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HZB......
Zentrum Berlin

“if PVcomB

e Research at PvcomB
e Types of research data
* Traditional meta data handling

* Handling of data and meta data by Elab and PDVisA
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Solar Energy Research at PVcomB HZB......

Zentrum Berlin
“if PVcomB

TRL 1 2 3 4 5 6 7 8 9

7 PVcomB

Technology Industrial

Fundamentals Development Transfel Partners

Discovery & Feasibility Development & Validation Integration into partner’s system

|

Topics

Next Generation Solar Cells = CIGS, Si HIT, TF silicon & tandem concepts (e.g. Si/CIGS + perovskites)

Water splitting = Solar Fuels

Advanced Analytics —> surface diagnostics, microscopy, in-situ XRD/XRF, XPS, XAS, XES (@BESSY)
- materials, films & devices

—> field analyses of modules

Iver Lauermann 3



Solar Energy Researchiat HZB HZB......

“if PVcomB
Technology Transfer
e.g. industrial 3 chamber PECVD deposition system (Applied Materials)
: e up-scaling

* novel device concepts * industry-oriented technologies
* improved conversion efficiencies * complete modules
* cost effective solutions * advanced process analytics
* environmental sustainability & * throughput & reliability

recycling * education
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Baseline concept for 30 x 30 cm? ClIGS & siliconmoedules HZBHe,mho,tz

Glass substrates

Si Baseline

Glass cleaning

|

£

ZnO:Al sputtering

front contact

TCO coated glass

2

Mo sputtering P _ I

back contact

CIGS Baseline

P1 laser scribe

Cleaning

Etching

=
P1 laser scribe é

Applied Materials
/// P
\/ Si deposition
Cu/ln /Ga
sputtering
P2 laser scribe

Sputter Line A600 V7
Leybold Optics

Cleaning

b

PECVD cluster AKT1600

ZnO/Ag sputtering
back contact

Chemical Bath
Deposition CdS/KCN

) P3 laser scribe
P2 scribe

ZnO: i-ZnO
sputtering front contact

P3 scribe
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HZB......

Zentrum Berlin
“if PVcomB

Surface analysis l
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BIPV & system integration @PVcomB HZB....

Zentrum Berlin
“if PVcomB

THE PVCOMB OUTDOOR TEST FIELD
= |nstallation of flexible outdoor test field for solar modules (lab scale and industrial)
= Qutdoor analyses of solar modules from in-house development and partners
= Complementary in- and outdoor characterization (IV, EL, thermography, low-light conditions, BIPV...)

= Public projects and bilateral partnerships.

VETITX-

Iver Lauermann



PV-to-Fuels technology: Monolithicallyintegrated PV2ECEEVICE

Integrated PV-electrolyser cell device

Direct transformation of sunlight into
chemical fuel

Storage solution for night time consumption
Distributed generation

Example heat and electricity production for

households

Prototype development (TRL 3...7)
Long-term stabile and low-cost devices

Up scaling (m? size)

Monolithically integrated PV-EC device

Iver Lauermann

HZB Helmholtz

Zentrum Berlin
“if PVcomB
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Data handling at PV/comB} = data types HZB.....

Zentrum Berlin
“if PVcomB

= Raw data from commercial spectrometers in various (specific) formats

= Raw data from home-built experiments (e.g. X-ray absorption spectroscopy)

—_

= Experimental plans for device fabrication

— ELAB & PDVisA
= Device characterization data (j/V-measurements, EQE, V_/T...)

—

= Log files from deposition machines and in-situ analytics

= Data from outdoor test field (device performance, insolation, temperature wind speed...)

Iver Lauermann 9



Qutdoor lest Eield—acquired data HZB il
Zentrum Berlin

“if PVcomB

IN CLOSE TEMPORAL TRACKING (SECONDS TO MINUTES)

— data of solar modules with a total of 32 sample holders (and being extended)
» |V-scans
* mpp-tracking data

|
clima sgn-or us

Pyranometer 2 © ‘

....
||||||

— additional data
* monitor cells in plane of modules
« solar module rear side temperature
* meteo data (global and diffuse irradiance, precipitation, wind speed, air temperature)
» spectrally resolved irradiance

Pyranometer 1

Shadow ring

DATA IS STORED IN A DATABASE AND EVALUATED

NOTE THAT ADDITIONAL NON-AUTOMATED ADDITIONAL

MEASUREMENTS ARE POSSIBLE
— regularly we take photographs to support in the analysis
(data filtering e.g. for snow, occurrences like glass breakage)

— outdoor EL
— outdoor thermograph

10
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Qutdoor: lest Eield = dataanalysis

WE CHECK REGULARLY ONLINE WHETHER THE SYSTEM IS RUNNING.

DATA IS FILTERED FOR ARTIFACTS, OUTLIERS, ETC.
THIS IS DONE PARTLY AUTOMATED
BUT CHECKED STEP BY STEP.

DATA IS THEN ANALYSED FOR
— temperature coefficients
— low light efficiency

— fingerprints of degradation
— etc

Iver Lauermann

PVcomB Sun-Park

Sampledetails

D:

Name:
Kommentar:
Flache:

Zellen:

ZeliNiche:

N

IV Einstellungen:
Erzeugte Leistung:
Bestrahlte Loistung:
Performance Ratio:

G Bearbten
Massungen

siot  start

G12 04012016

09:44:33

Summe:

V-Einstellungen -

9

1341673
10x10 Tandem
7280 cm*

13

5.60 cm®
814 %

10x10 Tandem
0.00514 kWh
000772 kWh
06659

End Daver  Erzeugte
P

15.01.2016 11D6HOM 0.00514
155401 278 K

1IDEHIM 0.00514
278 KWh

Modultische ~  Slots +

Samples -

< Zunick

Bestrahlte PR
P

000772 06650
KWn

0.00772
KW

HZB Helmholtz

Zentrum Berlin

77
“if PVcomB
Wetterdaten  Datenexport  Benutzenerwaltung - & Mein Profil Ge Abmelden
Letztes/Aktuelles [V-Ergabnis
DatumiZait: 15.01.2016 155310
Egom’ 7.25469 Wim?
Too 0.10°C
Tt 0.08°C
Pogs: 0.00319 W
Just 0.06499 ma/em*
= 1343794 v
FF: 65.298 %
oo 7.976 %
Performance Ratio: 09799
IV-Kennlinie
0.07 0.004
£ o006
“i 0.003
< 0.05 iy
E '
o 00 £
0002 5
£ o003 @®
S =
B 002
g oo oo
2 om
£
ia
0 0
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Outdoor: Test Filed=dataranalysis H/B... .

Zentrum Berlin
| WOULD BE INTERESTED IN

“if PVcomB

— support handling down- and uploads
and

— alternatives to the MySQL data bank with the following requests:
« easy online access

including the option to show results of the analysis (applying the previous filters used)
online with current data

 straight-forward embedding of existing and new analysis tools
(currently in MatLab but students ask for other languages)

Would InfluxDB be a good alternative?

Iver Lauermann 12



Meta data handling HZB.....

Zentrum Berlin

“if PN\comB

e Traditional, hand-written lab books for experiment descriptions, meta data, extra bits of
information that don‘t fit into templates

* Indispensable in experimental sciences
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Link to raw data

Link to sample
history

HZB Helmholtz

Zentrum Berlin

Iver Lauermann
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Data Management via ELAB* & PDVisA** HZB.....

Zentrum Berlin
“if PVcomB

— .o i
Experiment Planning

Process Planning ‘ Process

Documentation

eri
Characterization ‘ Data Mining

still on spread sheets ‘ ELAB* ‘ PDVisA**

*ELAB: Marion Schroder and Volker Denzer **Onno Gabriel and Tim Henckel

Iver Lauermann 15



Experiment Planning

HZB Helmholtz

Zentrum Berlin

Experiment ID i
Pre-Process Variables x (Experiment) Information Analytics
1 2 1 1 2 3 4 5 6 7 8 9 1 2
id_no. substrate ID PartID |glass size  back contact PVD-E Process Pos Se_T_res Se_T crack Se_vent Cu_T_HL CuT_EC In_T_HL In_T_EC Ga T HL Ga_l_EC Dekiak XRD
°C °C % °C °C °C °C °C °C
1 442071 0 SGG Planiclear 50x50 PVD_Mo_01 1 .
2 4-4207-2 0 SGG Planiclear 50x50 PVD_Mo_01 VP1320_E1 (holder B) 2
3 442073 0 SGG Planiclear 5050 PVD_Mo_01 LLS & ILR on 3 345 360 80 pre pre pe p pre pre o
4 4-4207-4 0 SGG Planiclear 50x50 PVD_Mo_01 Se evaporation (3 ILR Wellen) 4 PrOcEss  plocess  protess  process  process  process
5 4-42081 0 SGG Planiclear 20x20 PVD_Mo_01 5
6 442075 0 SGG Planiclear 50x50 PVD_Mo_01 1 .
T 4-4207-6 0 SGG Planiclear 50x50 PVD_Mo_01 VP1320_E2 (holder B) 2
8 | 442077 o0 SGG Planiclear 5050 PVD_Mo_01 LLS & ILR on 3 345 360 65 pre pre pre pré pee pre .
9 4-42QA8 0 SGG Planiclear 50x50 PVD_Mo_01 Se evaporation (3 ILR Wellen) 4 PIOCESS  PIOCESS  PIOTESs  process  process  process
10 | +a2@2 o SGG Planiclear 20x20 PVD_Mo_01 5
1 | 442@3 0 SGG Planiclear 50x50 PVD_Mo_01 1 .
12 | 42§10 o SGG Planiclear 50x50 PVD_Mo_01 VP1320_E3 (holder B) 2
13 | 4420011 © SGG Planiclear 50x50 PVD_Mo_01 LLS & ILR on 3 345 360 38 pre pre pe pe pre pre .
14 442012 o SGG Planiclear 50x50 PVD_Mo_01 Se evaporation (3 ILR Wellen) 4 PIOCESS  PIOCESS  provess  process  pocess — process
15 | 44283 o SGG Planiclear 20x20 PVD_Mo_01 5
16 | 4420413 0 SGG Planiclear 50x50 PVD_Mo_01 1 o
17 4-426514 0 SGG Planiclear 50x50 PVD_Mo_01 VP1320_E4 (holder B) 2 .
18 | 442015 o0 SGG Planiclear 50x50 PVD Mo 01 LLS & ILR on 3 345 360 66 pre pre 1070 920 pre pre °
19 4-420216 0 SGG Planiclear 50x50 PVD_Mo_01 In-Se coevaporation (3 ILR Wellen) 4 process  process process  process
20 | 44dds o SGG Planiclear 20x20 PVD_Mo_01 5
21 | 4420717 0 SGG Planiclear 50x50 PVD_Mo_01 1 o
22 | 4420718 0 SGG Planiclear 50x50 PVD_Mo_01 VP1320_ES5 (holder B) 2 .
23 | 4420719 o SGG Planiclear 50x50 PVD_Mo_01 LLS & ILR on 3 345 360 38 pre P 1070 920 pre pre .
24 | 4420720 o SGG Planiclear 50x50 PVD_Mo_01 In-Se coevaporation (3 ILR Wellen) 4 e Lo PSS
25 | 442085 0 SGG Planiclear 20x20 PVD_Mo_01 5
26 | 4420721 0 SGG Planiclear 50x50 PVD_Mo_01 1 o
27 | 4420722 o SGG Planiclear 50x50 PVD_Mo_01 VP1320_ES (holder B) 2 .
28 | 4420723 o SGG Planiclear 50x50 PVD_Mo_01 LLS & ILR on 3 345 360 66 1230 1100 P*° pre pre - -
29 4-4207-24 0 SGG Planiclear 50x50 PVD_Mo_01 Cu-Se coevaporation (3 ILR Wellen) 4 Process — process process process
30 | 442086 0 SGG Planiclear 20x20 PVD_Mo_01 5
Iver Lauermann 16



Process Planning

Samples from the various experiments are assigned to various deposition tools and processing times

Emily ™

1320 4=4207-30
1320 4-4207-31
1320 d-4207-32

Bruce
Emily

Bruce
1256

1296 4-4209-17
1236 4-4203-18
1296 4-4209-19
1296 4-4209-20
1236 4-4203-21

1320 4-4207-33
1220 44 207-34
1320 4-4207-35
1320 4-4207-38
1320 -4 208-3
Bruce TB
un 2-166-11

o
L]
]
1]
1]

Heope

D pan Substrare

Plariclear
Plariclesr
Plariclesr
Planickear
[Plariclest

standard ClGSe

Plariclsar
Plariclear
Plariclear
Plariclear
Plariclesr
RbF PDT

Planiclear

S0uS0

Cleaning Blsckeontact

Cu-Se Evaporation [Rate measurement)

stred
trd
stnd
stred
strd

1a-5Se Evaporation [Fate measurement)

igiii

i3i1idd

10-Se Evaporation [Fate measurement)

i1t

Additional Commants [Allocation,

Bamiar! N
Position PVD-Absorber Sending, Chasliry | | WCT ! Buiffer

Maintenance
VP1320_E7 [sample holder B)

PYO-E00DS = Airalytik
PYD_Mo_ 01 Pos 2 3 LR Wellen Cu-5e (490°C) -3 Arvalytik
PUOLMo 01 Pos3 Se HSCIE0CES <> Arvalyik

Irc pre-process
FWD_Me_ Pes. 4 Cus M50 C200C

Ga: pie-piocess

Maintenance

Bake out
VP1I20_EB [sample holder B)
PYD-E mun

P Ma_ Pos. 2 JILR Wellen Ga-Se (300C) =3 Airvalytik
Se: M5 CHAB0CRSH

PYD_Ma_1 Pos. 3 e s = Binalyik:

PVDO_Mo_n Pos. 4 Ciit pie-piocess

Ga 65 CIO30C
Bake out

VP1236_PVD_B_Standard-Frocess_ 2009 [ TB TE CAK]
Pos 1 -# PL Ivor u. nach CASWGDDESF

PYO_Mo_n Pos. 2 =¥ PL [wor w. nach CdS + nach i) CdS_CBO_PVD.

FAD_Me_01 Pes. 3 PVO-B 1841 Cds_CBO_PVOL0M
PVO_Mao_01 Pos. 4 Ko_B_03-3 -3 Bianka Cd5_CBO_PVO_M
F0_Ma_ Pes. 5 Cd5_C80_PVDLOM
PUD_Ma_01 Pos. 6 -» SEMMFF

Pos. T
sample holder B]
PVO_Ma_ Pos 1 PYD-E wan =¥ Bralytik:
spo pmz | numerowc s
PD_Mo_n Pos. 3 e . = Binalytik:
PWO_Mo_0n Pes. 4 Cut pie-piocess

PVO_Mo_ Pos. 5 Ga W0S0CHS0C

RTP_RbF-PDT_II_With S [PR.RK_EW.GF)

PYD-B 1842
ReF-PDT & 280C
TREF; SI0E30C
WSCS: 0.5 mm i 10 min s ATP

4 5 min anneal ohre Se

RTP_Mo_ Pas. 1

TCO

ZA0_Zele_PYD_01
ZAO_Zele_PYO_OM
ZA0_Zele_PYD_OT
ZAD Zele_PYD_01

Iver Lauermann

PycomB_01

Phatolkhographie
PicamB_01

RIAR-Coating A

MgF2

N

stand
stand
winzed

stand

HZB Helmholtz

Zentrum Berlin
“if PVcomB

EQE  Chuabyll

17



Electronic Lab Book (ELAB) =1 H/B.....

Zentrum Berlin

PVcomB - Dr. Christian Kaufmann “if PVcomB
meine Suche Substrat ID |V Suche wahlen ELAB
affentliche Suche Objects 17-502-10-4 (Dr. Anna Belen Morales Vilches) |« Suche wahlen Database in WhiCh objects are
C"e @“”ﬁ@m )“ﬂhe associated with processes.
Processes

Suchen bearbeiten [ neue Suche erstellen

Both are fully customizable, i.e.

Reports
descriptive parameters can be
Qualitatskontrolle [¥] Report aufrufen defined aS neEded,
Eingabe
Probe neues Objekt anlegen Proben-Versand/Vergabe neuen Prozess eintragen

Probe | v | Rezeptliste Proben-Versand/Vergabe v Rezeptliste
Flanng So far ,planning“is not fully
Versuchsplane bearbeiten / neu erstellen Terminplanung in tegra tEd, b Ut in tegra tion iS
— forseen.
Probeniibersicht ~  aufrufen

Iver Lauermann 18



Electronic Lab Book ELAB) — I HZB......
Zentrum Berlin

|rm;u—n Batch-ID - Substrat-ID - Teil-ID [] 4-4187-10-0 [7] ‘i PNcomB
eeeee Ilt: 14.01.2019 (Dr. Tobias Bartram}  letzte Anderung: 05.02.2013 (Tim Minchenberg)
Allgemeine Angaben

ngelegt von

Kurzbaschrzibung SCGC Planiclear 50x50x2  Alternativer Probznnzme

oo, e > After objects are created manually, most data is
Sample Type uplaoded automatically via upload tools from

P P — the deposition or characterization set-ups.

Hihe/Dicke (mm) [mm] 2

Daten bearbeiten

Keine Datsi ausgewshit.

Sonstige

Datei hinzufiig

07.01.2015% N\:20

Fabrication

15.01.2015 11:06

15.01.2015 1315

16.01.2015 00:00,

1 Tage 11.00 Stunden

Characterization

17.01.2013 13:14

17.01.2019 13:14

panung ELAB also supports grouping of samples

1296 Substratreinigung Sputter

FvD_E Standard- Mizle {FVcomB) Leybaol I|:I 2 . .

Fi 2015

TETKEAQ veam) Into experiments.

Iver Lauermann 19



Electronic Lab Book (ELAB)=III H/B.....

Zentrum Berlin
“if PVcomB

Nr. 1296 Name PVD_E_Standard-Process_2015 (TE TK,CAK) ‘

Schichtdi Jsc J=c
e - HE e o | et
Best Median | Bast Median

Ko-E 3.2 EW03 5255 -P‘."DI:25 .ca.4-:|nm 6433 G4Z5 36.0 353 720 | 726 16.7 165
=Zn/ 150nm
ZAQ (PVD-
Standard 2015)

4-41E87-11-0 -P\"DI:ZS !ca.]-;-znm 650.2 6B50.6 355 5.4 741 738 17.1 17.0
i-Zn0/ nm
ZAQ (PVD-
Standard 2015)

4-2167-12-0 [EEE PvD 1:25 !:a:.]-;%nm
1-Zn0/ nim
ZAQ (PVD-

Easy, comfortable display of

4-4187-13-0

device results for experiment

1 4-4187-14-1 .40 555.4 | 5554 38.5 35.7 63.9  66.0 13.7 13.3
analysis. A P

ZAQ (PVD-
Standard Z015)

4-4187-14-2 .ca.4-:]nm S61.0  556.0 35.4 35.3 €6.8  BL.E 13.3 12.7
iI-ZnC/150nm
TAOQ (FVD-
Standard Z015)

4-4187-5-0  [1E88 PvD 1:25

4-4187-9-0  [EEEPvD 125 !ca_.];%nm 6431 | 6431 | 346 48 742 | 729 16.5 16.4
-Zng/ nm
ZAD (PVD-
Standard 2015)

FVD-B 1720 Ko-B 3.2 Die ersten 2265 530 4-4187-22-0 [488 FVD 1:25
ohna Szlzn,
Hupferphasze 4-41B7-23-0 &858 FVD 1:25 852 ca. 40nm 6252 | 625.2 254 291 288 278 53 51
sehr lang (3.3 —Zn/ 150nm
Wellen) KWW04

Iver Lauermann 20



e s

ALD Prozess %

ClGS5e 7

Masdar PW &

PY to Fuels Technology %

SunPlugged %

Kompletter ALD Prozess sichtbar (ALD T5F 500 Private)

Komplette CIG55e Gruppe

Projekt

PV to Fuels Technology

EBilaterale Kooperation F¥comB=-=Sunplugged

Electronic Lab Book (ELAB) =1V,

Dorbandt, Iris

Bertram, Tobias
Bunn, Bianka
Calnan, Sonya
Dorbandt, Iris
Erfurt, Darja

Farias Bazulto, Guillerma
Ghaderi, Sakinzh
Hartig, Manuel

lost, Marko
Kadiatou, Coulibaly
Kaufmann, Christian
Kirsch, Michael
Klenk, Reiner
Knoop, Silvio
Kodalle, Tim
Karner, Stefan
Lauche, Jakob
Lzuermann, lver
Mack, Karalina
Maticiuc, Natalia
Mayer-5tillrich, Katja
Miinchenberg, Tim
Maddour, Anas
Reyes Figueroz, Pablo ltzam
Riedel, Maximilian
Salami, Zanyar
Setzchen, Max
Steinkopf, Lars
Stutzke, Stefanie
Ulbrich, Caralin
Waack, Erik

Wang, Yajiz
Wenisch, Rebert
Yetkin, Hasan Arif

Calnan, Sonya
Stannowski, Barnd

Aschbrennar, Stefan
Bao, Fuxi

Calnan, Sonya
Kemppainen, Erma

Bartram, Tobias
Kaufmann, Christian
Lzuche, Jakob
Minchenberg, Tim
Weinberger, Mikolaus

HZB Helmholtz

Zentrum Berlin

Iver Lauermann

“if PV\comB
Definition of project teams allows for exclusive
visibility of sample and processing details in
order to rule-out confidentiality issues.
21



PDVisA for Data Mining —1 HZB.....

Zentrum Berlin
“if PVcomB

- |
i m’-” atest Experiments | _,'_1 e Hi Sample Mapper Data Curve Account Administration
Correlator Plotter ChristiankK

Measuremenis
FVcomB Diata Visualization + Analysis | h 1 1 "

Experiment "VP_1188 nice try 2 (CAK,TB,TK)" /
Experiment name: VP_1188 nice try 2 (CAK,TB,TK)

Description: ELAB supplies PDVisA with data for data

Started on: 30.08.18 17:16:15

Ovmer: ELabMetrologer analysis, again supporting sample grouping in
Status: processing .
ELAB-Import: [ELab] EXperlmentS.

Connected Samples

Project Batch Substrate Part Sample ID Sample Description Best I-V Result

4 4158 1 0 [4-4158-1-0] Mo_02 | B1611 | CGL fin=0.9 | 300/530 | CdS+stdZAO | SchMa Cell #11: ETA = 16.5 % / FF = 73.0 % / Voc = 628 mV / Jsc = 36.1 mAfcmﬁ.z
4 4158 2 0 [4-4158-2-0] Mo_02 | Bl611l | CGL fin=0.9 | 300/530 | CdS+ZnMgO+ZA0 | SchMa Cell #34: ETA = 15.3 % / FF = 70.3 % / Voc = 619 mV / Jsc = 35.3 mA/cmA=2
4 4158 3 0 [4-4158-3-0] Mo_02 | B1611 | CGL_fin=0.9 | 300/530 | CdS+stdZAO | SchMa Cell #11: ETA = 16.4 % / FF = 72.6 % / Voc = 629 mV / Jsc = 36.0 mAfcmﬁ.z
4 4158 4 0 [4-4158-4-0] Mo_02 | B1611 | CGI fin=0.9 | 300/530 | Anneal+CdS+stdZAO | SchMa Cell #32: ETA = 15.6 % / FF = 71.2 % / Voc = 635 mV / Jsc = 34.6 mA/cmA=2
4 4158 5 0 [4-4158-5-0] Mo_02 | Bl611 | CGL_fin=0.9 | 300/530 | Anneal+CdS+ZnMg0O+ZA0 | SchMa Cell #34: ETA = 14.8 % / FF = 69.2 % / Voc = 614 mV / Jsc = 34.9 mAf(:mjra.2
4 4158 6 0 [4-4158-6-0] Mo_02 | B1617 | CGL fin=0.9 | 400/530 | CdS+stdZA0O | SchMa Cell #42: ETA = 15.3 % / FF = 69.7 % / Voc = 628 mV / Jsc = 35.0 mA/cmA=2
4 4158 7 0 [4-4158-7-0] Mo_02 | Blel7 | CGL fin=0.9 | 400/530 | CdS+ZnMgO+ZA0 | SchMa Cell #31: ETA = 14.7 % / FF = 68.5 % / Voc = 615 mV / Jsc = 35.0 mA/cmA=2
4 4158 8 0 [4-4158-8-0] Mo_02 | B1617 | CGL_fin=0.9 | 400/530 | Cd5+stdZA0 | Photolitho =

4 4158 9 0 [4-4158-9-0] Mo_02 | B1el7 | CGI _fin=0.9 | 400/530 | Anneal+CdS+stdZAQ | SchMa Cell #21: ETA = 15.2 % / FF = 70.2 % / Voc = 623 mV / Jsc = 34.8 mA/cmA=2
4 4158 10 0 [4-4158-10-0] Mo_02 | B1617 | CGL_fin=0.9 | 400/530 | Anneal+CdS+ZnMg0+2ZA0 | SchMa Cell #11: ETA = 14.6 % / FF = 69.2 % / Voc = 606 mV / Jsc = 34.8 mAfcmﬁ.z
4 4158 11 0 [4-4158-11-0] Mo_02 | B1618 | CGL fin=0.9 | 300/600 | CdS+stdZAO | SchMa Cell #21: ETA = 16.8 % / FF = 72.9 % / Voc = 686 mV / Jsc = 33.6 mA/cmA2
4 4158 12 0 [4-4158-12-0] Mo_02 | B1618 | CGIL_fin=0.9 | 300/600 | CdS+ZnMg0+ZA0 | SchMa Cell #11: ETA = 16.2 % / FF = 73.2 % / Voc = 656 mV / Jsc = 33.7 mAfcmAZ
4 4158 13 0 [4-4158-13-0] Mo_02 | B1618 | CGL _fin=0.9 | 300/600 | CdS+stdZA0O | SchMa Cell #31: ETA = 0.0 % / FF = 25.1 % / Voc = 21 mV / Jsc = 0.0 mA/cmA?

4 4158 14 0 [4-4158-14-0] Mo_02 | B1618 | CGL_fin=0.9 | 300/600 | Anneal+CdS+stdZA0 | SchMa Cell #12: ETA = 16.0 % / FF = 71.5 % / Voc = 670 mV [ Jsc = 33.4 r‘nA;’cr‘rLfi2
4 4158 15 0 [4-4158-15-0] Mo_02 | B1618 | CGL_fin=0.9 | 300/600 | Anneal+CdS+ZnMgO+ZA0 | SchMa Cell #41: ETA = 16.0 % / FF = 73.5 % / Voc = 649 mV / Jsc = 33.5 mA/cmAz2
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PDVisA for Data Mining =1l HZB......

Zentrum Berlin

“if PVcomB
iﬁr" 'i E ) i “Hi Sample Mapper!| Data Curve Account Administration
Measurem E Correlator Plotter ChristianK
FVcomB Data Visuakzation + Analysis -
Sample Mapper: New View
Current view: New View Sample ID: 4 4158 3 0 Select I-V Measurements:
& & &l Cell layout: TR R R AR Rl SoSim PVcoms | CO | 2018-09-14 15:24:00 | 0h LID Nl
New Open Save as
P Cell I-V: Jsc Cell I-V: Voc
Panel View Selection: Semple ID: 4-4158-3-0 .o Sample TD: 4-4158-3-0 -
Cell I-V: Isc v Cell I-V: Voc v ' l
550 35.1 5.1 a5 0 s
Cell LV: FF v Cel Lv: ETA ; 36.0) 35 33 a5 829 827 o273 o33
Cel1V: Rsc X Y 55.8 35.5) 93.3 95.3 627 &zl 25 &31
empty v empty v
Submit | 95.9) 35.7\0Ea8| 35.5 - 628 625 628 &l "
Scale Settings: 6.9 96.0| 35.5 531 530 &30
[ Auto scale: medians +/- 5% ]
post decimals
Cell I-V: Jsc: 33.88€ - 37.452 mA/cm~2 1
Cell I-V: Voc: 597.0¢ - 659.93 mV 0
Cell I-V: FF: 68.077 - 75.24% % 1
Cell I-V: ETA: 15.21¢ - 16.821 % 1
Cell I-V: Rsc: 1.6991 - 1.878C kOhm cm”~2 1
s o - |0 1
Submit
= Cell I-V: FF Cell I-V: ETR
Graph properties: Sample ID: 4-4158-3-0 - Sample ID: 4-4158-3-0 - D :f:f t t I h o h
Width = 900 px ' l / ern OO S, w IC
v2.8 12,3 12.3 124 5.4 15.2 da.d 15.2 .
o O were costom designed
¥ enlarge cell size 2.0 117 7.9 12.2 15.2) 15,9 15.9 18.1
(thin-film silicon cell only) , I / / k
- 7.5 19.9) 1.4 ET 15.1] 15,2005 BRI ailow e-g- to o]0, at
v! show labels i 9

e o | sample homogeneity, ...
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PDVisA

PYoomi Date Visuaksstion + Analysis

PDVisA for Data Mining — Il

A unt

Christiank

HZB......

Zentrum Berlin
“if PVcomB

Data Correlator: New View

Current view: New View

i & . b
g_-_;t'l
Mew Op=n Save 8z

Groups: G1 G2

& Add new group
Settings of Group 1
X Delete this group
Sample Basis

. Experiments

Select user(s):  rhares 3 Hages
Christian A Kaufmann
Christof Schulz
Darja Erfurt
H ahMet ¥ | Submit

Select experiment(s):

2UTE-T20F [WP_1256 H.Dlr?be/_ on CIGS (ELabMetraloger )

2018-11-27 | VP_1289 Singleshot_Test_and_Misc (ELabMetrologer)
2018-11-14 | VP_1274 Vacuum tranfer CIGSe (ELabMetrologer)

2018-11-12 | VP_1284 PVD_Cooling ramps (TB, CAK) (ELabMetrologer)
2018-09-06 | VP_1222.3 PVD_RbF Status Quo 3 (TK,TB,CAK) (ELabMetrologer)

Submit
Sample Description Filter

Sample description | does notcontain v GaOx
Filter by Sample IDs:

Enter ID ranges
(e.g. "1,3" or "1-9" or "1,3,5-9"):
Project ID:
Batch ID: 4160,4172,4173
Run ID:
Coupon ID:
Cell #:

Data Refresh | Show Graphs J| Graph Settings | Data Tables | Statistics

Some measurements hidden

—l HH

Cell I=Y: Jsc (nRfon™2)
8 8 2 £ 8 8
B oa o om R
. }_’:l:H }_):.:‘—l
Anneal +CHS+ g0 20 I }_-_i

Cell I=N: FF (¥}
2 2 8 = i o R G
I }—-:‘—{ »:.:‘—{

Anneal +*CdS+z oAl

CasS+InMg0+ZA0)

Select Data Accumulation Parameter ("x axis"

accumulate by [ Batch-ID | Run-ID | Coupon-ID ]
[ Description (Experiment) ]
[ Measurement Date ]
[ AKT Process Date ]

... data binning for further analysis.
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Cds+stdzZaol

Anneal+CdS + Zntg0+ ZA0|

Anneal +CdS+stdiaol

&70
&850
B30
810
530
570
am
17.14
16.6
i6.1
15.6
18.1
14.6
4.1
13.6
13.1

cell I-v: Voo (nV}

ETA {%}

cell T-v

Group Legend

R o_1
- Mo_2

Sample Legend
D Descri

4-4158-1 Mo_02
B1611
CGI_fin=0.9
300/530
CdS+stdZAO
SchMa

4-4158-2 Mo_02
B1611
CGI_fin=0.9
300/530
CdS+ZnMgO+
SchMa

4-4158-3 Mo_02
B1611
CGI_fin=0.9
300/530
CdS+stdZA0
SchMa

4-4158-4 Mo_02
Ble1l
CGL_fin=0.9
300/530
Anneal+CdS+:
SchMa

4-4158-5 Mo_02
Ble1l
CGL_fin=0.9
300/530
Anneal+CdS+;
SchMa

4-4158-6 Mo_02
B1617
CGI_fin=0.9
400/530
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HZB......

Zentrum Berlin
“if PVcomB

We strongly support data archiving and data publication, but believe that it only
makes sense if the available data is comprehensively documented, i.e. an
entire sample/process history is available.

Thank you!
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