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Defects in high-energy self-implanted Si - The R /2 effect

* after high-energy (3.5 MeV) self-implantation of Si (5 x1012 cm-2) and
RTA annealing (900°C, 30s): two new gettering zones appear at R, and
R,/2 (R, = projected range of Si*)

vusuble by SIMS profiling after intentional Cu contamination
* at R, gettering by interstitial-
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The positron lifetime spectroscopy
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Positron lifetime spectroscopy

= positron lifetime spectra consist of
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Theoretical calculation of vacancy clusters in Si
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configurations with a large
energy gain

.Magic Numbers” with 6, 10
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positron lifetime increases
distinctly with cluster size

for n > 10 saturation effect,
i.e. size cannot be determined
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Monoenergetic positrons obtained by moderation

* positron annihilation was very successful in defect identification in last decades

semiconductor technology: thin layers (epitaxy, ion implantation)

broad energy distribution due to §* decay

some surfaces: negative workfunction = moderation (but rather inefficient)

Energy distribution after f* decay Effect of moderation
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152+ After moderation J — 2um —— fraction
— _ -3
5 10°F il annihilation =13%
3 107t 22 i - .
2. Na emission spectrun] g e
%I 10-5}F 1 5 | thermalization diffusion
3,46 Z ti
10 - - monoenergetic ~ 0’05(y
% 7 fast et > positrons 1
10 'r - g — " » ~——>
2 E=3 eV
-8 ] E|——
10 -
1 1 1 ! 1 ] ! ] 8: —b\/\/\/\ fa.s't positrons = 87%
-1 .40 1 2 3 4 >
107" 10° 10" 10% 10% 10% 10° 10° o up o several 100 keV
Positron energy [eV] ~ AN

Martin-Luther-Universitat Halle




Conventional positron beam technique

* positron beam can be formed using mono-energetic positrons
* often: magnetically guided for simplicity

source ExB fiilter  collimator accelerator sample

l

/ ________ P(*) ;»;} ,

moderator v =0... 50 KV
magnetlc

UE"B guidance field

0..5pum
penetration depth

* defect studies by Doppler-broadening spectroscopy
* characterization of defects only by line-shape parameters or positron diffusion length
* for positron lifetime spectroscopy: beam can be bunched
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Scanning Positron Microscope in Munich
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* Semiconductor devices nm- :",'7"
sized = Positron microprobes / il
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* However: positron diffusion 5 % 5

length is fundamental limit for 7 = ’//
"

lateral resolution R
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* no sense to improve resolution m: /
much below 500 nm 8 3

* first instrument was realized
at Univ. Bonn (20 ym; Doppler

2
spectroscopy)
* first realization of scanning 4
positron microscope for vt
lifetime spectroscopy: in N
f .m P PY Specimen Manipulator / <
Munich "(;
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Positron lifetime at Munich

Positron Scanning Microscope
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Enhanced depth resolution by using the

Munich Scanning Positron Microscope

positron
microbeam
E=8keV * sample is wedge-shaped
polished (0.5..2°)

* layer of polishing defects
must be thin compared to
e* implantation depth

—> scan direction

defect depth
\L 10 pm

lateral resolution
.. 2 um * best: chemo-mechanical
polishing

>

B Tdefect
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scan width
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Depth profile of Rp/2 smple 0,8 11—
measured using the Microscope [EEESEEYINEE IS S Qs NN
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300 | . .
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* Problem with Microscope: Intensity
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* By using positron microbeam: high-quality defect depth profiles
* in future needed: user-dedicated high-intensity positron sources

* planned: FRM-IT in Garching and EPOS (= ELBE Positron Source) at
Research Center Rossendorf

Talk can be downloaded as PDF-File:
http://positron.physik.uni-halle.de
contact: mail@KrauseRehberg.de
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