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- Outline

Electron beam induced current (EBIC):
= Principle & information content

= Experimental setup

= Limitations and artefacts

= Examples

» References
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==1[08 Cross section EBIC: priniciple & information

Collection function f(x) — a property of TFSC device:
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2013, Nichterwitz, JAP 114, 134504
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==1[08 Cross section EBIC: priniciple & information
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Wiki: Brian Amberg

EBIC(x) = fotf(x’) * g(x,x") dx,

EBIC:

» simulatenous recording of SE and induced current

= Typical BIC curret ~ I, *E,/E,

= Convolutes generation- g(x) and collection function f(x)
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=108 Experimental procedure:

v’ cleaving... (sample age!)

N|/AI$

TCO

v contacting: In wires & Ag paint on Ni/Al contact = -

v' mounting

= multi line feedthrough
= mechanical bridge

= rotation stage

v SEM
v amplifier = digitizer (commercial or quick&dirty: use SEM digitizer)
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==1(08 | imitations & Artefacts

» Lateral resolution: beam energy ~ generation volume
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==1(08 | imitations & Artefacts

= Shunt resistance: absolute comparison of different samples
device
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for direct signal comparison
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= Surface & Morphology

Disconnected grain

Focused ion beam polish can help,
however:

= Ga ions, unknown effect on absorber
= Decreased Rp observed
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=:=1[(0m Examples

Cu doping of CdTe Enhanced collection in Cu(Zn,Sn)(S,Se),
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2015, Werner, ACS Mat & Interf.
2013, Kranz, Nature Comm., 4:2306 DOI: 10.1021/acsami.5b02435
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Outline

Time resolved photo luminescence (TRPL)
= Principle & information content

« Experimental setup

« Limitations and artefacts

« Examples

* References
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LS Priniciple & information

injection A7 (t = 0) (e.g. laser pulse)
i) Time resolved detection of luminescent recombination signal L(t)
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From Shockley read hall statistics
— — —-t/t
An(t) = An(t = 0)e /Tn and under low injection

Decay timescale of luminescence should reflect minority carrier «lifetime».
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88 Methodology — time correlated single photon counting*
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LB Non Idealities — Non linear transients

= ... due high injection density:

10 - .
_ (_\ low injection (An < py):
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e 7 o
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= ...due trapping, junctions, surface effects, introducing non trivial dynamics!!

= Sample bleaching and aging additionally effect the transients
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LS Predictive power of TRPL
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FIG. 2. TRPL figure of merit (y-axis) as measured on bare absorber versus completed-device efficiency (x-axis), for excitation with (a) 670-nm and (b) 905-nm
laser. Line is least-squares linear fit to data, with the gray dashed lines showing 90% prediction intervals.

= Statistically, TRPL lifetime* is a predictive parameter for the device efficiency

= More difficult for one single device due:

= Surfaces

» Gradings

= Shunts

® ... (see Repins, Rev. Sci. Instr. 86, 013907, 2015.)

EMPAQ
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=:=1[(0m Examples

Highly efficient kesterite 11.2 %

PCBM as electron extractor on Pbl,:MA

Effect of bandgap grading
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Improvements in absorber
morphology are well
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2015, Haass, Adv. En. Mat, 1500712
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- Conclusion

EBIC and TRPL allow to probe minority carrier recombination processes:
= EBIC offers sub um resolution on carrier collection properties
» TRPL is a highly sensitive probe for sources of non radiative
recombination and minority carrier dynamics

To avoid artefacts, both techniques require precisely controlled probing
conditions, especially the injection level

Both are affected by fields, junctions, surfaces... which can make
straightforward interpretation difficult but allows investigations of respective
phenomena

TRPL provides a statistically significant predictor for device efficiency
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L= Other effects

PL bleaching —irradiation damage
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TRPL

More detalls

3 level model:
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Analytical expressions for excess carrier
recombination dynamics*:

An = —(Rraqa + RSRH)

Ryqa= B(Tlp - nopo)

_ Pn—Pono
= For p-type and low injection An << p,
An
An ~ —Rgpy = ——
Tn

Luminescence counts

A typical measurement:
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1) (instantaneous) excess carrier injection (e.g. laser pulse)
i) time resolved detection of luminescent recombination signal L(t)

log(L(t)) < log(An(t)) < const — t@

Linear decay timescale on log-plot should reflect minority carrier «lifetime».
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LS8 Experimental procedure
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LB Non Idealities — Non linear transients

= ... due high injection density:
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M. Maiberg, JAP 116, 2014.
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FIG. 6. TRL-rransients for Ny= 10" cm ¥ and different #,.. The solid lines
represent simulated data, the dots represent approximated data.

= ...due trapping, junctions, surface effects...
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Radiative recombination: Band-band
recombination

P =Dpo+ Ap
n=ny+ An
An = Ap

Ryga = B(np — nopo)

"excess e—p finds host p—e"  "excess e—p finds excess p—e"
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2 level model
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Model: Defect recombination

Ce =n (N —ny) o vt n
E = _(EC—Ed) /KT Ce Ee
e =Ny Nc e On Vt
n
Cp =p N oy vt t
E, C
p p
E, = (Ny —ng) Ny e ET-EVI/KT g 9y, RG
P
» dynamic trap XS =! equilibrium trap XS
» ready to simulate!
» whereis SRH?
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Link to Shockley-Read-Hall expression:

= recombination event <-> net electron capture on defect (steady state)

Rspy = C. — E;
Co=n(Ny —ng) oy v
Ee = n, NC e—(EC—ET)/kT 0, Vs

» find defect occupation
= assume steady state (not therm eq.)*: Ce-Ee=Cp-Ep

N Cpn + Cyp
- = =
"t St Ch(n+n*)+C,(p+p*)
R _ pn —poeny
SRH T,(n+n*) +7,(p + p*)
nx= N, o —(EC—ET)/KT
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