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Motivation

B Driven by PV — Industry
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Motivation

B Commonly used techniques

© Photoluminescence (PL)

B Microwave Photoconductive Decay (u - PCD)

B Surface Photovoltage (SPV)
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Motivation

B Commonly used techniques

“ Surface Photovoltage (SPV)

Scan head diameter 8 mm
Measurement raster 1 mm

Hard to compare with y-PCD and PL due to
worse resolution and different injection levels

I 75um B _120umI
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Motivation

B Lateral resolution is not sufficient to explicitly allocate the cause of short diffusion lengths to
grain boundaries or bulk material

B Requirements for production:
No additional sample preparation
Ambient conditions

High spatial resolution

B Combine SPV with KPFM

SPV is limited by the diameter of the macroscopic Kelvin Probe

GEFORDERT VOM

IMVEE ¢ (SAOT 5 rraunhofer

1ISB



Theoretical Background

Surface Photovoltage

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Theoretical Background

Surface Photovoltage

®  Electron — hole — pairs are generated St 51
B Miniority carriers diffuse and drift <@ 0 -Tvpbe
towards surface -> SPV DL oY | (,cp Dpr ) |
ns ns; =n
B SPV ~ excess minority carrier density VP L I
An(W)
Vspy/ O W d X

[ o fd-W d—Ww wd W w1l
K;sinh I + K,cosh I +e™¢ [K3Slnh (T) + K, cosh (T)]

-1
| (5152L D) , d d Caw
[( D + I sinh (L + (s, + s,)cosh L e

An(W) =A

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Theoretical Background

Surface Photovoltage

®  Electron — hole — pairs are generated St 51
B Miniority carriers diffuse and drift <@ 0 -Tvpbe
towards surface -> SPV DL oY | (,cp Dpr ) |
ns ns; =n
B SPV ~ excess minority carrier density VP L I
An(W)
Vspy/ O W d X
withAd = (1 —R)® « t/(x? L? — 1)
K—SlSZL+ L s.s.LL
1= Tp T Ky= 22 5 «L
D
K,=s,+xD K,=s,—xD

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Theoretical Background

Surface Photovoltage

®  Electron — hole — pairs are generated St 51
B Miniority carriers diffuse and drift <@ 0 -Tvpbe
towards surface -> SPV DL oY | (,cp Dpr ) |
ns ns; =n
B SPV ~ excess minority carrier density VP L I
An(W)
Vspy/ O W d X

B  Assumptions:d —W =d;d —W »L;x(d —W)=xd>»1,x W K 1;5,> 0

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Theoretical Background

Surface Photovoltage

B law of junction® relates surface voltage to excess carrier density at x = W for V, < 0.5 kT /q

|74
An(W) = ny(exp (3{;) — 1) = ny,qV,/kT

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Theoretical Background

Surface Photovoltage

B Assumptions:
Low injection levels: D, = const
Diffusion length L, = const
Restricted wavelength range and bare surface: R = const

If An(W) = const during measurement: s; = const

B Only variables left are a and ©

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Theoretical Background

Surface Photovoltage

Constant photon flux density ® constant surface photovoltage V,

D 1 D 1
1 ny(s; + 74 Un+3) B neV,(sy + 19 (In + )

v Eha-re b Eha-r b
1 1
=Ciln+-) = Cy(Ln+ )
1V, ®
L, L

1/a 1/a

D. Schroder: Surface voltage and surface photovoltage: history, theory and applications, Meas. Sci. Technol. 12 (2001) R16-R31
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Process of Quantification

Reference Samples

= 25 SPV-Wafer (6% boron doped, 10 Qcm, 625 um)

= 20 nm Oxide
= 20 Wafer (#06-#25) : Fe-Implantation (180 keV), 5 Wafer per dose:
Doses: 2-10%cm2, 6,75-109cm2, 2.10"" cm2, 6,75-10"" cm2
(homogeneous Distribution in 625 ym Wafer:
- ca. 3.2.101 cm=3, 1.1.102 cm3, 3.2-1012 cm3, 1.1-1018 cm-3
RTA:

e) 45s bei 1100°C (1/1 slm O,/N,),

- 4x for #06, #07, #11, #12, #16, #17, #21, #22
- 6x for #08, #09, #13, #14, #18, #19, #23, #24

= Forming Gas Anneal (430 °C, 30 min., 0,47 I H, /10 I N,)
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Calculation

Process of Quantification

Reference Samples

Diffusion length measurement: L.

\

Fe-B Dissociation (optical)

\

Diffusion length measurement : L 4,

\

NFe:C' =

1

Nege = 7.5-10" cm™

No
k)
10° 3
3
_ * before dissociation % ]
2 2 > after 100 % dissociation 3' ]
Lafter Lbefore 0 YL Y T Y R R ol
10°10°10*10° 10?10 10 10 10 10 10* 10
injection level n
- 16 1 12 3 Rommel et al., Diffusion and Defect Data Pt. B: Solid State Phenomena 82-84, 373-380 (2002)
C =1.06-10% ym=cm?, Zoth, Bergholz, J. Appl. Phys. 67, 6764 (1990) Rommel et al., Journal of the Electrochemical Society 155 (2), H117-H123 (2008)
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Process of Quantification

Reference Samples

#22:6.75-10" cm-?

. csoeo I

NanoSPV Fe 22 before NanoSPV Fe 22 after NanoSPV Fe 22

I 52 um IS T ;o B 21 oom =
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Process of Quantification

Reference Samples

1.0E+03
——Lbefore theory
===-|before theory LO
— Lafter theory
----Lafter theory LO
® Lback before
£ ® Lback after
=4
£ X Lbefore front
ﬁ Lafter front
& 1.0E402
| =
2
5
E
[a)
]
1.0E+01 ;
1.0E+11 1.0E+12 1.0E+13 1.0E+14
N in 1/cm?
Rommel et al., Diffusion and Defect Data Pt. B: Solid State Phenomena 82-84, 373-380 (2002)
Rommel et al., Journal of the Electrochemical Society 155 (2), H117-H123 (2008)
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Process of Quantification

Reference Samples

1.0E+14
—1:1
Fe front
X Fe back
1.0E+13 X
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1.0E+11 1.0E+12 1.0E+13

H 3
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Measurements and Results

Setup
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Measurements and Results

Single Point Measurement — Fe 1.1.10%3 cm?3

surface potential in mV
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Measurements and Results

Single Point Measurement — Fe 1.1.10%3 cm?3

Macroscopic SPV:
L,=72.75pum

€ Measured Signal
Linear Fit
30
20 4
104.27 pm
10 4 :
134.20 pm
L, = 73.88 ym |
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5.5 um .
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Measurements and Results

Single Point Measurement — Fe 1.1.10%3 cm?3

304 ¢ 7156um ¢ 7054pum
¢ 7869um ¢ 73.48um
8250 ym ¢  68.09 ym
254 67.46um *  84.20 um
¢ 6504pum * 84.18um
20
Macroscopic SPV:
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Measurements and Results

Single Point Measurement — Fe 3.2.10*%?2 cm?3

a5 * 128%0wm ¢ 16380um
1 ¢ 13542pm ¢ 128.84um
13400um *  133.77 ym
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Measurements and Results

Single Point Measurement — Fe 1.1.10*? cm?3

1/ U, in1/V
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Macroscopic SPV:
L,=198.35 ym
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Measurements and Results

AFM Map — Fe 1.1.108¥ cm=3—-5 pm x 5um

220 pm
- Ltaximum: 219.15 pm
I—Minimum: -3.19 Mm
| Laverage: ~ 78.07 ym
Lvedian: 76.56 ym
-4.00 um
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5.00 pm

Measurements and Results

AFM Map — Fe 1.1.108¥ cm=3—-5 pm x 5um

<— Topography

Dark Signal
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Measurements and Results

AFM Map — Fe 1.1.108¥ cm=3—-5 pm x 5um

Dark Signal
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Measurements and Results

AFM Map — Fe 1.1.108¥ cm=3—-5 pm x 5um
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Measurements and Results

AFM Map — Fe 1.1.108¥ cm=3—-5 pm x 5um

126 pm
I-MaX|mum 126.20 MM
I-M|n|mum' 41.01 MM
= I-Average 72.34 MM
L\edian: 71.66 pm

40.0 ym
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Summary and Outlook

Quantitatively proven that NanoSPV is comparable to macroscopic tools
Increase stability of measurement (photon count and AFM drift)
Currently at project partner for updates

Measure poly- and microcrystalline samples
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NPh/SPV in 1/cm?/s/mV

Surface Photovoltage

Same SPV - Signal
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Surface Photovoltage

Same Photon Count

NPh / SPV in 1/cm?/s/mV
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