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Preface 

This volume contains the Proceedings of the 5th International Conference on Shallow Impurities in 
Semiconductors (ICSIS-V). The ICSIS conference, which was linked to the 21st International 
Conference on Physics of Semiconductors (Beijing), was held at the International Conference 
Center Kobe (ICCK), Kobe, in Hyogo prefecture during the week of 5-8 August 1992 and was 
attended by 145 people. 
The conference is devoted to the basic science aspects of shallow impurities in the well-known 
semiconductors and to closely related subjects. 1n addition to the 75 contributed papers, there were 
two plenary, eight invited and five late news papers representing a cross section of the most active 
areas of research in the PHYSICS, CONTROL and CHARACTERISATION of shallow impurities 
in semiconductors and superlattices. Most of these 83 papers and 5 short communications are 
included in these proceedings on the basis of their coverage of recent topics and their importance. 
An early motivation for study in this field was to understand the fundamental physical and chemical 
properties of shallow impurities. The subject of the physics associated with the ground or excited 
electronic states of shallow impurities, which are closely related to the nature of the band structure, 
is an important area of science in itself. Today, if sophisticated characterisation methods and 
modern crystal growth techniques are used, it is possible to identify the fresh electronic impurity 
states. The papers presented, and discussions which followed them at this meeting attest to the 
progress that has been made in the physics of shallow impurities. Some areas concerned with 
problems associated with shallow impurities are relatively mature, others are quite new. An area 
that is rapidly maturing into a major field of study is the effects of low-dimensional and nano-size 
structures on shallow impurities. During the conference a special rump session on"p-type doping in 
ZnSe" was held to allow for fruitful and informal discussion on this problem. 
Since the 3rd ICSIS in Sweden, there has been considerable interest in the field of impurities and 
defects in semiconductor superlattices. The two main research areas on shallow impurities that are 
of technological interest (heavy doping and ULSI) can now be increased to three with the inclusion 
of the new physics in quantum well of low diemensional structures. Within next few years, most of 
the researchers who are engaged in the study of classical shallow impurity problems will move 
towards this new field of quanrum wells and superlattices bringing new theories and experiments. 
The old style of the ICSIS will therefore be improved. It can be also expected that a new area 
"Optical characterisation of impurities in nano-structured semiconductors" will be developed. 
The overall success of the ICSIS-V, held on the basis of our "Physics and control of shallow 
impurities" concept, was due to the efforts of many individuals. In this short space it is impossible 
to thank all those who contributed to malting this conference a success. However I would like 
particularly to thank Hiroshi Nakayama of Kobe University and programme committee members 
for runing the manuscript procedures before and during the conference. It is my sincere hope that 
this conference volume will serve to give significant information of the recent progress in the 
studies of shallow impurities in semiconductors for physicists and engineers. 

Tsunemasa Taguchi 
Osaka University 

Editor of the Proceedings 



Opening Remarks 

I am very happy to open the fifth International Conference on Shallow Impurities in 
Semiconductors, here in Kobe.On behalf of the organizing committee, I would like to welcome all 
the participants, especially from overseas. This conference is the fifth in the conference series, and 
the first conference was held in 1984 at Berkeley, which was organized by Prof. Haller et al. This 
conference is held, similarly to the previous conferences, as one of the related conferences of the 
21st ICPS in Beijing, which will be held in the next week. 
The understanding of impurity sates and control of impurities has been one of the most important 
problems in the physics and technology of semiconductor materials, because most electronic and 
otpoelectronic devices are fabricated using a combination of n-type and p-type impurity-doped 
semiconductors. The physics of shallow impurities in semiconductors. particularly in Ge and Si, has 
been extensively studied, and the details have been revealed. These studies.have been done in 
connection with the understanding and controlling deep impurities or def~cts in the materials. Our 
colleagues present here contributed greatly to these studies. Based upon these successful 
achievements, many electronic and optoelectronic devices have been developed and are now 
commercially available. 
However, there remain many problems on impurities. Even in the group IV elemental 
semiconductors, we have to continue the investigation on light-element impurities, heavy-metal 
impurities, impurity-complexes and so on. In particular, there are many difficult problems on 
impurity states in compound semiconductors, though many important studies have been done 
recently in III-V compound semiconductors such as GaAs and InP. These problems are closely 
related to difficulties in controlling residual impurities and inherent defects involved in the 
materials. In the recent few years there has been much attention to wide-bandgap 11-Vl compound 
semiconductors for optoelectronic device applications in the blue-light region. After a very long 
history of research on wjde-gap semiconductors, p-type impurity doping in ZnSe has become 
possible, which has resul~d in the successful fabrication of a blue-green laser diode based upon a 
ZnCdSe quantum well structure. This is one of the great achievements showing the importance of 
impurity studies and control in semiconductors. This p-type doping in 11-Vl compound 
semiconductors will be discussed in the rump session of this conference. 
This field of impurities in semiconductors is thus still in progress, but new aspects in the research 
on impurities have recently become prominent. The recent progress in many novel crystal growth 
technologies of ultra-thin semiconductor materials has enabled us to fabricate various kinds of 
artificially structured materials such as superlattices, quantum wells, quantum wires and so on. It is 
interesting and also important to investigate the impurity states in these quantum structures, because 
a series of these materials is, in a sense, a new class of semiconductor materials and also some of 
them are utilized in device applications as mentioned above. In fact many researchers have been 
engaged in this problem theoretically and experimentally. As a result, many important results have 
been revealed, but further study should be required to understand the impurity states completely. 
This situation is the same as that with the impurity problems in nano-structured semiconductor 
materials such as clusters and fine particles. 
In the field of semiconductor device applications such as ultra LSis, there are also many problems 
on impurities. These most advanced devices require the very precise control of impurities, ultra 
heavy doping of impurities, selective doping of impurites in a very small limited region. These 



severe requirements also lead to the presence of a new aspect of the research on impurities in 
semiconductors. 

As mentioned here, the importance of the physics and control of impurities in semiconductors is 
increasing again. We can say that this old field in semiconductor science and technology has 
revived. 

When we were asked to organize this conference in Japan, we discussed the scope of the conference 
and decided to put the subtitle "Physics and Control of Impurities", considering the recent trend of 
this field. In accordance with this scope, we have set up the program of this conference, though we 
were encountered with many difficulties by the cancellation of invited and selected oral papers due 
to health problem, tragedy of a family, financial problems and so on. We hope we shall be able to 
give you satisfaction. I think that one of the important things in a conference is to get acquainted 
with new friends through the technical sessions and personal discussion. To promote such a large 
acquaintance, we take enough time during the conference. Fortunately or unfortunately, much more 
time than scheduled is available by sudden cancellation of invited papers. Finally I hope that all the 
participants will enjoy the conference, will renew old friendship and will get new friendship. 

Thank you very much for your attention. 

Taneo Nishino 
Conference Chairman 


