3 mm, long reach; 

• Hexagonal ball-ended driver, 3 mm, short reach; 

• Specular port plug; 

• Center-mount port plug; 

• Two USRS-99-020 uncalibrated Spectralon reflectance standards; 

• High-Performance Lambda Spectrometers Manuals CD (L6050009). 

100 mm Integrating Sphere 
• Integrating sphere accessory; 

• Hexagonal ball-ended driver, 3 mm, long reach; 

• Hexagonal ball-ended driver, 3 mm, short reach; 

• Hexagonal driver, 1.5 mm; 

• One 0° wedge assembly; 

• One 8° wedge assembly; 

• Center-mount port plug; 

• One USRS-99-020 uncalibrated Spectralon reflectance standard; 

• High-Performance Lambda Spectrometers Manuals CD (L6050009). 
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60 mm Integrating Sphere 

The accessory includes the following components: 

• Integrating sphere accessory; 

• Hexagonal ball-ended driver, 3 mm, long reach; 

• Hexagonal ball-ended driver, 3 mm, short reach; 

• Two 8° wedge assemblies; 

• Two USRS-99-010 uncalibrated Spectralon reflectance standards;  

• High-Performance Lambda Spectrometers Manuals CD (L6050009). 

60 mm Detector Sphere  

The accessory includes the following components: 

• Detector sphere accessory; 

• Hexagonal ball-ended driver, 3 mm, long reach; 

• Hexagonal ball-ended driver, 3 mm, short reach; 

• High-Performance Lambda Spectrometers Manuals CD (L6050009). 
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Installation and Assembly 

The sphere accessories require a first-time installation, the purpose of which is to align the 
accessory detector preamplifier circuit board to the electrical connector inside the instrument 
and align the accessory transfer optics to the sphere. The accessory replaces the detector 
compartment and detector circuitry installed in the spectrometer – the accessory has its own 
detectors and preamplifier board.  

If the detector board connectors between the accessory and spectrometer do not connect 
properly, damage to the pins may result during subsequent accessory removal and 
installation. Once the accessory is installed and the optics aligned, the unit can be loaded 
safely into the instrument and removed as necessary to facilitate normal spectrometer 
operations. 
 

CAUTION 

Do not touch the reflecting surfaces of the accessory mirrors. 
Fingerprints may induce optical scattering, thereby reducing the 
reflectance characteristic of the components. Clean, lint free, cotton 
gloves should be worn during installation and alignment. 

PerkinElmer reflectance accessories are enclosed in a rugged plastic housing mounted 
securely to a solid aluminum baseplate. During handling, you should grasp the handle on the 
top of the accessory with your right hand and place your left hand in the cut-out in the 
molding, as shown in Figure 4.  
 

CAUTION 

Do not attempt to lift the accessory by the hinged sample reflectance 
port cover. 

 

Figure 4 How to hold the accessory  

Right-hand 
handle 

Left-hand  
cut-out 
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Initial Installation 

Use this procedure to install the accessory into the Lambda instrument. When you have 
completed this procedure, go immediately to the alignment procedure. 

1. Switch the Lambda spectrometer OFF and disconnect the line power cord. 
 

CAUTION 

Installing or removing an accessory without first switching off power to 
the instrument may result in permanent damage to your instrument. 

2. Open the sample compartment cover. 

NOTE: If you are installing a sphere accessory into a high-performance Lambda 
spectrometer, you should remove the sample compartment windows. Each of the 
four windows, one either side of the sample and reference positions, has a magnetic 
frame and can be removed carefully by hand. 
 
Using the sphere accessory with the sample compartment windows in place can lead 
to errors in the %T values obtained, due to reflections from the windows. 

3. If the detector compartment is in place, undo the two retaining screws located under 
the blanking caps on the top of the detector compartment.  
These are accessible using the long posidrive screwdriver supplied with the instrument. 

4. Remove the spectrometer detector module by carefully lifting vertically using the two 
hand holds. 

NOTE: If you are installing a sphere accessory into a Lambda 800/900 spectrometer, loosen 
the two screws that mount the plastic partition against the right wall of the sample 
compartment and remove the partition. 

5. Carefully lay the sphere accessory on a flat surface next to the instrument. 

6. The accessory detector preamplifier board is mounted to the baseplate next to the rear 
panel of the optics chamber and is enclosed by a metal cover. Using the 3 mm 
hexagonal ball-ended driver supplied with the accessory, loosen, but do not remove, the 
two socket cap head screws shown in Figure 5, so that the board assembly is no longer 
rigidly attached to the baseplate. 
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Figure 5 Aligning the detector preamp board connector 

7. Lift the sphere accessory by the handles and place it into the vacated detector chamber 
area, so that the positioning pins on the instrument frame connect with the locator 
holes on the bottom of the accessory baseplate. Carefully press down on the accessory 
enclosure, taking care not to damage the connectors underneath. 

8. Adjust the detector preamplifier board assembly so that the bottom male connector 
lines up with the female connector on the instrument frame. Press down on the board 
assembly to seat the connectors and tighten the cap screws on either side. 

9. Secure the accessory to the instrument by tightening the thumbscrews located on the 
accessory baseplate. 

10. Carefully remove any packing materials from the optics chamber. 

When you have completed the first-time installation, you will need to align the accessory 
transfer optics. Follow the instructions in Aligning the Accessory Transfer Optics. 

Aligning the Accessory Transfer Optics 

The accessory optics were aligned at the factory and may require only minimal adjustment. 
The mirror heights are factory preset and should not need adjustment for normal service. 
When aligning the optics, a piece of white card or translucent paper is useful for verifying the 
position of the light beams. The accessory uses the default instrument configuration where 
the front beam path serves as the sample beam.  

Aligning the Integrating Spheres 

1. Turn the Lambda spectrometer on. 

2. Set the instrument for zero order or white light operation. 

3. In the UV WinLab Explorer Window, click Instruments in the Folder List and then select 
Manual Control from the Tools menu.  
The Manual Control Workspace is displayed.  

NIR detector cable 

UV/Vis detector cable 

Cap head screws 

 



Sphere Accessories User's Guide . 17 

4. Select the Alignment Mode check box and then click Apply to switch on the white 
light. 

5. Open the accessory lid. 

6. Load the supplied reflectance standards into sample holders at the reference and 
sample reflectance ports. 

NOTE: The 100 mm integrating sphere does not contain a reference port.  

 

 

 

Figure 6 Top view of the 150 mm Integrating Sphere accessory optics chamber 

 

Figure 7 Top view of the 100 mm Integrating Sphere accessory optics chamber 
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Figure 8 Top view of the 60 mm Integrating Sphere accessory optics chamber 

7. Using the white card or translucent paper, locate the sample beam in the optics 
chamber as it reflects off mirror M1 and strikes mirror M2. Adjust the mounting bolts 
(Figure 10) on mirror M1 as necessary to center the beam onto the surface of mirror 
M2. 

8. Mirror M2 directs the sample beam into the integrating sphere, with the cross-section of 
the beam condensed onto the sample reflectance port. Load the white card at the 
sample reflectance port and view the beam through the reference port. (View the beam 
through the center port in the 100 mm sphere.) Adjust the mirror M2 vertical and 
horizontal adjustment screws so the beam is centered on the surface of the card at the 
sample reflectance port. 

9. Load a flat surface plane mirror into the sample holder at the sample reflectance port 
with the mirrored surface facing inward. Viewing the sample beam entrance port 
through the reference port (or through the center port for the 100 mm sphere), check 
that the reflected specular beam exits the sphere unclipped. 
Remove all wedges from the 100 mm sphere before checking that the reflected beam 
exits the sphere unclipped. 

10. Examine the profile of the sample beam at the entrance to the sphere and the sample 
reflectance port to ensure the beam is not clipped by the transmittance port.  
It may be necessary to adjust mirrors M1 and M2 in iterative fashion to satisfy all the 
alignment criteria. Once accomplished, the sample beam is aligned. 

11. Using the white card technique, locate the reference beam at mirrors M3 and M4. 
Adjust mirror M3 so the reference beam is centered on mirror M4. 

12. Make adjustments to mirror M4 so the beam is centered on mirror M5. 

13. Hold the white card just beyond the reference port and locate the image of the 
reference beam. Adjust the mirror adjustments for M5, and M3 and M4 if necessary, so 
the image is centered at the reference port. Make sure the beam is not clipped at the 
reference beam entrance port. 
For the 100 mm sphere, hold a translucent piece of paper outside the reference beam 
entrance port and view the beam image through the center port to check that it is 
centered. 
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14. Suspend white light operation and load reflectance standards into the sample holders at 
the reference and reflectance ports. 

The accessory is now aligned.  

Aligning the 60 mm Detector Sphere 

1. Turn the Lambda spectrometer ON. 

2. Set the instrument for zero order or white light operation. 

3. In the UV WinLab Explorer Window click Instruments in the Folder List, highlight the 
instrument and then select Manual Control from the Tools menu.  
The Manual Control Workspace is displayed.  

4. Select the Alignment Mode check box and then click Apply to switch on the white 
light. 

5. Using the white card or translucent paper, locate the sample beam in the optics 
chamber as it reflects off mirror M1 and strikes mirror M2. Adjust the mounting bolts 
(Figure 10) on mirror M1 as necessary to center the beam onto the surface of mirror 
M2. 
 

 

Figure 9 Top view of the 60 mm Detector Sphere accessory optics chamber 

6. Mirror M2 directs the sample beam into the integrating sphere. Adjust the mirror M2 
vertical and horizontal adjustment screws so that the beam is centered on the sample 
beam entrance port. Examine the profile of the sample beam at the entrance to the 
sphere to ensure the beam is not clipped by the port edges. Once accomplished, the 
sample beam is aligned. 
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7. Using the white card technique, locate the reference beam at mirrors M3 and M4. 
Adjust mirror M3 so the reference beam is centered on M4. Examine the profile of the 
reference beam at the entrance to the sphere to ensure the beam is not clipped by the 
port edges. Once accomplished, the reference beam is aligned. 

8. Suspend white light operation. 

The accessory is now aligned. 
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Components of the Sphere Accessories 

The PerkinElmer reflectance sphere accessories are designed specifically to measure the 
reflectance or transmittance of solids, liquids, powders, or other small objects that can be 
positioned at the integrating sphere transmittance or sample reflectance ports. In addition, 
samples of almost unlimited size can be brought up to the reflectance port of the 150 mm 
Integrating Sphere for analysis.  

Optical components included with the sphere accessories are fastened directly to the 
accessory baseplate using either thumbscrews or a 3 mm hexagonal ball-ended driver. The 
baseplate extends the length of each accessory and fits over the positioning pins installed in 
the floor of the detector compartment of the spectrometer. The right-hand side of the 
accessory protrudes slightly beyond the instrument enclosure. Two thumbscrews fasten the 
accessory baseplate to the instrument. 

Integrating Spheres 

The integrating spheres are composed of two joined hemispheres whose interiors are 
constructed of Spectralon. (The exception is the 100 mm integrating sphere which is 
constructed in a single piece.) The detectors and associated electronics board installed in the 
reflectance accessories are essentially the same as the hardware used in the instruments. 
The accessory detector cables penetrate a sheet-metal shroud surrounding the sphere, 
where they are permanently wired to the detector electronics. The connectors at the 
opposite end of the cables plug into the detector preamplifier printed circuit board (PCB) 
panel inside the optics chamber. 

Detectors 

The spheres have two detectors mounted in the walls: a UV/Vis detector and an NIR 
detector. 

The UV/Vis detector is an R955 (for the 60 mm and 150 mm integrating spheres) or an R928 
(for the 100 mm integrating sphere and 60 mm detector sphere) photomultiplier tube (PMT), 
a common, extended-range, side-on detector used for spectroscopy applications. The 
detector covers a nominal spectral range of 160–860 nm and features nine stages of 
amplification. The UV absorption of Spectralon used in the spheres limits the lower 
detectable wavelength to approximately 200 nm.  

In addition, the spheres include a detector for the NIR range. The PbS spheres have a lead 
sulfide (PbS) photocell detector, with a nominal spectral range of approximately  
800–3500 nm; however, the reflectance of Spectralon at the high end of the spectrum limits 
accurate measurements to a maximum wavelength of 2500 nm. PbS detectors do not exhibit 
the high detectivity of PMT detectors. However, the tungsten lamp source is strong in the 
NIR region and the PbS photocell is thermoelectrically cooled. 

The InGaAs spheres have thermoelectrically cooled, extended range InGaAs detectors for the 
NIR range 860–2500 nm. The InGaAs spheres have increased sensitivity and much improved 
signal-to-noise in the NIR range 860–2500 nm compared to the PbS spheres. 
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Detector Preamplifier Board 

The accessory fills the vacated detector compartment of the Lambda instrument. The 
detector preamplifier circuit board is located at the rear right-hand corner of the optics 
chamber. When installed it replaces the detector circuitry of the instrument. The board has 
several functions. A switching power supply produces the high voltage necessary to operate 
the PMT detector. Separate circuits control the signal amplification and thermoelectric cooling 
of the PbS or InGaAs detectors during NIR operation. 

All adjustments and calibrations to the preamplifier board are made at the factory – there are 
no user adjustments possible. Replacement of either detector requires factory adjustments. 
If the detector electronics fail for either the UV/Vis detector or the NIR detector, the 
accessory must be returned to the factory for repair and calibration. 
 

 

 
WARNING 

Voltages as high as 1000 V DC on the preamplifier board constitute a 
shock hazard when the spectrometer is turned on. Do not disassemble 
the board assembly for any reason. There are no user-serviceable parts 
on the circuit board.  

Transfer Optics 

The optics chamber houses the accessory transfer optics that direct the spectrometer 
reference and sample beams to their respective ports on the integrating sphere. The sample 
beam is the front beam in the accessory. All mirror surfaces are coated with an Al/MgF2 thin 
film. The optical specifications for each mirror are listed in the relevant performance 
specifications for each sphere; see page 32 (150 mm Integrating Sphere), page 40 (100 mm 
Integrating Sphere), page 46 (60 mm Integrating Sphere), and page 49 (60 mm Detector 
Sphere). 

The mirrors are fastened to the accessory baseplate using the mounts illustrated in Figure 
10. Rotation of the mirror surface is adjustable using the vertical and horizontal adjustment 
bolts. The socket head mounting bolts accept a 3 mm hexagonal ball-ended driver.  

 

Figure 10 Construction of the standard accessory mirror mounts 

Vertical adjustment 

Horizontal adjustment 
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Reflectance Standards 

The 60 mm and 150 mm integrating sphere accessories are supplied typically with two 
uncalibrated Spectralon reflectance standards.  

The uncalibrated standards should be loaded at the reference and sample reflectance ports 
to protect the internal surfaces of the sphere when the accessory is not in use. 

The 100 mm integrating sphere is supplied with a single uncalibrated standard for use at the 
sample reflectance port (the accessory does not contain a reference port).  

NOTE: Cleaning instructions for uncalibrated reflectance standards are provided when the 
standards are purchased. See Cleaning the Reflectance Standards on page 60 for 
more information. 

 

NOTE: Care should be taken to prevent contaminants such as finger oils from contacting the 
material’s surface. You should always wear clean gloves when handling standards. 

 

NOTE: Calibrated standards can be returned to Labsphere (Labsphere Inc., North Sutton, 
New Hampshire, 03260, USA) for recalibration yearly, or whenever the reflective 
surface of the standard is soiled. 
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Description of the 150 mm Integrating Sphere 

The 150 mm Integrating Sphere accessory operates in double-beam mode in either specular 
included (8°/h) or specular excluded (8°/d) geometries. The accessory is installed in the 
detector chamber, leaving the sample compartment vacant and available for additional beam 
conditioning attachments. Procedures for performing reflectance and transmittance 
measurements are very similar to the routine absorbance measurements carried out within 
the confines of the instrument sample compartment.  

The basic layout of the accessory is shown in Figure 11. A hinged cover (not shown in the 
figure) fits over the accessory interior to provide a light-tight operating environment during 
reflectance and transmittance measurements. The lid must be closed during reflectance 
measurements to prevent the intrusion of stray light from the laboratory. The reference port 
can be accessed only from inside the accessory enclosure. The sample reflectance port is 
accessed from outside the enclosure and is enclosed by a hinged sample reflectance port 
cover (not shown in the diagram).  

 

 

Figure 11 Basic layout of the 150 mm Integrating Sphere accessory. For clarity, 
the hinged accessory cover and reflectance port cover are not shown in this figure  

The beam paths within the accessory are illustrated in Figure 12. Light entering the 
accessory is directed to either the reference beam or sample beam entrance ports. The 
150 mm reflectance accessory uses the same default beam configuration as the instrument 
without the accessory: the sample beam is the front beam while the rear spectrometer beam 
path constitutes the reference beam.  
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Mirrors M1 and M2 guide the sample beam through the sample beam entrance, or 
transmittance, port of the integrating sphere and onto the sample reflectance port at 8° 
angle of incidence. Mirrors M3, M4 and M5 direct the reference beam through the reference 
beam entrance port onto the reference port.  

 

Figure 12 Optical beam paths inside the 150 mm Integrating Sphere accessory 

The specular beam baffle is attached as shown in Figure 13. This baffle fits over the 
adjustment screws on mirror M3 so that components of the specular beam are not reflected 
back into the specular port. 
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Figure 13 The specular beam baffle 

The 150 mm integrating sphere assembly, shown in Figure 14, consists of the two Spectralon 
hemispheres, a metal shroud and a top plate. The inner sphere is 150 mm in diameter and 
features four beam ports spread strategically around the sphere at various angular intervals 
and a specular exclusion port. The center-mount port is located on top. The beam ports 
either admit the spectrometer instrument beam into the integrating sphere or provide a 
means of mounting a sample or reflectance standard into a beam path. The specular 
exclusion port provides a path for the specular component of the reflected sample beam to 
exit the sphere. The center-mount port accommodates the loading of various optional 
attachments into the sphere.  
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Figure 14 Construction and assembly of the 150 mm Integrating Sphere accessory  

Standard attachments to the 150 mm accessory include the center-mount port cover and the 
specular exclusion port plug, two reflectance sample holders, the transmittance sample 
holder shown in Figure 15, and two uncalibrated Spectralon diffuse reflectance standards. 
The Spectralon standards are employed during reflectance measurements in a manner 
similar to a blank cuvette during the more familiar absorbance measurement technique. 
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Figure 15 Peripheral attachments to the 150 mm Integrating Sphere accessory 

Loading the Reference or Sample Reflectance Ports 

The reference and sample reflectance ports are defined by a 24 mm diameter hole in the 
shroud or the metal plate on the right side panel of the accessory enclosure. A sample holder 
fits over a dovetail extension located underneath each port. The reflectance port is 
configured at an 8° angle to the incident sample beam when objects are mounted flush to 
the outside surface of the metal plate. 

The reference and reflectance port sample holders are spring-loaded devices that attach to 
the dovetail rail mounted directly underneath each port. As shown in Figure 16, each sample 
holder consists of a swivel ring, and base. The swivel ring rotates about a horizontal axis to 
accommodate thick objects. When mounting objects at a reference or sample reflectance 
port, the port cross-section should always be completely filled and the object should be 
clamped flush against the port surface. In some instances, a light trap can be loaded at the 
sample reflectance port. The light trap is an optional component that fits into the back side 
of the sample holder swivel ring. The hinged sample reflectance port cover fits securely over 
the sample reflectance port with the light trap in place. 

To install a sample holder at the reference or reflectance port 

1. Open the hinged sample reflectance port cover, if appropriate. 

2. Twist the spring-loaded sample holder to the upright position shown in Figure 16 and 
slide the base over the port dovetail. 

3. Slide the sample holder to the horizontal position required. 
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To load a reflectance standard or sample at a port 

 

Figure 16 Loading a sample or reference at the reflectance port (hinged sample 
reflectance port cover not shown) 

1. Adjust the sample holder to the horizontal position required. 

2. Pull back the spring-loaded assembly and mount the sample or standard at the port. 

3. Close the hinged cover at the reflectance port, if applicable. 

If necessary, the sample or standard can be supported on an adjustable prop, the height of 
which can be changed using a 3mm ball-ended hexagonal driver. 

 

Figure 17 Sample holder assembly showing optional adjustable prop 
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Using a Small Spot Kit 

Where sample sizes are very small it may be appropriate to use one of the two Small Spot 
Kits provided for use with the 150 mm Integrating Sphere Accessory. 

Both kits fit into the accessory, between the mirrors and the sphere, and are secured to the 
floor with thumbscrews. 

General Purpose Small Spot Kit 

The General Purpose Small Spot Kit comprises a three-lens system, in a rotatable wheel. The 
wheel has three positions labeled T (Transmittance), C (Center mount) and R (Sample 
reflectance) which allow the beam to be focused on the corresponding port on the sphere. 

The kit also includes a diaphragm iris which fits in the Lambda sample compartment (Figure 
18). 

 

Figure 18 Sample compartment diaphragm iris 

This iris allows you to reduce the spot size. 

NOTE: The General Purpose Small Spot kit can also be used in conjunction with a set of 
sample reflectance port apertures. See Reflectance-Only Small Spot Kit for details. 

Reflectance-Only Small Spot Kit 

In cases where measurements at the sample reflectance port position only are required, the 
Reflectance-only Small Spot Kit can be used (Figure 19). 

This provides a single lens assembly, focused on the sample reflectance port. 
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Figure 19 Reflectance-only Small Spot Kit, fitted into a 150 mm Integrating 
Sphere Accessory 

The Reflectance-only Small Spot Kit includes a set of three sample reflectance port apertures, 
with 3, 5 and 10 mm diameters (Figure 20), designed to improve sample handling and 
positioning of small samples. 

 

Figure 20 Sample Reflectance Port Apertures (3, 5 and 10 mm) 

NOTE: The Sample Reflectance Port Apertures are also available separately, for use with a 
General Purpose Small Spot kit. 

The apertures are coated with Spectraflect®, which has similar reflectance properties to 
Spectralon. The aperture kit is supplied within an insert which fits into the ring of the sample 
mount. This facilitates an even pressure on samples.  

NOTE: The Reflectance-only Small Spot Kit can also be used in conjunction with a sample 
compartment diaphragm iris. See General Purpose Small Spot Kit for details. 
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Specifications for the 150 mm Integrating Sphere 

NOTE: When you use the 150 mm Integrating Sphere with the Lambda 650/850/800 
spectrometer, the spectral range capability of the instrument is 200–900 nm. 

 

Specification PMT and PbS detectors PMT and InGaAs 
detectors 

Part number L6020204 L6020322 

Wavelength range 200–2500 nm 200–2500 nm 

Detectors   
UV/Vis R955 PMT: 200–860.8 nm R955 PMT: 200–860.8 nm 

NIR  PbS: 860.8–2500 nm InGaAs: 860.8–2500 nm 

Coating material Spectralon Spectralon 

Optics (Al/MgF2 coated):   

M1 CV 2.00 × 3.00,  
23.622 mm ROC 

CV 2.00 × 3.00,  
23.622 mm ROC 

M2  CV 2.00 × 3.00,  
29.921 mm ROC 

CV 2.00 × 3.00,  
29.921 mm ROC 

M3 CV 2.00 × 3.00,  
12.205 mm ROC 

CV 2.00 × 3.00,  
12.205 mm ROC 

M4 FL 1.50 x 2.00 inches FL 1.50 x 2.00 inches 

M5 CV 2.00 × 2.00,  
8.661 mm ROC 

CV 2.00 × 2.00,  
8.661 mm ROC 

Sample & reference 
reflectance port diameters 

24 mm 24 mm 

Reference transmittance port 
dimensions (rectangular) 

28 mm wide × 31 mm high 28 mm wide × 31 mm high 

Sample transmittance port 
dimensions (oval) 

25 mm wide × 16 mm high 25 mm wide × 16 mm high 

Max sample size 
(transmittance) 

50 mm wide × 90 mm high 
×  3 mm thick 

50 mm wide × 90 mm high 
×  3 mm thick 

Max sample size  
(reflectance) 

Unlimited 
(50 mm in center-mount) 

Unlimited 
(50 mm in center-mount) 

 
Key: 
 
CV – Concave 
FL – Flat 
ROC – Radius of Curvature 
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Description of the 100 mm Integrating Sphere 

The 100 mm Integrating Sphere accessory operates in double-beam mode in either specular 
included or specular excluded geometries. The accessory is installed in the detector chamber, 
leaving the sample compartment vacant and available for additional beam conditioning 
attachments. Procedures for performing reflectance and transmittance measurements are 
very similar to the routine absorbance measurements carried out within the confines of the 
instrument sample compartment. 

The basic layout of the accessory is shown in Figure 21. A hinged cover (not shown in the 
figure) fits over the accessory interior to provide a light-tight operating environment during 
reflectance and transmittance measurements. Thie lid must be closed during reflectance 
measurements to prevent the intrusion of stray light from the laboratory. Unlike the 150 mm 
integrating sphere, there is no reference port. The sample reflectance port is located inside 
the main enclosure.  

 

Figure 21 Basic layout of the 100 mm Integrating Sphere accessory. For clarity, 
the hinged accessory lid is not shown in this figure 

Mirrors M1 and M2 guide the sample beam through the transmittance port of the integrating 
sphere and onto the sample reflectance port. The angle of incidence can be adjusted to 0° or 
8° using wedges. Mirrors M3, M4 and M5 direct the reference beam through the reference 
beam entrance port. 
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Figure 22 Optical beam paths inside the 100 mm Integrating Sphere accessory 

The 100 mm Integrating Sphere assembly consists of a single Spectralon piece formed into a 
sphere, a metal shroud and a top plate (Figure 23). The inner sphere is 100 mm in diameter 
and features three beam ports spread strategically around the sphere at various angular 
intervals. These ports either admit the spectrometer instrument beam into the integrating 
sphere, or provide a means of mounting a sample or reflectance standard into the beam 
path. A center port is also located at the top of the sphere; unlike on the 150 mm Integrating 
Sphere, this port does not accept any center-mounting attachments. 
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Figure 23 Construction and assembly of the 100 mm Integrating Sphere accessory 

Standard attachments to the 100 mm accessory include the center port cover, a reflectance 
sample holder, a transmittance sample holder, and an uncalibrated Spectralon diffuse 
reflectance standard. The Spectralon standard is employed during reflectance measurements 
in a manner similar to a blank cuvette during the more familiar absorbance measurement 
technique. 
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Figure 24 Peripheral attachments to the 100 mm Integrating Sphere accessory 
transmittance port (left) and sample reflectance port (right) 

Loading the Sample Reflectance and Transmittance 
Ports 

The sample reflectance port is a rectangular hole in the shroud on the right side panel of the 
accessory enclosure. A sample holder fits over a dovetail extension located underneath the 
port. The reflectance port can be configured at either 0° or 8° angle to the incident sample 
beam. 

To install a sample holder at the reflectance port 

1. Twist the spring-loaded sample holder to the upright position shown in Figure 24 and 
slide the base over the port dovetail. 

2. Insert the 8° wedge between the sphere and the sample holder if required, and secure 
it with the thumbscrew on the top of the sphere (Figure 24). 

3. Slide the sample holder to the required horizontal position. 

To load a reflectance standard or sample at a port 

1. Adjust the sample holder to the horizontal position required. 

2. Pull back the spring-loaded assembly and mount the sample or standard at the port. 

If necessary, the sample or standard can be supported on an adjustable prop, the height of 
which can be changed using a 3 mm ball-ended hexagonal driver (Figure 24). 

To load a transmittance standard or sample 

1. Before installing the transmittance sample holder in the detector, remove the securing 
arms using a 1.5 mm hexagonal driver and reposition them for narrow samples if 
necessary (Figure 25). 
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2. Slide the sample holder onto the support rails underneath the sample beam entrance 
port (Figure 25). 

3. Lock the sample holder in the required horizontal position using the thumbscrews. 

4. Squeeze the spring-loaded handles at the bottom of the sample holder together, 
position the sample at the port window, and gently release the handles. 
The securing arms will hold the sample in place.  

 

Figure 25 Transmittance sample holder assembly 

Using a Small Spot Kit 

Where sample sizes are very small, it may be appropriate to use one of the two Small Spot 
Kits provided for use with the 100 mm Integrating Sphere Accessory. 

NOTE: The Small Spot Kits for the 150 mm and 100 mm Integrating Spheres are not 
interchangeable. 

Transmittance-only Small Spot Kit 

The Transmittance-only Small Spot Kit comprises a diaphragm iris, a lens and three 
apertures. 

The diaphragm iris fits in the Lambda sample compartment and is secured to the floor with 
thumbscrews. Its position can be adjusted using the adjusters shown in Figure 26 to sharpen 
the image of the beam on the sample.  

Adjustment screws for 
securing arms 

Spring-loaded handles 

Thumbscrew 

Support rails 

 



38 . Sphere Accessories User's Guide  

 

Figure 26 Sample compartment diaphragm iris 

The lens fits into the accessory, between the mirrors and the sphere, and is secured to the 
floor with thumbscrews (Figure 27). This lens focuses the beam on to the transmittance port 
on the sphere. 

 

Figure 27 Transmittance-only Small Spot Kit lens with the required apertures 
installed in the accessory (viewed from above) 

The kit includes a set of three 0° apertures with 3, 5 and 10 mm diameters. One of these 
should be fitted at the transmittance port when performing measurements. The 8° wedge 
should also be fitted at the sample reflectance port (Figure 27). 
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Reflectance-only Small Spot Kit 

The Reflectance-only Small Spot Kit comprises a diaphragm iris, a lens and three apertures. 

The diaphragm iris fits in the Lambda sample compartment and is secured to the floor with 
thumbscrews. Its position can be adjusted as shown in Figure 26 to sharpen the image of the 
beam on the sample.  

The lens fits into the accessory, between the mirrors and the sphere, and is secured to the 
floor with thumbscrews (Figure 28). This lens focuses the beam on to the sample reflectance 
port on the sphere. 

The kit includes a set of three 8° apertures with 3, 5 and 10 mm diameters that can be 
located at the sample reflectance port for 8°/h measurements. To avoid clipping the beam as 
it enters the sphere, do not use a wedge or aperture at the transmittance port (Figure 28). 

 

Figure 28 Reflectance-only Small Spot Kit lens with the required apertures 
installed in the accessory (viewed from above) 
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Specifications for the 100 mm Integrating sphere 

NOTE: When you use the 100 mm Integrating Sphere with the Lambda 650/850/800 
spectrometer, the spectral range capability of the instrument is 200–900 nm. 

 

Specification PMT and PbS detectors PMT and InGaAs 
detectors 

Part number L6020372 L6020371 

Wavelength range 200–2500 nm 200–2500 nm 

Detectors   
UV/Vis R928 PMT: 200–860.8 nm R928 PMT: 200–860.8 nm 

NIR  PbS: 860.8–2500 nm InGaAs: 860.8–2500 nm 

Coating material Spectralon Spectralon 

Optics (Al/MgF2 coated):   

M1 FL 1.50 × 2.00 inches  FL 1.50 × 2.00 inches 

M2  CV 2.00 × 2.50,  
280 mm ROC 

CV 2.00 × 2.50,  
280 mm ROC 

M3 FL 1.50 × 2.00 inches FL 1.50 × 2.00 inches 

M4 CV 2.00 x 2.50, 
330 mm ROC 

CV 2.00 x 2.50, 
330 mm ROC 

M5 FL 1.50 × 1.50 inches FL 1.50 × 1.50 inches 

Sample reflectance port 
dimensions (rectangular) 

17 mm wide × 22 mm high 17 mm wide × 22 mm high 

Reference transmittance port 
dimensions (rectangular) 

13 mm wide × 25 mm high 13 mm wide × 25 mm high 

Sample transmittance port 
dimensions (rectangular) 

11 mm wide × 24 mm high 11 mm wide × 24 mm high 

Max sample size 
(transmittance) 

50 mm wide × 60 mm high 
× 25 mm thick 

50 mm wide × 60 mm high 
× 25 mm thick 

Max sample size  
(reflectance) 

45 mm wide × 60 mm high,  
or 35 mm diameter 

45 mm wide × 60 mm high, 
or 35 mm diameter 

Key: 
 
CV – Concave 
FL – Flat 
ROC – Radius of Curvature 
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Description of the 60 mm Integrating Sphere 

The basic layout of the accessory is shown in Figure 29. A hinged cover fits over the 
accessory interior to provide a light-tight operating environment during reflectance and 
transmittance measurements. The lid must be closed during reflectance measurements to 
prevent the intrusion of stray light from the laboratory. The reference and sample reflectance 
ports can be accessed only from inside the accessory enclosure. 

 

 

 

Figure 29 Basic layout of the 60 mm Integrating Sphere accessory. For clarity, the 
hinged accessory cover is not shown in this figure 

The beam paths within the accessory are illustrated in Figure 30. Light entering the 
accessory is directed to one of two entrance ports on the sphere: the reference beam 
entrance port and the sample beam entrance port. The 60 mm Integrating Sphere has the 
same default beam configuration as the high-performance Lambda spectrometer when 
operating without the accessory: the sample beam is the front beam while the rear 
spectrometer beam path is the reference beam.  

Mirrors labeled M1 and M2 guide the sample beam through the sample beam entrance, or 
transmittance, port of the integrating sphere and onto the sample reflectance port at 0° 
angle of incidence. Mirrors M3, M4 and M5 direct the reference beam through the rectangular 
reference beam entrance port onto the reference port.  
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Figure 30 Optical beam paths inside the 60 mm Integrating Sphere accessory 

The 60 mm diameter integrating sphere assemblies are shown in Figure 31 and Figure 32. 
The four beam ports are spread strategically around the sphere at various angular intervals. 
The beam ports either admit the spectrometer instrument beam into the integrating sphere 
or provide a means of mounting a sample or reflectance standard into a beam path. 

The reflectance sample holders, mounted at the reference and reflectance ports, clamp a 
reflectance standard or sample at the respective port plane. 

The 60 mm integrating sphere accessory operates in double-beam mode in either specular 
included (8°/h) or specular excluded (0°/d) geometries. The accessory is installed in the 
detector chamber, leaving the sample compartment vacant and available for additional 
beam-conditioning attachments. Procedures for performing reflectance and transmittance 
measurements are very similar to the routine absorbance measurements carried out within 
the confines of the instrument sample compartment.  

Included with the accessory are two sample holders for mounting samples or standards at 
the reference and sample port, a transmittance sample holder, and two uncalibrated 
Spectralon diffuse reflectance standards. The Spectralon standards are employed during 
reflectance measurements in a manner similar to a blank cuvette during the more familiar 
absorbance measurement technique.  
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Figure 31 Construction and assembly of the 60 mm PbS Integrating Sphere 

 

Figure 32 Construction and assembly of the 60 mm InGaAs Integrating Sphere 
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Figure 33 Peripheral attachments to the 60 mm Integrating Sphere Accessory.  
In this case the 60 mm PbS Integrating Sphere is shown 

Loading the Reference or Sample Reflectance Ports 

The reference and sample reflectance ports are defined by two 19 mm diameter holes in the 
sheet metal panels of the integrating sphere shroud. A sample holder fits over a dovetail 
extension located underneath each port. The reflectance port is configured at a 0° angle to 
the incident sample beam when objects are mounted flush to the outside surface of the 
integrating sphere. Two 8° wedge inserts accompany the accessory for mounting objects at 
near-normal incidence. One of the wedges should always be loaded at the reference port. 
During 8°/h reflectance measurements an 8° wedge should be loaded at the sample 
reflectance port. During 0°/d reflectance measurements, the sample should be loaded flush 
to the outer sphere shroud. 

The reference and reflectance port sample holders are spring-loaded devices that attach to 
the dovetail rail mounted directly underneath each port (Figure 34). Each sample holder 
consists of a swivel ring, and base. The swivel ring rotates about a horizontal axis to 
accommodate thick objects and the 8° wedge. When mounting objects at a reference or 
sample reflectance port, the port cross section should always be completely filled and the 
object should be clamped flush against the port or wedge surface. In some instances, a light 
trap can be loaded at the sample reflectance port. The light trap is an optional component 
that fits into the back side of the sample holder swivel ring. 

To install a sample holder at the reference or reflectance port:  

1. Install the 8° wedge, if required. 

2. Twist the spring-loaded sample holder to the upright position shown in Figure 34 and 
slide the base over the port dovetail. 
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Figure 34 Loading an object at the reference or reflectance port 

3. Flip the swivel ring to the 0° or 8° orientation and slide the sample holder to the 
horizontal position required. 

To load a reflectance standard or sample at a port: 

1. Adjust the sample holder to the horizontal position required. 

2. Pull back the spring-loaded assembly and mount the sample or standard at the port. 
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Specifications for the 60 mm Integrating sphere 

NOTE: When you use the 60 mm Integrating Sphere with the Lambda 650/850/800 
spectrometer, the spectral range capability of the instrument is 200–900 nm. 

 

Specification PMT and PbS detectors PMT and InGaAs 
detectors 

Part number L6020209 L6020324 

Wavelength range 200–2500 nm 200–2500 nm 

Detectors:   

UV/Vis R955 PMT: 200–860.8 nm R955 PMT: 200–860.8 nm 

NIR  TE cooled PbS: 860.8–2500 nm InGaAs: 860.8–2500 nm 

Coating material Spectralon Spectralon 

Optics (Al/MgF2):   

M1 CV 1.50 × 2.00, 260 mm ROC CV 1.50 × 2.00, 260 mm ROC 

M2  FL 1.25 x 1.50 inches FL 1.25 x 1.50 inches 

M3 CV 1.50 × 2.00, 260 mm ROC CV 1.50 × 2.00, 260 mm ROC 

M4 FL 1.25 x 1.50 inches FL 1.25 x 1.50 inches 

M5 FL 1.00 x 1.00 inches FL 1.00 x 1.00 inches 

Sample and reference 
reflectance port 
diameters 

19 mm 19 mm 

Reference transmittance 
port dimensions 
(rectangular) 

8 mm wide × 13 mm high 8 mm wide × 13 mm high 

Max sample size 
(transmittance) 

50 mm wide × 60 mm high 
× ~3 mm thick 

50 mm wide × 60 mm high 
× ~3 mm thick 

Max sample size 
(reflectance) 

45 mm wide × 60 mm high,  
or 35 mm diameter 

45 mm wide × 60 mm high, 
or 35 mm diameter 

 
Key: 
 
CV – Concave 
FL – Flat 
ROC – Radius of Curvature 
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Description of the 60 mm Detector Sphere 

The main hardware components inside the accessory enclosure are shown in Figure 35. A 
hinged cover fits over the accessory interior to provide a light-tight operating environment 
during operation. 

 

 
 

Figure 35 Basic layout of the 60 mm Detector Sphere accessory  

The beam paths within the accessory are illustrated in Figure 36. Light entering the 
accessory is directed to one of two entrance ports on the sphere: the reference beam 
entrance port and the sample beam entrance port. The 60 mm reflectance accessory uses 
the same default beam configuration as the instrument without the accessory: the sample 
beam is the front beam while the rear spectrometer beam is the reference beam. The 
accessory can be operated with the reverse beam configuration or in single beam mode. 

Mirrors M1 and M2 guide the sample beam through the sample beam entrance port of the 
integrating sphere. Mirrors M3 and M4 direct the reference beam through the reference 
beam entrance port on the side.  
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Figure 36 Optical beam paths inside the 60 mm Detector Sphere accessory 

The 60 mm diameter integrating sphere in the 60 mm Detector Sphere accessory is shown 
Figure 37. Two baffles inside the sphere shield the sample beam target area from detector 
view. There are no reference or sample ports machined into the integrating sphere and no 
sample holders are provided.  

 

Figure 37 Construction and assembly of the 60 mm Detector Sphere  

PMT detector 
cavity 

Sample beam 
entrance port 

PbS detector 

Baffles 

R928 PMT detector 

Spectralon 
hemispheres 

Sample (front) 
beam 

Reference (rear) 
beam 

PbS detector 

Baffles 

M3  M3 M1   

 M4  

 M2  

 



Sphere Accessories User's Guide . 49 

Specifications for the 60 mm Detector Sphere 

NOTE: When you use the 60 mm Detector Sphere with the Lambda 650/850/800 
spectrometer, the spectral range capability of the instrument is 200–900 nm. 

 

Part number L6020209 

Wavelength range 200–2500 nm 

Detectors:  

UV/Vis R928 PMT: 200–860.8 nm 

NIR  PbS: 860.8–2500 nm 

Coating material Spectralon 

Optics (Al/MgF2):  

M1 CV 100 mm ROC 

M2  CX 45.8 mm ROC 

M3 CV 100 mm ROC 

M4 CX 45.8 mm ROC 

Sample port diameter 17 mm wide × 22 mm high 

Reference port diameter 11 mm wide × 16 mm high 

 
Key: 
 
CV – Concave 
CX – Convex 
ROC – Radius of Curvature 
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Operating Procedures 

CAUTION 

The accessory modules must only be installed or removed when the 
instrument is switched off. Failure to observe this will result in 
permanent damage to your instrument. 

The 60 mm Detector Sphere can be used to collect data with any sampling accessory loaded 
in the sample compartment that transmits a satisfactorily narrow exit beam. The 60 mm and 
100 mm Integrating Spheres can perform 8°/h and 0°/d reflectance measurements or 
transmittance measurements. The 150 mm Integrating Sphere can perform 8°/h and 8°/d 
reflectance measurements or transmittance measurements.  

NOTE: The ‘h’ in 8°/h refers to the total hemispherical reflectance – that is, the diffuse and 
specular components combined. The ‘d’ in 0°/d refers to ‘diffuse’ – that is, the 
measurements with the specular component removed. The ‘0’ in 0°/d denotes that 
the angle of incidence of the beam is normal to the port. The ‘8’ denotes  
near-normal incidence at an angle of 8°. 

The following procedures can be used to obtain accurate transmittance and reflectance data 
using the accessories. When configuring the spectrometer for transmittance or reflectance 
scans, you should consider the accuracy and resolution requirements of the application. In 
general, data recorded using the accessory is subject to systematic and statistical error. 
Systematic errors are caused by shortcomings pertaining to hardware and procedures. Most 
systematic errors can be eliminated by operating the system in double-beam mode and 
practicing proper sampling technique. Statistical errors are caused by chance. The user can 
reduce the statistical error in transmittance or reflectance data by editing the parameters, for 
example the slit width, on the Data Collection page in the UV WinLab software, as required. 

When measuring the reflectance or transmittance of highly absorbing samples, the sample 
beam signal is significantly attenuated. The attenuation of the smaller 60 mm spheres is 
much less than for the 100 and 150 mm Integrating Spheres. 

Recording Reflectance and Transmittance Spectra 
using the Integrating Spheres 

NOTE: These are relevant for the 60 mm, 100 mm and 150 mm integrating spheres only. 

Reflectance measurements are performed by conducting a baseline scan with a reflectance 
standard loaded at the reflectance port, followed by a sample scan with the test sample 
loaded at the sample reflectance port. During transmittance measurements a reflectance 
standard is loaded at the reflectance port for both scans. 

NOTE: See Stray Light on page 57 for a simple technique that can be used to locate a stray 
light source when operating with the sphere accessories. 
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Recording Baseline Scans 

In general, the instrument parameters for the baseline scan must conform to the instrument 
parameters for the sample scan.  

The throughput for 60 mm and 100 mm diameter integrating spheres, however, is very high 
such that the signal-to-noise ratio for the accessory and spectrometer combined is very 
good. Consequently, the scans delivered by these accessories exhibit less noise than their 
150 mm counterparts and the limitations on parameter entry are few. The throughput for the 
150 mm diameter sphere is lower and the scan may generate more noise. However, the port 
fraction of the 150 mm sphere is very low, and the spectra generated should be very 
accurate.  

The UV WinLab software provides several options when applying baseline corrections to data 
collected with a reflectance accessory.  

When the %T ordinate mode is selected you should select 100%T / 0A Baseline (Autozero) 
and 0%T / Blocked Beam Baseline in the Baselines section on the Corrections page. No 
reflectance standard correction is required for transmittance measurements. 

When the %R option is selected as the ordinate mode in the Method Settings section on the 
Data Collection page you can also select Reflection Corrections on the Corrections page. 
When Reflection Correction for reference (%RC) is selected as the correction type from 
the drop-down list, you must then set up the software to correct your collected data using 
Spectralon, BaSO4 or your own reference spectra.  

To do this, select the required options from the Light Spectral Reference and the Dark 
Spectral Reference drop-down lists. The Select-Import option allows you to choose your 
own 100%R (Light) and blocked beam (Dark).  

NOTE: For more information on creating UV WinLab methods, and for a description of the 
available baseline corrections and reflectance corrections, see the UV WinLab Help 
file. 

8°/h Reflectance Measurements 

The reflectance port on the 150 mm Integrating Sphere accessory is constructed at near 8° 
to normal incidence to the sample beam. However, the reflectance ports on the 100 mm and 
60 mm Integrating Sphere accessories are constructed at normal incidence to the sample 
beam (you can see this clearly in Figure 7 on page 17 and Figure 8 on page 18). Therefore, 
before performing the 8°/h measurement with these integrating spheres, you will need to 
load the 8° wedge at the reflectance port, as shown in Figure 24 and Figure 34. 

To perform the 8°/h reflectance measurement: 

1. Open the UV WinLab software. 

2. Open the method you want to use to collect the 8°/h measurements.  
The method opens in the Workspace. 

3. In the Method Settings section select the %R ordinate mode.  

4. In the Beam Selection section, select Sample Beam Front. 
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5. Open the Corrections page.  

6. In the Reflection Corrections section, select Reflection Correction for reference 
(%RC) from the drop-down list of correction types. 

7. Choose the appropriate reference spectra from the Light Spectral Reference and Dark 
Spectral Reference drop-down lists. 

8. Load a Spectralon standard at the reference port and a calibrated reflectance standard, 
if available, at the sample reflectance port.  
If a calibrated standard is not available, use an uncalibrated Spectralon standard. 

9. Close the sample compartment and accessory lids. 

10. Click  to execute a new baseline scan. 

11. At the UV WinLab prompt, replace the reflectance standard at the reflectance port with 
the sample and close the accessory lid.  
Do not change the configuration of the integrating sphere in any other way. 

12. Close the accessory lid. 

13. Click OK to execute the sample scan. 

The reflection correction is automatically applied to the sample scan data. 

8°/d Reflectance Measurements 

NOTE: These measurements can be carried out using the 150 mm Integrating Sphere only. 

The 150 mm Integrating Sphere has a specular exclusion port. When the exclusion port plug 
is removed, the specular component of reflection from the sample is directed out of the 
sphere and onto a baffle attached to the rear of mirror M3. This means that the specular 
component is not sampled by the detector. The diffuse component of the main beam 
reflection remains inside the sphere and is sensed by the sphere detector. To perform the 
8°/d reflectance measurement, remove the specular port plug from the integrating sphere 
and use the following procedure: 

1. Open the UV WinLab software. 

2. Open the method you want to use to collect the 8°/d measurements.  
The method opens in the Workspace. 

3. In the Method Settings section, select the %R ordinate mode.  

4. In the Beam Selection section, select Sample Beam Front. 

5. Open the Corrections page.  

6. In the Reflection Corrections section, select Reflection Correction for reference 
(%RC) from the drop-down list of correction types. 

7. Choose the appropriate reference spectra from the Light Spectral Reference and Dark 
Spectral Reference drop-down lists. 
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8. Load a Spectralon standard at the reference port and a calibrated reflectance standard, 
if available, at the sample reflectance port.  
If a calibrated standard is not available, use an uncalibrated Spectralon standard. 

9. Close the sample compartment and accessory lids. 

10. Click  to execute a new baseline scan. 

11. At the UV WinLab prompt, replace the reflectance standard at the reflectance port with 
your sample. 
Do not change the configuration of the integrating sphere in any other way.  

12. Close the accessory lid. 

13. Click OK to execute the sample scan. 

The reflection correction is automatically applied to the sample scan data. 

0°/d Reflectance Measurements 

NOTE: These measurements can be carried out using the 100 mm and 60 mm Integrating 
Spheres only. 

Unlike the 150 mm Integrating Sphere, the 100 mm and 60 mm Integrating Sphere 
accessories do not have a specular exclusion port. However, the transmittance port where 
the sample beam enters the sphere serves the same purpose. To perform the 0°/d 
reflectance measurement, use the following procedure: 

1. Ensure that the 8° wedge is removed from the reflectance port and, for the 100 mm 
sphere, remove any apertures or wedges fitted to the transmittance port. 

2. Open the UV WinLab software. 

3. Open the method you want to use to collect the 0°/d measurements.  
The method opens in the Workspace. 

4. In the Method Settings section, select the %R ordinate mode.  

5. In the Beam Selection section, select Sample Beam Front. 

6. Open the Corrections page.  

7. In the Reflection Corrections section, select Reflection Correction for reference 
(%RC) from the drop-down list of correction types. 

8. Choose the appropriate reference spectra from the Light Spectral Reference and Dark 
Spectral Reference drop-down lists. 

9. Load a Spectralon standard at the reference port and a calibrated reflectance standard, 
if available, at the sample reflectance port. 
If a calibrated standard is not available, use an uncalibrated Spectralon standard. 

10. Close the sample compartment and accessory lids. 
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11. Click  to execute a new baseline scan. 

12. At the UV WinLab prompt, replace the reflectance standard at the reflectance port with 
your sample.  
Do not change the configuration of the integrating sphere in any other way.  

13. Close the accessory lid. 

14. Click OK to execute the sample scan. 

The reflection correction is automatically applied to the sample scan data. 

Transmittance Measurements 

The transmittance ports on all the integrating sphere accessories are constructed at normal 
incidence to the sample beam.  

NOTE: The 8° wedge should remain installed at the reflectance port of the 60 mm and 
100 mm Integrating Spheres during the transmittance scans.  

To measure the hemispherical transmittance of a sample: 

1. Open the UV WinLab software. 

2. Open the method you want to use to collect the transmittance measurements.  
The method opens in the Workspace. 

3. In the Method Settings section select the %T ordinate mode.  

4. In the Beam Selection section select Sample Beam Front. 

5. Open the Corrections page.  

6. For samples with transmittance less than 5%T, the 0%T/Blocked Beam Baseline 
check box should be selected to give best accuracy. 

7. Load Spectralon standards at the reference and reflectance ports.  

8. If the sample resides on a substrate, load an untreated substrate blank at the 
transmittance port for the baseline scan.  

OR 

If the transmittance sample is suspended in solution, load a blank cuvette at the 
transmittance port for the baseline.  

9. Close the sample compartment and accessory lids. 

10. Click  to execute a new baseline scan. 

11. At the UV WinLab prompt, install the sample over the transmittance port.  
Do not change the configuration of the integrating sphere in any other way. 
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12. Click OK to execute the sample scan.  
The recorded sample scan constitutes the 0°/h transmittance with no corrections 
required. 

Recording Spectra with the 60 mm Detector Sphere 

Spectral measurements using the 60 mm Detector Sphere are performed using the 
procedures accompanying the sampling accessory in the sample compartment and the 
instrument user’s manual. Normally, the procedure includes a baseline followed by a sample 
scan. If unacceptable noise is present in the scan data, increase the slit width parameters 
using the UV WinLab software.  

Although the detector sphere is not subject to substitution error (see page 56), the double-
beam mode is still superior to single-beam operations and should be used for most 
applications.  

Single-beam operation with the detector sphere is possible, however, and the beam 
configuration can be reversed, if necessary, to accommodate different sample-compartment 
components. 

NOTE: See Stray Light on page 57 for a simple technique that can be used to locate a stray 
light source when operating with a sphere accessory. 
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Sources of Error 

Systematic errors inherent to reflectance measurements with the sphere accessories can be 
minimized by maintaining high standards of cleanliness and exercising proper precautions 
during sample preparation and presentation. Information on potential errors during 
reflectance measurements is provided below. 

Substitution Error 

Substitution error occurs in single beam integrating sphere accessories where the average 
wall reflectance of the sphere is changed by the presence of the sample surface. When 
operated in double beam mode (typical operation), the integrating sphere reflectance 
accessories are not susceptible to substitution error. 

Wall Radiance Uniformity Error 

Variations in sphere wall radiance can occur due to seams, baffles or bright spots on the wall 
surface positioned in the field of view of the sphere detector. These variations depend on the 
reflectance characteristics of the sample, so the magnitude of the error cannot be quantified. 
The effects of wall radiance variations in Spectralon accessories have been reduced by the 
integrating sphere design. The integrating spheres are machined directly from a block of 
Spectralon, cut in half and re-assembled to ensure a uniform surface (the 100 mm 
Integrating Sphere is a single piece in the final assembly). The baffles installed in the 
150 mm and 100 mm Integrating Sphere accessories are designed to be small enough to 
reduce any significant uniformity errors. 

A critical design issue in the construction of all diffuse reflectance accessories is the inside 
diameter of the integrating sphere. Small spheres exhibit low optical attenuation and a high 
detector signal-to-noise ratio at all wavelengths. A large integrating sphere exhibits a lower 
throughput than a smaller integrating sphere, but has improved spatial performance: a large 
sphere produces more accurate scans. The ideal sphere diameter is a trade-off between 
optical attenuation, radiance uniformity, and the physical constraints imposed by the sample 
holders, port openings and baffles located in the sphere. The 60 mm reflectance accessory 
has a diameter equal to 60 mm, 19 mm diameter ports, and produces scan data with a 
marginal increase of uncertainty over the 150 mm diameter accessory, but with reduced 
noise. The 150 mm reflectance accessory has a diameter equal to 150 mm, 24 mm ports, 
and produces scan data with a marginal increase in detector noise, compensated by reduced 
magnitude of uncertainty over the smaller diameter accessories. The 100 mm reflectance 
accessory has a diameter equal to 100 mm and produces scan data with attenuation 
between that of the 60 and 150 mm spheres, but with a higher signal-to-noise ratio due to 
having smaller ports relative to the area of the sphere. 

Port-Induced Errors 

Port-induced errors refer to non-uniformities produced by the location, size and shape of the 
ports dispersed across the inner sphere surface. The sample and reference ports have been 
placed at equal angles to the optical axis of the detector on the sphere surface. This 
minimizes error due to non-uniformities in angular response of the detector and optical 
systems. The perimeter along each port is thinned and coated with Spectraflect to reduce 
scatter. Spring-loaded sample holders at the reference and reflectance ports clasp the 
sample tightly against the port entrance to prevent leakage in or out of the sphere. The 
schematic in Figure 38 demonstrates how sample loading might induce port errors into your 
scans. 
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Figure 38 Sample beam scattering caused by improper sample loading technique. 
The schematic on the far left shows the correct position 

When loading a sample at the port, the entire sample beam must be filled with the sample 
surface, otherwise the sample backing will contribute to the reflectance measurement. If the 
sample transmits any light, an absorbent backing should be used. If the sample surface is 
too small to fill the beam, masking techniques must be applied. 

Stray Light 

Stray light is defined as light detected by the sphere detector outside the programmed 
bandwidth of the spectrometer. The potential sources of stray light in the accessory are from 
room lighting, leaking through the accessory lid and one of the integrating sphere ports, or 
through the two access holes to the baseplate thumbscrews. The presence of stray light 
when using the detector sphere is not much greater than stray-light potential using the 
original instrument detector unit. The stray light term typically is a constant value and 
contributes significantly to the noise over the entire scanning spectrum. The impact of stray 
light error on reflectance measurements depends on the magnitude of the sample reflectance 
and imparts a superficially high lower limit on reflectance measuring capability. 

Fortunately, most stray light errors are recognizable and easy to prevent. When stray light 
exists, the entire spectrum will appear noisy. The following simple technique can be used to 
locate a stray light source when operating with the sphere accessories: 

1. Extinguish the laboratory room lighting. 

2. Drive the instrument monochromator to 400 nm and leave the reflectance port open.  

3. Close the sample compartment and the accessory lids, and ensure that the hinged 
sample reflectance port cover is closed. 

4. Shine a flashlight near all potential stray light sources while observing the live display in 
UV WinLab. 

Incident 
beam 

Incident 
beam 

Incident 
beam 

Opaque Sample Opaque sample Opaque sample Translucent sample 
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Errors Attributed to the Reflectance Standard 

The actual reflectance of Spectralon varies from one batch of material to the next, so that 
use of typical values incurs an additional error not present when using a calibrated standard. 
For example, the actual reflectance of a Spectralon reflectance standard can vary as much as 
0.015 absorbance units (A) from a typical value, depending on the wavelength. 

The actual reflectance of a Spectralon surface may degrade slowly over time, however, the 
original reflectance characteristics can be quickly restored to their original values. 
Uncalibrated reflectance standards should be restored on a yearly basis.  

NOTE: For information on restoring the Spectralon standards, see Cleaning the Reflectance 
Standards on page 60. 

Reflectance standards are calibrated at Labsphere to three decimal places. Employment of a 
calibrated standard reduces the uncertainty in reflectance measurements by a standard 
deviation less than 0.005 A over the spectral range 300–2200 nm, and less than or equal to 
0.020 A across the spectrum 220–2500 nm. Calibrated Labsphere reflectance standards 
should be returned for restoration and recalibration on a yearly basis. 
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Maintenance 

When not in use, the accessory should be stored in a dry environment. Dust and moisture 
may adversely affect its performance. Use the following precautions when handling the 
accessory: 

• Do not handle the mirrors with your bare fingers. 

• Do not allow foreign objects to enter the integrating sphere. 

• Clean dust and particulate debris out of the sphere using a gentle stream of clean air. 

• Do not expose the integrating sphere to radiation that might saturate the detectors 
during a scan. 

Preventive Maintenance 

Preventive maintenance on the accessory should be conducted when performing checks on 
the spectrometer. The performance and results of accessory maintenance should be logged 
in a maintenance notebook or electronic file. The preventive maintenance schedule adopted 
should be commensurate with the length of time that the accessory is used. 

Clean and Inspect Accessory 

Perform this maintenance procedure weekly when the accessory is in use. Record the results 
in the accessory or instrument maintenance log. 

1. Set the accessory on a flat surface. 

2. Check that each mirror mount in the optics chamber is fastened securely to the 
baseplate.  

3. Blow clean air or nitrogen over the transfer optics to remove any dust lying on the 
mirror surfaces. 

4. Examine the surface of each mirror using a flashlight. Look for dust particles or film 
damage that might scatter the incident radiation. 

5. Inspect the reflective surfaces of any standards for damage or dirt. Use a magnifying 
glass, if necessary. 

6. Inspect the surfaces of the sample holders. 

7. Remove the standards loaded at the sphere ports. Illuminate the sphere interior with a 
flashlight and inspect the surfaces for soiling. If necessary, blow out any debris using 
clean, dry air or nitrogen. 

8. Re-install reflectance standards to their respective sphere ports. 
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Mirror Cleaning Procedure 
 

CAUTION 

The transfer optics mirrors should never be touched or handled with bare 
fingers. However, the mirrors do have a protective magnesium fluoride overcoat 
to allow cleaning if necessary. 

 If the mirror appears to have dust or particles on it, use a jet of clean, dry air or 
nitrogen to remove the contaminant. 

If the optics are excessively soiled, clean the optics as follows: 

1. Remove the mirror fixture from the accessory. 

2. Use a jet of clean, dry air or nitrogen to blow dust off the mirror surface. 

3. Lightly wet the edge of a clean piece of lens tissue with fresh methanol. 

4. Gently place the wet edge of the tissue on the mirror and slowly drag the tissue in one 
direction across the mirror surface.  
Continue to drag the lens tissue across the mirror, in the same direction, until the lens 
tissue is dry. 

5. Repeat steps 3–4 with additional pieces of clean lens tissue until the mirror is clean. 

6. Replace the mirror fixture and check the alignment of the optics. 

Cleaning the Reflectance Standards 

Cleaning instructions for uncalibrated reflectance standards are provided when the standards 
are purchased. If the instructions are unavailable use the following procedure or download 
the Spectralon Care and Handling Guidelines from www.labsphere.com. 

If the material is lightly soiled: 

 Air-brush the standard with a jet of clean air or nitrogen. 
 

CAUTION 

Do not use FREON. 

If the material is heavily soiled: 

1. Clean the standard by sanding under running water with a 220–240 grit waterproof 
emery cloth until the surface is completely hydrophobic. 
When the surface is completely hydrophobic, water will bead and run off the surface 
immediately. 

2. Blow dry with clean air or nitrogen, or leave to dry in air. 
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For resistance to UV radiation: 

1. Clean the sample as described above. 

2. Flush the standard with >18 mΩ distilled, deionized water for 24 hours. 

3. Vacuum bake the standard at 75 °C for 12 hours at a vacuum of 1 Torr or less. 

4. Purge the vacuum oven with clean air or nitrogen. 

NOTE: Calibrated standards should be returned to Labsphere for recalibration annually, or 
whenever the reflective surface of the standard is soiled. 
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Spare Parts 

150 mm Integrating Sphere 

The following optional components are available for the 150 mm Integrating Sphere: 
 

Component Part Number 

2-inch, calibrated, 99% diffuse reflectance standard PELA 9058 

2-inch, calibrated diffuse reflectance standard kit: 2%, 50%, 75% and 99% PELA 9011 

2-inch, calibrated diffuse reflectance standard kit: 2%, 5%, 10%, 20%, 
40%, 60%, 80% and 99% 

PELA 9013 

2-inch, calibrated color, diffuse reflectance standard kit: R, G, B and Y PELA 9018 

2-inch, calibrated color, diffuse reflectance standard kit: O, P, C and V PELA 9019 

Powder cell holder PELA 9040 

Cuvette holder, clip style C6951019 

Reflectance port light trap PELA 9026  

Variable-angle, center-mount sample holder, jaw, for reflectance / 
transmittance of rigid samples 

PELA 9038  

Variable-angle, center-mount sample holder, clip, for 
reflectance/transmittance of rigid samples 

PELA 9039  

Variable-angle, transmittance sample holder, positioned in front of sphere 
for variable-angle transmittance measurement of non-scattering samples 

PELA 9042  

General Purpose Small Spot Kit: wheel with three lenses with focal 
lengths for the front, center and back of sphere. Includes Lambda sample 
compartment iris (L6020316) 

L6020211 

Reflectance-only Small Spot Kit: lens device to focus on the sample 
reflectance port. Includes reflectance apertures (L6020314) 

L6020313 

Set of reflectance apertures: 3, 5 and 10 mm apertures (with sample 
plug). For use with General Purpose and Reflectance-only Small Spot Kits 
(L6020211 and L6020313) 

L6020314 

Sample compartment iris. For use with General Purpose and Reflectance-
only Small Spot Kits (L6020211 and L6020313) 

L6020316 

1-inch uncalibrated Spectralon L6020318 

2-inch uncalibrated Spectralon L6020319 

Adjustable prop L6020329 
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100 mm Integrating Sphere 

The following optional components are available for the 100 mm Integrating Sphere: 
 

Component Part Number 

Cuvette holder L6022022 

Powder cell holder L6022025 

Reference sample holder L6022018 

Transmittance-only Small Spot Kit L6022023 

Reflectance-only Small Spot Kit L6022024 

2-inch uncalibrated Spectralon L6020319 

2-inch, calibrated, 99% diffuse reflectance standard PELA 9058 

2-inch, calibrated diffuse reflectance standard kit: 2%, 50%, 75% and 99% PELA 9011 

2-inch, calibrated diffuse reflectance standard kit: 2%, 5%, 10%, 20%, 
40%, 60%, 80% and 99% 

PELA 9013 

2-inch, calibrated color, diffuse reflectance standard kit: R, G, B and Y PELA 9018 

2-inch, calibrated color, diffuse reflectance standard kit: O, P, C and V PELA 9019 

Adjustable prop L6020329 
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60 mm Integrating Sphere 

The following optional components are available for the 60 mm Integrating Sphere: 
 

Component Part Number 

1-inch, calibrated, 99% diffuse reflectance standard PELA 9057 

1-inch, calibrated diffuse reflectance standard kit: 2%, 50%, 75% and 
99% 

PELA 9010 

1-inch, calibrated diffuse reflectance standard kit: 2%, 5%, 10%, 20%, 
40%, 60%, 80% and 99% 

PELA 9012 

Powder cell holder PELA 9040 

Reflectance port light trap PELA 9033 

1-inch uncalibrated Spectralon L602318 

2-inch uncalibrated Spectralon L602319 
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Appendix: Recommended Gain Settings for use 
with Sphere Accessories 

The tables below provide the recommended Gain values to be set in the UV WinLab software 
when the various sphere accessories are used in conjunction with a high-performance 
Lambda spectrometer. They provide suggested values for various slit widths at 1200 nm, the 
peak of the sensitivity curve. 

For further details, see the on-screen Help provided with the software. 
 

Table 1 Suggested gain settings for InGaAs 150 mm sphere at 1200 nm 

Slit Width 
(nm) 

Attenuator (%) 

100 % 1 % 0.10 % 

20 9 16 19 

10 10 17 N/A 

5 12 19 N/A 

2 15 N/A N/A 

1 18 N/A N/A 

 

Table 2 Suggested gain settings for PbS 150 mm sphere at 1200 nm 

Slit Width 
(nm) 

Attenuator (%) 

100 % 1 % 0.10 % 

20 0 7 N/A 

10 2 N/A N/A 

5 4 N/A N/A 

2 7 N/A N/A 

1 N/A N/A N/A 

 



66 . Sphere Accessories User's Guide  

Table 3 Suggested gain settings for InGaAs 100 mm sphere at 1200 nm 

Slit Width 
(nm) 

Attenuator (%) 

100 % 1 % 0.10 % 

20 7 14 17 

10 8 15 N/A 

5 10 17 N/A 

2 13 N/A N/A 

1 16 N/A N/A 

 

Table 4 Suggested gain settings for PbS 100 mm sphere at 1200 nm 

Slit Width 
(nm) 

Attenuator (%) 

100 % 1 % 0.10 % 

20 0 7 N/A 

10 2 N/A N/A 

5 4 N/A N/A 

2 7 N/A N/A 

1 N/A N/A N/A 

 

Table 5 Suggested gain settings for InGaAs 60 mm sphere at 1200 nm 

Slit Width 
(nm) 

Attenuator (%) 

100 % 1 % 0.10 % 

20 8 15 18 

10 9 16 19 

5 11 18 N/A 

2 14 N/A N/A 

1 17 N/A N/A 
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Table 6 Suggested gain settings for PbS 60 mm sphere at 1200 nm 

Slit Width 
(nm) 

Attenuator (%) 

100 % 1 % 0.10 % 

20 Servo 6 N/A 

10 0 7 N/A 

5 0 N/A N/A 

2 5 N/A N/A 

1 N/A N/A N/A 

Key points to note from these tables include: 

• The gain for an InGaAs detector should typically be set to a value between 10 and 19; 
for a PbS detector the value should be between 0 and 7. 

• Modes of use labeled as N/A are outside the recommended range of the sphere 
accessory and will lead to erroneous results. 

• Because the InGaAs detector has a much greater dynamic range, it can be used in Fixed 
or Servo slit mode.  

• The PbS detector is usually only used in Servo slit mode. For the 60 mm PbS sphere 
(Table 6), Servo mode must be used as slits above 10 nm will result in the detector 
becoming saturated. 
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• The spectral response for both InGaAs and PbS spheres over a wide wavelength range 
is shown in Figure 39. This should be used as a guide to gain settings to be used at 
wavelengths other than 1200 nm. 

 

Figure 39 Throughput of 150 mm InGaAs and 60 mm PbS spheres across a 
wavelength range, with fixed slit and fixed gain values 
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