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I{ETASTABILITY OF ZINC-REIATED CENTRES IN SILICON: PHOTO-EPR STUDY

H.E. Alcink, N.T. Bagraev, T. Gregorkiewicz and C.A.J. Arnmerlaan

NaÈuurkundig LaboraÈorium der Universiteit van AmsÈerdam,
ValckenierstraaÈ 65, NL-1018 XE Amsterdam, The Netherlands

A photo-EPR sÈudy has been performed on silicon single crystals
doped with natural zinc. In particular the spectral dependence of
che intensity of the Si-NL34 EPR centre previously identified as
a ZnCu pair of monocllnic synmeËry has been Í.nvesÈigated.
Quenching of the s ignal by the inpurlty l ight has been obsetrred.
Two new EPR centres whose generation coincided with the quenchitg
of the NL34 signal were investigaÈed.

INTRODUCTION

Single shallow donor and acceptor cenËres in silicon are well sÈudied.

Huch less is known abouÈ the centres wich two ionisation levels, and

especially double accepÈors . Here Ëhe zinc irnpurity, whose dif fusion
procedure has recently been developed aÈtracÈs much atÈenËlon as

electrical neasurernenÈs I ) , DLTS 2) , and infrared absorption data 3 )

become available. A varieÈy of Zn-related energy levels has been found

in the band gap of silicon indicacing prolific affini.cy of Èhis inpur-
icy to form conplexes with shallow acceptors 4> and transltlon meÈal
- 5 ) . Consequently the EPR technique has also been appllede lements

yielding in several instances detailed identification of the obsetrred

defecÈ centres 6 '7 ). In the presenË study the Si-NL34 EPR spectrum

previously idencified with a zinc-copper pair has been investigated by

the phoÈo-EPR technique .

The macerial for the study

into conmercial, p-type,

AKPERII{ENTAL

has been prepared by diffuslng natural zinc
boron-doped, high resisÈivity FZ silicon

(Wacker). The diffusion process has been conducted at 1200oC in a

sealed, inerÈ gas filled, quarÈz ampoule; differenc diffusion pro-
cedures and heat ÈreaÈnent sequences were used. Ttre measurenenÈs were

performed in an EPR specÈrometer operating in X and K microwave bands,

tuned Èo detecÈ the dispersion parË of Èhe signal . Ttre experlnental
se È up permitted in s iÈu illurninaÈion of the sample by means of a

quar Èz t ighcguide . Ttre 1 ight f rom Èhe halogen source nas dispersed by

a monochromator and addicionally passed through filcers.
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RESULTS AI{D DISCUSSION

In Figs.la and lb the results of the photo-EPR experimenE as obÈained

for two materials diffused in somewhaE different procedures are

presented. In boch cases it has been found that the Si-NL34 speccrun
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Flgure 1. Photo-EPR specÈra of
b): ZnCu (o) and Si-NL34 (o).

hrr (eV)

e): ZnCu (o) and Si-tll39 (o) and

could be quenched with the same characterisÈic energy of - 0 .67 eV.

The intenslty of the EPR signal could be lowered Èo about half of ics
ini t ial value wi th the ac tual quenching raÈ io be ing , to a l irni Èed

extenÈ, sample dependent. The illumination of the srmple wich Èhe band

gap light restored the EPR signal Èo its original (non-illuninaÈed)

intensity.The onseÈ energy value for the quenching of the NL34 signal
is very sirnilar Èo Èhe -/-- electrical level of zlnc as determined by

DLTS measurements. A1Ëhough such correlaÈion could be coincidental, it
is also posslble ÈhaÈ it indicates the situation in whlch the presence

of a nearby copper atom has only linited influence on the properties
of the zinc atom leading to srnall rnodificaÈions of its energy levels.
The quenching of Èhe NL34 EPR spectrum was found to be ln each case

correlaÈed to the generaÈion of oÈher zinc-related centres. Itrese

were furcher sÈudied in Ínore decail. In case of Èhe measurenents

presenÈed in Fig.la quenching of the NL34 resulÈed in simulËaneous

generation of a previously unknown spectrum, labeled here Si-NL39 .
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Metastabiliry of Zrnc-Related Centers in Silicon . . .

The Si-NL39 signal could be obsenred exclusively under the illurnina-
tion. The angular dependence of the new specÈrtrm is presented ln
Fíg.Za. As can be seen the spectrun is composed of many lines and lts
ful1 analysis is aÈ this rnoment still not possible. NeverËheless lcs
s imi larity to the quenched NL34 specÈrrrn, ês deplcted in Fig. 2b for
easy comparison, is apparent wiÈh the anisoÈropy being slightly
bigger. ïherefore we tentatively idencify the Si-NL39 centre as a

zinc-copper complex of monoclinic synmecry. lhe work currently ln pro-
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a): S1-NL39 and b): Si: ZnCu (Si-

gress will ain at subscantiaÈing Èhis idenÈiflcation.
IE is tempting to explain Èhe observed photo-EPR data as llght-lnduced
trans icion becween cwo charge states of che same ZnCu conplex. Such

interpreËaËion appears however co be greaÈly oversirnpllfted in view of
the (mosË probably) identical S-1/2 spin value for both centres and

also an obviously large varieÈy of zinc-relaËed conplexes. ï'his is
furÈher evidenced by Èhe resulcs of Che photo-EPR experiment for dif-
ferent macerial, as depicÈed in Fig.lb. As can be Íeen the quenchlng

o f che NL34 s ignal is in ch is case accompanied by Èhe s lmul t,aneous

generaÈion of a different Zn-relaÈed EPR specÈrum, namely Si-NL36 7) 
.

The angular dependence of che NL36 specËrun has been studled and ls
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presented in Fig. 3 . Ic reveals orthorhombic s)nnmetry of the cencre ;

additionally, a small misorientation of the sample may be seen. The

microscopic identification of the centre is not yet available but

there is substantial evidence of the involvement of zLnc and chrornium

atoms .
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Figure 3. Angular dependence of
S i-NL36 EPR spec trum .

ZnCu or ZnCr complexes as depicted in

Combined, the photo-EPR data for

both materials are rnost readily

explained if the quenching of the

NL34 signal and the generation of

the other NL36 and NL39 spectra

are related to different

processes i. e. one to the capture

and the other one to the emission

o f an e lec tron . The quench ing o f

the NL34, which is a dominaÈing

mechanism rnos t probab ly due to

the general abundance of chi s

centre, could then be, for exarn-

ple, accomplished by a hole cap-

ture process while simultaneously

generated e lec trons would be

captured by the e lec tron traps

avai lable in the given sample

Figs.la and lb, respecCively.
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