Standard Operating Procedure (SOP)
Bentham PVE300 - Quantum Efficiency Measurement System

System Introduction:

As can be seen in picture below, the Building Blocks of Instrumentation System are as follows:
e Light Source
e Bias Light
e Wavelength Selection : Monochromator /Filter
e Coupling Optics

e Lock-in-Amplifier
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Check-points in experiment:

1.

3.

4.

Initialization of all units
I Xenon Lamp power supply
ii. Quartz Halogen Lamp power supply

iii. Monochromator
iv. Detection electronics box
V. Computer system

Detector calibration in the desired mode

i. Transformer mode

ii. AC mode

iii. DC mode

Probing the sample

I Identify the contacts on the solar cell

ii. Identify the probing assembly to be used for the cell based on contact
configurations.

Position of the Mirror Inside the enclosure of PVE300

I EQE measurement: Next to left side stopper, near the integrating sphere

ii. Reflectance/transmittance measurement: Next to the right side stopper, near to
optical fibres of light bias.

Precautions:

1.

Always switch ON the Xenon Lamp power supply first since it has connections to the fan
unit cooling the lamp assembly.

Turn ON detection electronics and monochromator ONLY AFTER power supplies for
the lamps are ON and they are stabilized for 5 minutes.

Do NOT turn ON/OFF the power supply for any of the lamps i.e. Xenon lamp, Quartz
halogen lamp or the lamp for measurement under bias when detection electronics is ON.
To start any lamp, stop the measurement software, switch OFF the detection electronics
first and then power up the lamps.

Do NOT change the settings on the power supplies for the lamps.

Handle micro-positioner needles carefully ensuring they are neither scratching the sample
surface not breaking due to excessive pressure.

Ensure the mode of measurement selected in software corresponds to the connections of
the solar cell made with detection electronics.

Do NOT touch mirror, integrating sphere and any part of optical assembly (reflectance
standard, port reducers etc.) with bare hands. Always wear gloves.



8. Ensure the position of the mirror is correct corresponding to EQE measurement and
reflectance/transmittance measurement to focus beam in vertical/horizontal plane
respectively.

9. Ensure that the integrating sphere is moved carefully on optical rail, by holding it firmly,
during reflectance/transmittance measurement and note down its position.

10. Ensure the position of the mirror inside the PVE300 enclosure is correct as per the
desired measurement.

11. Do NOT take any measurements when front panel of Lock In Amplifier shows
“Overload”.

General Procedure

A. Initialization of all units

1. Switch On the Xenon Lamp by powering it with constant current source 605 (which is
kept under the table). Initially the Lamp failed red LED will glow, wait for 15-20
seconds, the Lamp will start.

2. Switch On the Quartz Halogen Lamp by powering it with constant current source 605
(which is kept under the table).
3. Switch On the monochromaor and the detection electronics unit.




4. Switch On the computer system and enter the desired mode of Benwin+ software.

Configurations g| c E]
Configuration Description Configuration Description
497 AC Mode.xml Use with 497 pre amp and lock in 497 AC Made. xml Use with 497 pre amp and lock in
497 DC Mode.xml Use with 497 in DC mode 497 DC Mode. xml Syst Initialisi
Transformer, xml Use with transformer and lock in Transformet . xml Sl DI E ock in
l Use I [ Save ] [ Close Lse ] [ Save ] [ Close

B. Probing the sample

B.1 Based on Configuration of contacts

I. Standard finger-busbar pattern on front and Al metallization on backside
1. Place the sample on vacuum chuck so that backside metallization makes contact with
the chuck.

-

2. The temperature controlled vacuum chuck is connected to one of the terminal of the
BNC cable.

\
Al

3. Connect the other terminal of the BNC cable to the signatone microprobe.

-

a




4. Now probe the front side busbar or finger of the solar cell with the help needle of
magnetic base microprobe.

1. Both contacts on front side of the cell

1. Place the sample on the chuck but the chuck acts just like a mechanical support since
both the contacts are on front side of the cell.

2. Connect the terminals of the BNC cable to the two signatone microprobes.

3. Now probe the one contact of the solar cell with the help needle of magnetic base one
magnetic base microprobe and the other with another magnetic base microprobe
needle.

111.Both contacts on back side of the cell

1. Place the gold coated springs in the apertures provided in the chuck.



2. Take out the connections from the same points on the pattern provided on the box.
3. Connect the box to the chuck with -pin connector.

4. Put the insulating mask on the chuck on aperture pattern to avoid shorting of contacts
on the cell.

5. Place the cell on the chuck in such a way that the two gold springs put in aperture
make contact with the two contacts on the back side of solar cell.



B.2

Based on mode of measurement

. In transformer mode

1. Connect the output terminal of two-input —one output BNC to input of the
transformer.

2. Connect the output of the transformer to the skin of the system box as shown in
pictures below.

3. Make sure that the cable from the outside of the skin of the box is connected in
transformer in detection electronics.

4. Ensure the chopper is ON.
5. Set the frequency of chopper to 590Hz by adjusting the reading on dial to 295.

Il. In AC mode
1. Connect the output terminal of two-input —one output BNC to the skin of the box.

2. Connect the cable from the outside of the skin of to the current pre-amplifier unit
(497) in detection electronics.



3. Ensure the chopper is ON.
4. Set the frequency of chopper to the desired value by adjusting the reading on dial to
1/2 of the desired frequency.

I11.1n DC mode

1. Connect the output terminal of two-input —one output BNC to the skin of the box.

2. Connect the cable from the outside of the skin of to the current pre-amplifier unit
(497) in detection electronics similar to that in ac mode.

3. Ensure the chopper is off.

4. Confirm that the chopper is off by crosschecking that the REF low LED is glowing.
C. Detector Calibration:

1. Connect the output of the Si detector to the input of the transformer unit for
transformer mode of measurement and connect the output of the transformer to the
skin connection of the assembly.

OR
Connect the output of the Si detector to the skin of the box directly for ac/dc mode of
measurement.



2. Go to “Signal Setup..’

visible range and click on “Go to Wavelength”.

BenWin+

Wl Instruments Tools Analysis  Utlities View Help

Signal Setup

Stationary Scan Setup...
et Avetaging...

Data Correction...
Reference Setup...
Add-0n Modules..
Auliary Measurements. .,
Phosphor Settings. ..

Set File Information. ..
w se File Information

Mew Scan

CurrentWavelength frm: 0| Masimum Signat 0|
Curter Signak: ] Mirimum Signd: [0 |
Target Wavelength DakCurert/rd [0 |
Step Size [} ] Moritor Signal 0

= GatoWauslength D Resst
T stepUp o target wavelength and measure signal F Getdffsets

4 StepDown A Ciose Shutter
¥ ScantoWavelength [ Tpen Shutter

[ P

Set fweraging

Go to Stationary Scan Page
New Moritor window
Retun to Scan Setup

Scan Setup ]

3. Focus the beam on the center of reference Si detector.
4. Go to “Scan Setup..” in Scan menu, enter the start wavelength as “300” nm and End

Wavelength as “1100” nm. Number of spectra “1” and Step Size “5” nm.

BenWin+

SO Instruments Tools Analysis Ukities Yiew Help

Stationary Scan Setup...
Set Averaging...

Data Correction, ..
Reference Setup. ..
Add-On Madules...
Auxiliary Measuremerts. ..

Phasphor Zettings...

Set File Informatian. .,
v Use File Information

hew Scan Ctri

5. Click on the “Advanced>>" tab and confirm that the “Data Correction” box is NOT

Scan Setup [£3]
Scan Setup

G to Signal Setup

Scan Parameters

Number of Spectra 1 ES
Go to Rsferznce Setup
Start Wavelength (nm) 300 Gio to Ausiian Measurements
Set Averaging
nd \w/avelength (nmi 1100
(Bl ettt ) Go to Scan Dutine Page
Step Size (nm) 5

| Mews Scan

T E——

checked and click on “New Scan” tab.

Scan Setup 3]

Sean Paamelers
Humber of Spectia

Stan Wavelength ]
EndWavelength nm)
Step Size [rm)
Scan Oplions
[ use Custom Wavelengths

e [¥] Zero Calibrate:
(| Data Coneclin)) [ Auto Save

First Awailable File Number from

Past Sean Dptions
Retum to Start wavelength
Close Shutter

Scan Setup

Go to Signal Setup
fioto Risference Setup

Go to Auriliary Measurements
Set Averaging

Go to Sean Dutine Page

[, New Sean
i} Add Scan
<< Advanced
(= Load Scan Settings
[ Save Scan Settings
Go to Data Correction Page

[ Apply Pre-Gean Module
[ 4pply Post-Scan Module

Scan Setup ]

Scan Setu p

Go to Signal Setup

Go to Reference Setup
Go to Ausdiary Measurements
Set Averaging

Scan Parameters
Number of Spectia

Start Wavelength (rm)

End Wavelength ()

Step Size (nm)

Advanced >>

6. Scanning will be started, confirm the unit of the raw Signal is “nA”.

in Scan menu, enter “Target Wavelength” as 555, which is in
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stan Instruments Tools Analysis Utiities View Window Help

£ om0

Scan Setup
Spectruml *

Scanning
Start Wavelength: 300 nm
| Spacium o1 EriWardenah 1100
Pert 161 StepSin 5

Zero-calbraling
From 300,00 rn: Dark current: 0, ADC offset: 421
Going to start wavelengh.

;)

Signal / nA

L

@abotScan || PauseScan

’ ” " * ”* ' -
Wavelenath / nm

7. Save the raw signal to a file “Si_raw” in the folder spectra by creating new folder
with the “ddmmyyyy” as a name.

Fie Stan Instruments Tools Analysis Ubities View Window Help

VB[R A e
I Spectrum1 *
Measurement Yalue
Integral 310.45041 rm
og0asf
oooef
Post-Scan
00035 Mumber of Spectra: 1
Start Wavelength: 300 nm
EndWwavelength: 1100 nm
0003 [ ExporTotrcel Step Size: 5nm
<
5 ooosf Advanced >>
O poozf
o
oo
oaousf
£ 05 EQ Eo 708 ED EQ o0 T O -
Wavelength / nm FRetum to $ean Setup

8. Go to “Data Correction..” in the Scan menu.

BenWin+

Instruments Tools Analysis  Utiiies View Help

Scan Setup... = B O
Signal Setup...

Skationary Scan Setup...
Set Averaging

ReFerence Setup

iadd-On Modules...
iuxiliary Measurements. .
Phaosphor Settings

Set File Information, ..
v Use File Information

New Scan Chri+h

9. Select “138435 si.bcf” as a Certificate File in Data Correction window.

Scan Setup

5 0@ e

Certficate File | C:\Ffboram Fies\Bentham\Beriwin+\Calbration'1 38435 sibef | [
> 4

ULl il Progiam Fies\Bertham'\Beriwin+\ Spectia\ 807201 21D Pras | [

< — Data Correction Lookin: [ £ Catoraion

139731 ge.bef

My Fiecent
Calbration Fils | | | Documents
Comment [ ] @
|, Calouiate Caliration Data Sttt Sz rgio(im] N

End Wavelength (nm) ﬁ
I Seve ToFie oth (rm) !

Step Size fm) My Documents

= Load From File

[ Clear Calibration Data

®

Gio o Aurliary Lamp Page My Computer

Retur to Stationary Scan Setup

Return to Sean Setup

&

File name [123435 5 v o]
_ otk Bl (oo g Lo




10. Select recently created raw signal file as a System File in Data Correction window.

=3 AL -l VE
Scan Setup X] Open ‘?”?‘
Data Correction Leokin [ 5 22072012 < of @
Certicate File  |:\Program FlessBenthami\Beriwin\Calbration'138435 sibct | -] ~ : 2
< System File AProaram Files\BenthamiB erwinASpectiat 1807201 210r Pras | .| L\é
g My Recent Type: Berin Document
—T | | Documents Date Modified: 7/23(2012 12:13 M
Size: 9.00 KB
Comment [ | €
[\, Calculate Caliration Data SR
EndWavelength (i) 1100 J‘
Step Size (nm) My Documents
= Load From Fie
My Computer
Retum to Stationary Scan Setup
Return to Scan Setup =
File name: |SiLien_z3072m2 v e ]
_ e |5D8Dt'um — "‘ [ — ]

11. Click on “Calculate Calibration Data” button. A pop up will ask whether the Data
Correction to be applied or not. Click on “Yes” to apply data correction in subsequent
measurements.

Scan Setup &3]

Data Correction .
Cetficate File | C:\Program Files\entham\B entwineCalibrationt1 38435 bt | (] Eﬂ.lﬂ ll lﬂtE Eﬂ r rECtlﬂ I'I Dﬂtﬂ

System File | C:\Program Files\Bentham\Beriw/irS pectia\23072012451_ran_| D

Caibration File | ]

Comment [ |

. Drata Correction is currently nok selected,

) T St reenston) Do wou wish ko select ik now?
End'wavelenath [nm] 1100
(Calculate correction Factors from certificate and :l
: .

= Laad From File

<pectrum filss
SR T

Returm ta Stationary Scan Setup

Retum to Soan Setup

12. Return to scan setup by selecting the link “Return to Scan Setup” in the same “Data
Correction” window or by going through Scan menu.

Scan Setup 3]
Data Correction
5 (]

SystemFile | C:\Progiam Files\Bentham\Benwin+\Spectian2307201 2381 raw_| [ ]

Certificate File  |[BEIET

Caiibration File | |

Comment [ |

Identiier R

|} Calculate Calibration Data

Start Wavelength ) |300

End Wavelength [nm]
Step Size fnm)

& 5aveToFie
[ Load From File
[] Clear Calibration Data

Go to Auriiary Lamp Page

H@
Beturn to Sean Setug >

13. Enter the data as follows:
Number of spectra 1
Start Wavelength (nm) 300
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End Wavelength (nm) 1100

Step Size (nm) 5.

Confirm the Data Correction box is checked now and Click on the “New Scan”
button.

Scan Setup [x]

Scan Setup

Go to Signal Setup
Goto Reference Setup
Go to Auxiiany Measwements

Sean Parameters
Humber of Specira

Stait W avelength (rm)

EndWavelength [nm] SelAveraglng

[k NewSean

G ta

Step Sizs (rm)

Sean Options
[ Use Custom ‘wavelsngths

Calibrate << Advanced
ata Comection [ Auto

[ Load Scan Settings

13

First vaiable File Mumber from (5] B ezaifitii

Go to Data Correction Page
Post Soan Dptians

Retum to Start Wavelangth [ Apply Pre-Scan Module
Clase Shutter [ &pply Post-Scan Module

14. Now the scan will start, confirm the Y axis data is Detector responsivity in “AW™

nm'l’! .

Spectrum2 *

Scan Setup
1 Start Wavelength: 300 nm
Spectum 1 of 1 EndWwavelzngth: 1100 nm
Poirt 1 of 161 Step Size: Bnm

Zeroecalibrating..
From 300.00 nm: Dark curent: O nd, ADC offset: 437
Going to start wavelsngth

Detector Responsivity / A W1 nm-1

@ tboscan || Pause Scan

! I ! I T n T
L) 0.2 04 08 08 1
Wavelength / nm

15. After completing the scan save the file to the newly created folder with date as
“Si_detector_cal”.

I Spectrum? *
T T T T T T T T T Walue
Integral 21481047 A WL
sl ]
5]
045 ] I Save ToFie Post-Scan
£ B iy & Gt
= s T Cl e Start wavelengih: 300 m
3 Evpart To Excel g Ty
<
Z sk 1 Advanced 5>
=
z
£
2 03f ]
3
s
2 nasp 4
o
T
[s}
i ]
oasp ] Retuin to Stationsy Gean
Fleturn to Sean Selup
fIR] | | | | h | | .
300 300 500 00 700 800 00 000 T100
‘Wavelength / nm
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[AJsi_raw_zanzzoiz

i File name: [si_detctor_cal_z3072012 v [z |
v [ Caeel |

MyMNelwork  Saveastpe: | Spectum fies (“ber)

16. Execute similar procedure for detector calibration for Ge detector if measurements
are expected in 800-1800nm wavelength range.

D. Measurement of Detector responsivity and external quantum efficiency(EQE)

D.1 Intransformer mode
1. After completion of probing, go to “Signal Setup..” in Scan menu, enter “Target

Wavelength” as 555 (or any wavelength which is in visible range) and click on “Go

7
to Wavelength”.
BenWin+ Scan Setup ®
SN Instruments  Tools  Analysis  Utilkies  Yiew  Help Slgnal Setup
= seansenp... = o O] Cunent\Wavelength i [0 | ]
Signal Setup. .. D D
Stationary Scan Setup... fit D
Set Averaging... o
Data Correction... ¥ Reset
T GetDifsets

Reference Setup...
Add-On Modules...
Auxiliary Measurements. ..

4 Step Down
23 Soan lo'wWavelength

[ e

} Open Shutter

et File Information, .

Mews Scan Chrl-+M

2. Focus the beam on the solar cell such that it is not getting reflected from contacts e.g.
from fingers or busbar in silicon solar cell.

3. Execute quick check by ensuring that the value on channel A in the front panel of the
218 display is positive when beam is made incident on solar cell. Else swap the
probing connections of the two contacts coming from the solar cell.
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6.

Go to “Scan Setup..” in Scan menu, enter the start wavelength as “300” nm and End
Wavelength as “1100” nm. Number of spectra “1” and Step Size “5” nm.

BenWin+

Instruments Tools  Analysis  Uklities  View Help

Signal Setup...
Stationary Scan Setup...
Set Averaging. ..

Data Correction...
Reference Setup...
Add-On Madules. ..

Auzilisry Measurements...
Phosphor Settings. ..

Set File Information. ..
v Use File Information

Mew Scan

Scan Setup

Sean Parameters
Humber of Specira

<r

Stait W avelength (rm) 00
End Wavelength (nm) 1100

Step Sizs (rm)

Sean Options

[ Use Custom ‘wavelsngths
AutoRange  [¥]Zero Caibrate
Data Corection [ Auto Save

File Name |pv tests

First &wailable File Mumber fram |2

Post Scan Options
Retum to Start Wavelangth
Close Shutter

[x]

Scan Setup

G to Signal Setup
Golo Reference Setup

Go to Ausilay Messurements
Set Averaging

Gia to Sean Dulline Page

[k NewSean
1, Add Scan
<< Advanced
[ Load Scan Settings
[ Save Scan Settings
Go to Diata Conection Page

[l Apply Pre-Scan Module
[ Apply Post-Scan Module

Scan Setup =

End wWavelength

Step Size [nm]

Start \wawelength (nm)

trm)

1 <

Scan Setup
Go to Signal Setup

Go to Reference Setup
Goto Auxiliany Me:
Set

|24 Mew Sean
|+ Add Sean
Advanced »>

Click on the “Advanced>>" tab and confirm that the “Data Correction” box is
checked and click on “New Scan” tab to start the scan.

After completion of the scan, save the detector responsivity of the solar cell with
proper name in your folder with name in ddmmyyyy format.
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BenWin+ - 5i_BEL_cell_2B072012

File Scan Instruments Tools Analysis LUkilties View ‘Window Help

B BS P ARLESRD VB RS L= A eEE LT S A

I Si_BEL_cell 28072012 [ =1 3]
T T T T T T T T T Value
Inteqgral 31471.042 A W-1
0|
€
Z oy
2
£
=04
H
2
g
&
@ 03
&
s
H
5 0.2
01
Lo L L e , e L i .
300 400 500 500 700 800 00 1000 1100
Wavelength / nm

7. Go to “Quantum Efficiency” in “Analysis” menu, to view the Quantum efficiency

curve for the industrial solar cell for which the detector responsivity have been
recorded.

BenWin+ - 5i_BEL_cell 28072012

Fie Scan Instruments Tools WEWSUEHH Utiities View Window Help
B By & T [k e oednm ames. . B #hkhe® (&l 6T~ ~
Overlay Spectra,., — — — —
e
7T Interpolat: Value
Cut... Integral 31471.042 A W1
Concatenate. ..
08| —
Inwert...
< Mormalise. ..
£ Spactral Arithmetic. .
=09 Spectral Average.. 1
= -
< Quantum Efficiency
E 04| q
5
E Convert to pm
@03 ]
i
I Peak Picker »
ﬁ 02 Select Colorimetric Data. .. -
Clear Colour Regions
Set Colour Regions. ..
a1 Update Colour Regions ]
Set Spectral Integrals.
e Caleulate Spectral Integrals o w00 200 200 a0 00
Wavelength / nm
Blank Window
M BEL_QF
Meastrement Yalue
Integral 30742.422 A W-1

Esternal Quanturn Efficiency / %
@
2

L . | =h I I L | L
300 400 200 00 700 200 500 1000 1100
Wawelength / nrm

9. Save the Quantum efficiency curve for the solar cell in your folder with name
“dd_mm_yyyy”.
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10. Repeat the procedure of detector responsivity measurement, for all the solar cell and
save the results accordingly.

11. If the results are to be compared for different samples then after completing the
measurements, open both the files having external quantum efficiency curves.

M Si_BEL_cell_28072012 Open

2]
Loskin | £ Amuta v 0@ e m
£ [ comparsion of responsiity [AJpve_pos7_tximm_28072012
@ [Apy1_txamm_zsozeniz [lpva_pos7_tximm_2s072012_QE
My Recent [AJpv2_poss_tx1mm_ze072012
Documents | [A\Jpve_posa_tximm_28072012_QE
— [Fpvz_post_tx1mm 28072012 GE [A\si BEL cel_z8072012
@‘ [Ppvz_posz_tximm_za07zat2 [\ BEL_cel_7a072012_0F
Deskion | LEUPY2_pos2_iximm_2o072n12_QE [Rlsi detector_cal 28072012
[Rlpveposs_simm_ssorzote  [Alsvaw zs07z0iz
. Lipve_posa_tkimm_zs07zniz_oe
;) [Adpve_pasa_tximm_zs072012
et | [P poss vt zmrzniz e
[2JPv2_poss_txtmm_zs072012
[Adpve_pass_tximm_2s072012_gE
3’ [Alrve_pose_txtmm_zs07z012
[Adpve_posé_tximm_zso7entz_qe
My Computer
€@ e pasivmarm: v o]
My etwork | Files of type: | Specium Fles [“ben] v [ Cancel ]

L e L | L L L L
300 400 $00 E00 700 200 200 1000 1100
Wavelength # nm

12. Select the option “Overlay Spectra” in “Analysis” menu.
in+ - P¥2_pos1_1X1mm_28072012

in Instruments  Tools G

Ukilities  Wiew Window Help

& B ||l SetSpectrum Mames... =lla 5>
Si_BEL_cell 28

Delete Spectra. ..

X1mm_ Interpolate. ..
Cut...
PV2_pos1_1X =

Invert...
Normalise. ..

Spectral Arithmetic, ..
Spectral Average...

Quantum EFfficiency
Detector Responsivity

13. Select the spectrum to be overlaid with the selected spectrum using right side pointing
arrow, in the dialog box “Overlay Spectra”, which shows list of open files.

in+ - PV2_pos1_1X1mm_28072012

1 Instrumerts Tools Analysis Utiities Yiew Window Help
B 5 P mARLEZDwD |
M si_BEL_cell 28072012

PV1_1X1mm_28072012

]
M PV2_pos1_1X1mm_28072012

Overlay Spectra

Integral 20226,51 A WL
Available spectra Spectia to overlay

Window N. | Spectum Window . Spectum
GOMESETIEEI 1 PV1_TXTmm_28..
Si BEL_cel_280.. 1  5iBEL_cel 26.
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14. Click on Ok to complete the selection. Observe the overlaid spectra corresponding to
industrial and in house-lab fabricated solar cells. Save the overlaid spectra in your

[ Fe Scan Instruments Toc o s View Widon Holp
EEIREEIEYS cmEe 5 o puem i ARE ERT 2 ~

T T . . T T . . T —r
100 1 |— BEL_LabqE2

External Quantum Efficiency / %

| | I | L | -
300 400 500 600 700 800 900 1000 1100
Wavelength / nm

D.2 AC mode

1. Ensure that while starting the software Benwin+, ac mode is selected.

Configurations

Configuration Description

497 AC Mode. xrml Use with 497 pre amp and lack in
497 DC Mode. xml Use with 497 in DC mode
Transformer xml Use with transfarmer and lock in

Use I [ Save ] [ Close

2. Ensure that the connection from the skin of the box is coming to current pre-amplifier
unit 497 in detection electronics box and check the chopper frequency on the dial is
1/2 of the desired frequency. (as mentioned in the probing section).

3. Confirm that the detector calibration is done in ac mode.

4. Check the signals coming to A and B channels of the 218 display unit are positive and
equal.
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5. If both these signals are NOT positive, adjust the phase variable on the Auto Phase
Lock In Integrating ADC unit, by pushing the RTL button below the 180° LED.

Adjust the phase to 0°,
90°, 180°, 270° by
pushing this RTL button

Get the equal values the
signals on A & B channels
with this PHASE knob

Phase variable adjustment through
software by pushing this RTL button
to make REM LED glow

If LED against 180° is glowing, it corresponds to phase shift of 180°. If the LED against
90° is glowing then it corresponds to 90° phase shift. If both of them are glowing it is
270° and if none of them are glowing it is 0°. So adjust the phase variable quadrant so
that values on both A and B channels are positive.

6. Once the values on both the channels A and B are made positive, ensure that they are
equal too. To get this adjust the phase offset visible in the display by using Phase
knob on Auto Phase Lock-In Integrating ADC 495 unit. If the REM LED on the 495
is glowing, then the phase offset can NOT be changed from the front panel of the 495
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D.3

10.

11.

12.

13.

1.

unit, but it can be operated through system software. If user wants to adjust it through
front panel, switch OFF the REM LED by pressing the RTL button below it.

Adjust the phase offset from the computer system (if not adjusted from the front panel
of the lock-in amplifier or confirm the adjustments from hardware through software)
by going in to “Instruments” menu. Select the 495 Lock-In Amplifier.

BenWin+

File Scan BOEIETEGEN Tools  Analysis  Utilities  Yiew Help

= 485 ADC {adc) s i O]

495 Lock-In Amplifier (amp)

252 Filter Wheel (fuheel)
TM300 Monochromator {mono)
Configure

Enter the proper values of Phase Variable and phase offset and Phase variable so that
when “Start” button is clicked the values at Channel 1 and Channel 2 are equal.

495 Lock-In 495 Lock-In

Settings Reading
Inpk Channel 1: 1992

Settings Reading

Higaes Channel 1;
7 - . Target Range: 110~z yia) v
arget Range: Channelz: 1502
Channel 2:
Min Range: 1 (1072 vjA)
Min Range:

Theta: Theta: 55.250981

Max Range: 4 (105 YA

I |

Reading: 9.946754E-6

Zerocal: WL, Offset:

. o

) ResiTgy Phase Variable:
Phase Varisthe: 711

Zerocal: WL , Offset:

Phase Offset: 150 -
Time Constant (% 0,03 ~

. o

Apph

1 Apply Settle Delay (ms):  [2000 & Apply

Fhase Offset: 180

<

Time Constant (s):

Frequency Mode:
Frequency Mode: B

T 2
2
=

<

Settle Delay (ms):

Return to Instrument: Configuration
Return to Instrument Configuration

Keepon varying “Phase Variable” until values become equal.

Once equal values appear on Channel 1 and Channel 2, click on “Apply” to send this
settings from software to Lock-In Amplifier hardware unit.

Ensure the values of Phase Varible and Phase offset in the above Window appear on
front Panel of Lock-In Amplifier after clicking on Apply. Also observe that “REM”
LED glows when data is sent from computer system to the hardware.

Follow the normal calibration and measurement procedures mentioned for
transformer mode here onwards.

Repeat the Phase adjustment for each measurement separately and even repeat it for
calibration on detector and actual meaurement separately too.

DC mode

Ensure that while starting the software Benwin+, dc mode is selected.
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= 7 o

Configurations

X

Configuration Description

497 AC Mode. xml Use with 497 pre amp and lock in
Use with 437 in DC mode
Transfarmer,xml Use with transformer and lock in

{ Lse I [ Save I [ Close

2. Confirm that chopper is OFF and REF Low red LED is glowing on front panel of
detection electronics (as mentioned in the probing section).

3. Ensure that the connection from the skin of the box is coming to current pre-amplifier
unit 497 in detection electronics box. (as mentioned in the probing section).

4. Check the value on “C” channel of front display unit of 218 when the beam in the
desired wavelength range, in which solar cell’s response lies, is made incident on
solar cell.

5. Ensure that detector calibration is done in dc mode and follow the same procedure
mentioned in the transformer mode.

E. Reflectance/transmittance measurement

E.1 Hardware Settings:

1. Adjust the position of the integrating sphere and mirror correctly to focus the beam
onto the plane of transmittance sample port (at the front end of the integrating sphere)
for transmittance measurement and onto the plane of reflectance sample port (at the
back end of the integrating sphere) for reflectance measurement.

Detector Por

Entrance,
Befiectance Treramitance
Port Fart

EPIN/ BPEX
Port

Diffuze

reflection Speculer
refiection

2. Change the position of the mirror against the rightmost stopper so that the beam gets
diverted to integrating sphere (i.e. in the horizontal plane) instead of getting incident
on the chuck as shown in figure above.
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3. Adjust the position of the integrating sphere at the right side of the left most stopper
on the optical rail for transmittance measurement or at the left side of the middle
stopper during reflectance measurement.

4. Hold the integrating sphere firmly while loosening its screw and while moving it to
the desired position. When the sphere is reached the desired position, tighten the
screw properly so that angle of integrating sphere is maintained.

5. During both the transmittance and reflectance measurement, execute the calibration
against the reference standard.

6. Connect the BNC cable from the reference standard at the bottom of the integrating
sphere to the skin of the box and from outside of the box to the 497 current pre-
amplifier input.

E.2 Transmittance Measurement:

7. During 100% transmittance measurement, place the reflectance port cover (shown in
figure below) at the reflectance port and keep the transmittance port unobstructed (as
shown in figure below).
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8. Go to “Reference Setup” Window in the Scan Menu or select it from shortcut on
toolbar as shown in figure ().

BenWin+

St=ul Instruments  Tools  Analysis Lt

= Scan Setup...
Signal Setup...
sStationary Scan Setup...
Set Averaging...
Data Correction...

Reference Setup...
Add-0n Modules. .
Auxiliary Measurements. ..,

Set File Information. .,

New Scan Chrl+1

9. Select the Measurement Type and Units as “Transmission” and desired units.
10. During calibration, ensure that “Use Reference Calculation” checkbox is NOT
selected.

Reference Setup

(& Transmission ™ Faho
Felleciance " Percantage
(" Absorbance (" Decibels
(" Optical Density
~Reference Source
~ Constant & Speclum 1 Reference Lavel

Mieasurzd Feference File Name

| |

Calibrated Raferenca File Nams

c |

Uze Referance Calculation
Rt ti

[&* Apply

Return to Scan Setp
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11. Go to “Scan Setup” from Scan Menu or from “Return to Scan Setup” on “Reference

Setup” page.

BenWin+

Fle Stan Instruments Tools Analysis Utiies view H

el

BH B E R AR LS W
Scan Setup

Sean Parameters
Hurber of Spectia

Start Wavelength [nm)]
End Wavelengih (nm)

Step Size [nm]

0O

Scan Setup

Ga lo Signal Setup
Go to Rieference Seiup

o to Auiliary Measurements
Set Averaging

Golo Sean Duline Page

i} New Sean
[P, 4dd Scan

Advanced »>

12. Enter proper Start Wavelength and End Wavelength as well as Step Size and Number

of Spectra.

13. Go to Advanced tab to ensure that “Data Correction” checkbox is NOT selected.

Scan Parameters
Mumber of Spectra

Start Wavelength [nm]
End ‘Wavelength [fm)
Step Size (nm]

Scan Options
[] Use Custam \wavelengths

First Awvailable File Hurnber from

Post Scan Options
Return to Start W avelength
Close Shutter

Scan Setup

Goto Signal Setup

Goto Reference Setup

Go to Ausiliar Measurements
Set Averaging

Go to Scan Outlne Page

M Mew Scan
[, Add Sean
<¢ Advanced
= Load Scan Gettings
E Save Scan Sellings
Go to Data Comection Page

[ 2pply Pre-Scan Module
[C] Apply Post-Sean Module

14. Start “New Scan” and generate the raw data file for 100% transmission.

BenWin+ - Spectrum1 *

File Scan Instruments Tools  Analysis  Utiities

View Window Help

M Spectrumi *

Sd B & 7| AKEE ~BawD

g R

n.004sf

0004}

0.0035F

0003}

000251

Signal f n&

oo02f

nomsk

0001 |

00005

| L
300 400

e L
500 600 700
Wavelength / nm

i
a00

L
00

L
1000

L
1100

MeasLrement
Integral

Scan Setup

[ Save TaFile

Copy To Clipboard

Export Ta Excel

S=1Ed
Valug
31048041 nm A

Post-Scan

Number of Spectra: 1
Start Wavelength: 300 nm
End wavelenath: 1100 nm
Step Size: 5 m

Advanced »>

FRetun to Stationary Scan

Retur to Sean Setup
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15. Place the sample at transmittance port now with the help of mounting clips, facing the

front side of the sample to the beam.

16. Adjust the beam properly on the active area of the solar cell and ensure that it is not

falling on the contacts.

17. Use the port reducers for measurements on the solar cells of smaller sizes so that
beam light is falling on the cell ONLY and not getting lost in ambient.

18. Now go to “Reference Setup”. Select the raw file generated for 100% transmission in

“Measured Reference file Name” section and select “Use Reference calculation”

checkbox and click on “Apply”.

Fieference Source
() Constant (%) Spectium 100 Referance Lavel

teazured Reference File Mame
C:%Program FileshBentham'Benwin+\Spectrah1103201 2\Reflectance_raw. E

Calibrated Reference File Marme

L]

[1Uze Reference Calculatioré

Feturn to Stationary Scan Setup
& Apply Return ta Szan Setup

19. Go to “Scan setup” and enter desired wavelength range.
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20. Ensure “Data Correction” checkbox is NOT selected and start “New Scan”.
L2

= T AL~ Dy E
Scan Setup
Scan Paramstors St Snal 5
Mumber of Spech = o to Signal Setup
e peea = Bo o Reference Sehup
Statwavelength (ol (300 Bio o Ausiary Weasuiements
Set Aversging
1100
Bzl ] o to Sean Dutine Page
Step Sizs 1) 5
|, Mew Sean
Scan Optians
PSSl tom e eraties (A A Scan
Auto Range Zero Calibrate << Advanced
[ Auto Save

= Load Scan Settings
[E 5ave Scan Settings

Go to Data Corection Fage
Post Sean Dptions
Retum to Start wavelength ] &pply Pre-Scan Module
Close Shutter [ Apply Post-Scan Module

21. Ensure the Y-axis of plot is showing Transmittance data.

E.3 Reflectance Measurement:

22. During 100% reflectance measurement, place the 100% reflectance standard (shown
in figure below) at the reflectance port.
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24. Go to “Reference Setup” Window in the Scan Menu or select it from shortcut on
toolbar.

BenWin+

Scan Setup...
Signal Setup...

Skationary Scan Setup...
Set Averaging...

oo
Add-0n Modules. ..
Auxiliary Measurements. ..
Phosphor Settings. ..

Set File Information. .,
w Use File Information

New Scan Chrl+M

25. Select the Measurement Type and Units as “Reflectance” and appropriate units.
26. During calibration, ensure that “Use Reference Calculation” checkbox is NOT
selected.

BenWin+

File Scan Instruments Tools  Analysis  Utilities  Wiew Help

FHE S P AL S D B R

Scan Setup

Reference Setup

Meazurement Type and Unitz

s = () Ratio
(%) Reflectance Percentage
00 O Decibels

(O Dptical Density

Reference Source

() Constant (%) Spectum Feference Level

Meazured Reference File Mame
|E+\Spectia\E SEVAmmutah1 209201245 raw ben | L]

Calibrated Reference File Mame
(] | L]

[ ]Use Reference Caleulation

Fieturn to Stationary Scan Setup
i Apply Return to Scan Setup

27. Go to “Scan Setup” from Scan Menu or from “Return to Scan Setup” on “Reference

Setup” page.

Endwavelength (nm)
Step Size frm)

a

G0 to Scan Outine Page
|1 New Scan
| Add 5can

Advanced >>
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28. Enter proper Start Wavelength and End Wavelength as well as Step Size and Number
of Spectra.

29. Go to Advanced tab to ensure that “Data Correction” checkbox is NOT selected.

Scan Setup

Ga to Signal Setup
Ga to Reference Setup
Go to Avsiliary Meazurements
Set Averaging
100
el et ek (i) Goto Scan Outline Page

Scan Parameters
Mumber of Spectra

Start W avelenath [nm] 3

I_n AAIIA
IIID I
=

4h

Step Size [nm)
M Mew Scan

Scan Options

[] Use Custorn Wavelengths M Add Scan

uko Han [V] Zera Calibrate << Advanced
. D ata Correction Auto Save

= Load Scan Settings

& 5ave Scan Settings

|

Go to Data Conection Page
Post Scan Options

Return to Start Wavelength

[ &pply Pre-Scan Module
Cloze Shutter

[] &pply Post-Scan Module

30. Start “New Scan” and generate the raw data file for 100% reflectance.
mem—ul

= & S 7| AKE SBaw D)W B e E AR L RT A~
MSpe
Measurement Yalug
Integral 310.48041 nm nA
00045
0.004
I Seve ToFie Post-Scan
0.0035F B Number of Spectra; 1
(e U ] Start Wavelengthe 300 nm
End Wavelenath: 1100 rm
oonsf- Export To Excel Gl Gios Bt
<
L
= ooo2sf Advanced »>
5
W ooz
0ooms
0.001
0.0005
Ok 1 I 1 1 1 I 1 1 L
300 400 500 600 700 800 00 1000 1100 Fietum ta Stalionary Scan
Wavelength / nm Retum to Scan Setup
L ________________________________________________________________________________________|

31. Place the sample at reflectance port now with the help of mounting clips, facing the
front side of the sample to the beam.
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32. Adjust the beam properly on the active area of the solar cell and ensure that it is not
falling on the contacts with the help of port viewer

33. Use the port reducers for measurements on the solar cells of smaller sizes so that
beam light is falling on the cell ONLY and not getting lost in ambient as shown if

figure ().

34. Use appropriate light trap at SPIN/SPEX port of the integrating sphere to differentiate
between specular inclusive (SPIN-total) reflectance and specular exclusive (SPEX -

direct) reflectance measurement.
35. Place the white plate like light trap for SPIN reflectance measurement.
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36. Place black cone like light trap for SPEX reflectance measurement.

37. Now go to “Reference Setup”.
BenWin+

Instruments

Tools

Analysis

Scan Setup,..

Signal Setup...
Stationary Scan Setup. ..
et Averaging...

Daka Correction...

&

Reference Setup...

Add-0On Modules. ..
Auxiliary Measurements. ..

Set File Information. ..

Mhew Scan ChEl+m

38. Select the raw file generated for 100% reflectance standard in “Measured Reference
file Name” section.
39. Select “Use Reference calculation” checkbox and click on “Apply”.

=3 Rl Al E Zw DY B

() Optical Density
Reference Level

1103201 - raw | E]
| L]

Retutn b Stafioriary Sean Setup

‘ [Jilise Fieference Calcuation
> Appl

Retum to Scan Setup
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40. Go to “Scan setup” and enter desired wavelength range.

File Scan Instruments Tools  Analysis  Utilities  Wiew Help

FL B S R AEE SR DY E R

Scan Setup

Soan Parameters

Nurnber of Spectra . G to Signal Setup
Go to Reference Setup

Start '/ avelength (nm) Go to Ausiliary Measurements

End wavelength [rm) 1100 ot St A_V'?f;igg

0 Scan he

Step Size [hm)

Scan Dptions

[[] Use Custorn 'wWavelengths L Add Scan

BTG Hange egera Calibrate

e << Advanced
Diata Comection ] Ay

(= Load Scan Settings

Fil= 1T —

First &vailable File Murnber fram 5 e S Sullis
Go to Data Corection Page

Post Scan Options

Return to Start ‘W avelength [ pply Pre-Scan Module

Cloze Shutter [] &pply Post-Scan Module

41. Ensure “Data Correction” checkbox is NOT selected and start “New Scan”.
42. Ensure the Y-axis of plot is showing Reflectance data.

File Scan Instruments Tooks Analysis Utlites Wiew Window Help

S B & P AwLE Tk D VAR S # k(L6

oA fell B[ RIT ~ ~

Inteqral 8749597 i %

300 400 200 00 700 200 00 1000 100

Wavelength / nm

F. Internal Quantum efficiency (IQE) measurement

1. Using the Benwin+ software, find the internal quantum efficiency (IQE) using
Detector responsivity/EQE file and reflectance file.
2. Go to “Utilities” menu, select “ EQE IQE utility v1.0.3”.
BenWin+

File Scan Instruments Tools  Analysis BN

Firnd Ukilities

Correction Calculator v1.0.12
QE IGE Ukiliky +1.0.3
PY Bias Control w1.0.10

Spectra Stitcher «1.0.2
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4.

5.

Load either the responsivity/EQE curve, by checking proper option in EQE IQE
calculator dialog box.

knWin+
- _________________________|]

2] AKRAE D |VE

EQE IQE Utility ¥1.0.3 =]

EQE IQE Calculator

Files
O Load EQE
@ Load Responsivity

\ 16

Load Reflectance

\ |
[ Use Transmission File

Calculate

[Ece
Saveds | |

)3
Save s | |

Browse the saved responsivity/QE file and reflectance and/or transmittance files in
the “Files” option and tick the IQE check box in “Calculate” option.
Save the IQE curve file with proper naming convention in your folder.

G. Double calibration of detectors from 300-1800nm

Use the detector calibration procedure (Step 1 to 7) mentioned in section (C) with Si
detector.

Replace the Si detector with Ge detector and repeat the same procedure Step 1 to 7
mentioned in section (C).

Ge

Si

detector

detector
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3. Goto “Correction Calculator” in “Utilities” menu.

Wiew  Help
Find Likilities

EQE IQE Ukility w1.0.3
P Bias Control wi.0.10
Spectra Stikcher w1.0.2

4. Load the raw file generated for Si detector in step in the Spectrum 1section of
window below using “Load Scan”.

lin+

an Instruments Tools Analysis Utiites View  Help
=R NI i
jorrection Calculator

Spectrum 1 Loskin: | () 25082012 ~ o rm
Load Scan Soro
[]Ge_detector raw
Load Certificate Load BCF My Recent  [A]51_BEL_reflectarce
Documents ESLdetettDr
[ 5i_ran
Desktop 5L reflectance ramw
Spectrum 2 [R]si_refiectance_std
Load Scan ezl 2w ﬁ
My Documerts
Load Certificate Load BCF
My Computer
Fie neme: |si_cktector_raw v o
Tg Fies oftype:  [BenorDal File "ben /*dal) v [ Cancel ]
My Netwark [ 0pen as readonly

Absalute Spectrurn i

@ Spectrum 1
O Spectrum 2

Show Overlap

5. Load certificate file for Si detector from Calibration folder using “Load Certificate”
in “Spectruml” section.

CorectonCalculatr X g, 2%
S Look in: [ £ Callbration ¥ 02 = E
i
Load Scan Lo Been |E]139731 02

&/

My Recent

Load Certificate Load BCF Documents

Spectrum 2
Y — Load Scan |
My Documents
Load Certificate Load BCF
by Computer
File name: [138435 6 v o
C:\Program Filesientham|Benin+\Spects 212509201 215i_detector_raw.ben _
g Files of type: [ Certicate Fie (*bef] v [ cancel |
My Network ] Open as read-only

Absolute Spectrurm is:

@ Spectrum 1
O Spectrum 2

Show Overlap




6. Repeat the same procedure with Ge detector raw file generated in Step (2) and Ge
detector certificate file from Calibration folder in “Spectrum 2” section.

cul
chu
Load Scar = Go708
Load Certificate Bz
Deskion
Spectum2
Load Scan Load Sc ,)
My Documents
Load Certiicate oad B
My Computer
Flerane: [ce_deecoow 3
o Fiesoftpe [BenorDatFle ben/ “dal) N
i D05n s eadonty

Ferane 139313 9

CotictoFie (be) F]
My Network [ 0pen ss teadnly

To generate calibration file for 300-1800 wavelength range, select either Si or Ge
detector spectrum as Absoulte one (with respect to which other will be calibrated)
using Spectrum 1 or Spectrum 2 radio button from “Absolute spectrum” section.
Check for the overlap by clicking on the “Show Overlap” button.

ents Tooks Analysis Utiites Yiew Help

Absalute Spectrum is

® Spectrum 1
O Spectrum2

Show Overlan
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9. Since the Si dectector spectrum can be generated from 300-1100nm and Ge detector
spectrum from 800-1800nm, it prompts for Joining point in Overlapping wavelength
range. Enter appropriate value of wavelength where two spectra will be joined.

File Scan Instruments Tools Analysis Lkiities View Window Help

B Sk ue = A s e L RT A~

Signal f A
g 8

350

— . , L L I
1000 1020 1040 1060 1080 1100
Wavelength ¢/ nm

10. Save Calibration file with proper name so that it can be used for any measurement

here onwards within 300-1800nm range.

BenWin+ - Spectrums *

File Scan Instruments Tools Analysis Utlities ¥iew Window Help

CE|a S kue = A mE L[R]T A~

Savein | Cabration

E Si_Ge_Cal_12072012.cal

Si_Ge_Cal_ac_150Hz_12072012.cal

¥ O |

My Recent
Document
650] @

T om Desktop

=

g -

2 550 3
son) My Docurents
asn) 8’
o | My Compuer

3501 ‘g [ |5i_Be_Cal_2m0spmz v
— N i
1000 1020

[ s
.
MyNetwork | Saveastpe: | Comection Fie [".cal v [ caed | 100

14. Make note of destination folder of Calibration file generated from the below

prompting window:

- [B]x]

Lowrer Correction

Upper Correction
———— Ratio

B Spectrum5 *
7s0f
To0f
g50F
<
£ Boop-
=
5 Complet
= sepl lak=
Z 50 rocess Complete
Stark Wavelength is: 300
soof End Wawelength is: 1800
Generated Correction File
4501 CH\Program Files\Bentham|Benwin-+iCalibration|si_Ge_Cal_25092012.cal
400f
3s0f
L . L L .
1000 1020 1040 1060 1080
Wavelength / nm

L
1100
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BenWin+ - Si_Ge_Cal_25092012.cal

File Scan Instruments Tools Analysis Utities View ‘Window Help
F &P AL %wD|VE8 [ #hupE EASE E[RT 2~
M Si_Ge_Cal_25092012.cal

Detector Responsivity / A W-1 nm-1

an 00

E

7000
Wavelength / nm

200 Tam0 600 1800

15. Go to “Data Correction” in Scan Menu for data calibration and instead of entering
certificate file, load the calibration file generated above using “Load from file”

button.

Wlnstruments Tools  Analysis  Ukilities  View  Help

ou

= Scan Setup...
Signal Setup. ..
Stationary Scan Setup...
Set Ay i

Reference Setup...
Add-0n Modules. .
Auzxliary Measurements. .,

Set File Information. ..

Mew Scan Chrl+M

16. Enter the raw file in System file similar to normal detector calibration step.

- Ba @ O

SystemFile | C:\Program Files\Bentham\Beriwin\Spectia1607201 2401 Fras | [

Callbration File | |

Comment [ |
Identifer R
[} Coleailats Calbestion Dats Smitedagiilm) (€L

Endwavelength [nm) 1100

Step Size ()
[ Load Fiom File

Fietum to Stationary $can Setup

Retum o Scan Setup

17. Click on “Calculate Calibration Data” in the data correction window to complete the
data calibration within 300-1800 nm range.

18. Use the normal procedure for EQE in section (D) to proceed with regular

measurements within 300-1800nm range.

H. Measurement under bias light

1. Ensure that the probing is done either for “Transformer Mode” or “AC mode”.

2. Go to “Utilities” menu and select “PV Bias Control”.

EL Wiew  Help

Find Lkilities

Correction Calculator w1.0.12

EQE IQE Utility +1.0.3
Py ral w1.0.10
Spectra Stitcher w1.0.2
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Ensure that the constant current power supply is ON for the Bias light Source (3" unit
under the table).

Click on “Bias Source ON” to open the shutter of PV bias lamp to PVE300 system
unit and observe the white bias light on the chuck.

P¥ Bias Control

(o J @

Turn the Bias Sources On [ OFF as required

Follow the standard calibration and measurement procedures (transformer/ac mode)
mentioned in the sections above in presence of the bias light.

Vary the intensity of the white bias light by moving the micrometer shown in the
figure below:

Note down the reading on vertical and circular scale of micrometer screw gauge, to
ensure every-time measurements are carried out under similar intensity conditions.
Observe the lock-in amplifier during the measurements under light bias. Ensure the
intensity is within desired limits by monitoring lock-In amplifier front panel. If front
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panel of Lock-In amplifier shows overload, lower the intensity of bias light and repeat
the measurements.

9. Switch off the Bias light when measurements are NOT to be done under bias light by
going to “Utilities/PV Bias Control” and clicking on “Bias Source off.

P¥ Bias Control

Wiew  Help

Find Utilities Bias Source OFF | @

Correction Calculator +1.0,12
EQE IQE Lkiliky w1.0.3

PY Bias Conkral w1.0.10
apectra Skitcher w1,0.2 Turn the Bias Sources On | OFF as required
L

10. For calibration of intensity, refer to the Appendix named “Queries to Bentham”.
11. Insert the Class B filter available to do the measurements under more real operating
conditions.

Note:

For multi-junction solar cell measurement, appropriate filters have to be bought.
Refer to the Video of Standard Operating procedures.

I. Temperature control of chuck

1. Switch ON the Bentham VC-TE-20 unit with the switch on the backside of it. Ensure
the unit is ON by checking whether the green power LED is glowing.

2. Use the toggle switch below temperature display to check Present value of Chuck by
the toggling it at CHUCK side and check the set value by moving it to TARGET side.

38



Set the chuck temperature to the desired TARGET value by using the black/red knob
button below the CHUCK/TARGET toggle switch.

Pull the black dial of the knob button outside and move it clockwise/anticlockwise to
set the chuck to TARGET value which will be displayed on the TEMPERATURE
display, when toggle switch is in TARGET position.

Once desired TARGET temperature is set for the chuck, Move the toggle switch to
CHUCK side, to monitor present value of the chuck.

Use Water flow& Cooler switches to start water circulation and to maintain the
temperature of the chuck at the desired value.

Ensure that the room temperature is maintained correctly if chuck temperature is set
to the values smaller than 250C. If chuck temperature is quite below the room
temperature, moisture may get condensed on the chuck in humid atmosphere and
water can drip on the chuck. Be careful while setting lower temperatures.

Switch ON the Vacuum supply by using the switch on the VC-TE-20 unit when
sample is required to be held with vacuum.

J. Changing the slits

1.

2.

Do NOT remove/change the slits without prior permission of System Owner (SO).
Special request has to be sent justifying change of slits before changing the slits and
once the requested is granted by SO, following procedure is to be performed with
critical care.

Identify the pair of slits required for your measurement from the table below:
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Entrance Bandwidth produced Exit slits
Slits (mm) (nm) (mm)
0.74 2 0.74X0.74
1.85X1.85
1.5X1.5
1.5X5
1.85 5 1.85X3.7
3.7X3.7
3.7 10 4.2X4.2

3. Remove the fixed slit cover with M3 allen key.

&

Using the pincers, pull out slit is place.

5. Mark the slits which were in use and put them back in the assembly after completion
of your measurement procedure.
6. Place the slit in the holder such that if you look at a slit and its construction then you

can see there is a metal U shape that has the slit plate glued onto it. This slit plate is

away from the monochromator.

7. Push fixed slit down firmly into the place.
8. Ensure that slit orientation is correct; otherwise it can lead to wavelength error.

9. Entrance slits configuration:

10. Exit slit configuration

Back side towards
monochromator

Flat rear faced
against lamp
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Back side towards
monochromator

Flat rear faced
away from
monochromator

K. Cleaning Procedure:

1. Clean all the units: monochromator, lamp, power supplies, detection electronics box
and computer system with the dry lint free cloth.

2. Clean the optical units such as integrating sphere, transmittance/reflectance sample
ports, optical rail with dry lint free cloth.

3. Do NOT touch mirror in PVE300 unit with bare hands. Wear hand gloves while
cleaning optical units and blower for removing dust particles from mirror.

4. Use small amount of IPA, to clan the floor PVE300 system box and the chuck (if
required). Do NOT pour IPA in any case, directly on any of the parts, it can damage
the system. Just wet the cloth and use it for box floor and chuck cleaning ONLY.

5. Ensure that the water in the transparent reservoir of temperature controller unit is
never dried. Fill it time to time, if it seems to be evaporated. Use DI water.

6. Start the temperature controller unit and with the switch on the backside of the VC-
TE-20 unit.

7. Switch ON the water flow with the Switch besides flow pipes so that there is water
circulation for some time (1-2minutes).
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8. Switch OFF the unit with the switch from the back.

SOP Prepared By- System Owner: Amruta Pravin Joshi
Faculty In-charge: Prof. K. L. Narsimhan
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