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SENTECH In brief

SENTECH Instruments was founded in 1990 specializing in Thin Film Metrology and Plasma Process Technology
We are 1SO 9001 (2015) certified

Our position in PV Quality Control

Strength Experience PV Market Share Growth
Non-invasive 20+ years in > 500 PV metrology Extension building

optical metrology PV quality control tools worldwide since 2020
Worldwide 100+ employees

service support &
applications labs
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Challenge

Functional thin films in PERC solar cells show process depending variations in film thickness and optical
constants

They depend on deposition line operating time and cell location on the carrier
Manufacturers request a fast and non-invasive measurement method to assure constant cell quality
The measurement device must be easy to operate

Solution

SENperc PV utilizes contactless optical methods for the accurate and precise measurement of both:
* Film thickness .
* Optical constants

Both determine quality of the solar cell: pass or reject
Two step operation: place cell on device & push “Measure” button
Measurement time is a couple of seconds

Cell quality is shown to the operator

Results are automatically saved into SQL database
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Applications in PERC solar cells

* AlO, layer thickness on rear side
* SiN, / AlO, on damage etched Si

* SiN, on textured front side

SENperc PV for other types of solar cells

* HIT
* TOPCON

* Perovskites
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SENperc PV — Main Components Touch screen

Sample platform for max. 220 x 220 mm?

Recipe oriented software

Control panel

Compact design
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SENperc PV - Control Panel

?

.

State  System on/off

START CANCEL/Revert
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SENperc PV - Placing the Solar Cell

Conventional setup

SENperc easy cell alignment setup

-

Sample self-alignment

Flat position for acidic textured or polished cell surfaces
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SENperc PV — Operation

SENperc Operation

Click here to watch the video:
https://bit.ly/2Vgze7h
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SENperc PV — User Interface for Solar Cell Qualification

Recipe

_ Reactor selection Measurement position selector
selection

Qeoipe: 03 - Standard 80 nm SiNx on cmp Si

- Egresievone
Paosition
SENTECH
: left reactor line 2 test line Top left Top right =
Source: Q =
Left Center Right
R e S u | tS Bottom left Bottom Bottom right
ararmneter Value Range
: : Revert Measure
Thickness{SiNx) 84.9 nm
Refractive index{Sihx) 2.007 V Measurement completed &

All parameters are in good range

Last sample: <No Id> OK
Measured at: 1:42 PM 11/12/2020

SQL
d ata ba se History Userlog Log

Il sources O All positions
Thickness Layer 1 - last 10 min v Thickness Layer 1 - 1ast 10 min - Refr. index Layer 1 - last 10 min v Thickness Layer 2 - last 10 min v

T T T T T T T T T T T
13:3502 13:37:55 13:40:48 13:43:41 13:3502 13:37:55 13:40:48 134341 133502 13:37:88 13:40:48

13 11

Measuremen t success Fully completed
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SENperc PV - User Interface — Position Selection

A)Up to 9 positions can be selected for flat cell positioning

Position

Visualization

Top left Top Top right
Left Center Right
Bottom left Bottom Bottom right
Center position with inclined cell
mount
Position Position
Top Top right
Lef Center Right
Bottom left Bottom Bottom right
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SENperc PV — User Interface - Detailed View

Current result

Thickness in range

!arameter

O]

Target Value Range

Thickness({SiNx)

84.0 nm 24.9 nm

Refractive index{SiNx)

2.000 2.007

Refractive index in range

Out of spe
In specs

Out of spe

SQL database

Selectable time period:
minutes = months

L1 All sources L1 All positions
@ |Thickness Layer 1 - last 10 min v|
e
CS |
a6
1 s
©-
a2
CS ;
a0 -

T
13:35:02

Recent results

T T T
133756 1340048 13:43:1
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SENperc PV — Recipe creation

Ranges for thickness
and optical constants

Recipe definition

@ec\pe Settings X

° S E NTECH ff 1 p H Description |OS - Standard 80 nm Sitk on cmp Si v| [+ &
o e rs re c I e c re at I o n [ \Senlech\SpecllaF\@jeepes\F’ERCGU\03 Standard 80 nm SiMx on emp Si.perc.xml

4PERC\RecipesiSE-Advanced\03 Standard 80 nm Silx o] ]

. Rep file |C:\Sentech\8p
as a Se r\"Ce Sample picture |

& Display sample ilfo input 1 Use extended digits for refr. index

Position pattern |1 point ceriter V|
Layer Parameter VWiew  Cleck Belowoutofspec  Goodrangemin  Target Goodrange max  Above out of spec Offset
Thickness M v |80.0 82.0 84.0 \86.0 38.0 0.0
- t Refractivein...| B v | 1.960 1.980 2,000 0 2.040 0.000
° N W reci p n b r d by Absorption o B [oooo 0.000 0.000 A AT —

e ec es ca e c ea e Si DUV-NIR. | Thickness O 1 |9,800,000.0 9,900,000.0 10,000,000.0 ,100,000.0 10,200,000.0 0.0

Refractive in O T |3.796 3.835 3874 3913 3.951 0.00
the customer Absarption O b |ooia 0.014 0.015 0.015 0.015 0.

Matching

aaaaaaaa ted MSE: 3 [ ]

* Recipes can be customized

Sample description files (optical model) _,
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SENperc PV - The technology behind it ...

2. Modeling 3. Input

1 Air
Assumption:
Layer
Thickness
Substrate e Optical constants

 Measurement yields a pair of optical spectra

4. Before fit 5. After fit

»
Ll

Measured spectrum
Modeled spectrum

v

Results:

* Thickness
e Optical constants

Fit procedure reduces deviation between mode
an meas. by changing the model parameters

e Optical modeling is used describing the thickness and optical constants of the solar cell films

* Fitting procedure matches measurement and model for extracting thickness and optical constants

15
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SENperc PV — Application Examples ...

SENTECH j= %

SENTECH Jrivmm
SENperc PV - PERC - Rear side

SENperc PV - PERC - Front side
EEITER [ 1 somvie | [ oupu |

Air Assumption: A Results: o Assumption: ‘ Results:
SiN, \ SiN, SiN, " o | SiN,
SiN, - Th:80nm + Th:65nm SiNk. Th: 130 nm \ + Th:118nm
LS - m20 n:2.05 s n:2.2 1/ \ n:2.22
L RGN . o
Alo, Alo,
Substrate | ) c-Si - Th:30nm Th: 29 nm
| / Substrate
PERC layer stack ! !
Front side . - = - e PERC layer stack |
Rear side 1
a0t Modeled spectra
17 18

SENTECH [
SENperc PV — TOPCON

SENperc PV - HJT

Air Assumption: L 1/ Results: Air Assumption: ".‘ Results:
- mo . g SiN, = Poly-si (total) . Poly-si top:
- Th:80nm - % + Th:118nm Poly-Si top = Th:130nm N\ \ « Th:47nam
ITO / 4\ 4\
- om19 " S « m: 187 - oma . ~ + om o385
: —= L - \ Poly-5i bottom § )
asi asi asi —— <0, si0, Poly-Si bottom:
Th:10 nm + Th:9nm : Si0; - Th:2nm o = y - Th:74nm
Substrate / / - m o399
&Si Substrate "
-Si :
© 50,
. + Th:18nm
HIT layer stack - . = - -
TOPCON layer stack
Modeled spectra Modeled spectra
= Complex multilayer stacks can be analyzed successfully with high accuracy
19 20
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SENperc PV — PERC - Front side

1. Sample 2. Modeling 4. Before fit 5. After fit

Air Assumption: Results:
SiNx 7 304 5 30q SiNX
* Th:80 nm * Th:65nm
' e n:2.0 " e n:2.05
C_Si AE‘IU Sﬁﬂ Hﬁﬂ 1000 Aﬁﬂ Bﬁﬂ Hﬁﬂ 1000
Wavelength [nm] ‘Wavelength [nm]
Substrate
PERC layer stack
Front side / /
400 Wave\zé\‘;lh - 300 1000 400 Wave\ié\‘lgth - 300 1000

Modeled spectra
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SENperc PV — PERC - Rear side

1. Sample 2. Modeling 4. Before fit 5. After fit

Air Assumption: Results:
SiNx 200 2 00 SiNX
e Th:130 nm e Th:118 nm
| * n:2.2 e n:2.22
. AIOX Wavelength [nm] Wavelength [nm] AI Ox
c-Si e Th:30 nm * Th:29 nm
Substrate
PERC layer stack
Rear side W e
Wavelength [nm] Wavelength [nm]

Modeled spectra
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SENperc PV - HJT

1. Sample 2. Modeling 4. Before fit 5. After fit

Air Assumption: Results:
ITO 2, : | SiN,
* Th:80 nm e Th:118 nm
ITO
* n:1.9 = * n: 1.87
d S| aSi Wavetengih [l Wavelzngth [ aSi
© Th: 10 nm 300 ann—/ ° Th: 9 nm
Substrate
1004 %/ 100 /
HJT layer stack I I T w -

Modeled spectra

19
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SENperc PV - TOPCON

1. Sample 2. Modeling 4. Before fit 5. After fit

Air Assumption: Results:
roughness Poly-Si (total) N 7| Poly-Si top:
Poly-Si top * Th:130 nm * Th:47 nm
* n:4 " * n: 3.95
POIy'Si bOttom S_O = Wav:\ae:g[h[nm] o e o Wav:;aegglh[nm] o e P I s. b tt .
= roughness - - SjO, . 10; oly-351 bottom:
L =P == foaiand / SIO—) © Th: 2nm 170 170 ¢ Th: 74 nm
* n: 3.99
| Substrate
- 1504 1504 502
* Th:1.8 nm

T T T T ; T
400 600 800 1000 400 600 800 1000
Wavelength [nm] Wavelength [nm]

TOPCON layer stack
Modeled spectra

- Complex multilayer stacks can be analyzed successfully with high accuracy
20
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Conclusion

* SENperc PV for fast and accurate solar cell
quality control

e Solar cell self-alignment

* Recipe-oriented user interface
* Push button operation

* Integrated SQL database

* Various solar cell applications

* Future-proof for emerging cell designs
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