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NEURGCOMPUTING
NEURONS AS MiCROPROCESSORS WITH

A KIND OF MEMORY FUNCTICNS

Gen Matsumoto
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Tsukuba City, Ibaraki 305
Japan

INTRODUCTION

Studies on neurocomputing (Amari, 1982; Rumelhart et agl., 1986a)
should be directed in two ways which 1n turn influence each other
(Matsumoto, 1988): In one direction concrete neural-network sclutions for
specific important problems should be applied to substantiate its practical
significance and, at the same time, the theoretical potentialities and
limitations for computation should be explored on such network models. The
alternative way is to seek a more profound understanding of the algorithms
used by the CNS {central nervous system) to process information and to
learn more about the molecular and cellular mechanisms underlying specific
computations and memory processes in neurons and neural networks.

We will f£first give a brief review of c¢urrent research on
neurocomputing, The potentialiries and limitations of neurocomputing will
be discussed. We stress that these limitatlons primarily originate from
the oversimplified model of a neuron (an artificial neuron model). We note
that electrical events occurring in a patural neuron are part of the
manifestations asscciated with neural activities and are regulated by the
chemical and conformational processes inside the neuron. Neurons could
correspond to LSI (large-scale integrated) microprocessors with a kind of
memery function in the electronic digital-computing system. A concrete
example of the neural information processing at the synaptic sites will be
given for the primarily-cultured neurons of both rat hippocampus CAl
pyramldal cells and rabbit superior cervical gamnglion cells. The
information processing performed at the synaptic sites will be discussed
from the standpoint of computational sclence. Filnally we will discuss how
we should proceed 1in the neuroscientific study of neurons and neural
networks for information science.

NEUROCOMPUTING -COMPUTATIONS PERFORMED ON ARTIFICIAL NEURON NETWORKS-

The Artificial Neuron Model

The current models of artificial neuron networks are neurally inspired
mathematical models that use a large number of simple, homogenecus but
highly-interconnected processing elements, '"artificial neurons". An
artificial neuron collects inputs, using its internal summer after each of
them is multiplied by its proper weight, and produces an output only if the



sum of the inputs exceeds an internal threshold value. We shall call the
computing performed on these peural networks '"neurocomputing'. The
operation of the curremt models of the neural network is basically nearest-
neighbour search. The efforts of research on neurocomputing have been
concentrated on searching the efficiencies of these neural networks in
performing this operation (Amari, 1982; Kohonen, 1984; Rumelhart ef al.,
1986a) and on applying concrete neural network solutions for specific
problems to substantiate the practical significance (Hopfield and Tank,
1985; Sejnowski and Rosenberg, 1986).

The Error Back-Propagation Model

Recently Hecht-Nielsen (1986a) has shown that a three or more-layer
neural network system can generally represent the connection strength that
will glve the appropriate output for all iInputs. In other words any
continuous mapping from input to output can be done in a three or more-
layer system. The problem now is how to implement a learning procedure for
a multi (three or more)-layer system., If the input unlts are directly
connected to the output units, it is relatively easy to find learning rules
that iteratively adjust the strengths of the connections so as to pro-
gressively reduce the difference between the actual and desired output
vectors (Minisky and Papert, 1969). Learning becomes more interesting and
more difficult wher we introduce a multi-layer network with hidden units
whose actual or desired states are not specified by the task. The reason
the learning becomes more difficult arises from the requlrement that the
learning procedure must decide under what clrcumstances the hidden units
should be active in order to help achleve the desired input-output
behavior. The reason the learning becomes more interesting is because the
learning procedure itself is a means to construct a new representation.
Rumelhart, Hinton and Williams (1986b) have constructed a novel algorithm
which gives an effective learning procedure for the neural network with
hidden units. 1In the three-layer system, the weights are adjusted for the
output layer according to an erreor function that calculates a weight
adjustment based on the difference between the actual and desired outputs.
In other wards, each error value for each actual output unit 1s propagated
backward to the hidden layer and used to adjust the values of the weights
to the hidden units. The procedure repeatedly adjusts- the weights of the
connections in the network so as to minimize the error function (a measure
of the difference between the actual and desired output states). As a
result of the weight adjustments, internal hidden units come to represent
important features of the task domain, and the regularities in the task are
captured by the interactions of these units. Practical usefulness of the
learning procedure of the back-propagation model was demonstrated by
Sejnowski and Rosenberg {1986). They constructed a neural network applica-
tion of NETalk that did text-to-speech conversion of English. The network
consists of three layers of artificial neurons; the input, the middle {or
hidden) and the output layers contain 203, 80 and 26 neurons, respectively.
After the learning, the network captured the text-to-speech rule and
successfully operated for the new text that was different from the one used
for the learning. The network has achieved 95 % accuracy. The network
performance was limited to 82 X accuracy without hidden units but was
enhanced to 98 Z by increasing the number of hidden units to 120. This
example illustrates the usefulness of the error back-propagation learning
algorithm and the value of the hidden units,

However, one of the disadvantages inherent in the error back-
propagation learning procedure is that it cannot generally escape from
local minimum states characterized by a set of quasi-stable states in the
neural network system. The other disadvantage is that the time necessary
for the learning becomes tremendously longer for large size problems.
According to Hinton (1987), the time of the N-interconnected network
necessary for the learning process should be on the order of N? when the




operation is executed on current serlial digital computers. The time is
reduced by the order of N when each weight of connection is separately
calculated with a parallel computer. Therefore, one salution to overcome
the disadvantage is to bulld a computer which is architecturally suited to
handle the neural network system. Because the neural network is massively
parallel in nature, a compuer bullt with several ten or hundred thousands
of processors, where each processor takes the place of an artificial
neuron, would improve the disadvantage. Many attempts are being made at
building parallel computers for neural network systems (Hecht-Nielsen,
1986b). The other solution to overcome the difficulty of necessitaring
tremendously longer time in the learning for large size problems is to
improve the learning alporithm of the error back-propagation model or to
create a new learning algorithm to reduce the time. Most research efforts
in neurccomputing are currently being devoted to the development of
improved or new algorithms.

INFORMATION PROCESSINGS IN A NEURON

A neuron is a basic element for tranamitting, processing and storing
information in neural systems and the brain. The CNS is not composed of
nieurons with the homologous characteristics as has been assumed In the
aritificial neuron. Rather, the wvarlety is cone of the most prominent
characteristics of the neurons. Over 50 kinds of functionally different
neurons are reported in the .cerebrum. This variety may be tremendously
increased when the functions possessed in neurons are analyzed in more
detail. The versatility 1is another pecullar characteristic of neurons.
Indeed, dynamic molecular transformations within a neuron take place by
envirenmental stimulil and conditiens, as shown below. Both the variety and
versatility are inherently assoclated with the neuron. As a result, a
neuron could be regarded as a kind of microprocessor with multiple
information-processing (synaptic) sites and with a kind of memory function.

Here we will exemplify how the information is processed and stored in
a neuron for both rat hippocampus pyramidal CA} cells and rabbit superior
cervical ganglion cells.

‘Rat Hippocampus Pyramidal CAl Neurcns

Pyramidal CAl Neurons of the rat hippocampus all contain glutamate
receptive sites which respond excitatorily. Besides the glutamate
receptors, some of the neurons contain muscarinic acetyleholine {ACh)
receptors. In muscarinic responses, ACh usually works excitatorily
(Swanson et al., 1982) but in some cases inhibitorily {Brown and Adams,
1980; Egan and North, 1986). These two opposite effects of ACh result from
interactions of ACh with two different subtypes of ACh receptors {Egan and
Forth, 1986); M; and M, subtypes (Fig.l). The subtype 1s characterized by
its dissociation equilibrium with pirenzeplne. The dissoclation constants
of the subtypes, M; and M,, are ~10 and ~600 nM, respectively, for slices
of rat pons containing the nucleus parabrachialis (Egan and North, 1986).
ACh bound to the M, receptor causes membrane hyperpolarization as a con-
sequence to an increase in the membrane conductance to potassium ions. The
Ca?*-dependent potassium channel couples to the M, receptor. On the other
hand, ACh bound to the M, receptor brings about membrane depolarization as
a result of a decrease in the potassium conductance. The potassium M
channel is coupled to the M, receptor. Thus, presence of multiple
receptive sites specific for a neurotransmitter augments the variety of the
information processing at the synaptic site. It was recently confirmed
that there were three subtypes of glutamate receptors, and that gamma
amincbutyric acid (GABA) could specifically bind to two subtypes of its
receptor (one with high and another with low affinity).

What kinds of molecular mechanisms regulate the switching between




Fig.l. A schematlc drawing of molecular events at the
synaptic sites of muscarinic acetylcholine receptors.

depolarization (the pathway from the M, receptor to the Ky channel) and
hyperpolarization (the pathway from the M, receptor to the Kca channel) om
ACh application? The pathway to the Ko, channel is delineated by the
following molecular events which take place sequentially (Fig.l); binding
of ACh to the M, receptor + release of inositel-l, &4, 5-triphosphate (IFP;),
a hydrolysis product of the membrane lipid phosphatidylinositol
biphosphate, into the eytoplasm from the plasma membrane + IP,-induced
release of Ca?% from endoplasmic reticulum + opening of Ca*-dependent
potassium channels. In the pathway from the M; receptor to the Ky channel,
an enzyme termed protein kinase C (Takai et al., 1982) is involved.
Protein kinase C (PKC) is in the activated state only when sufficient
levels of Ca2+ ions, phospholipid and diacylglycerol are present.
Activated PKC phosphorylates and closes the K, channel, resulting in the
membrane depolarization.
In cultured CAl pyramidal neurons of the rat hippocampus, we have
found that some neurons are depolarized and some are hyperpolarized when we
" expose them to the same concentration of ACh extracellularly (Iijima and
Matsumoto, 1988). This cannot be explained by the above-mentioned differ-
ence of the ACh dissociation between the M; and M, receptors and of the
fixed circuits between M, and Ky or between M, and K.,, since all the
neurons tested are stimulated with the same amount (10 pM) of ACh. We have
concluded that there are three types of connections between the ACh re-
ceptive site and the ionic chamnel in the cultured CAl pyramidal neuron,
resulting in three types of differentiated neurons; the first type is the
M,-to--!(M type of the neuron, the second type is the M-to-Ko; type, and the
third type is the M-to-cation selective channel type of neuron. In the
last type of neuron, ACh causes the membrane depolarizaticon by opening the
(Ca2+—dependent) cation-selective channel (Fig.1).
Opening and closing of the ionic channels are regulated, directly or

indirectly, by intracellular Ca?* ion concentration (Fig.l). Therefore,




measurement of the regional change in Ca?t ion concentratiom within a
neurcon 1s crucial for understanding neural information processing. This
can be realized for the neuron loaded with Fura-2 (a fluorescent Ca2*
sensitive dye developed by Tsien et al., 1985) with a SIT (silicon-
intensified target) camera. The cultured CAl pyramidal cell of the rat
hippocampus is stimulated with ACh homogenecusly for a period of time after
it 1s loaded with 50 yM Fura-2 (Iijima and Matsumoto, 1988).

Rabbit Superior Cervical Ganglion Cells

Rabbit superior cervical ganglion cells all possess both nicotinic and
muscarinic ACh receptors. In these cultured cells, muscarinic ACh re-
sponses are found to be dose-dependent (Iijima et al., 1988). In the low
concentration range (<10 uM)}, ACh interacts specifically with the M,
receptor and causes Ca?* release from endoplasmic reticulum, Calcium ions
then activate the. Kpa chamnel and cause membrane hyperpolarization
{activation of the outward K current). On the other hand, in the high
concentration range (>10 uM), ACh also interacts wlth the M; receptor and
activates the cation selective channel, which causes membrane depolariza-
tion {or the inwardly-flowing Na/Ca current). In other words, the
muscranic ACh receptors respond to ACh bimodally; first excitatorily and
then inhibitorily. These supgest that the sympathetic neuron becomes
inactivated for a while after the neuron 1s exposed to high concentrations
of ACh.

In the sympathetic ganglion cells intracellular Ca®?*t ions are again
cruclal im regulating the ionic channel activities. In these cells intra-
cellular Ca?* ions are released from endoplasmic reticulum on exposure to
ACh. Very recently, it has been observed that the calcium releasing sites
are not homogeneously distributed but localized (Iijima et al., 1988), as
shown in SIT imaging of a Fura-2 loaded neuron. On the contrary, the
intracellular Ca®* ions homogeneously increase over the neuron on caffein
application. Electron microscopic observation has indicated that the
spatial distribution of rough endoplastic reticulum in a neuron is well
correlated to the local sites where the Ca?* ion concentraticn augments on
exposure to ACh (Fijima et al., 1988). Calclum ions may be released from
rough endoplasmic reticulum on which membrane surface IP; receptors are
concentrated.’

INFORMATION STORAGE IN A NEURON

Synaptic Plasticity

Synaptic informatlon processing undergoes constant modification by the
events which take place in neiphbouring synapses (heterosynaptic poten-
tiation and potentiation induced by associlative Inputs; assoclative learn-
ing} or by the events which have taken place previcusly in the identical
synaptic site (homosynaptic potentiation; non-assoclative learning). How
long the effect persists 1s synapse-dependent; it can last for several

hundred milli-seconds to several months. The synaptic modulations are
shown to be temporally divided into two kinds; (1) when the effect persists
for relatively short periods of time (several 100 msec - several min) and

(2) when it persists for long perlods of time (several 10 min - several
10 months). The short-term modulation (plasticity) takes place in all
synapses by a common mechanism characterized by an increase of transmitters
released from the pre-synaptic side. It can be phenomenologically classi-
fied inta three classes; facilitation, augmentation and potentiation.
Long~term modulation, on the other hand, has been sc far observed in
limited cases in cells such as the hippocampal pyramidal cells (LTIP;
long-term potentiation), cerebellar purkinje cells (LTD; long-term depres-
sion) (Ito, 1984) and Aplysia neurons (Goelet et al., 1986).



Long-term Modificatlions

What molecular mechanisms govern the translation of the effect of
brief “stimuli into relatively long-lasting molecular changes of high
specificity? Recently it has been clarified that environmental stimuli
can alter steady state levels of messenger RNA species encoding
neurotransmitters by altering geme transcription, thereby altering
synaptic, neuronal, and network function over time (Black et al., 1987).
Thus, brief external events can elicit long-term modificarions in neuronal
function. Information about the external environmerit is stored through the
very mechanism that serves neuronal intercommunication. Multiple molecular
species are available in the neuron to code for environmental events over
time. As a result, the basic elements for the information storage and
retrieval in a neuron are proteins, RNA and DNA while those for the
processing are proteins and ions. Current opinion suggests that prote-—
oncogenes in the brain may represent genetic elements mediating both shert-
and long-term modulations in neuronal function (Hanley, 1988). Proto-
oncogenes are the cellular counterparts of viral transforming genes.
Therefore, we can expect that the study of carinogenesis, a process related
to proliferation and tumor formation, would provide imsights into the
functions of neurons.

CONCLUSIONS

Neurocomputing exploits the algorithm and architecture for the
information processing of neurons and neural networks to construct a
computer. The basic assumption of artificial neurons on which the
artificial neural networks are modelled are currently studied. We have
pointed out that the assumption is oversimplified in view cof the function
of a real neuron. We have exemplified that the recent application of
molecular and genetic approaches to the study of neural function has
yielded a number of notable advances. For example, a synaptic site is a
molecular processing unit that can possess a kind of memory function. The
characteristics of the informatlon processing are versatile and variable
through the molecular and/or structural changes at the site. Further,
contrary to traditional views, it 1s now well understood that single
neurons use multiple transmlitter signals, that different transmitters are
independently expressed and regulated Iin the same neuron, and that
experience alters gene expression in the nervous system (Black et al.,
1987).

These and related insights suggest that neurons should be regarded as
LSI miroprocessors with a kind of memory functien similar to a digital
computing system, Therefore, studies on the neurocomputing should be
ideally performed to address the problems as to what kind of characteristic
processors are used in the brain and what kind of molecules and structures
support the functioning. Then, it will become essential to determine
quantitatively what the neural circuits are and what their associated
neurobiological processes can do.
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Integrated Optoelectronics for Commmunications

C. Weyrich, Siemens Resaarch Laboratories, Munich, FRG

The striking advantagee of optical fibker communications
systems like low loss, large bandwidth and minimum crope-
talk have made fihar—cptic transmission the technelogy of
chojce for lopg-haul communications in recent years.
Systems operating at gigabit per sscond data rates and
featuring field lengths of more than 100 km are under de-

velopment or have even been implemented in the field,

Much progress in terms of performance increase and cost
raduction has been made during the last ten years. Highly
sophisticated and new structuraes for discrate devices,
especially for laser diodes, have been developed together
with new packaging concepts which, because of the different
materjial technologies involved, hava to be hybrids. The
tranamitters and receivers devices,; the various optical
components ae lenses, filters, gratings or fiber pig-tails,
and electrooptic devices like modulators or switches have
to be agsemmbled ueing micro-mechanical submounte and
sophisticated engineering tocls. However, the required
accuracy of geometrical alignemente of the different

components as well as the severe‘reliability demands limit

for the cost reduction potential.




The big challenge at present le to make fiber optics effi-
cient and cost effective for short-haul systems e.g. for
future broad band customer access connections which will be
based on bidirectional transmitter-raceiver-modules or
multichannel cohaerent detection modules. Monalithic inte-
gration technologise can be regarded to be the most pro-
mising way for cost reduction and hence c¢ould be decisive

for the ultimate realization of cuetomer access systems.

- The monolithic integration e.g. of a bidirectional trans-
mitter-receiver-module will require the integﬁatioq not
only of electronic componente like traneiastors, capacitors,
and resistors but aleso of optoelectronic and optical com-
pcenente like laser diocdes, photodiodes, wave guldes, fil-
ters or lenses. The integration of this much higher number
of functiohg - in comparison to purely electronic systems -
is one striking feature of integrated optoslectronic

systems.

The only materials which allow this multifunctional inte-
gration axe III-V cdmpound semiconductors like GaAlAs/Gais
or (Ga,In)(As,P)/InP which already are base materials for
todaye discrete heterostructure optoelectronic devices.
However, the basic techneologies for the monolithic
optoelectronic integration of III-V-devices are not yet
sufficiently developed. Improvements of existing techno-
logies by extansive basic reasearch is needed or even new

technologigs must be developed. This concernes the flelde




of
- large diameter and low defect density semiineu-
lating snbstrates
- flexible and salactive epitaxial growth methods
- ion implantation and diffueion processes
- structuring processes which have to be material-
salective and which have to fulfil "optlcal”
requiremants
and last but not least
- design and eimulation of processes, devices and

circuits.

Today monolithically integrated substructures like laser-
diode-transistor-driver, photodiode~FET, or wavelength di-
vision multiplexer have been realized, Their properties
alzeady reach those of hybridely integrated optimized de-
vices. It can be expectad that in the near future such
devices will be used in larger quantities in optical fiber
communication systems. The technological experience resul-
ting from their preduction will help to further improvement

of the respective technologies,

In conclusion, the successfull realisation of fully monoli-
thically integrated bidirectional transceiver modules or
coherant multichannel detection modules may possibly be a
prerequisite for the introduction of optical fiber commu-
nication in the field of customer ac¢cess., This should be a
challenge for all researchers and engineers which are ac-

tive in this fleld,
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CONCEPT OF PACKETIZED VIDEO TRANSMISSION OVER ATM NETWORKS

Yasuhiko Yasuda
Institute of Industrial Science

University of Tokyo

INTRODUCTION

Although ISDN has just been put into service in some countries
including Japan, the next generation integrated services digital network
called broadband ISDN has already Intenslvely been studied In CCITT SG XV
I as a leading bo.dy. The broadband ISDN is Intended to provide us with
truly integrated services including high quality vldeophone, HDTV, high
speed data transmission, as well as services provided by the existing
narrowband ISDN,

For thls purpose a single transmission and switching mode l.e. ATM
(Asynchronous Transfer Mode) Is to be introduced in the broadband ISDN,
different from the existing narrowband ISDN which employs both circuit and
packet switching modes. In the ATM network every kind of information is
decomposed Iinto constant length blocks with header called cell and these
cells are statistlcally multiplexed and transferred at very high speed
throughout the network. Since the occurrence rate of cells Is permitted to
be freely contrelled, the ATM network can be consldered to be a rate-free
network from each subscriber’'s viewpoint.

The above menticned property of the ATM networks s favorable In multi-
media environments where the network has to deal with Informatlon sources
with a variety of bitrates ranging from a few bit per second td more than
100 M bit per second and various burstiness. On the other hand it brings

about a mew problem especially to the fleld of image coding and



transmission, because image transmission techniques over constant rate
networks have exclusively been studied and developed so far. This problem,

packetized video. is the main subject to be discussed in this paper.

FEATURES OF PACKETIZED VIDEQ COMMUNICATIONS
The features of packetized video communications are as follows ;

(1) Improvement of coded image guality by variable rate coding : The
varlable rate coding can achieve higher coded Image quality than the
constant rate coding, when the average output bitrates are the same. .

(2) Rate-free quallty con.trol': The variable rate coding Is capable of
keeping coded Image quallty constant, while the constant rate coding iIs
not. The coded image quality can also be controllable according to the
user's requirement In the former coding scheme.

(3) Simplification of Ilmage terminals : Simplified and lower cost terminals
will be avallable by the variable rate coding, because it requires no
large-scale memory and complicated feedback control.

(4) Possibility of new image communlications : The broadband ISDN wlll have
the capability of multi-poInt communlcation. Using this capability, it
will be easy to introduce new Image communicatlons such as a kind of
multi-point video conférence in which each terminal has a function of

editing and composing display image.

PROBLEMS OF PACKETIZED VIDEO COMMUNICATIONS

Since the concépt of packetized video communications has Just appeared
on the stage, a lot of problems to be sclved are left for their reallzatlon.
Some of these are described below.

(1) Countermessure against possible packet loss : In the ATM network It is

consldered that no link by llnk error and flow control will be




(2)

&

introduced. There may, therefore, occur such a case that some packets
are lost due to transmission errors, overflow of common buffers, and
excessive delay in buffers, even if thelr probability is very low. Since
such packet loss causes seriously bad effect on highly compressed video
signal, it is Important to build In some countermeasures agalnst packet
loss. Some kinds of hierarchical coding schemes have been proposed for
thls purpése.

To make the burstiness of coded video signals clear : In order to know

the performance of statistical multiplexing in the ATM network, it is

needed to make clear the burstiness property of coded video signals.
Some work has been done on this matter.

Rate-free quality control coding : To fully utilize the rate-free
property of the ATM subscriber's channel, it Is required to develop such
Image coding schemes that they can keep the instantaneous image quality
constant and can control it to an arbitrary level. Some work has been
carrled out on this subject. But further study is needed, including that

on evaluation criterion of image quallty.

CONCLUSION

When the broadband ISDN 1s reallzed, the major information carried by it

is antlcipated to be video information. In other words, If image medla do

not become the main traffic in it, the broadband ISBN won't be reallzed.

The packetized video technlque has recently attracted notice In relation

to the broadband ISDN. However, Its application is also useful to local area

networks, metropolitan area networks, and private networks constructed by

employing high speed digital leased lines or satellite links.



Switching Concepts for Broadband ISDN
Bernhard Schaffer
Siemens AG, Munich

Abstract

1. Network evolution

In the international discussions about Broadband ISDN it is
widely agreed that the target network should be based on
switching and transmission principles called "Asynchronous

‘Transfer Modes™ (ATM). This technology would allow to handle all

types of information uniformly in a bitrate independent network.
The long-term goal for Broadband ISON is therefore a univeral
network for all telecommunication services.

But the vision of the universal network cannot be realized in

the medium term furture:

- The demand for broadband dialog services is, in the short term,
for business communications e.g. LAN interconnection and this:
would not require a universal network.

~ The existing networks will be 1n operation for a very long
time and cannot be converted easily into a universal network.

- The idea of a universal network relies more or less an the
assumption of a single network operator, but this is very
questionable in a deregulated environment.

- A pure ATM network would also require a pure ATM next
generation switch. Such a universal switching system
would be extremely costly to develope and 1is very difficult
to Jjustify economically.

For these reasons an introduction scenaric for Broadband ISDN
is more realistic which relies on enhancements and adjuncts of
existing narrowband ISDN switches and networks:



- ATM technology can be used as a flexible multiplex method to
offer subscribers access to existing narrowband and future
broadband networks. This is for the filrst step a "minimum
integration" concept.

- ATM switching Fabrics can be used to enhance STM {synchronous
transfer mode) switches to offer ATM-connections for all
broadband dialog services and access to existing networks.

2. ATM switches and hybrid switches

A pure ATM switch has its merits in a pure ATM environment:

all information is transported by means of cells and no

adaption 1s required to STM. But the use 1in an existing STM

environment would require adaption functions for cell assembly/

disassembly and these are not only costly but also introduce

delay in the network, which is a problem for instance with

telephony,

Another question is how to handle distributive services like TV

or HDTV:

- ATM switching for high user bitrates is qguite costly and

- the merits of ATM, such as flexlbility, do not play a major
role for Tv distribution.

It seems therefore very probable for the nearer future that ATM
. switching will not be utilized for this purpose.

A hybrid switch could employ ATM-switching for all broadband
dialog services and STM switching for Tv-distribution. For
narrowband services the existing STM switches can be used but
interworking with the ATM subscriber access has to be provided.
A possible architecture for such a hybrid arrangement is
described in the presentation.

3. Examples for STM and ATM switches

STM switching for broadband channels has achieved a good
technical performance. At Siemens, two llnes of components were
developed:

743-_



- 5D0M swiltching components 1n bipolar technology for 32 x 16
ports are availaeble; a device with reduced power consumption
for 32 x 32 ports is under development.

- TDM switching components in 1y CMOS for 128 x 128 channels
each 34 Mbit/s or 32 x 32 channels each 140 Mbit/s are under
test.

In the fleld of ATM switching we concentrate on buffered
components. Three types of architectures were evaluated:
- Output buffers

- Centralized buffers

- Input buffers with output-oriented queue organization.

It was found out that a central buffer is advantageous if the
cell length is long (> 36 octets) whereas the input buffer
organization is preferable for short cells. In the range of

36 octets per cell both architectures show about the same data
for chip area and power consumption.

A switching matrix with input for 8 x 8 parts each carrying

140 Mbit/s buffers was developed which consists mainly of three
ECL gate arrays. A two stage array was used to built an ATM
fabric with 32 x 32 ports.

4, Fleld trials

A first ATM trial with the above mentioned ATM switch is planned
for the mid of 8% in the BERKDOM-Project of the German Bundespost.
Here an experimental fiber network is used to gain experience
with applications of broadband communications.

Another milestone for the emerging braodband ISDN is the RACE

program of the European Community. Here Siemens cooperates with

Plessey and Italtel in a project for developing technologies for

the broadband local network (BLNT):

- A subscriber loop technology is being developed using OEIC's
for bidirectlonal transmission of 155 and 622 Mbit/s.




- An ATM switch is being developed using CMOS and BICMOS for
implementing a large fabric for transport bltrates of
155 Mbit/s.

Further activities are planned to create a pan-European ATM
testbed for broadband services,

5. Conclusion

The universal ATM network cannot be achieved in a single step,
evolution scenarios must be taken into account which employ
hybrid approaches. The ATM network is a great challenge for
system developement and for technology, but promises a flexible
and future proof solution feor the realization of Broadband ISDN.
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[SON [N JAPAX

Tetsuakl EGAWA
NTT Network Systems Development Center

Shinjuku 5-7-20, Shinjuku-ku, Tokyo 160, Japan

Separate public telecommunication networks have been constructed for each
type of service, i.e., telex, telephone, and dats services. Each network has
also grovn independently. Naw, development of digital technologies has made the
Integration of these networks possible. Service integration will not only prove
convenient for the telecoamunicatlons operating companies but also for sub-
scribers who use more than one telecommunication service. A simple., low-price,
global interface will soon allow subscribers to use eny of several telecom-
runlcation services. With this kind of ut{lity in wind, R&D has been cerried
out an the ISDN (Integrated Services Digitsl Network) over the last ten years.

The first stage of ISON in Japsn was between 1980 teo 1885. During this
prelininary 1SDN stage, digital switching systems were Introduced in Japan, and
an INS Model System was constructed as ﬁn ISDN pilot project. INS stands for ln-
forastion Netrork Syates. Jspan has actively contributed inforwation derived
from this field trial to ISON studies being carried out at CCITT. In 1984, I-
series Recommendations were partially prepared in CCITT. The second stage of
iSON in Japan was from 1988 to 1887. Main part of the I1SDN Recommendations was
completed in CCITT during this period. NTT developed its commercisl D70 1SN
version with a user-network interface based on the CCITT Recommendaticns. The
third stege began from 1988. In this year, [ISDN commerclal services were

started In the wain cities of Japan. Therefore, 1988 marks the first year of

sctual 1SDN services in Japan. Some 500 subscribers in 28 cities across the




country had entered the 1SDN network by the end of September 1988.

A BRI (Basic Rate Interface) of 2B+D end s PRl (Primary Rate Interface)
of 238+0 have been recomaended by TTC (Telecommunication Technology Committee)
in Japan based on CCITT Recommendations. A circult switching service of B4kb/s
and 8 packet switching service of 64kb/s or 18kb/s are supported using BRI and
PRI, High speed circuit switching services of Ho (384kb/s) and Hy;(1536kb/s)
are provided using PRI. A 64kb/s cireuit switching service, the first of NTT's
coamercial ISDN services, was provided through BE] starting in April 1988. Other
services will be offered in Japsn from the spring of 1989.

Figure 1  shows the configuration of the bearer network which NIT Is
plenning. The ISDN is connected to the PSTN (Public Switched Telephone Network)
and the PSPON (Public Switched Packet Date Network). A systes of local nodes
vill connect subscribers to integrated I-interface services. Un the other hand,
an individual transit network is planned for each service in order to famprove
efficiency. The transit network 1s, therefore, composed of s B-channel circult-
awitched netvork, an H-channel circuit-switched network, and & packet-awitched
network. The routing operation is controlled by the local svitching systen.

Figure 2 shows the system configuration. A Digital Subscriber Unlt
(DSU) is placed in the subscriber premises. A Time Compression Multiplex (TCM)
digitel transmission system provides BRI through existing metallic pairs, and
the opticel fiber transmission systew provides the PRI. The D70 ISON version
syaten s composed of a basic Analog Switching Module (ASM) and [-interface Sub-
scriber Nodule (ISH}. The newly-developed [SK perforas the autonomous switching
functions related to I-interface services. Packet calls are routed to the
Packet Handler Module (PHM), and H-channel calls are routed to the H-channel
switching Module (HK).

ISDN supplementary services are dlvided into three categories: special

ISDN services, enhsnced existing services, and existing services. Utilizing the



signals on the D-channel, the special ISDN services and the enhanced existine
services can be given a variety of nev features, Take call deflection, for ex-
ample, under ]S5ON, e terminal vill be able to change the telephone nuﬂhl;r to
vhich a call is deflected based on the telephone nunber of the originating call,
It will be possible to deflect a call to several telephone numbers one after
snother. It s not possible to provide this service through POTS because its
lacks the signals containing originating telephone numbers.

Yarlous kind of cowmunication services will be expected through [SON.
Table | shows an example of these services. Narrow-band 1SDN above mentioned
provides ditltai bearer services of from 64kb/s to primery rate. Hany new digi-
tal services vill elso emerge along with the implementation of this narrow-band
ISDN. This growth will, in turn, increase the requiresent for br;ad-band ISDK,
which vlll provide variou; kinds of services up to hundreds megabits digital in-
formation. The broad-band ISDN is currently under study and is expected to be

introduced in the nesr future.
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Concept of Introduction of Broadband Communication

Volker Steiner
Federal Miniatry of Poste and Telecommunications

Abstract

in the Federal Republic of Germany, a highly Industdalizsd country, broadband
communlicationa witl ceralnly play an eassntial fulure role in many economlcal
sectore. Yet adequate planning of nelworks and services Is very difficult bacsuss of
rather unknown demand development. Therefore the concept of Intraduction of
bropdband communications of the Deutsche Bundespost is charactericed by
minimizing the risk of large advance network Investment whilst providing the
necessary mesnas for early usage and service development.

The mein elemants of this concept as part of a general longsrterm sirategy to
achieve integrated Broatband Communication Network are

= phesed network evolullon in applylng demand- snd service-tiexible system
concepts

= otrong and broad development of services and endaystemsthrough |oint user
manufgciurers - PTT = activilles.

Important milestones In the concept Implementatien are the realization of the
Broadband-forerunnsr-network NBN). the Intreductlon of the "Asynchrénous
Transter Mode" - awltching and transmisslon principla and low oost loosl area fibar
systems,

The BERKOM-Project plays & major role In cresting a broad range of application

pllots and terminal squipmants with streng Inputs to standardization as a
proraquisite for large scala Introduction of breadband communications.



The RACE-Program of the European Communily and the newiy created European
Telocommunications Standards Institute will contribute on en european level to
spead Up the process of Tachnology- eand Systemdavelopment as well as
Standardization.

An Intensive dialogue with lesding countries Itke Jepan will be neceseary on all
flelds of bromdband communications 1o ease the natlonal mnd International
Intreduction,




Coharent OUptical Techniques for TV Distribution in Broadband
Networks
Giinter Heydt

Heinrich-Hertz-Institut fiir Nachrichtentechnik Berlin GmbH

Broadband distribution services such as entertainment TV or HDTV
for residential customers are very important for the B-ISDN.
However, this fact leads to two rather different issues. On the
ona hand the broadband customer access has to provide for at least
three TV/HDTV channels simultaneously out of a very high number of
éhannels. Thue distribution services, which must be implemented at
low costs, have a considerable influence on the complexity of the
access system. On the other hand, distribution services may be a
gource of revenues which would allow local copper wire pair lines

to be gradually replaced by optical fiber lines.

Two main technical options are currently discussed for B-ISDN im-
plementation of TV/HDTIV-distribution namely switched and

unewltched broadcast.

The switched broadcast access requires only a transmission
capacity which is sufficient for at least three TV/HDTV channels.
The program selection- i8 performed by a broadband switching
fagility in the Local Exchange which ias controlled by means of
eignalling data Bent by each TV/HDTV set and originated by the

customer via his remota control davice.

Unswitched broadcast systems transmit not Just a few but all

distributive signals simultaneously to the customers premlses. The



program selection is performed by tunera located in the TV/HDTV
sete. No signalling to the Local Exchange or to a Remote Unit is

required.

Synchronous and Asynchronouvs Transfer Mode (STM, ATM) customer
access systems have to employ switched broadcast whereas electri-
cal frequency multiplex systems (Subcarrier Multiplex, SCM) and
optical Ifrequency multiplex systems (Coherent Multichannel, CMC)

enable unswitched broadcast.

In the Fedaral Republic of Germany work on CMC systems was started
in 1981 by the Heinrich-Hertz-Institute. In 1984, a first Lwo
channei system was developed and 1985 a laboratory set up of a
four channel (three downstream channels and one upstream channel)
customer access system wase demonstrated. A ten channel TV/HDTV
distribution system with nine TV channels (70 Mbit/s) and one HDTV
channel (1.12 Gbit/e) was developed in 1986. This eystem was
rather sturdily built and was demonstrated at several exhibitions

such as at the German-Chinese Electronic¢ Week 1987 in Peking.

All the aforementioned systems ware operating in the optical
short-wavelength region at 0-83,um since lasers suitable for cohe-
rent communication systems were not available for the 1.3f;m or

ljSermma.

Meanwhile, aefforts to develop CMC systems for the optical long-
wavelength reglion have been started. This holde for the Heinrich-
Hertz-Institute, where a ten channel TV/HDTV diatribution system
is under development and also for Europe, where the RACE program

of the EBuropean Community aims at the Integrated Broadband Commu-




nication Network IBCN. One of the more than fifty projectes of RACE
is dedicated to the development of a CMC customar access system
and to the development of specific components £for CMC systems.
Partners of this CMC project are Philips, Siemens, HHI, Plessey,
LEF and IMEC. HHI is responsible for the frequency stabilization
of the Multi-Carrier Transmitter Unit. A CMC demonstrator system

is planned to be set up at Plessey for the year 1991,



RECENT PROGRESS IN OPTICAL SWITCHING

Ikutaro KOBAYASHI
NTT Communication Switching Laboratories

Many promising technologies are leading to a new
generation of communication networks. Among them, optical
switching has the easiest development target to describe, as
its purpose is clear and its functions are relatively well
defined: message signal switching in the future multimedia
broadband communication network.

The history of communication switching started with
electrically controlled mechanical switches. It has since
experienced many structural changes, For example, first wired
logic control and then stored program control were introduced
to make alternate paths possible when the shortest path is
busy. (In mechanical age, it was only one path uniquely
determined by the dialed number.) These changes also allow more
flexibility in the network design. Recent progress in switching
technology has replaced the sophisticated mechanical cross-bar
switches with electronic time-division switches, which deal
directly with the high-speed multiplexed signals without
demultiplexing.

Each new requirement stimulated the structural change, and
new technologies, which timely came up, supported them. Modern
requirements which drive new structural change have not yet
appeared in clear form, so how should we respond to
requirements for a broadband multimedia network? How should we
introduce random access methods or distributed-processing into
the network? It takes time to analyze these questions into
technical, research, or development subjects. In any case,
optical techniques(switching, frequency wmultiplexing, signal
processing, etc.) are sure to be among the new technologies
which support the change.

Optical switches have many excellent features(Fig.l). They
are spread widely over the range of practicality from proven
immunity to electrical induetion, through the potential
advantages of super-wideband optical frequency domain, which
has already been demonstrated experimentally(l), to the
expected high switching speeds superior to electrical switches
that is still under discussion(2).

High speed channels{Gigabits per second) with immunity to
electrical induction have been proved by demonstrations with
optical matrix switches to be effective for small
high-speed/broadband switching systems(3)(4). Before commercial
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use, however, the optical matrix switches have to overcome the
problems of scaling up the matrix size, removal of accidental
defects, suppression of variance in characteristics, and most
importantly, improvement of manufacturing efficiency(Fig.Z).

Optical time-division switching is also expected to have a
big advantage in direct switching of time-division-multiplexed
optical signals, similar to what happened in ordinary
electrical time-division switching systems. This type of switch
has also bheen demonstrated experimentally(5)(4) and Iits
switching speed has almost reached the Gigahertz level,
although the number of multiplexed chamnels is less than ten,
and the indispensable optical memory and high speed optical
switch components are not mature yet. For a switching speed
superior to ordinary electrical switches, the optical-driven
photonic switch is promising; it requires no electrical driving
circuit which limits speed.

The optical frequency domain provides another dimension in
addition to the space - and time dimensions.
Frequency-division-multiplexed signals will be efficiently
switched by frequency convertors, without need for multiplexers



and demultiplexers. Switching in the frequency domain, however,
implies some difficulties or complications. Some of them would
be shared by electrical switches in the frequency domain, and
they were the main reasons that frequency-division switching
was hot applied to practical systems. For optical signals,
however, there are the advantages of super-wideband and
immunity to many non-linear effects like higher-order harmonics
interference.
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Especially, a cowmbination of time and frequency domains
promises to realize multiplexing of a large number of
high-speed channels.

Although optical switches open new fields in switching
system design, intrinsic superiority to ordinary electrical
switches is mnot clear. To obtain the distinctive superiority,
many techniques must be proved effective, such as parallel
processing, high-speed phetonic correlation, optical
interconnection, and optically-controlled photonic switches.

Communication switching systems started with mechanical
switches, With the change of needs and technologies, the
switching circuit, including its controller, has become fully
electronic. Now, the switching system seems to be on a trend
toward a new structure. From the view point of promoting
optical technologies(Fig.3), first, the switching circuit
should be replaced by optical switches for small broadband
systems, and then refined for practical use a few years later.
Several years after the small-scale use, second generation
optical switching systems will be designed, aiming at
mass-introduetion and well matched with the future network
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structure based on random access methods and ATM technology.
For the new century, optical logic circuits, optical signal
processing, and optical parallel processing will play an
important role in service progress as well as switching control
of the third generation systems.
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Research and Development on

Digital Optical Processor

Dieter Jdger
Universitat Minster
Institut fir Angewandte Physik

D-4400- Minster, Fed. Rep. Germany

In the field of research on digital optical data processing, a first
collaborative work started in 1983/84 when the European Jeint Optical
Bistability - EJOB - Project was initiated. On the German éide this
programme was supported by the German Federal Minister for Research
and Technology. {BMFT) and coordinated by Haug, University of
Frankfurt. Other German partners have been the Max-Planck-Institut
fiir Quantenoptik Minchen, the Fraunhofer-Institut fiir Physikalische
MeBtechnik Freilburg and the Universities of Duisburg, Erlangen,
Frankfurt, Hannover and Miinster as associate members. The common goal
was to demonat:atg a primitive optical computational device by the
end of the two years project. The German programme included research
on optical nonlinearities of 3emiconﬁﬁcto:a, development of bistable
devices and 1logic elements and atudy of optical ‘computer
architectures. Results have been presented at the Hannover Fair in
1986 and are published in a report “From Optical Bistability towards

Optical Computing", North-Holland, Amsterdam 1987.

At present two national R & D programmes on digital optical
processors exist which are supported by the BMFT, These projects

represent an initiative and test phase where the main objectives are




to study the inherent potentialitieas of digital optical data
processing. A first three years activity started in 1986. It was
initiated by the Heinrich-Hertz-Institut fiir Nachrichtentechnik
Berlin (Baack, Ihlenburg) and R & D subcontracts have been aigned
with the Universities of Berlin (Eichler), Braunschweig (Ebeling),
Minchen {Harth) and Minster (Jiger). In particular, optical switching
and bistable devices and logic elements are currently developed on
the baais of silicon and III-V and II-VI semicénductor materials.
Fabry-Perot resonators aﬁd self-electrooptic effect devices (SEEDS)
are investigated as well aas special laser diode structures. Moreover,
techniques for. optical interconnecta, architectures of optical
parallel computers 'znd applications in input and output units of
optical processors are studied in the framework of this programme. A
second programme started in 1987 at the University of Erlangen-
Nirnberg {(Brenner/lLohmann) cencentrating on one hand on algorithms
and architectures where, for example, technigques such as symbolic
substitution are applied. Additionally, optical array illuminators
based on phase contraat are developed as well aa optical
interconnects by using holographic methecds. Further basic research
relevant to the field of digital optical processors which should bhe
mentioned is concerned with the theory of optical nonlinearities and
inatabilities in semiconductors and the realization of II-VI and
III-V bistable devices at the Universities of Frankfurt (Haug) and
Kaiserslauten (Klingshirn), respectively. At the University of
Duisburg (Laws) concepts of optoelectronic computing networks are

developed,

At the present time a subsequent joint BMFT project is being prepared



te be started in 1989/50 where several activities shall ke combined
in order to concentrate on future aspects and demands of optical
information technology. The programme will be coordinated by Bartelt,
Siemens, Erlangen. The tentative title is "Optical Signal Processing
for Telecommunication". The following main topics have been proposed
with special emphasis on digital signal processing. (a) Materials and
technology: Silicon, II-VI, and III-V semiconductors will be
important for different wavelengths. Special thin film techniques and
epitaxial processes shall be develcoped to fabricate layered materials
such as microresonators or multiple guantum wells. Technologies to
fabricate dielectric mirrors and microstructurized elements will be
ineluded. (b) Device development: Nonlinear Fabry-Perot resonators,
passive and active hybrid devices and alternative switching concepts,
e.g. in gratings, shall be studied. A key subject will he the
realization of two-dimensional arrays of switching and legic
elements. {c) Optical interconnects: Here clﬁssical concepts as well
as randoem interconnects are of interest. Microoptic and helographic
optical elements will be considered but also fiber connections. (d)
Light sources: Special aspects of device control by semlconductor or
other conventional lasers shall be investigated where beam forming
and array generation techniques play a key role. {e) Input and output
units: Spatial light modulatora and arrays of optoelectronic
conversion elements are foreseen to have special applications, (f)
Optical systems and architectures; Here optically controlled optical
switching networks and alse optical processcors and computers are of
interest where suitable architectures have to be developed. Neural
networks may offer interesting conceptsa for special applications. (g}
Applications: Pessible areas of short- and long-term applications

have to be analysed.



Optical Information Processing

Satoshi ISHIHARA®
Optoelectronic Endustry and Technology Development Association (QITDA)

20th Mori Bldg., 7-4, Nishi Shimbashi 2-chome, Minato-ku., Tokyo 105, Japan

Abstract

As the recent advancement of the intelligent society has accompanied an
increase of information, requirement of handling a large amount of information
at a high speed rate in an unconventional manner has becowe increased. For
processing such information, light can provide suitable means due to many useful
characteristics including :

1) high bandwidth,

2) massive parallelism,

3) availability of multiplexing : wavelength, polarization, etc.,

4) freedom from detrimental coupling effects.

%) permanent address : Optical Information Section, Electrotechnical laboratory,
1r1 Umezono, Tsukuba City 305, Japan




The function of a generalized information processing system is illustrated in
Figure 1. The abovg characteristics enable light to be applied to each subordi-
nate functions in the Figure. Actually, according to the survey by OITDA as
shown ianigure 2, the output of optoelectronic products in 1987 in Japan is
over 1.2 trillion yen, where 90X of them corresponds to those products whose
function can be found in the Figure 1. Most of them forms the surrounding part
of the Figure 1; e.g. 30X corresponds to the lower part, namely, optical communi-
cation, at present. Thus, it is quite natural to utilize light in 'Information
processing’ illustrated in the center of the Figure 1, as well.

Optical information processing in a narrow sense, or optical computing in
other words, has recently drawn many approaches for researéh and development.
One of the reasons for suqh growing attention is considered to be the require-
ment from the users (the intelligent society) as stated above. However, the
development of optoelectronic technology, especially the development of many

devices, including the reliability improvement and the price reduction, can not

be neglected.
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Cptical Bwitching, State of The Art
Glinter Heydt '

Heinrich-Hertz~Institut filr Nachrichtentechnik Berlin GmbH

At present, the importance of optical switching for the B-ISDN is
not clear. This is certainly due to the fact that microelectronics
are highly developed and thus high performance electronic broad-
band switches are already available whereas optical switching
means are in a rather early stage. However, [t seema to be
possible today to assess the future role of the main prineciples of

optical ewitching for B-ISDN applications.

The optical switches reported most frequently are of the switched
waveguide type, realized on Lithiumniobate but alsc on semiconduc-
tor materials. Generally, these coplanar optical switches require
direct electrical control of each crosspoint. The number of inputs
and outputs 1s limited to rather low numbers and the interconnec-
tion of esubmatrices in order to achieve switching networkes with
high numbers of inputs and outputs is quite difficult. It is today
not conceivable that these switches will compete successfully with
elactronic B-ISDN awitching networks, but there may be special

applications, e.g. for Inhouse systems,

Another principle of optical switching employs an optical f£fre-
gquency multiplex. Each input fiber ies fed by an optical carrier
frequency comb, each carrier is modulated. The switching elements
select one of tha carriers an transfer the modulation to anolher
rarriar of the outpyt ¢arrlor comk (nan Pig.). The realization of

such a switching element can bhe parformed by the combination of an



optical hetercdyne receiver and a coherent transmitter module.
Provided that a moneolithlcal integration of these TR elements is
possible, this coherent multichannel switching can be an inter-
esting solution for the B-ISDN since the TR elements perform not

only the switching but also regeneration and amplification.

The divieion Integrated Optics of the Heinrich-Hertz-Institute has
developed in 1986 4x4 Lithiummiobate Submatrices which were
cascaded exemplarily to a 16x16 sawitching array. This optical
gwitch was employed within an Inhouse communication system
(LOCNET) for awitching of videophone signals with a bit rate of 70
Mbit/e. The system showed a good performance but also the techni-

cal limits of such ewitches.

Additionally, first expaeriments in the fleld of coherent
multichannel switching have been performed 1987 at the Heinrich-
Hertz-Institute. Optical heterodyne receivers and coherent trans-
mitters were connected via an optical star coupler. The optical
froquency of these elements waa controlled by means of a computer

and the pwitching function was successfully demonstrated.
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OPTICAL PARALLEL DIGITAL COMPUTERS

Yoshiki Ichioka
Department of Applied Physics, Faculty of Engineering,
Dsaka University, Suita, Osaka, Japan

Studies on optical computers have been categorized to three streams,
i.e,, those on 1) opto-electronic computers, 2) aptical parallel
computers and 3) optical neural computers. An Optical parallel digital
copputer is a massively parallel computer which makes good use of
features of parallel information transmission and processing in light
wave and of flexibility in digitral processing.

In this review, the new optical parallel digital computing principle-
aptical array legie--developed in our laboratory is described, and the
architectures of the Optical Parallel Logic Array System (OPALS)!'-*
designed using the principle of optical array logic are demonstrated.

The OPALS is a kind of parallel optical digital computing system. Its
salielent features are the capability of implementing fully 2-D parallel
logical operation, and parallel neighborhood operation, programmability,
capability of iterative processing, and separability into modules.

ODptical array legic is a technique tec implement any parrallel
neighborhood operation using technigues of image coding, 2-D correlationm,
sampling, and logical sum. Optical array logic can achieve parallel
neighborhood logical operation, or cellular logic for 2-D binary images.
In coptical array logic, the method of optical parallel logic gates
develaped in our laboratory is employed.

Figure 1 shows the protessing procedures of optital array logic.

Its processing principle is the same as that of array legic in
electronics except for the parallelism, Two binary input images
consisting of NX ¥ pixels are spatially coded and converted into a coded
image. N2 logical operations are concurrently executed for a coded
image, An aperation for the specific pixel is expressed by the logical
sum of several product terms and by a product term operation and R
operation. A product term operation is carried out by 2-D correlation
of a coded image and an operation kernel followed by a coding process.
The decoding process consists of spatial sampling and thresholding.

The parallel OR operation for the decoded signals provides the result of
the given operation. 1In optical array logic, the type of an eperaticon
is determined by the combination of operation kernels selected.

Optical array logic is a technique implementing parallel processing
of tuwo input and one output 2-D signals. Feeding the output signal




back to the input part as one of the input signals ir the following
steps of operation makes it possible to execute iterative processing.
The OPALS is the system capable of implementing these operations.
Figure 2 shows the schematic diagram of the OPALS.

We have considered several realizable versions of OPFALS's. They are
1) electo-optical version of OPALS 2) all optical version of OPALS,
3) modularized OPALS and 4) birefringent OPALS. Either system is
composed, centering on a loop progessor.

In the electre-optical version of OPALS, encoding of input signals,
processing of output signals, and feedbacking of an intermediate

_processed result are performed by electrenic techniques.

In the all optital version of OPALS, a dynamic coding method using
spatial light modulators and a dynamic optical correlation technique
using a multi-focus imaging system are utilized. The 2-D 5-R type flip-
flop and D type flip-flop to be developed in future are required to
excecute the sequence of product term operations or to carry out
iterative processing.

The modularized OPALS can be censtructed from several functional
podules ;: mixing/distributing, encoding, c¢orrelation, and decoding
vodules. The encoding module is opto-electronic devices integrating PDs
and LEDs for pixel-divided processing, which can be fabricated by LSI
technology. 2-D array of pizel processing elements is easily composed by
increasing the number of the element module. The correlation module
executes the real-time 2-D correlation for optical array legic.

The birefringent OPALS is a kind of all optical version of OPALS
using the princeple of the birefringent encoding. The birefringent
encoding is a parallel and space-variant image coding method.

Advantages of birefringent encoding are simplecity,stability, parallel
nature, and light power efficiency.

¥e have already constructed experimental systems of the electro-
optital version of OPALS and the birefringent OPALS.

On the OPALS, operations for parallel processing are programmed in
optical array logic and the pragram can be optically carried out. This
progranmability proves usefulness of the OPALS. Some experimental results
implenented on ths OPALS are demonstrated.
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SOCIAL ACCEPTANCE AND SECURITY PROBLEMS OF
NEW INFORMATION SOCIETY

T. Uezono
IBM Japan Ltd.

I. Summary of Current Status

Transforsation fros Industrial society to Information society is currently be-
ing proceeded in leading countries. As an indication of this situation, “Centra-
lization™ and "Distribution”, seemingly a contrdicting phenomenon, is proceeded
at the same time, That is to say, Polarization of information to Tokyo is taking
place without superession. A

On the other hand, some functions which can not be handled by centralization,
are passed to local area. The distribution spreads even to overseas countries.
For example, subcontract production of software ir Asian developing countries
(NIES} is said to be increasins.

Global network shortens distance and time differences among countries. At the

same time. it changes Tokyo into a center of information exchanges.

To support and promote such phenomena, follovings are noted:
1. New and various kind of medias are required. And those medias are being
invented continuously.
2. Information systems are becoming larger in size., higher in speed, more
autosated and more popular.
Subsequent to the above, it is unfortunate to note that the computer abuse is

not limited to a certain countries only.

I[I. Probless

The biggest prebles of all is that below listed events do not match the promo-
tion and technological advances of the above said facts.
Those events namely are;
1. Ethics or way of thinking toward inforeation

2. Business practices in information age



3. Legal systems in information age
4. Indeanity insurance systems in information age

5. Security measures in information age

In Japan, new things have been relatively welcomed. In other words, Japanese
have had higher social acceptance towards new technologies and medias. Japan's
fast economical growth in past several ten years and its optimistic thinking are
the reasons for such an acceptance. To obtain continued and fast economical
growth, Japan had to create nev products fast and cheap which has led to accept
nev technologies and medias easily,

On the other hand, Japanese are insensible to security thinking that ' Water
and Security are free '. A foreigner has warned that such optimistic thinking

nay be dangerous.

Thus, whether Japanese society accepts a sophisticated informatization or not
may not be an issue, but too lax acceptance itself may be an issue. It is my
observation, but in Europe and the United States, information security, privacy
protection and other countermeasures have been provided to get social acceptance
for informatization. In Japan, those countermeasures are rather needed not to
disappoint Japanese society's expectations toward new medias ( vhich are pre-

ceded than the real change).

ITI. Will above said situation continue in Japan 7

Are these optimistic viev going to continue ? Vhen bicycle is on a run, it
does not fall. When society is growing, the growth itself provides security. If
so, when Japan becomes matured society, security will play an indispensable role.

And such symptoam is showirg. As Murphy's law says, "If something can be wrong,

it will certainly go wrong at sometimes or other”.

Let us go back to five facts mentioned before.

1. Ethics or way of thinking toward information.
According to the survey done by Police Agency in 1987, people’s feeling to-
wards ‘information handling' cannot be regulated by conventional moral to-

wvard handling of 'object’ such as money.




2. Changes in business practices
Vith the promotion of communication network, VAN, POS, etc., Japan's tradi-
tional wholesale dealer system has been collapsed. In turn,agency business
(taking over part of Jjobs in enterprises by providing value added informa-
tion ) is prospering.
3. Legal systems in information age.
Criminal Lav of Japan which was amended in 1987 has counteracted against
computer crime. However, it is not sufficient.
For example, according to Japan's criminal law, huckers who hucks inte
other's computer system for fun, are not punished.
Personal information protection law is still not legalized yet in Japan.
4. Indemnity insurance systems in information age
There are two indemnity insurances sgainst information processing related
loss, but not well sold. One of the reasons for these insurances not get-
ting very popular is that unlike the money value, information value cannot
be measured with standard measurement system. ¥hen ve cannot convert

information value into monetary value, insurance cannot cover the loss.

[2,]

Security measures in information age

Countermeasures for physical security are being taken in Japan, but for
logical security, countermeasures are not sufficient due to probably Japa-
nese optinistic way of thinking. In addition, security measure is tend to
be considered as a subject of technical engineering. But, it should be dis-

cussed from legal, socio-psychological and management engineering aspects.

Iv. Conclusion

Vhat considerations are reauired to help our society grow to really acceptable
information society ?
1. Awareness of Researchers and developers

Researchers and developers of leading-edge technology should pay more at-
tention to the impacts that his outcome bring to the society ( especially
that of negative impacts). It is easy to say this way but hard to practice.
Because, mankind has never acquired such 'Predictability’ like lod has.

2. Necessity of preventive medicine to such problems

Taking preventive action is a minimum requirement against such impacts, if



anticipating social impacts of the leading-edge technology is difficult.

i. EDP Audit or Systees Audit is one of the preventive actions.

ii. It is mandatory to establish security policy in & society and amend
procedures periodically.

iii. Computer Virus {s serious problen. To prevent the plague from
spreading, the original vendor of software may need to announce
“Declaration of Sanitization” on his software , modelling after the
public hygiene.

3. Establishaent of information value measurement system
Counterfeit and poisoning of water supply are heavily punished legally due
to strong impacts such actions give to the social security and discipline.
¥ith the same consideration, a more heavy punishment to the counterfeiting
or intentional transformation of information would be required by society.
To confornlto the requirement,it will be necessary to establish standard

measurenent system for information.

Note. The opinion herein is author's and does not represent

the opinion of the organization he belongs.




INFORMATION SECURITY IN NEW MEDIA

KRilaus D. Wolfenstetter

Research Institute of the Deutsche Bundespost

ABSTRACT

It is a matter of fact that an integration of security
gservices into telecommunication and information
processing services 1s becoming increasingly important
for a number of reasons. We find the neceamsity for
security features in nearly all telecommunications tech-
nelogies including local area networks and personal

computers, distributed databases, cellular radio
telephones, Batellite teleconferencing, electronic mail
and funds transfer. In connection with recent

deregulatory trends in communications laws this has sget
off a revolution in communications security.

Today vast amounts of sensitive information such as health
and legal records, financial transactions, credit ratings
and the like are routinely exchanged between computers
via publiiec communication facilities.

These are all examples of communication services in the
private and commercial business sector and do not concern
the military and diplomatic communications.

So the beginning "Information Age™ has revealed an urgent
need for cryptography in the private sector. Worldwide
open research in cryptology has, in fact, taken place only
for about the last ten years.

On the other hand, most people engaged in communications
technologies agree that only a worldwide open systems
interconnection can meet the demand for efficient and
economical communication services. Thus, we have to
combine openess with securlity or (better:)
confidentiality. In this context, confidentlality need
not impede the development of open syastems, it is rather
a prerequisite of their success. 1t 1s true that the two
features "open" and "secure" seem te exclude each other,
but these two goals can be achieved by means of public
key cryptography.



Furthermore many security problems such as hey manage-
ment, message and persen authenticity, anonymity, etc.
can be sclved elegantly by using such tools.

The enormous growth in research in all aspects of modern
cryptology involves a variety of theoretical and
practical problems, such as

= classification of security lacks and services
s davelopment of security schemes and protocols
» development of security algorithms

= assessment of the computatioconal complexity of
functions and algcrithms

= problems in number theory and algebra and related
coding theory

. embeading security related features in system
environment

L] problems. concerning IC card and security module
technology

The paper deals with some of these prcblems, which are
outlined in an increasing degree of complexity, ranging
from stralghtforward cryptographic schemes tc demanding
multifunctional security systems. In parallel, some
typical applications in telecommunication services are
given.




Electronic Signature as an Add On to the Teletex Service
Wolfgang Schroeder
mbp Software & Systems GmbH
Semérteichstr.47-49

D~-4600 DORTMUND

In the next decade the developed infermatlon soclety will strongly
penefit from the fast growing potential of digital electronic com-
munication. But at the same time new threats and risks will grow
"with these new communication featurea, equally for individuals and
commercial oriented or public organisations: while in the private
sector protection of privacy is the most desirable good, in the
public domain the value of digital communication will strongly
depend on social acceptance and legal evidence in our communities

and business corganisatlions.

When we concentrate on this latter aspects and on the various
kinds of electronic message transfer, we are exposed to several
risks resulting from the use of an electronic transfex system,
While a reliable exchange of arbitrary text or data information is
state of the art in modern communication even between different
types of computers (OSI concepts), all these technologies cannot
guafantee a trustworthy operation of the total electronic message

exchange system, Mailn threats.tcday are stil)l the risks of

. Masquaerade (somebody pretends to be someone else by using
a wrong authors name in a message)

. Repudiation (somebody denies to be the author of a messa-
ge after having sent the mesgage) .

» . Manipulation (scmebody changes the contents of a docgment

after electronic reception or tranamission)



* Intezception (an unauthorlzed perscen intercepts a message
durling slectronli¢ transmission)
' Disolosure (an unauthorized person gains access to the

contents of a‘nonﬁpubiic message)

To overcome these potentials-in order to achieve trustworthy and
hence legally binding electronic coemmunicaticons, mbp Software &
Systems and the GMP (Gesellschaft fir Mathematik und Datenverar-
keitung) have closely coopera;ed to develop a fully operational
add-on system for the international Teletex service. This electro-
ni¢ document transfer service was selected as one of the most sui-
table types of message exchange in an open systems environment.
Although based now on mbp’s line of UTC Teletex controllers and
TELETEX-PACK software providing Teletex access to PCs and other
office computer systems, the concept itsalf is as well independent
of the specific type of terminal as not restricted to upward com-
patibility.

The pilot-product developed by mbp and GMD overcomes the above
mentioned threats by providing two independent gecurlty services:
**  a Signature-Sarviece (protecting agalnst masquerade, repu-
dlatien and manipulation) and
’ a Confidantiality-Sarviee (protecting against interception

and disclosure}

The concept 1s based on an intelligent microprﬁceaso: haged chip-
card.‘The card, individually assigned to the card-holder, carries
a unique palr of keys to be used with the asymatric RSA encryption
~algorithm, The access to these keys storsd in the non-volatile

memory of the card is protected by a fully user controlled PIN




(PIN = Personal Identification Name}, In addition, the card holds
a validation certificate (or a hirarchy of certificatés) of the

issuing organization and/or trustworthy authprity.

Signing a décument with the -chip-card requires that the author
ldentifies him/herself by showing to be the legal owner of the
used chip-card entering the correct PIN-code, TELETEXT-CRYPT will
then perform a mathematical folding procedure (Hash function) re-
sulting in a checksum which in the end is transformed by applying
to it the RSA algorithm using the secret key ¢f the card-holder.
The “electronic signature” as the result of the process is presen-
ted on an appended signature page of the Teletex document showing
autlior, signature and validation certificate in man (and machine)

readable ASCII (see Lbelow).
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To allow the receiver to check and prove authorship and integrity
of the document, the public key of the author 1s provided in addi~
tion on the signature page. By applying the same Hash-function to
‘the text and using the delivered public key, the receiver of the
message can easily check the authenticity of the document. This
validarion function is performed automatically, whenever a signed
document is retrieved by a user from the Teletex receive memory of
the controller or can be initiated by the operator any time later

after storage in the local filing system,

Similar to the electronic signature an optional encryption is per-
formed by using the public key of the recelver: Only thé addressed
individual, i.e. the legal card-holder will be able to decrypt and
read the received encrypted docuﬁentf An additional not-encrypted
header page is automatically created to clearly identify the ad-
dressed person and a subject referenca in plailn text. The key-ma-
nagement problem arising from the encryption feature is solved in
TELETEX-CRYPT by a local “public-key database” of the communica-

tion partners of a specific usex.




Data Broadcasting

Akio Yanagimachi
NHK Science and Technical Research Laboratories, Tokyo

1. Introduction

Broadcasting has steadily progressed, starting from AM radio, then
advancing to black and white television, FM radio and colar television, and ncw
“to the development of high-definition television (HDTV}. In additiom te these
sound and image broadcasts, we now have another quite new broadeasting
conception, that is, data broadeasting. Data broadeasting is a service to
transmit coded information to the data processor (e.g. personal computer)
possessed by a subscriber. This service will play a significant role for
individuals who will increasingly need information in many phases of their

lives,

2. Developing Data Broadcasting Channels
2.1 Multiplexing on Sound or Television Broadecasting

Radio program ldentification codes can be transmitted by multiplexlng low
bit rate data on AM broadcast waves. This method transmits data having a 16
bit/sec rate by continuous-phase frequency—shift keying with 24 Hz and 32 Hz
signal frequencies. Carrier waves are modulated either by amplitude or phase.

FM stereo broadcasting can add a subearrier above the subchannel spectrum
and modulate the subcarrieé by QPSK, for data transmissien. This method has
been put to field use to send to stationary receivers 32 Kbps of ADPCM sound
and 1 Kbps of data.

A newly developed method multiplexes a digital subecarrier above the
subchannel of terrestrial television sound that is frequency-modulated, as done’
in FM multiplexing,. for transmitting facsimile signals.

Satellite TV broadeasting operates two-channel transmission by a digital
subcarrier NTSC system. The subcarrier is multiplexed on a 5.73 MHz video
signal band for QPSK transmission of sound and data at a rate of 2.048 Mbps.



The data transmission uses remaining bits of sound transmission, The capacity
of data transmission may differ over a range between 228 to 1,760 Kbps by the
mode and number of channels of transmitted sound.

The method originally developed for teletext multiplexes non-return to
zero (NRZ)} data signals on free scanning lines in vertical blanking intervals
of television video signals. The data signals are multiplexed at a rate of 296
bits on one scamming line per field, producing a transmitting capacity of about
16 Kbps. Teletext currently uses four lines in this methad for operational

services,

2.2 Exclusive Channels

This method exclusively uses one channel of TV broadcast waves in two
ways: one using all llpnes of video signals to transmit NRZ signals as Teletext
does, and the other employing an exclusive digital modulation method. The NHK
is studying digitally meodulated wave broadcasting which uses a 27 MHz band of
one satellite broadeasting channel. It can send 12 units of 2,048 Kbps,
equivalent to the capacity of the said satellite TV sound multiplexing.

Table 1 summarizes various data broadeasting channels described.

3. Develeping Data Broadeasting Services

Data broadcasting is no different from radio and television services in
that it eventually conveys information to the receiver, but they differ in the
ways the receiver processes coded information.

The following are representative data transmitting service media now being

developed:

3.1 Facsimile Broadcasting

Prints out detailed information on paper, using MH codes based on the
CCITT G3 format now widely used for telefacsimile services. High-speed
transmission is possible via data channel of satellite broadcasting. Transmits

an Al size in 20 to 30 seconds on a printer with a maximum scanning line time




of 5 ms. Transmitting half tone, which is inevitable in facsimile service, can
be coped with by the dither method. The data channel of satellite broadcasting
uses a packet transmission system. This syétem, when transmission completes
within the minimum scanning line time, restricts packet transmission for higher
total efficiency.

3.2 Personal Computer Services )

These services provide the transmission of personal computer programs and
broadcasting of various data to be processed and shown on a personal computer
display. The programs include CAI (computer-assisted instruection) and TV
games, while the data services convey weather data and economic indexes. The
programs and data can be stored in the receiver's computer for later

convenience,

3.3 "Telemusic"

There is an increasing number of musical instruments on the market that
electronically generate sound or electrically input/output performances through
an automatic piano. "Telemusie" broadeasts performance data to these
instruments. ‘This method needs far less transmission capacity than the
conventional system that transmits signal waveforms of the sound pressure
caught by the microphone and reproduces them on the receiver's speaker. Also,
this method provides vivid sounds of real musical instruments.

Transmitted performance information includes sound pitch, intensity,
duration and timing, which are exactly matched to actual playing.

4, Future Prospects

The satellite data channel and exelusive wave digital broadcasting have a
large transmisslon capacity and the flexibility of the packet transmission
system which can simultaneously broadcast varlous kinds of information. This
enables the information sender to use several media simultaneously and the

receiver to select and get necessary information quite easily. Data




broadeasting will develop into ISDB (integrated services digital breadcasting),
a system to transmit any kind of information perfectly.

Table 1 Various data broadcasting channels

Type of data Frequenecy band Data multiplexing Data
transmission & modulation of & modulation bit rate
main ecarrier
Medium wave Double modulation 16bps
of main carrier
AM (sound) CP FSK
VHF Subearrier 1Kbps (L8Kbpg)**
(76KHz)
FM (sound) QPSK
Multiplexed VHE /UHE Subcarrier 16Kbps
transmission (70.BKHz)
with main FM (TV sound) QPSK
program
SHF® Subearrier 224 - 17h0Kbps
{5.73MHz)
FM {TV video) QP3K (2,0UBKbps)**
VHF /UHE /SHF* TDM (VBI) 16Xn Kbps
AM/FM* (TV video) NRZ (5.73Mbps)
Exclusive SHF* (27MHz bandwidth) 224-1760x 12Kbps
channel MSK (2,0UBKbps)**x12
transmissicen

® Satellite
broadeasting

*% including

sound signals




Introduction of data broadcasting by the Deutsche Bundespost
Klaus Hummel
The Federal Minister of Posts and Telecommunications

The term "data broadcasting” means the distribution of data
information from one source to a large number of sinks. Although
theoretically all physical means could be used as transmission
paths, radio links are generally considered the most suitable
possibility as the cost of radio transmission paths is largely
independent of the number of receiving stations and the places
of destination do no have to be part of an established coverage

system.

Where use is made of frequency bands that have been exc¢lusively
allocated to the broadcasting services it will have to be
carefully examined before the introduction of "data broadcasting”
whether the frequency bands would thus not be put to inappropriate

use,

In compliance with these requirements, the following services
are used or being developed in the Federal Republic of Germany:

1. Distribution services using terrestrizl transmitters

1.1 EUROSIGNAL

A telecommunications distribution service was first launched
by the Deutsche Bundespost in 1974, together with France and
Switzerland, in the form of the "radioccommunications to single
or multiple destinations" service called "EUROSIGNAL". This
service has mere than 140,000 subscribers at present. It 1s
expected to reach its technical capacity around 1995 with .....
subscribers.

The area of the Federal Republic of Germany is divided into
three paging zones and that of the Republic of France into



six. In Switzerland, there is only one paging zone.

In each zone, radiopaging centres contrel the simultaneous

emission of paging signals from the connected VHF base stations.

The information transmitted is optically displayed. Communication
partners have to agree on the meaning of the codes before
starting the service, Figures, letters and speech cannot be
transmitted. German EUROSIGNAL users can also be called in
France or in Switzerland over the public telephone network

via a radiopaging centre of the country concerned.

To preclude any misuse of paging numbers the Deutsche Bundespost
does not publish EUROSIGNAL directories.

1.2 CITYRUF

‘The Deutsche Bundespost is te launch a new paging service called
"CITYRUF" later this year.

Paging calls will be transmitted in the 450 - 470 MHz freguency
band. The relatively high receiving field strength required

and an effective radiated power of 100 W necessitate a large
number of transmitters, especially in urban areas.

The objective is a 90 % call success rate in the following

. conditions:

in ground floors of buildings,

for the transmission of 80 alphanumeric characters,
- when the paging receiver is carried on the body, and

at walking pace.

The service, which will initially be restriced to big cities
and cbnurbations, will thus provide new features such as the




transmission of alphanumeric meésages. This means that callers
using the telephone network can cause small texts or messages
to appear on the display of the called paging receiver.

The following service features are.to be provided, for example:
- tone-cnly: up to four opticgl and acoustic signals

~ numeric characters: up to 15

- alphanumeric characters: up to 80

- single call

- sequential group call

- simultaneous group call

CITYRUF subscribers can be called from the following tele-
communication networks:

talephone network

telex network

1

teletex network, and

Bildschirmtext {interactive videotex) network

It will largely depend on the features of the paging receiver
whether the new service will be attractive and accepted
favourably. Due to large~scale integration, modern manufacturing
techniques and the use of integrated antennae,paging receivers
can be as small and handy as cigarette packets. Prices are



expected to be lower than for the existing Eurcpean radiopaging
service in spite of the high demands on the sensitivity and
immunity teo interference of the paging recelvers.

2. Satellite distribution service

2.1 The satellite distribution service operated on the basis
of the distribution of television broadcasts '

-So far, the Deutsche Bundespost has not been able to offer
data distribution services of extensive coverage and operating
at high bit rates other than over wired networks. The existing
HF service "radiocommunications to single or multiple destina-
tions™ was far from meeting the requirements for the desired
bit rates.

Since 1987 the Deutsche Bundespost has been testing a procedure
which uses the teletext lines of a television signal for data
transmissions i1f teletext is not broadcast together with the
programme. The information is processed in a way similar to

the teletext coding system, inserted into the field blanking
interval of a television signal (teletext lines) and distributed
by satellite together with the TV signal. The 19.2 kbit/s data
stream included .in the TV signal can be received by private
satellite receiving antenna systems or be carried to the
customers over the Deutsche Bundespost's broadband distribution
network. In both cases a decoder is necessary to evaluate the
data information.

The trial mentioned above should also provide 1nformation on
the form a regular satellite distribution service should take.

2.2 New satellite distribution service (VSAT service)

Satellite transmission paths can be made available quickly
and flexibly as regquired.




In coordination and cooperation with interested customers from
trade and industry, a distribution service is currently being
tested which is to be introduced officlally in early 1989,

The following messageVServices are envisaged:

- receive-only service,

~ Data collection service, and

- interactive system.

Using Eutelsat and Intelsat but also national satellite systems
{(Ropernikus), the service is to cover the following areas:

service area of the Deutsche Bundespost,

Europe,

Atlantic area, and

1

Indian Ocean area.

Depending on the requirements, dish antennae with a diameter
of 60, 75, 90 or 120 cm will be used. The interactive system
requires antennae with a diameter of 1.2 to 1.8 m.

Transmission bit rates can be provided for data streams of

4.8, 9.6 and 19.2 kbit/s, with error bit rates of 107>, 10~

and 107’ respectively.

6

The new distribution service should be available 24 hours a
day at 99 %,

The service also allows the establishment of closed user groups.



3. Information for multiple destinations transmitted in the

form of data in connection with broadcasts

Data information is transmitted together with broadcast signals,
particularly with VHF and television signais. The data trans-
mitted should exclusively contain information associated with
the programme. For the sake of completeness, however, I should
like to mention and briefly describe this systém called "Data
Broadcasting”. '

3.1 Television

3.1.1 Teletext

Teletext 1s a system providing viewers with information
associated with the programme or of general interest, which

is transmitted in the form of data within the television signal.

3.1.2 vPrS

VPS is a technical system used to synchronise the start and
stop of videorecording to the beginning and end of a programme.

3.1.3 vPV

VPV {teletext programmes videorecorders) is a new technique
which uses the programme information on teletext pages for
the easier programming of videorecorders.

3,1.4 TOP

‘TOP (Table of Page) is a technique making it easy for users
to call up pages in the teletext system.




3.2 Sound broadcasting, RDS

RDS (Radio Data System) provides radio listeners with information
{name of radio statlon, traffic reports {(ARI)}) transmitted in
the form of data in the FM radio band.

However, it is currently being examined whether this system
would alsoc allow the transmission of services similar to
"Cityruf", The high availlability of VHF transmitters which
can be received everywhere due to their great field strength
could make such a service highly attractive.

4. Conclusion

The fast technological development will make the transmission
of information by "data broadcasting™ more and more important.
The new MAC standards for transmissions offer particularly

favourable opportunities.
However, the development of new services in this field will

ultimately be determined by the market requirements. The Deutsche
Bundespost will use any technique available in line with demand.




- To make a single call, the caller addresses the paging receiver
by means of the paging number.

- A special sequential group call number is used to address
several receivers together. These receivers are normally
called by means of their individual number.

= The service features are comparable to those of EUROSIGNAL.
Al]l the recelvers have the same code number. They are called

simultaneously by one call using a common group call number.




RECENT PROGRESS IN OPTICAL CARDS

Nagahiro Gocho
Olympus Optical Co.., Ltd.
2-3 Kuboyvama-cho. Hachioji-shi, Tokyo. 192 JAPAN

JNTRODUCT | ON

For thousands of vears., paper has been the main medium for record-
ing, archiving, transporting., and displaying data. The merit of
paper is that no peripheral devices are needed to review the
information. But recently. the volume and demand for information
hand!ing has bean increasino rapidly and paper has bhegun to show
its demerits as it is bulky and heavy in large auantities. mailing
costs are high, random access is difficult. and the information is
easily copied. To combat these difficulties, one solution was
propesed in the early 1980's. That sclution was the Optical Card,

Bocause writing on the optical card is performed by a laser., a
large amount of information can be stored in a tiny area. This
results in a number of benefits, a few of which are:

(1) Large Capacity: | - 2.5 MB per card (1000 papes of A4 text)

(2) Low bit cost/card cest: 3 KB/Pfennina, B Marks/Card

(3) Portability: Credit card size

(4) Safety: Pre-racorded or Write once., Encryption possible

(5) Durability: Unaffected by magnetic fields/static electricity

This paper will present a brief outline of the current status of
the Optical Card and Optical Card Reader/Writer svstems and
examina some of the doors opening to this new industry.

OPTICAL CARD READER .
The Optical Card Reader (OCR) is a read-oniy model used for
retrieving and manipulating infermation from pre-written ROM
cards. The Olympus OCR combines a diserlay and kevboard in a
portable model for the following features:

1) Information retrieval and data calculations are performed by a
built-in CPU. .

2) Data Iinput is possible using the integrated kevboard.

3) A large LCD display is used to view information and
interactions.

4) The exchangeable ROM cards provide the data information and
necessary interaction programs.

5} Periphera!l device connection (computers., eprinters. monitors,
atectronic musical instruments. et¢.) is possible through an
intearated interface,



OPTICAl CARD READER SPECIFICATIONS
Reading Speed: 100 Kbits/sec
Error Rate: 107 to 1072 .
fnput/Cutput: Built in keyboard and LCD diselay
Card Insert/Eject System: Automatic (Eject by Eject Button)
Applicable Card: ROM Optical Card (54.1 x 85.7T x 0.76 mm)
0.5 MB to 2 MB Capacity
Operation Modes: Stand Alone/Peripheral Device
Interfaces: RSZ232C or Centronics ’
Dimensions: 290(w) x B69(h) x 223(d) Crmm)

OPTICAL CARD READER APPLICATIQNS
The ROM card is wall suited for distribution of the same
information te a targe quantity of users. Many applications are
‘possible when this card is combined with the Optical Card Reader's

input and display., data searching, and calculation capabilities:
¥ Publications Index ¥ Manuals

X Telephone/Address Directory ¥ Inventory Lists

X Elaectronic Music Mamory ¥ Parts Lists

¥ Time Tables (Airline/Railway/Bus)

¥ Insurance Rate Table (and calculations)

The optical card is more advantagecus than paper as it is easy to
carry or mail large quantities of information. the bit cost is
low, and information protectien Is possible by data encrypticn,

DPT|CAL CARD READER/WRITER

The Optical Card Reader/Writer (OCRW) is a compact Write Once Read
Many (WORM) optical systeam, |t contains a controllaer and power
source which allow personal computer connection with a single
cable. An integrated automatic card cleaner and uniguely designed
arror eorrection clrcuitry reduce the error rate to less than 107'%
Various types of interfaces aliow direct connection to many
systems. Application software is sasily developed using a device
driver designed for the optical card.

oPTICAl CARD READER/WRITER SPECIFICATIONS
Card Size: B4.0 x 85.7 x 0.76 {mm)
Media Size: 35 x 85 (mm)
Storage Capacity: | to 2.5 MB (per card)
Access Time: Less than 1 sac.
Reading Speed: 64 to 128 Khits/sec
Writing Speed: 16 to 32 Kbits/sec
Error Rate: Lass than 1dﬂz
Card Insert/Eject: Automatic (Eiect by Eject Butten)
Card Clteaning: Automatic
Interfaces: RS232C. Parallel |/F., SCSI. others
Dimensions: 232(w) x 140(h) x 2B65{d) (mm)




QPTLICAL CARD READER/WRITER APPL |CATIONS
Because the card is write-once., the risk of accidental srasure or
media destruction by maagnetic fields or static electricity is non-
existent. The flexibility and compact size of the card allows
standard mailing and permits storage in a wallet or purse. Illlaegal
alteraticen of media is nearly impossible., and the low cost makes
arasing and rewriting on the same card unnecessary.

Thus., the WORM card is well suited for updatable information which
must be carried or mailed. Currant possibilities include:
¥ Medical Card

¥ Factory Automation Card (CAD/CAM)
¥ Financial Passbook/Transaction Record
¥ 1D Card )
¥ Maintenance/Repair Records
¥ Confidential Information
¥ Software Distribution/Updating
EXPERIMENTAL/FIELD TESTS
Some fiald tests have been completed, others are continuing, while
still more are planned in Japan, Europe., and the U.S. Most of the

tests are in the medical field, while others are in the financial.
ID card. maintenance, and electronic pubtishing fields.

(1) Medical Field

The Medical Optical Card contains basic personal information (i.e.
name and address) as well as a medical history including waight.
height, blood pressura, blood chemical tests. electrocardiograme.
pharmaceutical prescriptions. atc. Doctors can easily accass thae
data, which is shown as a sraph on the computer monitor., to study
the tendency of e@ach item. This provides a great help to diag-
nesis. Medical Optical Card field trials have been parformed in
Japan at Ohmiya Hospital, Tokai University, Natmec Nanasato Hospi-
tal. Hakushu Town, and in the U.S. at Baylor College. Further
Medical Card field trials are planned in Jaran., the U.S. and
Europe.

(2) Financial Field

Financial Optical Cards are usad for transaction records and per-
sonal information. Sumitemoe bank, Olvympus. and Omron used omtical
cards as a prepaid card in Sumitomo bank's cafeteria beginning in
June 1986. The test provided Diympus with information useful for
improvements in the machine, which have already been implemented.

(3) Other Fields

Severatl trials are planned in various fields in Jaran, Eurcpe, and
the U.S. These will be announced in the near futurae.



STANDARD | ZATION

Standardization activities were accelerated in 1988 in Japan.
Eurocpe, and the U.S. In Japan. tha 1S0/1EC JTC1/sclT adhoc Optical
Card Committee {(sponsored by the Japan Business Machine Makers
Association) began discussions in August of 1986 and published a
draft of a standard for parts t, 2. and 3 (JBMS-39-1988) in March
of 1988. Part 4 is currently under discussion and will be
published in the near future. In Europe., the Drexler European
Licensees Association (DELA) began discussions on standards in
1987. DELA is holding menthly meetings and is scheduled to
complete a first ganeration standard by the and of 1988. In the
U.S.., ANSI| X3B10.4 Optical Memory Card meetings are held several
times per ysar. The most recent meeting was held in Washington
D.C. in early Septembar 1988, where a draft (parts 1 to 4) was
submitted.

SUMMARY
The low cost. hiwh capacity., portability., and high security of the
optical card qualifies it for a wide variaty of applications in

the fieldse of medical history records. financial infermation
racords., maintenance/repair information, publishing., education,
parsonal identificatien, and confidential infermation exchange.
The Optical Card Systems have prosressed to the field test phaso.
More activity will occur next vear., with larger scale implementa-
tion beginning in the early 1990's. With continued effort and
support, coptical card systems wil! have the capability of meeting

with worldwide success.

BEFERENCE }
N. Gocho. "The Optical Card System: Description and Applications"”,
Optical Information Svstems '87 Conference procesdings. P140-144,
Dec. 1887 (New York., U.5.).
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CHIP CARD FUNCTIONALITY AND APPLICATIONS

Klaus D. Wolfenstetter

Research Institute of the Deutsche Bundespost

ABSTRACT

The rapid growth of communication services and informa-
tion processing and their increasing mutual influence
involves also new challenges for the global and open sy-
gstem concepts and related technologies. With the
multifunctionality of technical devices, worldwide stan-
dards and recommendations, neutral interfaces being
independent of the producers, data preotection and
security features etc. only some of these ambitious aims
are mentioned. Therefore, according to the design and
conception of future modern information and communication
systems, chipcard technclogy will play an important role.
It will emerge as a service medium of the future and will
extend to & variety of new applications and problem
solutions. :

The reasons for this development are manifold:
The (conventional) credit card =size microcomputer card
is the ideal medium for anyone to provide future

communication and information processing services with a
maximum of comfort, multifunctionality and security.

These requirements essgentially are based on the
"jntelligence" and high memory density of the chips, whose
extraordinary properties are

* high memory capacity

= high computing power

= high reliability

= high securlty against manipulation
= low cost card reader device

» standardized interfaces or transmission protocols
between chip and reader.




The technical medium <chip card enables services in
numercus of professional and private life areas such as

* cashless buying via
- home banking and teleshopping (e.g. electronic purse)
- EFTPOS

* coinless telephone calls via public telephones or radio
telephone systems

* c¢ollecting, storing and processing of information e.qg.
according to
- medical data
~ ID card data
- transaction data etc.

* controlling or steering processes or computer programs

In essence most of these services have common security
requirements such as

* access control to computers or network switching
centers

* access legitimation to data bases

= confidential exchange of messages

In order to realize all of these tasks the following
security services have to be provided for the active ay-
stem parts:

= protected atorage of data in the card

* Jidentification of the subscriber with respect to the
card

* mutual authentication between card and system (resp.
terminal)

* mutual authentication of communication data via digi-
tal signature.

= data encryption in the card.

The paper intends to outline some of these security
applications. Beyond that we try to describe the various
technological and conceptional demands arising from the
security problem.
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The Present Situation of CD-RON in Japan

The first case of the practical use of CD-ROM in Japan vwas a
dictionary of techno-scientific terminology (Sanshusha) published in
1984. The ability of the.lnrge memory capacity in CD-ROM was fully
wtilized ino this case. Moreover, publishers have attemped to use
CD-ROM in the publication of prestigious existing dictionaries,
including the Kojien dictionary (lwanani Shoten?. and are expanding
the range of CD-RON application by combining it with word processor
function. Various data bases are under CD-ROX programming. too
Information publications on books, magazines and patents are also
becoming widespread as package-type products.

Under these circumstances, publishing houses having a Strong
interest in electronic publishing gathered and inaugurated JEPA (the

Japan Electronic Publishing Association) in September 1986. At present
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the association includes not only publishers but alsc electric
appliances makers, computer makers., printing firms, software firus,
chemicals makers. book publishers, recofd companies and the like from
various industries. and participants are widening exchanges among
themselves. To promote new media like this, user needs must be
effectively communicated to makers{ and JEPA's formation proves the
increasing avareness of this. The menbership of JEPA exceedéd 150 as

of October 1988 and more firms are gxpected to participate from various
industries. One of key subjects of study at JEPA is standardization

It is felt that without standardization., this business cannot exist.
This was learned from the history of maojor media. [S0 9660 became a
global standard for CD-ROM, and efforts are continuing to generalize
this format by adding conditions that will enable the use of the format
not only in Japanese-language area but also in the whole kanji-letter

area.

—102-—




The Future of Electronic Publishing

The expression “new media” was much in vogue several years ago. but
despite its popularity and great expéctntions in industrical circles.
its 5uccessful cases were very few. Therefore. a cautious attitude is
still prevailing toward the term “electronic publishing."”

However. the above-mentioned improvement in data bases ard practical
use of package-type media (CD-RON., etc.). less expensive than on-line
systems, have been reducing retrievul cost and making devices very easy
to handle., thus creating strong hopes for their future dissemination
Nevertheless. the use of on-line system media in parallel is
indispensable to accessing up-to-date information. For the present
pain users will be limited to business enterprises and researchers, and
the popularization of these vedia among individuals (homes) will remain
yesrs away. Progress in input, editing and DB {(data base) programmiag

technologies on the part of IPs (informatoion providers) has been very
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conspicuous. while the diffusion of personal computers among users is
increasing. Considering this. it can be safely said that. the environment
of electronic publishing is steadily improving. But. the arrival of the
time for its individual use wilt depend on when handy and highly
interactive equipment. such as CD-[. (First “The Visual guide teo plants”
prototype was introduced in Oct. 1986 by Shingakusha and H;tnchi.) will
become available at low cost. And even if such a time arrives. people

will still choose to read literature in the existing printed from.

¥ichio Horiuchi
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Video Communication in the Business Field

Volker 8telner
Federal Miniatry of Poats and Telecommunications

Abstraot

High Guallty Videocommunicatlon 1n the commarcial applleations ls an Imporiant
stratoglc element In Introduction of broadband communication.

The firat major application pllot - Videoconference - has creatad valuabls experience
in tho {lelde of natwork, tarminal equipment, service ofterings and customer-markat-
reaction. On thig basle the actual concept of development videocommunication
markat by tha following espects:

¢ Network aspecis

The national brondband forsrunner natwork (VBN) will ba Implamented by the
end of thla year, with full avtomatic self dialling capabliity. Digital picture
distribution via satelllte, integrated by gateways Into the VEN and ihe terrestrial
Tv-distribution netwark will ba Implemented, as well as adaption to different
cotling standarde.

o Teorminal gystems

The  early development of  videcpommunication  workstations,
muitiunctional/multimed!a 1arminals and broadband inhoues sygtems (s a main
objective to be carrlad out by the BERKOM-Project and ethar pliota.

o Application/service development

Application pllote In the fleids of Telsmedicine, Telepublishing, dlstributed
factorlea niso In the framework of the BERKOM-Project, the RACE and AlM-
programmes of the Eurcpean Community will foster market exploftation and
service delinkion,
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© Resesroh/Systemdevslopment

New Ceodac-penarationa [e.9. 34 Mblt/a, m x 384 kbit/s (m = 1 ... 6), n x 84 kbitja
{n = 1,2), p x 84 kbit/a (p = 1... 30), HDTV-Codecs] and terminaltschnologles
Including usar-friendly man-machine-interfaces arg maln arers of necesaary
activitles,

Further steps for Integration of Inleractive and distribution video communication
services and extenglon of those services offerings Into the private area are Intended
but depend on the raaults of the actlvities explalned.
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Overview of TRON Project
(TRON Project Impaci upon the Computer Culture)

Norihiko Ito
Uepariment Manager, Microcompuler System Uepariment
Witachi Lid.,Musashi Works,
1-20-5chome Johsuihonchoh, Kedaira City, Tokyo, Japan
TEL 0423-25-1111.FAX 0423-26-2154

1. Preface .

Nowadays TRON Project has absorbed considerable public attention. A lot of
journalists also are greatly concerned about it, so we often read their
accounts, but they always do nol introduce the exact intention of . this
project’s participants. In spite that they don't know much about what TRON
Projecl is, this may be one of human being’s bad habils, some critics have
discussed and confused the general public by their wrong information.

Making TRON Project’s intenlion as clear as possible, [ am reporting TRON's

coming movement and impact which may be given to the computer industry,

2. The Driving Forces of TRON (The Realtime Opesrating System Nucleus) Project

Basesd upon the idea of Dr. Ken Sakamura, Assistant Professor of
Communication Science Department, the Facul’ty of Science of Tokyo University,
TRON Project is giving strong influences and impacts to today’'s rapidly
developing computer culture. The purpose of TRON Project is to create the total
computer culture including home, office and industrial environment control
systems. In order to be able to correspond to a lot of occasions, TRON Project
has some sub-projects and also a consistent thought that computer should not he
for some specialists, but should be:

(1) easy to use for everyone.

(2) well designed for human being.

In the computer industry today it is said Lo be a kind of common sense that
a new computer system has to be designed careful enough so as to have sof tware
.compatibility with the past convenlional products. Even il a computer could
have capital funclions, most of people believe such computers are never used if
they do not have sofiware compalibility with the past products at all. (Lols
of people stiil think this way.)

In order to create really new and independent compuler culture, we have Lo
originate the new architecture and the development environment including 0S and
languages lheh to make application sofiware and hardware from the very
beginning. These works need huge iime, labor and money. After all no one has

—107 —



ever tried this expensive risk yet.

A lot of manufaclurers have produced only makeshift wordprocessors and
personal compulers by combining software and hardware products which arc
currenlly available.  As it is, they have hecome convenient ones. | am,
however, in doubl whether they are really useful for everyone. Therefore it is
proposed lo clicose complelely different approach in Lhe THON I’rojecﬁ as follows.
First of all, we create casy Lo uso HMan-Hachine Inlerface. Then we plan what
equipment or 0S specification should be, Finally we study and creale Lhe
compuier architecture in which users can make lhe best use of 05 specificalion
thereof. Dr. Sakamura’s idea, to create lhe toial compuler cullure [or mankind
wilh appling Lhe latesl technology available in Lhe 1990's, calches engincers’
hearts, inleresls users and inlluences cven some'hig businesses. The power
seems like a bursl of an oppressed volcano.The growth of loday’s TRON Project

looks [ike such an eruplion,

TRON Mroject has some driving forces. )

first, il is the ambitious bul simple molive to make someihing you lave
never seen before. It would be almost impossible for jusl one manufacturer Lo
create the tolal computer culture in its way. [Every manufaclurer's technology
range may be smaller than what TRON Project requires. For example, a well-known
LS! manufacturer may nol always have a pood experience in maklng a personal
computer,or a company who is well experienced uill.l making a personal compuler
cannol be 2 good inlellipenl house builder,

Thus. Dr. Ken Sakamura is sirongly supporled by the member companies of TRON
Association witlh having cach company's knowhow and lalest lechnology skill in
each individual industrial market segmenl. That is, TRON Project’s reserch
activity 1s supported by wide variely of cach company’s imlesirial experivnce,
and it is very grateful each other to have such an unintenlional systemalic
cooperalion that happencd in THON Project. As such, we can say ihal it is a
very specific point of TRON Projecl to creale a new compuler communiiy with
having many companices’ cooperalions. The very simple and ambilious idea Lo
creale somelhineg now Lhat vou have never scen before anidl something really pood
for mankind docs not likey [il Japanese company operation pollcy, bul current
TRON Project aclivily is said Lo have already completiely overcome such a micro
level ohstacles, It is nol Loo much {o say thalt we are trying to creale new
markets wilh TRON Concepl.

Second, we have Lo recognize Lhe Fact thatl mosl Japanese workers

understanding as to problems of trade frietion, copyrighl and “intellectual
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property ownership has been remarkably changed.  If we use oiher manufaciurers'
or people’'s ideas, we can easily guoss we may come under suspicion of
plagiarism. Therefore, we can say thal it may be a very challangeable larpget
but mosl imporiani point that we try lo create the ariginal computer cullure
and lo coniribule to people and countries all over the world, In general,
almost all of the properictary computer archileclures were designed by limitled
numher of engincering people in each private company who have been Lrying Lo
pratecit them as its inlellectual property for ycars. Therelfore, it may lic
subject to argument if Lhese properietary compuler archieclure may he [reely
used by any other companies. llowever, the new compuier archilecture which is
going to be defined in TRON Project will be established as onc of Lhe world
wide usable standard and will be pul into public domaln for anybody [or free of
charge to use. We have never heard such idea and philosophy before so thal

most of poople say it is really a revelutional activily.

Third, TRON Project is greally sup.porled iy many users who wish lo use a
personal compuler which is really well designed for human being. We con say
that the most of compuler users are forced to uso a computer which is designed
by compuler manufacturers under manufacturers’ view point. Aclually it happened
Lthat Lhose people who can use a werdprocessor manufactured by A company cannol
use the other one by B company at all. Users lhave been embarrassed by also
different file formats by every manufacturer, and yel each manufaclurer has becn
promoling hard that ils own product is hesl. Therefore uwsers [eel embarrassed
when they want to buy one.

Since every manufaclurer is in severe compelilion to produce own personal
compuler and/or word processor hefore eslablishing a common indusirial compuler
slandard, il looks very difficult Lo slop such an industrial slream, lowever,

“people in TRON Projecl recopnize such a fact is a very big problem, Therclore,
those people arc Lring to promole TRON Project so lhat as many esers as
possible may recognize the exislence of such a problem and may know accuralely
what Lhe TRON Concept Is with having adequate support by all kinds of mass media.
Some day in near fulure, we believe the office aulomalion market place will far
greatly grow up and we don’ L have Lo feel any confusion in chloosing a compuler,
if we can produce such computers as having complete media compalibility,file
compatibility,program compalibilily,and man-machine interface compalibility

among Lhose compuler manufacturers,
There are a lot of other driving forces which can not be written in detail

williin limitied space, MNul THON Project is the project which fillingly meels

the needs of {he times.
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TRON Project consisls of some sub-projects which need all-round technologies. ny
manufacturer Lhal may have an interest in TRON Projecl should actually take
part in any of the sﬁb—projects. Only walching the project may not be
meaningful,but il is very important to partlicipaie the TRON Project and study
with us. At the cnd of the 1990's, TRON Project must be apprecialed
as a most signilicant project in the technological hislory of the world.

Toward creating useful compulers for mankind, we have been and will be bending
cur efforts continuously.

3. May He Nely on Common Sence in the I[ndustry?

A1 kinds of business have their own common sense, and il is often said that
the nove! management without having a common sense usually brings to bankrupicy.
On the olher hand, people on the opposite side also fail at the end when Lhey
never believe lemporary praclical expedients, We know, moreover, quile large
number of cases to chanpe a foolish idea into Loday's common sense. These show
us Lhe neccessity that we sometimes have Lo change our way of thinking
according to the technology progress or change of circumstances and times. The
first manufacurer that has appreciated these changes can get an advantage over
the others.

When a floppy disc was inlroduced in 1975, disc engineers were very
surprised and confused at its eccentric concept:

(1) 1t does not have a pivol bul opnly a round hole.

(2) It is in contact with the magnelic head.

(3) In a paper envelope, it always rubs with it.

Host of disc engineers regarded it as a ridiculous product, and did not
believe that it could be used as a reliable file media. But hall a year later
everyone recognized that those day's absurd product was the beginning of leday’s
0A society. _

In case 6[ a walch, we can easily see the technology progress. [ecause we
often see them selling in a bowl and [ind many al home given as a premium. For
example, a gzirl was given a wrist walch as a premium when she bought a junior
high school uniform and her grandmother said that it had been so extravigant
and ridiculous to pive a wrist walch thanks to buy nothing but a school unilorm.

Some years ago, it was the symbol of rich and more expensive than anything
including any clothing. lowever, they have become cheaper by mass production
and a premium of clothes on the contrary. We can no more say a wrisl wach is a
simbol of luxury unless it is decoraled with gold or jewel_The common sense of
walches has been changed remarkably.

In case of a comera, cirtain level of expert knowledge was required

to handle a camera some years ago, DBul loday we don't have to have any special
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technique and/or expert knowledge in handling a camera. We have only lo press
the shuller for a subjeel and Lhen Lhe camera itsell brings the subjecl inlo
focus, winds the used [ilm and even (lashes a lamp if necessary. [ecause of
such automalic camera introduclion Lhe demand of camera has been greally
expanded and Lhose like Lhe apged or kids who have never used a camera hefore
have come Lo use an aulomatic camera very easily, On the other hand, for ihose
who have professional knowledge, Lhe manufaclurers produce cameras designed for
professional use. From Lhe beginners to the specialisls, camcra manulacturers
produce all kinds of cameras,

llow has personal compuler business been changing? ‘

It is the fact thal a personal compuler is useful, hut we are vexed at L.
For inslance, there is no sof lkare compatibilily among PC’s even using Lhe same
05 in the same CPU, if the IC manufaclurer is different. 1t can be said also
for files and printers. Lven how to use is all different, so we have lo read
cach bulky mnnual' for cach compuler. Ia spile of Lhese simple facls, some
people say against TRON Projecl Ltrying lo solve these problems, “There is no
suceeding, because Lhey have no compalibilly will past producis.™ fAlthogh they
never know Lhe real philosophy of TRON Project, lhey sometimes prelend they know
il well,

The reason why TRON Projecl has recenily been getling supporled greatly is
simply coming [rom users’ consciousness. In other words, lhere are many peoplé
who desire to use PC which is really well designed for human-being as we
experienced wilh the camera indusliry. Neverlheless, there are still a lot of

PC manufacturers who might be poor al recognizing such users’ desires or their

attitudes.

Everyone is likely Lo think of his or her fulure as the extension of Lhe
pasl. AL that Lime the more we fhiave slrong past experiences, lhe wore we make
our fulure narrow. In proportion lo our ages, we come lo stick lo our ways of
thinking and nol to acccpt new concept casily. Bul we have nolhing elernal, so
we always have to have changed our ways of thinking. [t may oflen be said
nothing can hold ils shape forever also in the industry. Any personal compuler
can nol keep the same style forever having compalibility always wilh past
products. Hoslt of people Lelieve that MS-DOS, which is an 0S incorporaled in
more than 90 percent of loday's persenal computer, must be conlinuousty used
alsc in future. This is, however, a simple fulure image that people who are
enpaged in I'C business are likely lo describe. DPersonal compuler may not he
used widely spread Lo people whe have never used a personal compuler il we ‘coulil
not solve those problcms described as above, [ven from a I'C business poini of

view, 1 am absolutely discontented with Lhe PC under present conditions. It is
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now coming when we should censider Lhe direction where lhe personal computer is
going,

Pcople who are doing business in loday's personal compuler induslry are
likely to believe that MS-D0S will never change il's No.1 position at least for
coming 10 ycars and did nol pay much atiention to Macinlosh al it's dehut,
which is becoming a considerably strong competilor against IBH-PC. Looking at
the fact that only ten years ago HS-DOS never came into exislence, nobody can
say Llhe second or the third M5-DOS like historical new 0S5 debul never takes
place within next len years. At prescnl more Lhan half of workers developing
wicroprocessor apllication syslem use or try lo use C language, hul tliere were
very [ew who used il len years ago.

Before we persist in the common sense, we shonld put il flexibly into the
common sense ilial no one in our compuler industry can exactly know what happens
in [ulure.

Some people are saying, “BTRON specificalion key board holliers us, because
it is cul of lhe standard.” To oppose il in Dr. Ken Sakamura's lerm, Lhey are
the same as Llhose who cannol slop smoking offer the cigarelles lo olhers in
splte of knowing hazard to health. In short, we don't care when Lhey use Lheir
fovorite and accustomed computers, but they must not advise olhers in particular
young people Lo use fhem.” I quite agree with him.

At first when we brought an engineering workslalion inlo our office room,
some engineers complained of it. For example, "We have no lime to learn how Lo
use,” or "It takes more time Lhan ihe handwriting,” or "It is not compalible
with the way we used lo do.” luman being might parl inlo lwo Lypes, Lhose who
have a spirit of enterprise and the olhers who cannol easily accept new
concepls and cavironments. Anyvone, indeed, may nol be apt to change his or hér
way il nol nccessary. 1 lhink, howcver, Uil Lhese people who would persist in

their ways arc nol eligible for discussing Lhe [ulure coming computer culture,

Through TRON Project aclivily | recognize Lhal people likely fail lo be
objective. HWe have our own subjeclive lhoughts. But we have to settle the
standard as soon as possible before compulers are going Lo be used more grealily,
The later we scttle the effective standard, Lhe bigger our social loss will

grow,

4. The sipnilicance of THON Project
{1} The Teamwork belween All Types of Imlusiries

You do nol always see only one induslry in THON Project. Companics who are
joining inlo TRON Project are from all fields of induslries--semiconduclors,

computers, office automaltions, printings, buildings, air lines, music
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instruments, power electricities, automobiles, universities and so on. Each
company and/or Lhe users are eager for TRON Projecl's success from each point
of view, ) :

So far we know some facts that few types of industries have assembled
together Lo sclile a standard or Lo eslablish their joint venture. Bul we have.
never seen that such many types of industries had discussed to seitle only one
standard before TRON Project.

It often happens that too many people discussion resulls in no oulput. In
case of TRON Project, however, Dr. ken Sakamura is 50 goodat leading them Lhat
each sub-project can have Lhe delinite specificalions as a whole,

HTRON Design must be onc of Lhe ressons why many Llypes of indusiries take
part in this project. MTRON Design which Dr. Ken Sakamura proposes iz lo use
and combine a great number of computers as tools lo help human being thinking
and action. A lot of Lypes of industries concentrate their alicentions on Lhe
possibility whereby MTRON Design widely expands Lhe computer applicalion [ield

and creates various new markets.

(2) The Rapid Rising of The Valuation for TRON Project

Peopie in general have come to appreciale TRON Project highly. IFf you

examine their consciousness, you will know thal about 20 percent of Japanese
people at the beginning of 1988 already believe TRON Projeci’s future success,
We don't have to be disappointed Lhe result that only one fifth of people
believe it, because all of them who answered to Lhe questionnaire do not
correctly know the inlention of TRON Project. Considering this fact, the number
of 20 percent is not the low percenlage. The more we are going lo send off
TRON Project's products o lhe market, the bigger number of people will come lo
know Lhe cxact TRON Projecl philesophy. Then il is nol said long helore rising

up to 30 or 40%. We have Lo recognize Lhat the percentage are rapidly changing.

(3) The Fair Profits for All the Companies
If only one company profits and all others lose in Lhe same project, Llhe

project becomes out of balance, cannot be promoted any longer and Lhen comes to
fail at the end: besides, this is also an obslacle il one company doesn't allow
others to use Its intellectual property and/or a patent which might be
incorporated into external specificalion of TRON concept product. All of Lhe
companies, toking parts in Lhe projeclt, need to have the fair profilts according
to their labors., TROR Project never has thesc p;roblems. for all participants
have taken the atlitude to co-operale with each olher for crealing the Lotal

computer culture. As the result, the spirit of the fair profits for all the
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companies comes into exislence.

(4) TRON Project for People all over the World

"PMersonal computer should nol have only English hut all lanpguages for all

people and also [or those who cannot speak Bnglish,” Dr. Ken Sakamura has been
saying. Though TRON Project was born in Japan, we are not going lo make
computers for only Japanese. We, moreover, have never intended it for Japan to
have the advantage of computer industry. We do lhink that a PC should be used
as a tool which assists the thinking for all pcople in ihe world,

Dr.Ken Sakamura strongly proposes that a personal computer should treat
multiple languages, Korcan hungle, Chinese kanji, Thai character, Arabic
- letter, etc.,for example, cannot be expressed within only 26 alphabelic
character set. As you know, eight-bit code computers are not enough lo accepl
these langunges. A personal compuler cannol be usced without having any relation
with each country language cullure. We believe TRON Projecl in Japan will be
ahle to contribute Lo the technology progress in Lhe computer industry all over

the world including Asian countries.

(5) The Fstcem of The Intellectual Properly

It is most important now [or Japan to create Japanese own producl concept

towards all over the world. Some people in foreign countries say that the
Japanese are apparently far ahead of in making substantial improvements on
exisling lechnologies from the United States and Burope, and incorporating
these advances into highly markctable products. It is worthy to make
improvements on existing technologies and/or product, but il is wor thier to
creale own product concepl than making any improvement, In order nol to arouse
thosc suspicions any longer, now Japanses have to iry lo produce Japancse own
product concept., Dr. Ken Sakamura also says, " Jopanese is lacking in this

recognilion.”

{6) Markeling is the Subjeci of Each Manufacturer

TRON Project is nol the place to markel the develeped producls, but each
participant only to support Dr, Ken Sakamura's research aclivity. TRON Project
is Llhe place where each parlicipant co-operates to eslablish the new computer

industry standard. Therefore the marketing is the subject of each manufacturer.

(1) Educational Personal Computer in Japan Based upon BTRON Specificalion

Hith the salisfacion of some essential condiltions, CEC(Cenier for

Bducational Computer) has regarded BTRON specificalion as the 05 for Japanese
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educational personal computer. This may give slrong alfection Lo Japanese
future compuler market place. Though it may be frequenily discussed until CEC
ultimately setltles the specification, BTRON specification is more hopefu! and
effective than any other ones in the educalional [ield. Bul some journalists
critically write that CEC spcci[ication does nol emply BTRON key board and Lhat
no one use such 0S5 with full of bugs. We take it for gramted that trial
products might have many bugs. In spite of the fact Lhat the bugs have nothing
to be connected with TRON Philosophy, they say that BTRON Concept ls in despair
because of bugs. Such articles may be able to pull our progress back out of Lthe
promoltion, but they arc loo absurd and meaningless to gel themselves in honor.
It is lately that CEC started to discuss the specification. Defore long the .
bugs will be fFixed as time goes on. We are going lo carefully watch the

direclion of this discussion.

{8) The Engineers Enthusiasm with the First Attempt in Lthe World
There are many cases that a lolL of Japanese people don'l appreciate Lhe

first attempt in the world at its early slage of research, and they always
insist of the safe and steady manogemenl above all. It oflen happens that Lhey
recognize how important it has been afler olher nations’ comprehension,

fAs you know, Japanese companies are apt to persist in their conservative
managemenis. In plain words, Lhey sometimes invest big amounl of money in order
to catch up wilh other leading companies, but it may be often the case that the
original plan or idea which no other firms have ever tried before }ikely faces
difficulty in gelling the investment from the management. THON Project is such
a new and original plan with Lhe greatest expense, so that Lhey may well think
cautiously whether they take part in it or not. We must, however, Lhink of the
fact that besl sold products have oflen been developed by the gngineers’
eagerness and enlhusiasm. TRON Project is the place whereby wc can grow
people’s enthusiasm which may give big exlended inlluence and impact to each
company. We would like lo share such experlence with each other. The most
important and significant thing is to develop products in TRON Project. In
addition, it has another meaning lo give engineers Lhe precious and lively
experience to challenge the first atlempt with having other companies’co-

operalion.

{9) The Strongest Developing Power in the World

It is said that Lhe engincering power developing 32 bil microprocessors
hased upor TRON specilication is stronger than any olher 32 bit micro's, Above
all, manufacturers taking part of in Gmicro family kave their own development

of each 32 bit microprocessor so that entire invesiment for Gmicro family
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including its peripherals is going Lo be hﬁge amount and that users would have
a biggest opportlunity Lo oblain system LSl's one after another as a result.
According to TRON Projecl's spirit, even manulacturers other Lhan Gmicro family
may have a lol of opportunities for making use of Lhe exlernal specification.

This is one of TRON I’rojcg:t's nolcworthy points,

(10) The Different View Points lor Fulure Compuler Popularization

Some say that compulers and Lhose softwares have spread already so that it
is too late to settle Lhe computer standard from now on. The olhers say Lhat
they have just started spreading but we have sLlill enough time to settle Lhe
standard before the rapid diffusion. The judpgemenls are quite different,

The progressing speed of hardware seems far faster than that of sof lware at
present. He can say Lhat because of Lhe speed limitalion of the software
progressing the har&wnre development itself is very badly alffected in many cases.
If we continue to develop a new producl within the framework of sof lware
progressing, such developments may not come lo meet the needs of the time, When
people come to know that the existing soflware cannot satisfy the hardware
progressing because of its slow development, Lhey cannol help deserting the
obsolete software, For example, we wouldn’t use the software which expresses
only alphabets and katakana(Japanese plain letters) on the personal compulier
which can deal with even figures and kanji(Japanese complicated letlers). Host
of Lhe past products have their histories like this. In short, they were
deserted because they couldn’t meel users' requirements. [t would he the
semiconductor industry that has been controling the developments of both
hardware and sot’lunré. The semiconductor indusiry may hil the dead end of

technology progressing in far future, but it will heep leading and conlroling

Lthe computer industry until then.




3. The Hisunderslandings against TRON Projecl

TRON Project has been rapidly known lo people williin these few years,
Project informations have been brought by many articles on newspapers and/or
magazines, however, there are quite a few articles which report random and
inaccurate informalions about TRON Project, and Lhen poeple understand TRON
Project incorreclly as a result, In particular, there have been some cases
where people who are not concerned about the computer industry lhave somclimes
criticized TRON Projecl without having actual knowledge of itL. [ do not mean
that TRON Project has no defects. If their slrict crilicism werc basced on Lhe
fact, then I don't mind bul appreciale and !isten Lo them with all my heart. 1
would like all people including them to dicsuss THON Philosohpy with having
correct knowledge. The followings are some of examples of Lypical

misunderstandings.

(1) TRON Project has no copyright prolection policy?

fccording to Dr. Ken Sakamura’s concepl, everyone can freely use the
specificalions and/or the standard which are defined in TRON Project, however,
it does not mean that there is no copyright proleclion for lhose documentis
which describe the TRON concept, specilicalions and/or slandards. The people or
companies that have developed 0S5 and/or LSI based on TRON specificalions have
their own copyrights, and they may not distribule the developed 0S with free of
charge. When the development being compleled and the specifications being
clearly defined, only those external informations and/or specifications will be
put into public domain by TRON Association. Those informations such as
implemenlation data, maskworks, firmwares, microcodes, soflware source codes,eltc.
are of each companies’ intelleclual property which should be legally and
properly protected.If Lhere may be any company who wanls to develop those
specifications with us, you should become a member of TRON Associalion and take
part in any lechnology commitiee of it, We are quile willing lo welcome and to
work with those people who want to discuss new computer standard in our
technology committee, who sympalhize wilh THON Concept and who posilively want

to challenge this preoject.

(2) There is no praclical product image in THON P'rojecl?

There are some people who say, “Dr. Ken Sakamura’s books which are written
about TRON Project show some kind of dream and do not describe any practical
product image, therefore, he seems to be untrustworthy.”™ All practical
development and sales depend upon manufacturers., So Dr. Ken Sakomura might
think it discourtecous and impolite for him to wrile about the practical

producls before manufacturers announce their developments. Before long each
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manufactiurer wik! publish books, pamphletls,and/or calalogs which may describe
detailed specifications of products, If you want lo know Lhe practical product
image, you should read them. Also all kinds of slandards will be published by
TRON Association as soon as those specifications are clearly deflined.

(3) TRON Project is a kind of insurance poliv_cy for each company?

At first, Lthere may be many companies who have decided to join in TRON
Association only for the purpose of watching Lhe oullock and gelting lechnical
informations., This project, however, would have never been promoted at all if
all companies only kept watching.

Companies, who are seriously supporting Dr. Sakawmura’s research and
promoting TRON Projecl, have never thoughl of TROR Project as a kind of
insurance policy. Someone might misunderstand TRON Project in this regard,
because companies wouldn'l speak aboul Lheir developing producls before
completing the development. HWe never rcgard TRON Projecl as an insurance;
besidesd, you will come to know the practical product image when we complete
the developments and begin to speak about them. In fact, it is strategically
mech betier for introducing philosophy [irst and then introducing produis next

to Lhe market place,

(4) TRON Project is only for Japanese Lo advantage over others 7

TRON Project was cerlainly born in Japan, bul the purpose of the project is
not to have the advantage over other countries. TRON I'roject is Lo have very
wide and generic purpose to create the total computer culture lo help human
being easily communicaling with others all over Lhe world. Thus we are annoyed
by saying that TRON Project is enly for Japan. Reading such an incoerrect
arlicle which might be written by the journalists' prejudice, olher journalisls
might have accumulaled Lheir own TRON knowledge and then as a rosult these
journalisls say “TRON Project promolers have so strongly insisied Lo produce MI'J
and/or 05 only for Japanese that THON Project will be totally isclated in the
world.” None of TRON Project promoters have ever thought that TRON Project is
only for Japanese. TRON Project is perfectly open to anybody in the world.

TRON Association was under the control of Japan Electronic
Industry Development Associalion (JEIDAY until Macch 1988, but on April 1988 we
established a corporation aggregate called TRON Associalion for the purpose of
being independent from JEIDA, because JEIDA was established by Jazpanese
Government aiming Japanese electronic indusiry development and therefore is nol
adequate to promote TRON philosophy which challenges to make inlernational

standard.
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(5) We can _compare TRON Philosophy with MS-D0S or UNIX ?

We sometimes read articles that TRON is compared with MS-D0S or UNIX. The
articles, however, are meaningless because TRON Philosophy is quite different
from M5-00S and/or UNIX. While M5-D0S and/or UNIX are only an “operaling system”
» TRON is philosophy intending lo creale Lhe¢ tolal computer culture including

man-machine interface, standardization of removable parts for PC, communication
protocol, microprocessor archetecture, operaring system archetecture and so.

If you insist on the comparison, you will know thal you have to compare UNIX or
HS-DOS with only the kernel of BTRON specificalion operating system., BTRON
specification contains, for example, difinilion of keyboard layoul, a smart pen,

man-machine interface, elc. which are not defined in UNIX or MS-DOS.

(6) ldeas al an university arc of litlle praclical use 7

This is quite an impolite opinion for people working in universities, Some
self-conceited ideas mighl somelimes have praclical difficulties indeed, TRON
Project, however, is very much wel! supporied by a number of companies coming
from various area of industries so thal it is never self-conceiled. Since TRON
Association is an apgregate of corporations, we sometimes face difficulties to
harmonize dilferent opinions. Dr.Ken Skamura, however, conirols TRON Project

very well and his leadership attracts the participants after all.

(1) TRON Concept does not have mew concepi ?

There are some inadequate opinions saying that TRON Concept consists of
combinations of all of those techniques and ways of thinking we have had
already so that there is nothing new.

In TRON Project, Dr. Sakamura and the participaling companies don't make
clear the process at every slep to outsiders, and ue.arc going lo clearly
announce all of those techanical data, namely, standard specifications afler
difinition being compleled. WHe, therefore, agree Lthere might be some cases
unclear to outsiders till we open the specification, )

We do not always deny the conventional way of Lhinking, We often employ
conventional ways and we develop new concepts when we really nced them.
Imporlanl Lhing is Lo organize Llhose various technologies inlo syslemalic and
practical tolal concept with incerporating new ideas,

In general, anyone who only criticizes olhers withoul doing any action is

not welcomed., Now it is the time to try TRON Projecl actlually.

{(8) A number of contradictions in irrespensible criticizm

Some crilics say, “TRON Project has no new concepls.”, bul also say "It has

no compalibilty with past soltlware.” The more compatibilities with past
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sof twares we have, Lhen the more difficulties we may face lo incorporate new
concepl.lsn' L thal a big contrdiciion?

They have golten angry with PC manufaciurers who complain aboul the lack
of users’ efforts. In spite of Lhis, they say Lhal users do not accepl TRON
Concept{which comes from PC users’ view point!)

They say thal TRON Concept is not well accepted in foreign countries, but
also say to Lhe people who try to make TRON Concept understand in Lhke world,”It
must be in vain.” -

When a lot of people come to support TRON Concept, Lhen such support may
not become a NGHS.

There is a contradiction thal Lhe articles thal no one knows or wriles may -
be sold well,

So far, lhere have been many contradiclions and misunderslandings about
TRON Project bucaﬁse of tack of informations and ils M. In order to remove
them, Dr. Ken Sakamura has becn explaining and will continue Lo explain TRON
Philosophy for years. | admire him for his greal patience and devolion,

We are tring Lo inform as many people as possible what the exact TRON
Project is so Lhat, we hope, TRON Project as well as TRON Concept and TRON

Culture will grow up more strongly by a lot of discussions .

6. The Realtime Operating System for Indusirial Cmbedded System

It was an operating syslem for microprocessors that TRON Project studied
from its very beginning, In 1983 Dr. Sakamura and 2 lot of companies in Japan
Electronic Indusiry Development Association (JEIDA) collected lhe desirable
functions of Lhe realtime operaling system for induslrial embedded system as
one of JEIDA aclivilies. The definition of ITRON (Industrial TRON)
" specilicalion which is now one of subprojects of TRON Project was done hy
several volunlary companies and is available for 8086, B0286MMU, 68000, 32032
and Gmicros today. u# ITRON specificalion for 8 bit single chip microcemputers has
been recently added to those definmilions, ITRON specificalion producls are
almoslt compatible with each other. The reason why we say almost is that some
individua! ITRON specifications related to each microprocessor are provided so
as Lo obtain higher performance and to utilize Lhe strong point of each
microprocessor. #Although there are many different kinds of operating systems
available in Loday’s market, it often happens that users have Lo develop their
own one because Lhe specifications of comercialized reallime operating systems
of ten do not malch with users' requiremenls. lNowever, lo make the maller worse,
it is toweh and sometimes difficult Lo transport the developed operaling system

from one microprocessor Lo anocther. That is because the development of an
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operaling syslem cosls us huge amounl of man-power.

Nowadays Lhe Lechnolopy development for semiconduclor is being rapidly
progressed and ils speed is ralher faster Lhan that for sofiware. A lol of
microprocessors with altractive features are being introduced one after anolher,

Nevertheless, the dcvelopers are not free to use new microprocessors because
of Lhe exisltence of currenl operating systems and applicalon sof twares which
may mol havecode compatibilily wilh new microprocessors.

The operating syslems defined by ITRON Concepl con pive users some clues lo
solve Lhese problems.

() Some volunlary companies in TRON Projecl developed lleir own operating
syslems availahle for 68000, V Series, 8028G and proprielary microprocessors.
* In addition, since all of Lhose application soflwares are interfaced with {THON
specificalion 0S in C'Iangua[:c. those applicalion soflwares can casily be
ported to the other ITHON specificalion operallng systems. In short, jt is
thanks Lo G language and 1THON specificallon operaling sysiem Lhal users can

frecly choose one microprocessors oul of many differenl archileclures.

(2)_ Since there are many companies who are developing [TRON specification 0S
for TRON specification 32 hilt microprocessors, users can easily port Ltheir
application softlwares on current ITRON specificalioa 0S io future TRON
specification 32 hil microprocessors.

(3> If we can use ITRON specificalion 05 in combinalion with a TRON
specification 32 bil microprocessor Lthen we can expect Lo have highest
perfomance possibile for embedded system enviroment.

litachi is developing Il Series oparaling system for IE, N6, N32 in
addition to the development of MNIGHKQII Sereis realtime operating system for
68000) .llitachi’s Wl Scries reallimo operaling systems are based upon 1TRON

specification.
T, DBusiness Use Operating Syslem

8. Communicalion Conlrol Operaling System
Semiconductor Division of llitachi Co., Lld. does not actually take part in

these lwo subprojecls, so | refrain from reporting ahout them here,

9, 32/64 Bit Hicroprocessor

The ullimalte purpose of TRON Project is to creale 32 bit microprocessor
with incorporating latest technology available in 1990's on which we can make
Lthe bhest uso of ITRON or BTRON specificalion operating syslem, Nelore we
finalize the specificalion of Lhe 32 bil microprocessor il was very sirong and

intentional idea by Dr. Ken Sakamura Lhat Lhe 32 bit microprocessor should have
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easy expansibility lo fulure 64 bil archeteclure although anyone actually spcke
liltle of Lthe necessity for fulure G4 bit address expansion for those days.
Even loday only a litlle people say Lhe necessity to transfer lo (G4 bil address.

At present we have lively heen developing 32 bit microprocessor in TRON
Project. Tor example, three manufacturers (Fujilsu, Milsubishi and lilachi)
have announced already Gmicro l'alnilly products cooperatively developed wilh ench
other and Toshiba also has announced TX series development. 1 will not write
ahout the detailed technology of 32 hil microprocessor but the main
characteristics of its business.

(1} The First Success of Multi-Vendor for 32 Bil Microprocessors

Host 32 bit microprocessors available in Lhe markel are supporied by a
single sorce, so that the original manufacturers would lundamentally have Lo
continue Lo develop peripherals or succeeding microprocessors alone even if
they could have a second source. In THON Project we have a gquite diffcrenl way
of thinking of developing a 32 bit microprocessor. That is, each manufacturer
may lmplement its own microprocessor with incorporating standard TRON
archetecture. In case of Gmicro family, moreover, three manufacturers (Fujitsu,
Mitsubishi and Nitachi) clearly divide microprocessor product range into three
different levels, and each manulaclurer develops in each range Lo exchange masks
each other after the completion of those developments. Those three
microprocessors will have a kind of lamily compatibility wilh others, so that
users can freely select the favorite producls out of microprocessor family.
The most important point is that we will provide different level of performance,
fanctionalities and cost ranges within the same architecture accordingly.
Gmicro family including Lhe possibility of fulure cooperated development would
be only one of the clearest answers lo Lhose unlimitted expansion of users'
requirements,

(2> The Sharing of the Development for Peripherals and Sof lwares

The Lhree manufacturers take charge of the development for peripherals and
supporl softwares other than microprocessor development. The shared
developments are for a FPU(Floating Point Co-Processor Unit), DHAC(Direct
Memory Access Controller), CACHE Hemory, Interrupt Controller and so on. For
the area of support softwares, those are an assembler, linkage editor,
" librarian, G-compiler, C runtime library, HPU/FPU Simulator, object file format
converter, FORTRAN, PASCAL, COBOL, ITRON specification 05, UNIX, VHE Board and
5o on. These tool developments include also the ones at Lhird parties,

Other Lhan YME board sysiems, we are also developing TOBUS(TRON RBUS)
speciflication.

(3) The Standard will he put into public domain
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As well as ITRON specificalion, everyone can freely use the 32 hit

microprocessor architecture when we complete the development and pul those
specifications into public domain. This is very importanlt and basic spiril of
TRON Projeclt which fundamentally differs From Lhe way of thinking which we have
experienced in the other case of the industry by now. The companies or
individuals who implement LSI’s or sol twares should have ownership ol copyright
or intelleclual properly for those products, The standard may conlribute to
the development of the industry with its free use by anybody.THON Project is the
first Lrial of establshing the standard among manufacturers before productizing
of 32 bit microprocessors,

At present a lot of industries are greally concerned about Lhe developement
of 32 bit microprocessors in TRON Project. We have been and will be making

every efforts to promote its development and Lhe more wide spread,

NOTE(1) MS-DOS is the registered Lrademark of Micresoft Co., Lid.
NOTE{?) UNIX is the name of the cperaling system by ATET Co., Ltd.
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The BirliX Operating System
Gerhard Goos
German National Research Center for Computer Science (GMD)

St. Augustin

Abstract

The BirliX operating system uses the hardware scenario of networks, multiprocessor
architectures, and large main memories to improve on reliability, security and
performance. This paper is a summary of its objectives and main features. It
concentrates on major aspects of distribution, reliability and security, and outlines the
system’s architecture. Based on an object oriented system interface, the Berkeley

Unix (1) 4.3 system interface is emulated.

(1) Unix is a trademark of AT&T Bell Labs
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CTRON Research and Development

Fukuya Ishino

Introduction

The use of computer technologies in communication networks
has evolved steadily, both in demand and in the level of the
technology employed. This can be attributed to such factors
as the introduction of program-controlled switching systems,
network digitization, and intelligent terminals, as well as
progress in semiconductor technology, and even deregulation

of the telecommunications industry.

As a result of this evolution, distinctions between
communication systems and computer systems are becoming
blurred. Requirements for realtime response and round-the-
clock operation, which have long been common in telephone
network control, are now being applied as well to computer
systems in some cases, such as when computers are used in
conjunction with switching systems to provide additional
functions, or when computers are used in VAN nodes.
Switqhing software designers now have to consider CSI1
protocols, which were originally developed for computer-to-
computer communications. Many databases are commonly

accessed from both switching nodes and computer systems,
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CTRON- is a set of software interfaces designed to meet this
trend in future communication systems. The .functional
primitives described in CTRON specifications are aimed at
creation of readily portable software that satisfies the
demanding requirements of information communication networks
2in the 19905 and beyond. Below is a brief progress report

on CTRON studies.

Design Objectives

CTRON defines interfaces between operating systems and
application programs in network nodes. These interfaces are
capable of supporting realtime response and round-the-clock
operatien. They are aimed also at improved software
portability, making it possible to use the same software

modules with different hardware.

Project Organization

CTRON studies are part of the overall TRON Project, being
promoted by Dr. Ken Sakamura of Tokyo University, and funded
by more than a hundred corporations worldwide., Woxk on the
CTRON Technical Committee is carried out by about 200
engineers from nine companies: Fujitsu, Hitachi, Matsushita,
Mitsubishi, NEC, HNorthern Telecom, NIT, Oki, and Toshiba.

Membership on the CTRON Technical Committee includes the

obligation by each company to support the project not only




by funding studies, but also by providing engineers, and
developing and producing a minimum of one CTRON-based

product.

The working groups under the CTRON Technical Committee are
composed mainly of computer engineers and communication
engineers. In some cases the support they receive from
colleagues in the same field but in rival companies may be
more ccoperative than that provided by strangers in their

own company but in other fields.

Interface Classifications

i) Hardware Dependency

CTRON interfaces are grouped 1into Base functions and
Extended functions, based on the degree of hardware
dependency. Base functions require different program
implementation for different hardware architectures; each
such program is called a Basic Operating System. An
Extended Operating System, on the other hand, which is
implemented on the Basic Operating System, provides extended
functions in a way that is readily portable among different
hardware systems.

ii) Application Dependency

A CTRON-based program does not necessarily implement all of

the CTRON interfaces. The Basic Operating System interfaces



are composed of a kernel function group and an input/output
handling function group. The Extended Operating System
interfaces are composed of function groups for file
management, database management, execution control,
communication control, and switching control, and for
operation and maintenance. Each function group defines a
limited number o¢f subsets, enabling users to select an
interface set based on their functiconal and performance
requirements,

iii) Operation Circumstance Dependehcy

Many communication nodes require operation and maintenance
functions peculiar to their own circumstances. In the CTRON
system, operation and maintenance programs are provided in
the application layer. The CTRON operating system also
provides primitive interfaces, such as for diagnostic probe
or‘system reconfiguration control, allowing these peculiar

functions to be added on.

Relation to Other International Standards

Where possible, CTRON adopts existing international
standards, such as OS5I, CCITT ISDN interface, and SQL. UNIX
support is being studied by an independent working group
outside the TRON Association. This group is attempting to
design interfaces to allow UNIX programs to be run on CTRON

systems.
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Progress of CTRON Interface Design

Specifications have been published in Japanese and English
for the kernel, input/output control, program execution
control, file management, and communication control
interfaces. Additional specifications are to be made
available by April 1989, along with guides for designing

fault-tolerant systems,

Progress of CTRON Implementation

Partial adoption has already been made of a CTRON interface
in NTT's ISDN nodes. CTRON Basic Operating Systems will be
available from a number of manufacturers next year. The
overall CTRON interface design is also to undergo a process
of evaluation and enhancement, based on comments now being
collected by the CTRON Technical Conmittee, including
feedback from the implementaticn groups. .The TRON
Association hegan offering document-based validation testing
this month. Scftware-based validation is scheduled to begin

next spring, before products are shipped by manufacturers.
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Dipl.-Kfm. K. Gewald, Siemena AG, Minchen

Abstract

X/0PEN An Open UNIX Environment

Consldered by many to be the single greatest advance in computing,
with profound implications for the end user, open syatems represents a
truly major breakthrough in the world of standards in informetion
technology. Spearheading the movement 18 the X/Open group, which wa3g
Tounded in 1984 by flve forward-looking European information systema
oocmpanies joined together to encourage the mvement of applicattons
software between systems of different manufactures.

With membership now Including 15 of the world's leading information
systems companies, X/Open's mission i3 to f'ree users from the shaclkles
of proprietary systems, allowing them to choose freely from a Wide
range of software and run it on the machine of their choice = based on
thelr own requirements for service, functionality and performance.
X/0pen's achievement has been to agree a set of atandard interfaces,
called the Commuon Applications Environment, which can be supported

in both the computar system and the software designed for a partigular
business need. This means that applications software written to X/Open

specifications can be run on any computer system supporting the same
apecifications.

The X/Open Oroup was formed as a non-profit organisation.

The group today includes AT&T, Bull, Digital Equipment Corporation,
Fujitsu, Hewlett Fackard, IBM, ICL, NCR Corporation, Nixdorf AG,

Nokia Datm, Olivetti, Philips, Siemens AG, Sun Miorosystems and Unisys.
Between them, these members have already supplied some T0% of the world's
installed UNIX systems. All have agreed not only to adopt UNIX but

to the definition of a true portabllity specification common to all
thelr products, the Conmon Applications Environment.

X/open was founded to adopt and adapt existing international and de
factn standaras. It does not create standards. Where existing standards
are not goherent or gaps exist among them X/Open's role i3 to
co-operate technically with relevant bodies to resoclve these issues,
always with the end-user in mind. For example, in defining the
operating system for the Common Applications Environment, which

was to be portable sorcss a range of hardware, no intermationally
dafined system existed. Unix, however was the de facto standard in that
area and already the base cperating system for a wide range of
commercial, engineering, scientific and educational applications.
Ortgimting in ATAT's Bell Laboratories, it was desighed to be easily

udaptod to many difforant typen of miohinne T wan therafarn nhanan an
the basls for the X/Cpen operating system.

UNIX is a registered trademark of ATAT in the United States and other
countries
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Over the next three ysars, the UNIX-based multivendor market ls
predicted to grow from 6% to 22% of the market by 1992, expanding at
the rate of $ 7 blllion n year. Such expansion i& largor than the
turnover of most of the companies that are in the IT business. In
Europe, the UNIX-based market will grow ta 16 times its present size
by the end of 1991, according to flgures released by Frost & Sullivan,
with system sales rising from 40,500 to 677,000 systems during this
period,

The X/0pen Common Applications Envircrnment comprises an {nte-
grated sat of definitipns, a mix of agreed National/International
standards and wldely accepted de facto standards. Although based on
" a standard tperating platform, the Common Applicatlons Environment
embraces the many other services vwhich the user (Business or
Government} am applications developer need.

The basic modules of the Common Applications Environment are:
Operating System Interfaces
Programming Languages
Data Management
Intercomnection

Usar Interface

X/Open seea a vital part of its role as ensuring that it intercepta
International standards as they emerge. The Group works olosely with
150 {(Internatlional Standards Organisation) coumittees through lts
memberg {0 ensure convergence of standards snd avoid dupllication of
effort, An example of such co-operaticon is the emerglng standard for
operating systems known as POSIX. This is a step in taking the
definition of tha operating system away from any single computer
system supplier and placing it flrmly ip the public domain. X/Qpen, as
an institutional member of the Institute of Electronic and Electrical
Engineers has played a major role in the definition of POSIX.

The 1EEE 1003.1 Standard will be published in full-use form during 1988
as an American Natlonal Standard and as an IS0 Draft Intertiational Standard
(P18). 311 the X/Open member companies have promised support for the POSIX
standard.

POSIX addresses operating systems only, while X/Open is concerned with
offering the user all aspects of multiple choice of systems, connectivity

and true applications portability. Together, the two provide the user
with real value.



ELECTRONIC PATENT APPLICATION SYSTEM BASED ON THE OSI CONCEPT

Tadasi [Ishii
JAPANESE PATENT OFFICE

Introduction

In order to deal with ever increasing patent application and
patent information, the Japanese Patent Qffice started a ten-year
program in 1984 to construct a paperless system to proceed with
all patenlt procedures from application to examination, as well as
to furnish patent information to the private sectlor by computer.

The program is progressing satisfactorily, so far having
succeeded in storing data for examination in the database and in
developing a computerized search system. Electronic applications
are expected to be accepted beginning in 1990. Electronic
application will permit an application by flexible disc (FD) ar
on-line instead of the conventional paper application.

The computer system for the program is in fact extremely
large in scale, requiring four host computers only for the
initial system 1in 1990 and with a program scale of 3 million
steps. Moreover, OS] is used as LAN protocol to interconnect
computers as well as computers and workstations. OSI is also used
as protocol for on-line application.

Concept of Electronic Application

The electronic application system will be introduced with
the intention of accepting patent applications by flexible disc
(FD) or by on-line using communication net work in addition to
the papers. Electronic application starting from 1%90 include
patent and wutility model applications, various intermediate
documents.

When filing an application by flexible disc, it requires to
store the application data in a disc in accordance with the
standard specification set by the Patent Office. As in the same
manner, it requires undergoing the formalities in accordance with
protocol and format specification provided for in the standard
specification when applying through on-~line using a net work.

Very speedy and accurate application procedures can be
anticipated by electronic application. For instance, an on-line
application takes only about two minutes for ils transmission and
an applicant far from Tokyo can make application in a very short
time. Moreover, the computer immediately indicates a fault, if
there is any, in the procedure and so informs. Such step to now
has required several weeks for the Patent Office to notify and
inform about its correction. )

Although far-reaching effects can be expected of electronic
system, there are alsc many problems to be solved on the wother
hand. It requires, for example, the fundamental review of the




former legal system, which was constitluted on the assumption of
paper application only. The most important problem is system
development for accepting electronic applications and
automatically processing office procedures by computer. The
system should also be developed in a manner enabling applicants
to use the electronic application system.

System Architecture

Various functidns are required {for the glectronic
application system as well as in the internal system of the
Office. The system is expected to handle a large volume of data
(about six hundred thousand applications per vear with each data
length exceeding 100 KB), frequent exchanges of data and an

~absolute maintenance of security aside from the fact that the
data content are in mixed mode (mixture of character code and
image data). Under such conditions the sysiem is to carry out
complicated computer processing ranging from application to
office procedures and from automatic edition of publication to
database.

[In order to carry out such advanced and complicated
processing, the system was designed with independent sub-system
for each function, which for their part, can localize problemns
when vcccurring. Moreover equipment was selected {rom plural
makers so as tg apply the optimum combination of machines for the
reguired technologies. As such, the foliowing conceptis were
adopted for the system architecture:

{1} The entire system is to be divided into sub-systems, with
geach sub-system equipped with host computer and file for
independent cperation.

(2) Sub-systems are to be connected by LAN with 100 Mbps.

(3> About 1,000 workstations are to be installed in the Patent
Office and sub-systems and workstation are to be connected
by separately installed 400 Mbps LAN.

(4) From the viewpoint of security, the on-line accepting system
will be connected to two host computers as hot standby
protection.

{5) The protocol overall will be unified.

(6) Optical discs are to be used for memory storing of
clectronic document originals to maintain security.

(7) 150 ODA/ODIF shall apply to the handling of mixed data.

Basic Concept of Information Nelwork System

Since free access from various terminals is a precondition
set forth for electronic application, an access method to the
system using a specific protocol or any method timiting the
operability of equipment is undesirable. As such, a standardized
protoccel is required .

The construction of a system connecting sub-systems poses a
problem of connecting interfaces. Different type of interfaces
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supplied by various makers necessitates a standardized . protocol.
In addition, the protocol shoulid possess high performing function
enabling processing of high-grade exchanges between/among sub-
systems.

In conclusion, the protocol to be used for the paperless
system requires satisfying the following conditions:

(1) It should permit an extension of the system, and should be
based on a consistent concept over a Iong period.

(2) It should be in conformity with national and international
standards.

(3) 1t should be highly efficient in processing huge amount of
data in bulk and with precision.

After examining the above points, it was decided to adapt
0S! entirely for the paperless system as its pratocol and to
merge the Patent Office's original protocol loaded with reguired
functions for patent application and office procedures as a part
of the application layer.

As its document format, it was also decided to - adopt FDA
(Formatted Document Architecture), which uses already fiXed
document file and is a part of ODA/ODIF (Office Dacument
Architecture/Office Document Interchange Format) under
standardization at the Internationatl Standardization
Organization.

Structure of Protocol

The points considered for the structure of protocel are as
follows:

{1) The protocol governing LAN in the Office and that for the
electronic application are te be standardized with 0S!, and
the contents of sub-sets from the fifth layer to 7th are
also standardized inside and outside of the Patent Office.

{2 ROSE is to be adopted for interactive communication
classifying interfaces beiween/among sub-systems. Although
the concept of ROSE is very simple, it is applicable to and
powerful enough for the purpose of the paperless system. A
part of P3 functions will be extracted for wuse as an
argument of ROSE command. In addition, FTAM will also be
used partly depending on the response promptness  between
host computers.

{(3) The Patent Office's original protocol (Pp) takes precedence
over shared application layers (ACSE/ROSE) and consists of
the contents covering the details of envelope and document

containing control information for transmission of
documents. .

{4) The Patent Office, in its conduct of service, requires a
function to extract individual. information vat need.

Therefore, a protocol will be adopted taking advantage of
the partial functions of MOTIS and MHS, which are capable of
identifying information communicated by header and body in
the contents and characterizing the nature of information.
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(5) As for the document format to be transmitted by on-line, a
part of ODA/ODIF (Office Document Architecture/Office
Document Interchange Format) standardized by the IS0O and the
one already {fixed document file, FDA (Formatted Document
Architecture) will be adopted.

{6) As for the networks, LAN <(host, CSMA/CD- viewed from
terminals) will be used in the Qffice, ISDN and DDX-P will
be used outside the Patent Office.

Conclusion

The electronic application system among the paperless system
of the Patent Office has been completed in its main programming
part and is under connection test at present. The system
development is scheduled to be completed by the fall of 1989.
Thereafter undergoing an operation test period, the acceptance of
electronic application is expected to start in 1990.

The system includes many up-to-data technologies and
especially the adoption of O3] as its protocol is worthy of note
in view of the system's scale and its wide range of application.
The positive adoption of OS] in its paperless program will no
doubt mark a new stage of OSI.

Scope of communication Scope of wessage
s protocol specification :§<: specification
~
Data D code Document
information
Envelope Conlent
ROSE header Argument

Fig. 3 Scope of message specification
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Intelligent Interfaces for Knowledge—Based Application
Systems: The Combination of Language, Vision and
Graphics in Muiltimodal Systems

Wolfgang Wahlster
Computer Science Department, University of Saarbruecken
6600 Saarbruecken 11, F.A.G.
(01149)-681-302-2363

wahlster%fb10vax.shsvax@sbsvax.uucp
wahlsterisbsvax.uucp@germany.csnet

A muitimodal user interface is one that supports more than one medium
through which users and application programs can communicate. For
example, such an interfface might support graphics, gestures, natural
language, menus, sketching and video. An intelligent interface is one that
exploits knowledge about the task, the application, and the user in ways
that help the user accomplish the interaction goal efficiently. The basic
technical prerequisites for multimodal interfaces are fulfilled (high-resolu-
tion bit-mapped displays and window systems for the presentation of
visual information, varlous pointing devices such as mouss, light-pen,
joystick and touch-sensitive screens for deictic input, the DataGlove or
even image sequence analysis systems for gesture racognition). But the
remaining problem for artificial intelligence is that explicit meanings must
be given to multimodal Interactions, eg. In terms of a formal semantics of
the visual world.

In face-to-face conversation humans frequently use deictlc gestures
parallel to verbal descriptions for referent identification. Such a multimodal
mode of communication is of great importance for intelligent interfaces, as
it simplifies and speeds up reference to objects in a visualized application
domain. Natural pointing behavior is very flexible, but also possibly
ambiguous or vague, so that without a careful analysis of the discourse
context of a gesture there would be a high risk of reference failure. The
sublect of this talk is how the user and discourse mode! of an intelligent
interface Influences the comprehension and production of natural language
with coordinated pointing, and conversely how multimodal communication
influances the user and discourse model. After a brief description of the
deixis analyzer of our XTRA system, which handles a variety of tactile
gestures, including different granularities, inexact pointing gestures and
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pars-pro-totoc deixls, we present some empirical results of an
experiment, which investigates the similarities and differences be-
twaen natural pointing in face-to-face communication and simulated
pointing using our system. We show how gestures can be used to
shift focus and how focus can be used to disambiguate gestures. We
discuss the impact of the user mode! on the decision of the
presentation planning component, as to whether to use a pointing
gesture, a verbal description, or both, for referent identification. Then
we present anticipation feedback as a particular method of user
“modeling, which can help the system 1o select the right granularity of
a presentation when generating multimodal output.

We review previous research on multimodal user interfaces and
describe some current projects related to our work, currently being
carried out at the Fh(, the GMD and an industrial consortium funded
by the BMFT. Finally, we discuss the relation of the current project to
the scientific program of the German Al Center in the area of
intelligent user interfaces.
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international Online Banking Sysltems in Japan

Yoshiaki Iwamaru
Chief Researcher and Consultant
Hitsei Research Institute

4-10;, Nihonbashi-Honcho 3-chome, Chuo-ku, Tokve 103, Japan

1. Introduction

In Japan, the financial industry is plaving a leading role in
computerization and in establishing network sysfeas. Keeping up with the
development of its banking sysiems, the industry is one of the forerunnér of
future Japanese information society. During the last two decades, banks in Japan
have developed large online information network systems, which are generally
classified into two generations. And now, they are just developing the third
generation systems.

Hereafter, 1 will describe about the development of Japanese banking
systems briefly, and then, international information systems atong with the

third generation banking systems,

2. Developmen! of Banking Systems in Japan

In 1965, the first online banking system in Japan started its operation.
A few vyears later, other banks followed suit to develop their online
banking systems. These first generation systems covered services for each
type of deposit independently, such as ordinary deposits, currept accounts,
time deposits, etc. The intra-bank network systems were also developed
to offer online services among headguarters and branches for respective
banks.  Also cash dispensers (€D°s in short) were introduced, first in
off-l1ine mode (1969), and then in online mode (1971).

In the decade starting from mid-1970°s, next generation of online
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systems was developed, to inlegrate banking applications including deposilts,

domestic exchange, loans and foreign exchange businesses. CD's were enhanced
inte multi-purpose aulomatic Ulellers machines (ATH's in short), which handle
not only withdrawals but also deposits and remittances.

In the decade starting from mid-1980's, many banks have introduced or are
developing, so-called third generation systems.  New systems offer electronic
banking services for corporate and individual customers through these networks.
Services for international banking business are re-organized also, and new
systems are planned for information services and decision supporting. The third
generation systems are the strategic ones for respective banks. Therefore each
bank’s systes looks somewhat differently in certain points. Some of them are
enforcing information services for their own banking operations; others are
forcusing for interconnection with customers. In general, new systems are said
to be consisting of six components, as foilows:

banking operations support system

information systeas for headguarters and branches

electronic banking systems for firms and customers

bond and treasury syslems

international business and commenication system
distributed branch operation support system

3. Development of Network Systems _

The first step for networking was Lo install intra-bank network systems.
Using these network systems, ‘'network service deposit’' and "bank-card’ deposil
services were offered. Domestic exchange and data communication system for atl
banks were introduced early in this decade, and called 'Zengin System.'

In the second step, inter-bank CD network systems were introduced.
The Hippon Cash Service was established for joint use of CH's, through joint
investment by city banks, regional banks and sogo banks totaling 54 in 1975,
Other atttempts for joint utilization of CD's were launched in 1980.

Six city banks' €D service (SICS) in Hay

Seven city banks® CD service (10CS) in April

ba spgo banks' CD service (SCS) in October
63 regional banks' CD service (ACS) in October

Later, trust banks' CD service (S0CS) was introduced. SICS and TOCS were
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combined into new 13 city banks” CD service (BANCS)}. Today, it is planned that
BANCS and ACS will be integrated intc one large CD network system. and some of
other CD networks will also join into the new one.

International network systems were introduced in this decade. Each bank
deveioped its own branch systems for foreign branches. These branch systems
are linked into the headguariers systems through communication networks.  Alse,
banks in Japan joined S.W.1.F.T. network in 1931,

In the third step, banks access to their customers directly, and for
cuslomers, vice versa. Through telephones, videotex, facsimile and personal
computers, firms and individuals can refer to and update database directly, And

these networks are going to expand connection with other network systems (VAN).

4. International Banking Systems

In general, banking systems for foreign branchs can be classified into three
tategories.

O stand-alone branch systeas

@ regional center network systems

@ host centralized systems
Currentiy, many banks have international banking systems to be cassified in type
®. Functions are added for cogmunicating with host systems, switching to
S.W.L.E.T., CHIPS, and other systems (fig.). Recently, on the other hand,
Japanese banks are studying feasibility for grading up their systems. Some
possibilities are functions for managing global multi-currency applications, and

24-hour global operation facilities.

5. Conclusion

Importance of global banking operations is rapidly increasing, and thus new
concept for international system is being needed.  As domestic systems are in
the course of completion, Japanese banks are in a position to start new

projects for development of international online banking systeas.
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Frlangen, 1.08.1%88
Dr. Hans Delfs SIEMENS AG
Wolfram Howein Systemtechnische Entwicklung

Benefits of knowledge based techniques in industrial automation

Due to the growing complexity of industrial automation configuration,
installation, operation and maintenance of automation systems are becoming

more and more sophisticated tasks. The volume of documentation is increasing
steadily. The navigatian through different documents (e.g. manuals, operating
instructions, handbooks ect.) to solve existing problems is expensive and

time consuming. This leads to a rapidly growing demand for computer assistance
in this field. The application of advanced techniques and tools from Artificial
Intelligence can contribute essentially to the sclution of these problems. This
can be shown by the success of various knowledge based systems developed at the
Energy and Automation group of Siemens.

Major problems in maintenance are the lack of human experts and the transfer
of knowledye From experienced field engineers to junior engineers. They are
addressed by an expert system tool which supports the systematic acquisition
of knowledge in a problem-oriented way. The knowledge is used for diagnosing
faults in technical systems, e.g. speed controlled de drives. Applications
implemented with this tool include an extensive documentation of diagnosis

and background knowledge. The documented knowledge is linked to the underlying
diagnosis hierarchy and may be retrieved in a "hypertext way". The system
presents to the user those pieces of knowledge which are relevant in the
current state of diagnosis.

fnother typical example of an expert system serves as an intelligent assistant
in the {now semiautomatic) configuration of distributed automation systems
based on multi-microcomputer systems.

Techniques like rule processing, object oriented programming or frame-based
representation of structures today already belong to the more classical
methods in Artificial Intelligence. Though sometimes called the "weak methads",
they prove to be quite strong in ocur complex applications. Their availability
marks real pragress in software technology.

To our opinion a lat of basic research is still required wntil the more
advanced concepts in expert system technology like qualitative reasoning
an physical medels can be widely applied to real problems in automation.

There is at least one problem with most of the existing Al-software-tools
today. It is difficult and sometimes even impossible, to integrate them -in
existing applications or to deliver efficient run time systems on the hard-
ware used in our offices and factories today. The reason is that most tools
either are ideally adequate for rapid prototyping, based on languages like
Lisp or Prelog and therefore require a lot of computing power (a typical
example is KEE) or they do not fully support the flexible combinaticn of
various problem splving techniques (necessary to solve the problem}. So

one goal of our activities is to develop a modular toolbox on top of the
language € which fits into our conventional data processing environment.
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System Architecture for Highly Parallel Systems

Kasl Solchenbach
SUPRENUM GmbH, Hohe Str. 73, D-5300 Bonn

Gesellachaft fiir Mathematik und Datenverarbeitung, D-5205 St. Augustin

Summary

Supercomputer architectures

Tuday many dilfereut approscher for & clussifieation of computer architectura, cspecinlly
with respect to parsllel proceesing, are distusasd, A classification may be based on qoan-
titative aspects {the degree of parallelism or the granularity), the structure of the control-
flow (SIMD, MIMD, data-driven, demand-driven), the (hardware) technology (VLSI, VH-
81C, alr cooled, liquid cooled, see 1)), or the topology of the processing elements and the
memory units,

From the application programmer's point of view the most important classification cate-

gories are:

1. SIMD va, MIMD,
2. shared ve. distrlbuted memory,

3. scalar vs, vector floating polnt units.

A more elaborate motlvation of these categories and a description of the resulting classes

of super- and paralle} computers is given in 2.

The SUPRENUM hardware
SUPRENUM is » Getman supercomputer development characterized by the following

architeotorol proporticns
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s highly parallel (256 nodes)

» powerful nodes (MC88020 CPU, a fast floating-point vector unit (8 Mfops peak
performance, 16 Mflops with chaining), fast vector memory, DMA, communication
COproceasor;

¢ local memory (8 Mbytes on each node);

¢ cluster siructure (each cluster contatns 16 nodes, a disk, a dlagnosis node, and a

communication node);

¢ twolavel bus system (clusterbas 266 MB/s, SUPRENUMBUS 25 MB/a).

The Abstract SUPRENUM architecture ,
The usar's view of the system is the Abstract SUPRENUM architecture which is based on
& dynemlc process concept which is characterized by the following elements:

= Processes are autonomous program units which run in paralicl.

¢ Processes commuynicate only by exchange of messages, and no shared memory ia
available,

¢ In arithmetlc expressions and communication instructions, array constructs age es-

pecially supported.

* The user defined proceas system s homoganeous and independent from the actual
bardware configuration, The two-level architecture (cluster structure) is not refiected
in the Abstract SUPILENUM architecture and is completely transparent to the user,
The procosees are mappad to the clusters and nodes at run-time.

The Abstract SUPRENUM architecture Is the central model in the system software. The
uger ehould write his codes only in terms of processes,

The programming language for numerical computations s SUPRENUM-Fortran, an cX-
tended Fortran 77, The extensions includs speclal process handling and message-pagslng
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constructs and an array syntax formulstion according to the proposed Fortran-8X stan-
dead. ’

A set of toola Is provided to aupport the deveopment of puﬂla! progratma (performance

analyais, simulstor, debugger, syntax based editor, vectorizer, parallelizer, etc.)

The application software

The avallabllity of practical relevant application software is decialve for the scient!fic and
commerclal success of & new computer architecturs. This software must, of tourse, make
use of the apacific advantages of the architecture and translale these advantages into gaina

of speed.

¢ Baslt solvers
The basic numarical software avallable on SUPRENUM contlsts of

= n parallel Linear Algebea package (similar to LINPACK/BISPACK),
= soma solvers for baslc partlal differential equations (P DFs) using highly efficlent
parallel multigrid (MG) slgorithms,

— & package for ordinary differential equations.

» CFD applications
The cmphnsle within the application software development lies on computational
Muld dynamics (CFD) codes, These cover moss of the standard CFD modals used
today Ineluding potential, Ealer, and Navier-Stokes models.

o Other applications
Besides the CFD applications many different application software packages are el-
ther developed or parallelized for SUPRENUM during project { Finite Elaments, oll

resarvoir simulator, reactor safety simulationg),

The design of the SUPRENUM system was Inrgely influenced by the algorithms and

data struclures used in the applications. As an example, we consider CFD simulations
on block-structured grids, The SIMD/MIMD architacture of SUPRENUM cocresponds
exactly the local fine grain pazallelism (vectorization) in each block and the coarse grain




parallelism on block level, The communication network of SUPRENUM guarantees a fixed
comtnication distance (indapendent of the system size) and supparis algorithms with

non-local communication patterns {Uke multigrid}.

Estimates show that {or realistic aeredynamical simulations a sustalned performance of
more than 1 Gfiope will be echieved.

References
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{2) Solchenbach, K., Trottenberg, U.: SUPRENUM - System easentials and grid
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A Semantic network machine: IXM

Tetsuya Higuchi
Electrotechnical Laboratory
1-1-4 Umezono, Tsukuba, Ibaraki 305, Japan

Introduction

Semantic network is a knowledge representation scheme which uses nedes to represent concepts and
links to represent the relationships between concepts. For example, two nodes and one link are used
in Fig.1 in order to state a knowledge that the vintage ycar of Chablis wine is 1976.

Semantic network representation is very easy to understand the herarchical structure of knowl-
edge and so it has been widely used in areas of artificial intelligence such as knowledge base systems,
human memory models and natural language processing.

However, in spite of its usefulness, applications using large semantic networks for practical use
have not been developed so far. This is because the amount.of computation explodes abruptly as
the size of the semantic network grows larger. Conventional computers can not utilize the intrinsic
parallelism in semantic network processing to reduce the processing time. The explosion of the
search space is an inevitable problem in artificial intelligence and many algorithms of this nature
can not be utilized fully due to the restriction of computational power.

In order to improve these circumstances, the authors propose a massively parallel hardware

based on large associative memaries for semantic network processing.

vintage
e >

Figure 1: Semantic network

Semantic Memory System: IX

The IXM machine is the main component of the semantic memory system, IX [iks]. We are develop-
ing the [X system in order to support all the aspects of semantic network processing in an integrated
fashion: from modelling and description of applications with the semantic network language IXL,

to paraliel execution of the IXL programs by the massively parallel hardware IXM,
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IXM

Figure 2 shows the overview of the IXM machine. IXM accepts an IXL command for queries or
generations of semantic networks, one at a time from the host computer. So all the PEs in IXM
executes an IXL command in SIMD manner. But, during the execution of an IXL command, each
PE operates in MIMD manner, independent of other PEs.

IXM consists of PEs and the associative network. Large semantic network to be processed
by IXM is divided into sub-semantic networks. Each sub-semantic network is stored in associa-
tive memaries of a PE where most of semantic network processings are done in parallel utilizing
associative memories. PE has the other kind of associative memories to store the codes for IXL
interpreter. The associative network consists of network processors(NPs) connected each other in a
shape of tree structures or hypercube structures. NPs are used to send messages among PEs and
to perform parallel marker propagations.

IXL command 1XL instruction

hos‘
computer

Network

Processor [ Associgtive

Network

interprefer

Figure 2: Overview of IXM

Semantic network processing

Machines for semantic network processing have to be able to execute three fundamental operations
very efficiently: associalive eperation, set operation, and marker propagation. For example, suppose
that there are two sets represented in the semantic network in Fig.3 and a query is issued to get
the intersection of these two sets. In order to make the processing more efficient, we associate a set

of one-bit flags with each node. These bits are called marker bits.

Figure 3: Representation of two set with semantic network
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Using these marker bits, semantic network processing is done eflectively as follows. At first node A
is found with the associative aperation. Then each member of set A can be reached by traversing
along ise links from node A. Each member of the A set is marked by seting maker bit No.1 of each
node. Similarly, each member of set I} is marked with marker bit No. 2. As the markers propagates
among nodes, these are called marker propagations. The nodes in which both marker bits No.1
and No.2 are set are the intersection of the two sets. So, AND set operation is broadcast to all the
nodes in order to get the answers.

Associative memories can execute these fundamental operations very efficiently. In IXM ma-
chine, a link of semantic network occupies a word in associative memories. Each word consists of
identifier field, destination field, link name field, and marker bits field. For example, the isa link
between node Al and node A in Figure 3 is represented on associative memory as shown in Figure
4(a). In order to set marker bits No.1 of all the members of set A, we firstly set the search register
like Figure 4(b} and issue the search instruction to associative memories. Then the hit flag of each
member’s word is set in parallel as the result of search instruction. After this, we issue a parallel
write instruction setting marker bits No.1 of the words which have been just searched by previous
instruction. So, it take only 4 associative memory cycles to get all the members of set A: two for
setting a search mask and a write mask, one for the search instruction, and one for the parallel

write instruction. As long as all the set are contained in the associative memory, it is 4 cycles every
time.

| identifier I destination l link |marker bits |

EYE NN 0050
%ask/ed% A Iisa Wmasked/d
{(b)

Figure 4: The representation of a link on the associative memeory

The prototype of 1XM machine

Figure 5 shows the overview of IXM prototype consisting of 32 PE boards and communications
network(5 communication boards and a broadcasting board). It will be completed this December.
The host computer of [XM prototype is SUN3/260. The 1XL language is incorporated into
Quintus Prolog on SUN3 as user-defined predicates, So IXM prototype operates as the hardware
accelerator of Proleg. It is also possible to incorporate into Lisp machines.
IBM PC/AT is also used as host computer for the development of IXM programs and for the
debugging.
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comaunication network
SUN3/260 {prograanable interconnection)

!
+T800 :
HOST : PEL m . .. lPES Figure 5: Overview of IXM prototype
1BMPC | '
+T4d [ PE: PE board

The PE board consists of 4Kword X 40 bit associative memary, Inmos T800(17.5 MHz), 4 commu-
nication links, and 128Kbyte SRAM, as shown in Figure 6. A PE board has 8 connections with
other boards through communications boards. Communication boards are programmed to establish
arbitary interconnection topology among 32 PE boards. Access time of the associative memory is
230 ns, but the cycle time is about 400 to 500 ns as the associative memory has independent clock
and is accessed asynchronously by T800. The programs for operating IXM are written in Occam?2:
IXL language interpreter, monitor, etc.

AM
512w X[— AM -1 AM AM
32bit
| | [T 1
1-bus
L A-bus l I
. O-bus I
insfruction 1 Dara AM
conltrol address re contral
control 4 Figure 6: PE board
Transputer } 3
TA00 ,2
17.5MHz | TBOOBUS 7
¥ T t SRAM
TB0O links errl
I SRAM (32KByre X 4)
{1a switch bd.) AM: Associative Memory 1-bus : instruction bus
A-bus © address hus D-bus - data bus
Conclusion LA link adaptor

Al programs for practical uses involve massive parallelism. However, most of them remain untouched
due to the lack of parallel architectures. The authors will investigate these problems with the IXM

prototype which has parallelism over 100000 when all the associative meories are installed.
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Semantic Network

e representation scheme using links and nodes

a node = a concept.
a link = a relation between two concepts.

Applications

e natural language processing -
¢ knowledge based systems

¢ human memory models

Problems

execution time of large semantic networks
=> explosion of search space
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IX system

¢ A total knowledge information system based
on semantic networks

¢ IX system provides,

— IXL: a semantic network oriented
knowledge representation language

— IXM: parallel hardware to execute
IXL programs

Objective of IX

support of all the processes in semantic net-
work processing in an integrated fashion; |
from the modelling in SN, to the parallel ex-
ecution by IXM
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1. IXL language

2. IXM architecture
¢ semantic network processing
° IXMV overview

o design features

¢ performance estimation

3. Prototype of IXM
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Knowledge Representation Language IXL

Functions

1. Descfiption of SN

2. Deductive inference

Syntax

To connect nodes by a link:

link(is_a, X, Y).

link(not isa, X, Y).
link(instance of, X, ¥).
link{akind of, {X,Y,..}, Z).
link(soutce, R, X). ,
link(destination, R, Y}.
link(rule, X, (( _
~asst(R, X, Y) . ..

- prop(R, X, ¥):—...
wisa(X, Y} ...

.. instance(X, Y) :-. . .)).

To construct a relation:
assertion(R, X, Y).
property(R, X, ¥).
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To inquire about a link:
isa(X, Y).

instance(X, Y).

ake(X, Y).

source( R, X).
destination(R, Y).

To inquire ahout a relation:
asst(R, X, Y).
prop(R, X, Y).

System-supported primitive links:
is_a, nof_isa, instance_of
not_instanceaf, ¢ _kind_of,

source, destingtion



Three main features of IXL

1. User-defined relation represented not by
a link but by a network of nodes

—— vintage
(978 >

destination

source

source destination

chablis wine

2. procedure addition in logic like expression

isaf( X,. high_class_restaurant) :- asst( entree, X, Y),
asst( main.dish, X, Z),
Z+Y > 100.

3. negative knowledge explicitly described
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! IXM architecture
|
‘ Semantic network processing

e 'undamental operations are:

1. associative operation
2. set operation

3. marker propagation

e Utilization of marker bits assigned
to a node

—169—




Example: Who belongs to both A
and B group?

A-GROUP B-GROUP
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IXM architecture

— Associative Network
4-ary tree structure with a Network |
Processor(NP) at each node

— Processing Element (PE)
PE includes two associative memories:
¢ Semantic Network Associative
Memory (SNAM)
e InstRuction Associative
Memory (IRAM)

IXL command

Network

Processor | Associalive

Network

sub-serR
networ

1XL
interpreter
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xecution of an IXL command

1. Input of an IXL command
2. Broadcast by host (SIMD)
3. Executions in PEs (MIMD)

4. Collection of answers

l IXL COMMAND
ISA .
isa(penguin, X).

Associative

Network subsemantic
[— L/ network

: IXL
__—_L/ interpreter

PE | PE_




Design features (1)

Asynchronous IXM machine instruc-
tions

An IXM machine instruction becomes ex-
ecutable when a particular marker bit is
set.

== An answer is sent to the host

as soon as it’s found.

(If all the PEs are synchronized during
the execution of an IXL command, turn
around time becomes much longer.)
=>Marker driven mechanism
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Example: (suppose a penguin is a bird)
— IXL command: isa(penguin, X).
— Subroutine of IXM machine instruc-
tions:
assoc(penguin, 1)
mark(1, isa, 1)
return{ 1 )
l IXL COMMAND
isa(penguin, X).

Associative

Network subsemantic

7 L 7}};{ network

[XL
" interpreter

PE PE
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Design features (2)

Node of FEquivalence for parallel marker
propagation

— A node with many fanouts is a bottle-
neck in marker propagation.

— Division of such a node
into nodes of equivalence

CUNIVERSITY
CSTUOEND - (a)
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Parallel marker propagation
by associative network

If a marker is sent to one of nodes of equiv-
alence, 1t has to be duplicated and sent to
the other nodes of equivalence.
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Design features (3)

Associative memory to store and
process semantic networks

Associative memory potentially exploits
the parallelisms,

in associative operation and

in set operation.

1SA

—rCRumac> |PE2

Rt

sa] CRoBIND
IDF DSF LN  MeF
BIRD  [PE2(1) ANIMAL | ISA :

BIRD PE1{4) PENGUIN [ RISA
BiRD PE2(2) ROBIN RISA
PENGUIN IPE4{1]BIRD 154
: SSNAMI (PET )4

e

R

ANIMAL [PE{(1]BIRD RISA
ROAIN 1PEf(1)BIRD [SA
? SNAM2(PE2
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Performance estimation

— IXL written in K-Prolog on Micro VAX

{B size | 1600 links | 3300 links | 4500 binks
query 1 66 - 600 | 66 - 1183 | 66 - 1633

msec. msec. msec
query 2| 2.1 min. | 8.7 min. | 14.6 min.

— Simulation of IXM (micro sec.)

KB size | 1600 links [ 3300 links ] 4500 links
query 1 156 211 240
query 2 245 276 356

— query (1): usual database search

query(2): deductive inference

— assumption:

6 MByte/sec transfer between NPs,

300ns associative memory
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Prototype system
Purposes

1. Evaluation of the architecture
2. Experiments on connection topology
3. Execution of large semantic networks

Compdnents

1. Host computer
2. 32 Processor boards
3. 5 Communication Boards

communication network
SUN3/260 1 (programmable interconnection)
+T300 :
HOST |
1 | PEL PE2], ... | PE3
iB#-C | |
+T414 [ PE: PE board
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Processor board

AM 8
512w XF— AM [— AM F— AM ¥
40bit ENN .
[ ! I-bus—] ™ link
A-bus | ., .
-D-bus LA
instruction : 1 1 AM L, tink
control address ?:ta control LA
control 9 T~ Vink
Transputer } 37 LA
T800 » { [ tink
17. BMHz T800 BUS: Gink
b1 f T : SRAM| | ctrl
T80C links ctrl
I l l 1 SRAM (32KByte X 4)
{to switch bd.} AM: Associative Memory I-bus : instruction bus
A-bus : address bus ~ D-bus I data bus

LA link adaptor

- Transputer 17.5MHz, B.5 MiPS,
4 serigl links, on- chip 2K PAM
+ Associative Memories
32bit X 2K words , 230 ns access time
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Representation of a link
on associative memory

marker bits
‘ Q0123456
identifier (ex. A) link {isa} O 1 st. word

2 nd. word

destination {ex. B8) | literal }
31

0 15 23
isa
example . @—-—-
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Conclusion

— Utilization of associative memory (AM)

* AM in PE for associative and set
operations

* AM in PE for IXL interpreter
* AM in NP for parallel marker
propagation
— Study on allocation algorithms of SN

— Communication bandwidth

— Prototype will be operational next year.
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A Parallel-Operating Prolog Computer

W. K. Giloi
Director, GMD Research Center of
Innovative Computer Systems and Technology
Research Professor of Computer Science,

Technical University of Berlin and
University of California at Los Angeles

Abstract

An architecture 1is presented for the parallel execution of
sequential Proleog. The architecture is based on a pipeline of
unification processors which work as co-processors to a UNIX based
workstatien. The unification processors execute highly optimized,
compiled Prolog code; however, the basic concept of the-
architecture could also increase the performance of interpreter
based systems. Parallel execution exploits the organizational par-
allelism as well as the AND parallelism inherent in Prolog pro-
grams. It can be shown that even programs that do not exhibit any
of the 'classical' forms of parallelism (AND and OR parallelism)
can be effectively mapped ontc the proposed architecture. The pre-
sented architecture may alsco function very effectively as a multi-
user Prolog machine eXxecuting several independent Prolcog programs
in parallel. In contrast to other attempts to execute sequential
Prolog in parallel, we do not restrict the use of any of the stan-
dard Proleg language features such és dynamic assert/retract, CUT,
etc. Simulation results show that peak execution rates of over
1000 KLIPS can be obtained. The system accepts standard sequential
Proleg ({(e.g., DEC20-Prolog), which then is internally parallelized
by the compiler. The compiler also employs a new, very efficient
"hybrid" scheme of data dependence analysis, in order to exploit

AND parallelism and perform "intelligent backtracking”.
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Computation in Neural Nets
W. v. Seelen, Biophysics Department, University of Mainsz

As a rule, neural nets compare the weighted sum of the input
with a threshold and then weight the result non-linearily. Such nets
can be coupled with each cther in layers and are suitable for
instance for multidimenaienal optimization, learning and image
proeeasing. If gueh layered structures are specified and enhanced
vith two-dimensional mapping and spatially discrete combination
of several parameter fields, then one gets systems that are
easily adapted to applications involving orientation in natural
three-dimensionsl surroundings, ‘

— 184 —




(4 84)

84 FHEEZ[B2TITAEFS7







8% 4. ¥EHESPRE7TT2APIT 2
MMICs for 30GHz-band Satellite Transponder
Haruhiko KATO

NTT Radic Communication Systems Laboratories
1.23586, Take, Yokosuka-shi, Kanagawa-ken, 238-03 JAPAN

1. Introduction
Satellite transponders must be extremely lightweight and highly reliable. Monolithic
microwave ICs (MMICs) have great potential for fulfilling these requirements. However, most
MMIC development has remained on a small-seale, basic functional level in the Ka-band, and ne
examples of MMIC application to satellite transponders have been provided.
This article describes the outlines of MMIC development in NTT and their application to
satellite transponders.

2. Fully implemented MMIC transponder configuration

The configuration of an MMIC transponder is shown in Fig. 1. Te reallzc the full
implementation of MMICs in a transponder, it is necessary to develop technologies which ean
remove narrow-band filters and dielectric resenators and to suppress the phase noise of MMIC
oscillators. This is because filters occupy a large area on 1C chips and limit their usable frequency
range, while MMIC oscillators have fairly noisy spectra due to low @ charaeteristics. These
problems have been solved by developing the phase shift-type image rejection mixer and by
employing high speed phase Jock technology in local oscillators. The hatched boxes in Fig. 1 are
components in which MMICs are adopted. All the circaits of the transponder are implemented by
MMICs except for the TWTAs and X'tal reference oscillators.

3. Key MMICs"*
All the key MMICs needed to construct a 30/20GHz-band full MMIC transponder have been

developed. The MMICs employ 0.3um or 0.5pm gate lenglth GaAs FETs with via-hales The
substrate Lhickness is 150um. The FETs used in this work were fabricated on GaAs VPE wafer
with an active layer of 2-4 x 10'" em™ carrier coneentration. Electron-beam lithography
technolegy is employed for gate forming. The MIM capacitor insulator is SiyN,. Photographs of the
developed MMICs are shown in Fig. 2,

3-1 30GHz two-stage amplifier

Lumped constant MIM (metal-insulator-metal) capacitors are emploved as matching
elements in the 30GHz two-stage amplifier. These provide a smaller circuit than conventional
circuits that employ fully distributed-constant elements. MIM capacitors show wide capacitance
deviation owing te fabricated insulalor thickness deviation. The 30GHz amplifier presented here
compensates for the deviations by novel cireuit design. A typical gain of 5dB and a noise igure of
6dB have been obtained in the 27- 30GHz range. (Fig. 2(a))

3-2 30GHz image rejection mixer

The 30GH:z image rejection mixer is composed of two single balanced mixers using Schotthky
barrier diodes and an active IF 90 degree hybrid. The active IF hybrid includes no distributed
constant elements. A total signal te image ratio of 15-20dB and a conversion loss of less than 8dB
have been obtained in the 27-30GHz range. (Fig. 2(b))

3-3 30GHz frequency doubler

An FET 30GHz frequency doubler is employed. The optimum termination for the input
frequency al the output port was set to attain high isolatien and high conversion efficiency. A
conversion loss of less than 5dB and an input signal suppresion of more than 10dB have been
obtained in the 26-32GHz range. {Fig. 2(c))
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3-4 15GHz analog frequency dwulcr

A Miller-type 15GHz analog frequency divider has been develaped. A wxdeband characteristic
of 14-16GHz has been obtained. (Fig. 2(d))

3-5 15GHz voltage controled oscillator

The developed 15GHz2 voltage controted oscillator is a varaclor tuned full MMIC type without
an external resonator. An ultra-wideband tuning range of 3GHz was obtained by a novel out-of-
band damping resister circuit. (Fig. 2(e}}

4. MMI1C Modules®™

Multi-chip type MMIC modules have been developed Lo make the MMICs easy to handle white
maintaining compactness. The developed MMIC modules are shown in Fig. 3. Each MMIC module
contains four to six MMIC chips and does not include any trimming circuits.

5. Full MMIC receiver®®

One of the 30GHz-band Tully implemented MMIC receiver shown in Fig. 1 has been assembled
using the MMIC modules plus 1GHz IF ampiifiers™ and a 7.5GHz digita) {requency divider™.
Figure 4 shows a manufactured receiver breadboard. 1t weighs 200 grams, 1/6 that of a
conventional hybrid IC receiver of the CS-3®. Various tests required for space equipment, such as
temperature and electro-magnetic compatibility tests were carried put. The test results eonfirmed
it is satisfactory for use in a salellite transponder sysltem. Frequency response of the receiver
from the 30GHz input to the 1 GHz output port is shown in Fig. 5. A sufliciently flat response of
less than +1 dB was obtained in the frequency range of Iy £ 200MHz. The measured phase locked
local oscillator eutput spectrum is shown in Fig. 6. A good SSB phase noise performance less than
-80dBc/ Hz at 1kHz offset has been obtained.

6. Conclusion

30GHz-band MMICs and MMIC modules were succesfuly developed. A receiver was
manufactured using the MMIC modules. The complete MMIC receiver presented here is being
installed in transponders of the ETS-V1 satellite (Engineering Test Satellite VI that Japan
intends to launch in 1992
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Receiver 1F Switch Malrix Transmitter

Local 20GHz
|

Qulput
3I0GHz _
input

1 Heceiver :
______________ 4
————————————— M- S
Receivet #.___,_ —_—
______________ 4 ! R
O

AMP ; Amplitier A-DIV : Analogue dividet 1F25W : 2% 2 IF switch .
MIK : Mixer D-DIV : Digital dlivider IFA - IF Ampliier  implemenicd by MMIC
MULT : Frequency doubler PFG  :Phase fliequency compaator LIM - : Limiter

VCO : Voliage control oscillatoe Xtal  : Xtal oscillatos-

Fig. 1 MMIC Transponder Configuration

{a) 30 GHz two-stage amplifier {b) 30 GHz mixer (¢} 15 GHz voltage controtled oscillator
(2.2 x 3.07 mm) with active IF hybrid (2 x2.4mm}
(3.5 5.7 mm}

(d} 15 GHz analog frequency divider {e) 30 GHz frrequency doubler
(40x63mm) {2x3mm)

Fig.2 Key MMICs developed for Transponders
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LNA: 30GHz low noise amplifier
FREQ. CONV. 1: non-image rejection
freqency converter
FREQ. CONV. 2: image rejection
freqency converler
LOCAL OSC.: local gscillator

Fig. 3 MMIC modules developed

left: receiver of the C3-3
right: MMIC receiver developed

Fig. 4 MMIC receiver

Input 5ignal:30.805 GHz + 200 MHz
Center frequency: 1.04% GHz

H: 50 MHz / div

V: 1dB/div

Center frequency: 14.88 GHz
H: 100 Hz / div
V: 10 dB / div

Fig.5 Measured frequency responce of receiver Fig. 6 Local oscillator spectrum
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Development of GaAs mm-Wave ICs
H. Dimbkes*, A. Colquhoun**, E. Menzel***, B. Adelseck***

* AEG Research Center, Sedanstr. 10, D-7900 Ulm, FRG
**  TELEFUNKEN electranic GmbH, Theresienstr. 2, D-7100 Heilbronn, FRG
**%x  AEG Radio and Radar Systems Division, Sedanstr. 10, D-7900 Ulm, FRG

For a growing number of different applications communication systems in the

millimeter wave regicn are of high interest. Some areas are

- traffic guiding systems

- alutomotive radar applications

- high resolution imaging radar

- c¢ivil and military avionic radars

- fixed and mobile communication Tinks e
- sensing systems

Availability of integrated circuits containing at least the essential sub-
systems on one chip will reduce overall cost, increase reliability, reduce
the size of these systems and will thus increase the chances for the new

system in the market.

AEG is presently developing a set of chips for integrated receiver cir-

cuits; concentrating on the 35 GHz, 60 GHz and 90 GHz regions.

In a standard receiver circuit as shown in Fig. 1, oscillator, mixer, am-
plifiers, and filters are wused. In a first step a moenolithic integrated
35 GHz receiver chip was developed, consisting of a single balanced mixer
and a single stage IF-amplifier. This is presently extended to 60 GHz cir-
cuits, inciuding a low noise HEMT preamplifier and an FET-osciliator. The
paper will essentially concentrate on the 35 GHz circuit and results cob-

tained so far.
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Fig. 1: Schematic receiver circuit
Mixer Gate  Drain
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in . .
Mixer Amplifier

Fig. 2: The 35 GHz receiver circuit
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Semi-insulating GaAs

Baron Schottky &
== Implant cantact

Fig. 3: A schematic cross-section of the active devices in the technology
used for the 35 GHz receiver circuilt

Hetero FET Inductor Diode Resistor Capacitor

MIXER DIODE MESFET
i
i

semiinsulating GaAs

Fig. 4: A schematic cross-section of circuit using heterostructure FETs.
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MILLIMETER-WAVE TRANSMITTER/RECEIVERS AND THE DEVICES
Yoshio QHGUSHI

( NEC Corporation)
Abstract

1.INTRODUCTION

Developmental efforts on the millimeter wave technology have
started in about 1970 in Japan for the wave guide transmission
system named W-40G, Since then,many systems have been developed
in several application fields by using the millimeter-wave
technologies which have many features as small size, large
transmission capacity, longer transmission distance than the light
wave and so on. This paper describes the technology of the
transmitter/receivers (TRXs) for these applications and the

millimeter wave devices used in the systems.

2_.MM-WAVE TRX FOR SATELLITE COMMUNICATIONS

MM-wave satellite communications systems have been developed by
using Japanese communication satellite such as CS (1977,30/20
GHz), ECS (1980,35/32 GHz), CS-2 (1983,30/20GHz)and CS-3
(1988,30/20GHz) . And recently, development of the millimeter wave
personal communications system and the millimeterwave
intersatellite communications system have been started to perform
experiments by using ETS-6 (Japanese Experimental Test Satellite
No.6). Figure 1 shows a block diagram of the mm-wave TRX eguipped
on-board the satellite for this system. Devices such as a solid-
state high power amplifier (0.5 watts at 38 GHz) and a low noise

amplifier (4.8BdB NF at 43 GHz) have been developed.
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3.MM-WAVE TRX FOR PLASMA DIAGNOSIS

In order to measure the electron density of the plasma in JT-60
{Japanese Tokamak type fusion reactor for research),a millimeter-
wave(140GHz) interferometer shown in Figure 2, has been
developed. Ten watts BEIO(Extended Interaction Oscillatoer) is used
in the transmitter and a harmonic type GaAs Schottky barrier
diode mixer is used in the receiver.

Electron temperature other than electron density can be
obtained by measuring electron cyclotron emission power spectrum
of the plasma. For this measurement, a millimeter-wave

spectrometer covering 110GHz to 260GHz is being developed.

4 .MM-WAVE TRX FOR ATOMOSPHE?IC TRANSMISSION MEASUREMENT

Atomospheric transmission characteristics of millimeter-wave
are necessary for the transmission system design. In order to
study the characteristics ,several experiments have been
performed by using millimeter-wave transmitter/receivers in
several millimeter-wave frequency ranges such as 50GHz,80GHz
103GHz,140GHz and 240GHz. Figure 3 shows a block diagram of
80/240GHz measuring equipment. As this TRX has two frequencies
being coherent with each other ,not only attenuation difference
but phase difference hetween two frequencies after atomospheric
transmission can be measured.

Scattering characteristics of millimeter-wave from air ,
ground,building etc.is also important for designing the system
being immune to interference. The Communications Research
Laboratory has a four years plan from next year to perform the

experiment on scatter in the frequency region cof 50 to 100GH=z.
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5 MM-WAVE DEVICES

In order to satisfy the system requirement, the following
devices have been developed.
1)InP FET

Millimeter-wave AlGaAs Hetero-MIS Gate InP FET was fabricated
by using MBE and selective ion-implantation process. At 38 GHz,
8.1 dB small signal power gain ,showing cutoff frequency of 100
GHz, was obtained by 280um gate width and 100 mw output power by
420 um gate width.
2)LNA module

Two types of low noise amplifier modules have been developed
for Ka-band(32 GHz) and 0O-band(43GHz) transponders equipped on-
board the ETS-6. Ffequency band noise figure and gain of the
32GHz Amp module and the 43GHz Amp module are 32.555+0.15GHz,
4.1 dB,15.6 dB and 43+0.05 GHz,4.8 dB,13.3 dB,respectively.
3)IMPATT Amplifier

Figure 4 shows output power ¢of the IMPATT diodes having been
developed in NEC. Dotted line shows developmental target. As a
recent result, a pulse operational IMPATT has been confirmed to
generate the target power shown by the dotted line at near 100
GHz.
4)GUNN Oscillator

Figure 5 shows output power of the GUNN diodes having been
developed in NEC. Dotted line also shows developmental target

pOWer.
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HIGH SPEED OPTICAL DATA LINKS
by

R. Heidemann
Standard Elektrik Lorenz AG, Research Centre
Lorenzstrasse 10, 7000 Stuttgart 40, FRG

1. Introduction

For future broadband networks as B-ISDN or IBCN (Integrated Broadband Com-
munciation Network) very high speed fiber optic transmission systems are
needed. Obviously the application of such systems with multigigabit/s capa-
city will te trunk Tines, lines between broadband Tocal exchanges and TV/
HDTV-Tinks for distribution purposes (feeders). But also in the subscriber
area Gbit/s applications will be technically feasible and cost effective,
e.g. very high speed data Tinks and TV/HDTV-1inks for contribution {inter
and intra studio). Required fiber capacities in the upper Gbit/s range are
very likely to be needed because the bitrate of a digttal encoded high qua-
lity colour TV picture and a HDTV picture amounts to 140 Mbit/s and 1 Gbit/s
respectively if no redundancy reduction is applied within the encoder.

Another important application area of Gbit/s transmission is the communica-
tion within and between next generation computers. This high rates would
occur even with todays standard computers if parallel busses {e.g. 70 x 10
Mbit/s) that are running with a low speed per wire are serialized to a more
or less extend.

Today 1.7 Gbit/s fiber-optic trunks are already in service in USA and Japan,
In Germany more than 20.000 fiber kilometers are under operation at
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565 Mbit/s. More than 600 line terminations and 1.000 intermediate regene-
rator have been handed over by German suppliers to the Bundespost. Since
July 88 the first 2.24 Gbit/s German Bundespost field trial 1ink supplied by
SEL-RC is operational at the FTZ in Berlin. This system runs at 1550 nm over
40 km standard single mode fiber with a bit error rate less than 10713 {no
bit error in 3 weeks).

2. Techniques of High Speed Optical Transmission

A major emphasis of today’s research in the fiber optics field revolves
around comparisons of the performance of IM/DD-type systems against coherent
techniques (optical superheterodyne or homedyne receiver, transmitter with
frequency or phase shift keying). It is clear that the frequency stabiliza-
tion (1550 nm = 1.93 x 1024 Hz = 193 000 GHz) of the transmitting laser and
the receiver Tocal oscillator laser will be a major problem, because the
intermediate frequency (IF) is in the microwave band at several GHz e.g. at
10 GHz which is only a fraction of 5 x 1072 of the optical carrier freguen-
cy. A higher IF (several 100 GHz) is not suitable because the mixing recei-
ver photodiodes are not fast enough and the IF signal processing functions,
as amplification and frequency or phase demodulation, are very difficult to
realize. As the lasers in the transmitter and receiver are free running os-
cillators their Tinewidths are not sufficiently narrow in most cases. Sophi-
sticated and therefore costly stabilization schemes must be used. Neverthe-
less these problems are unsolved today and are the main contribution to the
measured receiver sensitivity degradation of 17 dB {4 Gbit/s, best measured
value: -31.1 dBm, quantum limit: -48.% dBm).

As it Tooks today coherent systems will be used in the future beneficially
for special applications, e.g. submarine links or multichannel systems, pro-
vided the problem of laser stabilization to a reference source or to an ato-
mic or molecular resonance lTine is solved.
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Similar wavelength stabilization and tolerance problems are encountered in
WDM systems. Today it is not clear in what way the different Taser wave-
lengths of the transmitters can be kept adjusted to the comb-Tike passbands
of the optical filter duplexers. Especially in field environment and over
1ife time this will be a serious problem if denesly spaced optical channels
(e.g. 4 A~ nm) are envisaged. For the strategy towards the multigigabit
capacity per fiber near to medium future the optimum might be: TDM up to at
Jeast 10 Gbit/s, followed by WOM to 40 Gbit/s = 4 x 10 Gbit/s with a mode-
rate channel spacing of 40 nm if required.

From experimental results gained with 1300 and 1550 nm DFB lasers it has
been shown that the eye opening of the laser pulse can be increased con-
siderably and that the wavelength chirp can be reduced by more than a factor
of two if an appropriately shaped driving current pulse is appliiad to the
laser chip. Using this optimised laser driver and a 1550 nm DFB laser,
system measurement at 2.24 Gbit/s and 1550 nm have been performed over a

115 km standard single mode fibre {dispersion zero of 1310 nm} Tink with the
high dispersion of 17 ps/nm X km. The measured bit-error-rate (BER} charac-
teristics show a penalty of 0.5 dB in contrast to the expected value of 7 -
13 dB. The usage of this laser driver leads to an additional bridgeable span
length of more than 30 km. Today this driver circuit was realised with GaAs-
FETs in distributed microwave circuits on PTFE substrate. In the near future
advanced silicon bipolar and GaAs technologies will make the impiementation
of sophisticated high speed driver chips much easier.

3. High Speed Signal Processing for Optical Transmission Systems

The overall performance of a Gbit/s transmission system, especially of a
long haul repeatered link, is to a large extend determined by the perfor-
mance of the signal regenerator, consisting of decision circuit and clock
recover}. Here the noisy and distored signal coming out of the optical re-
ceiver is threshold detected and retimed. The amplitude decision ambiguity
of the threshold detector must be in the m¥-range at the nominal input level
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of 1 Vpp. The second figure of merit is the clock phase margin which should
be well above 250° to avoid a too large penally due to horizontal eye clo-
sure.

At SEL-RC a silicon bipolar decision circuit chip for up to 3 Gbit/s has
been developed. An ocutstanding decision ambiguity of & mvpp (nam. input le-
vel 1 Vpp) and clock phase margin 310° has been measured at the design bit-
rate of 2.24 Gbit/s, A complete regenerator chip (decision and clock reco-
very) is realized at the moment. Recent circuit simulations show that even
10 Gbit/s regenerators, especially the decesion part, could be realized with
silicon bipolar. On the other hand GaAs seems to be preferrable for the
clock recovery part of the regenerator, if the pll-type is choosen. Detailed
simulations based on experimental results {test chips measured in system
test beds) will yield the optimum design strategy for the regenerater chips.

The regenerator chip still is a relatively low complexing chip, this situa-
tion dramatically changes when multiplexers and demultiplexers are encoun-
tered. Here the number of gates sums up to several hundreds to above one
thousand depending on the order of multiplexing. As an example low order
mux/demux pairs where developed at SEL for 2.6 Gbit/s in silicon bipolar
technology. Besides the pure mux/demux function all essential auxilary func-
tions like clock frequency division, clock output driver, frame shift, and
bit error rate measurement output were integrated on the chips.

For 10 Gbit/s it is planned to start with a low order mux/demux 4 x 2.4
Gbit/s --> 9.6 Gbit/s to test and compare technologies, e.g. silicon bipelar
versus GaAlAs-HBT. In the second step high order mux/demux will be dis-
cussed, e.g. 64 x 140 Mbit/sec.
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The Future of Gallium Arsenide

K.Shibayama and K.Fujikawa
LSI Research and Devlopment Laboratory
Mitsubishi Electric Corporation
4-1, Mizuhara, Itami, Hyogo 664 Japan

Gallium arsenide material and device technologies have advanced impressively over
the past decade. A wide variety of gallium arsenide devices such as field effect tran-
mistors, integrated circuits, light emitting diodes, laser diodes, is now widely used in a
communication system, a radar system, a broadcasting system, and high speed signal
proceasings. This article overviews the present status, the trends of technologies and
applications for gallium arsenide in the future.

1. Technological Trend in GaAs Devices

In this section, the technological trend in GaAs devices will be first described from
the material point of view, through two typical examples: GaAs IC asa ene of high speed
electronic devices, and laser diode as one of optical devices. The state-of-the-art on
GaAs-on-5i technology (Superhetero epitaxy) will be next described.

1.1 GaAs IC

The technological trend of GaAs ICs is summarized in Table 1. The basic device
for building GaAs IC is a field effect transistor (FET) and many FETe are usually
fabricated on a semi-insulating GaAs substrate.

An active layer for FET is formed either by ion implantation or epitaxial technology.
The ion implantation technology has benefits of Rexibility in transistor structure and
process simplicity, but at the same time a drawback that the electrical characteristics
of the ion implanted layer tend to be influenced by the quality of the underlying semi-
insulating GaAs substrate. On the other hand, epitaxial technology offers & benefit of
lesa suaceptibility to the substrate quality, but drawbacks in this technology include less
flexibility in transistor structure and higher cost due to lower yield in epitaxial process.

For the future penetration of GaAs ICs into the market, it is indispensable to pursue
lower cost in addition to higher performance of GaAs ICs. From the cost viewpoint,
GaAs IC has a disadvantage that it is fabricated by using an expensive GaAs substrate
{GaAs is several tens of Limes as costly as Si).

In this regard, GaAs-on-Si epitaxial technology is expected to be very important in
the future. Making use of this technology, GaAs epitaxial layer ia formed directly on a

larger sized and less expensive Si substrate by metalorganic chemical vapor deposition
(MOCVD).

Wafer size for GaAs IC is, at present, mostly 3" in diameter, although 2" wafers
are still partly used. Transition of 3" wafer to 4" is predicted to take place around
the middle of 1990s8 or later when GaAs IC market is expected to show a sharp rise.
With respect to the transistor structure, several kinds of new transistors will be used
in the future in place of GaAs MESFETs. They are high electron mobility transistors
(HEMT) and hetero bipolar transiators (HBT)} with hetero junction such as
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Table 1. Technological Trend of GaAs IC

1887 1991 1995
Wafar Slze e 3~4"0 4" @
Cryslal
Subsirale undoped/in-doped LEC
Hetero spllaxy [superhsl ero spi
Epitaxlal Growlh (AIGaAl7 0As on GaAs) m.,'m o;r;u
Gale Length [0.6~0.768um|0.3~0.5um| 0.1~0.3um
Process ¢ e A a
Fvn 20mYy 10mV GmV
[J
Translstor Struclure MESFET ?:‘;J?T HBT
Funclion alngle function Imulll-funcllon

% Self Aligned Multi-layer gate FET

AlGaAs/GaAs and InGaAs/GaAs and further improvement in the device performance
is expected.

In the area of microfabrication technology, the smallest pattern width is now in
the range of 0.5 to 0.75um and is formed mainly by optical lithography such as step-
and-repeat system. In the future, finer patterns will be required (for example from
0.3-0.5um to 0.1-0.3um) for further improvement of device performance, and the de-
velopment of eiectron beam lithography and focused ion beam lithography will become
more important.

Functional integration of GaAsIC is also predicied to proceed. For example, single
function 1Ca will be replaced by multi-function ICs in which both analog circuit and
digital circuit are integrated.

1.2 Optical Devices

The technological trend of optical devices is shown in Table 2. Semiconductor
optical devices are fabricated using hetero epitaxial layers. Liquid phase epitaxy(LPE)
has been used to form these layers, but this technology has difliculties in obtaining good
surface morphology and a very thin layer with good reproducibility.

In recent years, MOCVD technology has become available to grow high quality
epitaxial layers. By this technology, the surface morphology and layer thickness con-
trollability have been significantly improved.

Table 2. Technological Trend of Optical Devices

\ 1987 1800 1903

Epltaxial Growth [LPE/MO-CVD/ MO-CVD | MO-MBE

Device Slruclure discrets dlacrele,array| OEIC,0IC

quanium well
wire & box

Laysr Struclure Idoublo heterojquantum well

From the functiona! point of view, the laser diode will evolve into OEIC where
electronic devices and optical devices are integrated , or OIC where several optical
devices having different functions are integrated .

—201—



1.3 GaAs-on-Si Epitaxial Technology

It is generally very difficult to grow GaAs epitaxial layer directly on a 5i substrate,
since physical properties of Si and GaAs, especially crystal structure, lattice constanta
and thermal expansion coeflicients differ from each other.

The difficulties in GaAs-on-8i epitaxy due to these physical property differences
are sumnmarized as follows:

i) Difference in crystal structure (Si has a diamond crystal lattice, while GaAs
has a zincblende lattice) results in antiphase disordera which are one of the
typical crystal defects).

i) Lattice mismatch (lattice constants for Si and GaAs are 5.43A and 5.654, re-
spectively) and difference in thermal expansion coefficient result in generation
of dislocations,

_ Unless the above difficulties are overcome, dislocations as high as 10? to 10°fem?
will be introduced in the epitaxial layer, and thereby it ia impossible to fabricate elec-

tronic or optical device in the layer. The above first difficulty is solved by using Si
substrate oriented 2 off the (100} plane towards < 110 >. The second difficulty was
considerably overcome by introducing cyclic-thermal-annealed buffer layer and strained
layer superlattice structure between GaAs epitaxial layer and Si substrate, and the
resulting dislocation density is reduced to as low as 10% /em?.

Solar cell was fabricated using this GaAs-on-Si wafer and the effective conversion
efficiency of 16.8% for lem X lem cell was realized. This efficiency is very close to 18
- 19% for GaAs on GaAs solar cells now in the production stage. This result suggests
the potentiality of the GaAs-on-5i epitaxial technology to be applied to the fabrication
of various devices, such as FET , GaAs IC, laser diode and OEIC, accompanied by
lowering the dislocation densities.

2, Application Trend

2.1 Electronic Devices

Figure 1 shows the application trends of GaAs electronic devices. GaAs FETs,
AlGaAs/GaAs HEMTs and GaAs analog ICs are widely used as amplifiers and oscilla-
tors for the radar syatem, the satellite broadcasting system, the mobile communication
system, ipstrument, etc. Further improvement of these devices aiming at lower noise,
higher frequency and lower cost will continue, and will accelerate the enlargement of
application area and market volume. '

" In digital applications, on the other hand, GaAs ICs now in use remain in the
level of SSI and MSI, like standard logic and prescaler for instrument and automobile
telephone systems, As described before, together with further improvements in semi-
insulating crystal quality, hetero-epitaxial technology, and microfabrication téchnology,
GaAs memory and logic LSIs superior to Si counterpart will be available and be ap-
plied to the very high speed signal processor for the radars, the supercomputer, the
instrument, etc. Probably it will not be until the middle of 19908 that such time will
come.
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2.2 Optical Devices

Figure 2 shows the application trends for optical devices such as LEDs and laser
diodes. Major application area of semiconductor lasers are as follows:

(i) Cptical communication system, such as for trunk line, subscriber loop, and
local area network (LAN)

(ii) Information processing system, such as laser printers, optical disc memories,
bar code readers, laser cards :

(iti) Home electronics system, such as compact discs, and video discs
(iv) Optical instrument, such as levelers, and transits
In the future, through the developmenta of single mode lasers, OEIC, OIC, etc., it

will net be just a dream to realize optical computers around the turn of the century
that can process a vast amount of information at very high speed. .
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Figure 4. Application of optical devices
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Technological Trends of GaAs ICs
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Function single function multi -function
« ref.[1]

S MITSUBISH! ELECTRIC CORPORATION _/




—B0%—

Trend of the Delay Time for Several Types of Memories
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Technological Trends of Optoelectronic Devices
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GaAs-on-Si Super-Hetero Epitaxial Technology
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Gpplication Trends of Optoelectronic Devices
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The Role of GaAs in Future Informatiom Systems

by Karl Platzioder

1. Introduction

SIEMENS is engaged in GaAs electronics since many years but still
we don't know a simple answer to how important this technology
will be for future information systems.

Based on our own experience with this topic, that proved to be
very interesting for technologists but rather difficult for

marketinzg people, a guess is made about the trends in the next

future,

2. Materials

The starting material for ion implanted digital and microwave
integrated circuits usuaily is semi-insulating GaAs.

SIEMENS, besides its own material activities, has close contacts
with external material suppliers to share experience.

Some results ;bout the homogeneity of doping profiles and the
uniformity of threshold‘vuita:es is presented aut of our work on
digital c¢ircuits.

For optimized microwave performance the GaAs background doping
has to be modified. Examples of the type of improvements obtained

this way are given,

The highest performance devices, however, use epitaxial layers.
Tf methods like MBE and MOCVD hecome less expensive and move

reproducible, we see thedir importance growing in all Eields of

GaAs electronics.
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J. Digital circuits

There have been strnng efforts in the last few years to develpp a
substancial market for digital devices based on ion implantation
in semi-insulating material.

SIEMENS too has experimented with circuits like:

o "Multiplexer and Demultiplexer
0 Prescaler

a ECL - replacements

0 5 - RAM.

To illustrate the situation, some results are presented,

They were incouraging in the beginning, bu£ in the meantinme the
big improvements in fast silicon bipolar c¢ircuits have reduced
the market chances for this generation of GaAs devices,

Work now is concentrating on more advanced selfaligned
technologies and heterobipolar structures. Circuits to bs

explored next are fast A/D converters.

4. Microwave circuits

The oldest and still most important application of GaAs (besides
optical applications) is in microwaves.

The hasic components to be considered are:

o MESFET's and HEMT's
o low noisc receivers
a amplifiers
o .switches
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o hizgh power amplifiers

Examples of such componcnts SIEMENS has developed will he
presented,

The majlor interest is in front-end devices for satellite
reception, radio links and mobile communication, were we see the

main applications for GaAs technologies in the foreseeable

future.

It should be noted, however, that military applications like
fully phased array radars, mainty in the USA and to a lesser
extent also in Europe, are at least as strong technology drivers

as the civilian applications mentioned above.

Karl Platzéder is head of the small signal transistor and
gallium arsenide IC.business group in the S1EMENS
semiconductor division.

He joined SIEMENS in 19469 warking first on high power
thyristors and diodes.

Since 1983 he has been responsible for product development
of discrete small signal components and {for microwave
GaAs - IC's.

In 1988 he became heaq of this business group.

Dr.Platztder holds a PhD in physics from the university of

Munich.,
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HEMT AND RELATED NEW DEVICES TECHNOLOGY:
STATUS, TREND AND FOSSIBLE IMPACT
ON FUTURE HIGH SPEED SYSTEMS

Koichi Dazai
FUJITSU LABORATORIES LTD.
10-1 Morinosato-Wakamiya, Atsugi 243-01, Japan

1 INTRODUCTION

Information processing in the 1990's will require ultrahigh-speed computers,
with high-speed circuitry with logic delays less than a hundred picoseconds.
Toward this end Si devices have been getting smaller and smaller. Despite our
advanced technology, we question how long we can continue without basing devices
on new physical principles. The research and development of HEMTs and other
devices offer solutions. ‘ l .

The HEMT developed by Fujitsu in 1980 was welcomed for use in super-low
noise devices and ultrahigh-speed LSI's. In 1981, a HEMT ring oscillator with a
gate length of 1.7 pm exhibited a 17.1 ps switching delay with 0.96 mW power
dissipation per gate at 77K. This suggests that the HEMT will be used in high speed
and low power LSI circuits.

In 1984, the HEMT 1K bit static RAM was developed, and HEMT LSI
development began. New high-speed devices, such as the heterojunction bipolar

transistor (HBT) were developed in 1985.

2 HEMT
2.1 Low Noise HEMT
Figure 1 compares the low noise pérformance of 0.5 um gate-HEMTs and
commercial MESFETs. The optimum noise figure and the associated gain at room

temperature are 1.1 dB and 10 dB at 12 GHz. At 20 GHz they are 1.8 dB and 8 dB.
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This is the lowest noise figure yet reported. The low noise HEMT is already
employed in the direct broadcasting satellite (DBS) systems and in radio astronomy
amplifiers.

2.2 HEMT LSIs . _

Figure 2 compares the IC complexity of Si, GaAs MESFET, and HEMT
mcmory. Advances in HEMT memory have been very rapid; fourfold every year.
This is mainly because Si techniques now used are compatible with HEMT LS}
techniques. Furthermore, HEMT devices are very flexible (Fig. 3).

A thin AlGaAs layer to act as a stopper against selective dry etching is
embedded in the top GaAs layer when E- and D-HEMTs are fabricated on the same
wafer. The unique epistructure associated with this selective dry etching technique
is a key factor for making E/D-FET logic with precisely controlled threshold
voltage. Uniformity of threshold voltage is measured for E- and D-HEMTs over
the entire 2-inch diameter wafer. The standard deviation of threshold voltage was
24 mV for D-HEMTs and 16 mV for E-HEMTs. These results indicate threshold
voltage control more than adequate'enough for use in LSI circuits.

A HEMT 16K bit static RAM, with a minimum address access time of 3.4 ns at
77K, at a supply voltage of 1 V has been fabricated. The power dissipation was 1.3
W (Fig. 3).

The 4.1K gate array consists of 156 I/O cells and 4096 basic cells (Fig. 4).
Basic gate delay time was 40 ps, and propagation delay time at of FI/FO=3/3, and a
wiring-length of 1 mm, was 95 ps. The multiplication time of 16x16 bit parallel
multiplier was 4.1 ns with chip power consumption of 6.2 W at 300K.

Present research on HEMT LSIs is part of the National Research and
Development Program on the "Scientific Computing System,” conducted under the
Agency of Ondustrical Science and Technology, Ministry of International Trade and

Industry of Japan.
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3 NEW DEVICES
3.1 HBT

HBT is the fastest device in the semiconductor device field at 2.6 ps with a
power consumption of 60 mW/gate. This performance was achieved by improving
the thin base layer and graded collector layer to decrease the intervalley T'-L
scattering. HBT will be used in the MSI circuits because of their high power
consumption (Fig. 5).

3.2 RHET

In the future, wiring delay is expected to become a serious problem for VLSL
RHETs are expected to perform new functions and enable a large reduction in the
npumber of components in integrated circuits. This will reduce wiring delays. For
example, an Exclusive-NOR gate can be built with only one RHET and resistors
(Fig. 6).

The RHET was developed under the direction of the R and D Association for
Future Electron Devices as a part of the R and D Project of Basic Technology for
Future Industries sponsored by the Agency of Industrial Science and Technology
(MIT1) of Japan.

4 CONCLUSION

" Low noise HEMT's are already used in satellite communications and radio
astronomy. A 16K bit HEMT static RAM and a 4,1K HEMT pgate array with a 16 x
16 bit parallel multiplier was shown. HBTSs have excellent high-speed performance.
RHETs offer new functions and are promising for large-scale and high-density

integrated circuits.
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Paraboric antenna for the receiver of the
BS system
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Two-stage HEMT amplifier
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Advances in complexity of HEMT LSI : memory
Performances
. Complexity Chip size
Source Function {gate) Delay time|Power|Temperature| (mm) Technology Year
{ns) (W) {K}
Fujitsu Gate array 1520 3.1 3.2 77 5.5 X 5.6 E/D DCFL
. (8 x 8 LG = 1.2 um 1986
Multiplier)
Gate array 4096 1.1 6.2 300 - 6.3 x 4.8 E/D DCFL
{le x 16 Ly = 0.8 ym 1987
Multiplier)
Data 1137 0.43 4.1 oo 6.1 x 6.2 E/D DCFL, ECL Interface 1988
tegister : Le = 0.5 um
oki Gate array 1000 5.0 0.977 77 3.8 x 4.2 |SBPL, Inverted Structure
(6 x & Lg = 0,8 um. 1987 -
Multiplier)
AT & T 4 % 4 141 1.6 0.053 100 1.1 x 1.2 DCFL, 1985
Bell Lab.|Multiplier LG" 1.0 um
Honeywell|5 x 5 350 1.08 0.75 17 1.86 x 1.54{DCFL,
Multiplier Lg = 1.0 um 1986
B x 8B . 1350 3.2 1.9 - 300 2.7 x 3.9 |DCFL, .
Multiplier LG = 1.0 um :
Rockwell [A/D {1500 {140 Mega - 300 - 1'..G a 1.0 um
converter |devices) |Sample/s) 1985
D/A
canverter
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Advances in complexity of HEMT LSI

: logic

Performances
, Complexity Chip size
Seurce Funetion. (gate) Delay time|Power|Temperature|(mm) Technolagy Year
(ns) (W) ()
Fuiitsu SRAM 1K 0.87 0.26 77 3.0 x 2.9 E/D DCFL
' L. = 2.0 um 1584
G
SRAM 4 K 2.1 1.6 77 4.76 % 4.35|2/D DCFL
L, = 2.0 um 1984
G
SRAM 16 ¥ 3.4 1.3 77 4.3 x 5.5 E/D DCPL
. L. = 1.2 um 1587
G .
SRAM 4 X 0.5 5.7 300 2.8 x 3.0 E/D DCPL, ECL Interface .
’ L., = 0,5 ym 158
G
Rockwell SRAM 1K 0.6 0.45 100 2.5 x 2.35 |E/D DCFL
Lg = 1.0 um 1986
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Microphotograph of 16 k SRAM
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Microphotograph of 4.1 k gate array
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Device strucure and correspondencing
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Summary

1. Low noise HEMT
« Satellite communlcatlons ~
« Radio astronomy

2. HEMT LSI's
- A 16 k bit static RAM
-« A 4.1 k gate array
« The project on Super Computer

3. HBT's
- Delay time : 2.6 ps.
- Power consumption : 60 mW/gate

4. RHET's
- New functions
« Large-scale and high density circuits




Subpicosecond Silicon Opto-Electronic Switches

M.LAMBSDORFF AND J.KUHL

Max-Planck-Institut fiir Festkrperforschung, Heisenbergstr.1
D-7000 Stuttgart 80, Federal Republic of Germany

E.LorEez, H.LEIER,A . FORCHEL

IV.Physikalisches Institut,Universitit Stuttgart, Pfaflenwaldring 57
D-7000 Stuttgart 80, Federal Republic of Germany

The topic of our research is the conversion of ultrashort optical pulses into ultrashort el-
ectrical pulses. This task is accomplished by the illumination of photoconductive silicon on
sapphire (SOS) with femtosecond laser pulses. The SOS must, however, possess ultrashort
{ree carrier lifetimes which we ensured by ion implantation with variable dose ranging bet-
ween 3x10'2 and 3x10'® Sit cm~2. The deep level defects generated by the bombardment
are known to act as highly efficient trap and recombination centers for optically generated
carriers. We produced the electrical pulses by momentarily short-circuiting a charged co-
planar transmission line /1/ (Fig.1) by illumination with 80 fs Jaser pulses derived from a
hybridly mode-locked synchzonously pumped dye laser (photon energy 2 €V).

Excitation Sampling
pulse pulse 3
8
I
-
L]
o
Lock—in x
" -
amplifier w
- )
«
z
o
w

DELAY [psl

Fig.1: Experimental configuration.

Fig.2: Optically sampled electrical cross-correlation obtained for an irradiation dose of
10488t em™2,
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The transmission line structure cousists of two parallel 5um wide and 0.5um thick Al
lines separated by 10;.1.11{ {design impeda.hcé 1009} and fabricated by electron beam litho-
graphy. The beam of optical pulses is split into two. The shape of the electrical signal
is measured by a photoconductive gap driven by a time-delayed sampling pulse (electrical
cross-correlation). In Fig.2 we present the shortest electrical pulse, which we obtained from
a switch with a Sit irradiation dose of 10*® ¢cm™2. From the full width at half maximum
we determine a free carrier trapping time of 0.5 ps by deconvolution taking into account
the finite response time of the electrical circuit, which is limited by the product of the gap
capacitance (1 {F) and the line impedance. Figure 3a shows the dependence of free carrier
lifetimes on implantation dose. For low implant levels, the carrier lifetimes decrease almeost
linearly with increasing implantation dose, whereas a saturation to 0.5 ps is observed at
high implant levels. This result is consistent to former time-resolved reflectivity measure-
ments /2/. We attribute the 500 fs-limit to the thermalization time of the photoexcited
carriers (initial excess enery 0.5 eV) when they relax toward the mobility edge. The de-
pendence of the extended-state mobility calculated from the signal intensity at delay zero
on implantation dose is depicted in Fig.3b. The decrease with increasing implant levels
indicates the increased elastic scattering from the neutral defects. The absolute values
are significantly higher than those formerly obtained in completely amorphous silicon /3/.
Even the highest implantation levels thus do not completely amorphize the silicon.

s T e TR —
20 1 — ‘—_I_l""'__r_'r'T‘l-_"l AR A B
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>
E {10 e _ e
: E
g 1 2 0k .
L ]
E ot ¢ z
v =
T . @
- Q
= s} .
z -
W ] ®
& . &
3 as . [ . a
Q 0 1 1 AN | | U W 1
R B fead 0" 1
10t ot 108 S* IMPLANTATION DOSE [cm2)

51* IMPLANTATION DOSE lem?]

Fig.3: Carrier lifetime (a) and extended-state mobility (b) in dependence on ion implanta-
tion dose. Lifetimes are derived from electrical cross-correlation data at each dose whereas

' mobilities are calculated from the measured signal intensity at zero delay.

In the second part of this contribution, we want to discuss the propagation characteri-
stics of ultrashort electrical pulses on coplanar transmission lines. Subpicosecond electrical

pulses have more than 1 THz spectral bandwidth. Thus propagation leads to distertion
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arising from dispersion and freguency-dependent losses. The so-called sliding-contact ex-
citation /1/ allows us to analyze the propagation characteristics by continuously varying
the distance between excitation and sampling spot (see Fig.1). The voltage pulse of Fig.2
is obtained for 100pm separation between exciting and sampling beams. As the distance
is increased to 4 mm (Fig.4) propagation effects can be observed in a broadening of the

correlation function to 2 ps, The dispersion of the
1

T T ¥ T T T T l

'I'|---|-;-|' i

sl e s gada

taa s b

I T T T I N

20 40 60 [ps]

SRR E A R N

SIGNAL STRENGTH [a.u.]

L L 1 1 ] L |

i % 30 25 i

-5 0 5
DELAY ips) [

Fig.4: Optically sampled cross-correlation for 4 mm separation between excifation and
sampling spot. The inset shows the result of a model calculation described in the text.

coplanar stripline can be expressed as the variation of the effective dielectric constant
with frequency. When the pulse travels down the transmission line, the high frequency
components are delayed because they encounter a higher effective dielectric constant.
Frequency-dependent attenuation arises first from the increase of the line resistance with
frequency due to the skin effect (~w?%} and second from radiation damping (~w®). As
the velocity of the subpicosecond pulse on the coplanar line exceeds the phase velocity of
terahertz radiation in sapphire, the moving pulse emits an electromagnetic shock wave /3/
analogous to Cerenkov-radiation in electrooptic materials /4/. We developed a propaga-
tion model that takes dispersion and attenunation phenomena into account. The agreement
between the model calculation, shown in the inset of Fig.4, and the experimental results is
seen to be only qualitative. Quantitatively, the observed pulse dispersion is much weaker
than expected theoretically. The reason for this discrepancy is not yel clear. We suppose
that the applied theory of modal dispersion on coplanar transmission lines /6/ is only valid
for frequencies{l THz.
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Siticon Bipolar Process and hevice Technology for Very High Speed 151s

Tetsushi Sakai
NTT .51 laboratories
Nippon Telegraph and Telephone Corporation

3-1. Morinosato Wakamiva, Atsuzi-shi, Kanagawa, 243-00 lapan

T. Introducltion

Very high-speed 1LSis are key components in information processing systems,
such as main frame commuters, oplical transmission systems, and so on. From a
practical standpoint. a silicon bipolar LS| ts a very promising device because
. of its fast switching. high driving capability., high yvield, and high
reliability.
To achieve very hizh speed aneralion, several dnuhle-unlygiiiunn self-alisned
hipolar technologies have been developed ko scale down lateral fealure size
amd reduce parasitic capacitances and resistances. Using about 1ygem Vithogranhy,
2kii masterstices with a basic gate delay iime of 43~5dps/vate and a Bdkb FOL
RAM'®? with an access lime of 2.3ps have heen already been develoned.
In this presentation. the structure, process and fondamenlal performance of the
SST-18 integraled transistor and the amplicalion results for very high speed
1518 are described as one of several double-polvsilicon self-aligned bipolar
technologies. Moreover, Future performance of hipnlar 151 is exanined by device

simyiation.

M. Device Structure and Process

A cross-sectional view of the §8T-1B integrated transislor, which is almosti
the same as SST-1A. is shown in Fig.1. The main distinguishing feature of the
SST-IB is the addilion of a Selectivery ton-tmplanied Collector, or SIC. The N
region is selectively located just under the inlrinsic hase region. The
strucinre can be easily achieved hy adoption of ion-implantation using the base
polysilicen electrode as a mask in the conventional process flow of SS5T-1A. The
$10 hage width can be made 1.5 to 2 {imes smaller ihan the widih of S5T-14 due
to carrier compensation for the base channeling tail. Further wore, the 51C can

suospress hase puxhoul effecl during hizh currenl density, as shown Fig.2.
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Consequently., an improved cut-off frequency with higher current density can he
expected withou! increasing bhase resistance and exlernal base-collector

capacitance.

Hl. Fundamental Performance

The measured cul-off frequency, fr, versus‘nollector current., lc. are shown
in Fig.3. Maximum fr5 of 21.1 GU2(Ve=21V) and 25.7 GH2(V ¢=3V) have heen
achieved in comparison with 16.8 GHz and 206.2 GHz for SST-1A. In addition, the
current density required to obtain maxisum fr  increases by a factor of 2. Thus,
the SST-1B transistor has targe driving capahility. Measured basic propagation
delays, lpd, of NTi. and fCL ring cscillators are shown in Fig.4. Mipimum delayes

of 20.5ps/rate for the NTL and 34.1 ps/gate for the ECL have heen achieved.

V. Application

iging SST-1B. we have developerd various iCs for microwave application, high
-speed analog application, and high-speed digital application. Characteristics
of these tCs are shown in taltle 1. The performance of a 18 GHz 1/R divider, a 2-
Gbsps 6-bit flash AD converter. and a 43ps/5.2GH7 macreceld array 151 are
described in this seclion.
A. 18 GHz 1/8 divider

Sinee a Kezenerative'freuuenny Divider, RFN, has a higher operaling
frequency than thai of an ECL master-stave D-flip-flop with the outpnl fed back
to the data inpul, T-F/F has been used in a monolithic integrated circuil. The
i/R dividers consisis of the RFD as the first staze. two T-F/F's. lwo internal
buffers, and an autput buffer. The divider can operate smeothly for input
frenuencies from 4.6 GHz to 17.5 G2 under the designed bias conditien with a
nower dissipation of 690mW. A maximum operating freyuency of 8.0 GH2 has been
ohtained by adiusting hias conditions as shown in Fig.h.
8. 2 Ghsps G-Bit Flash AD conversion 1.5t

The dynamic performance was measured using GHz-operation gata acquistition
system developed with 35T M51 Family. The maximum sampling rate was more than 2
Gsps. Recenl progress of the G-bit AD converter development is shown Fiz.6. A I-
GHz samnlipg rate has already been achieved with a hyhrid 1€ using GaAs and Si

bhipalar 151s, bt it has a laree power dissipation of more than 10W. fn the 1S}
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which we developed. a sampling rate was twice that of the hyhrid IC with a low
pover dissipation of 2V,
C. 43ps/5.2GH2 2.1KkG wacrocell array LSI

The 2.1kG macrocell array has 322 internal celbls, 138 1/0 cells. and 1062
wiring channels, and uses one Supply voltage: -3V for Vee. A basic coll ronsists
of 16 transistors, and 28 resistors. The perfarmance of this macrocell array 1S
is summarized in Table TE. To evaivate 1he macrocell array 1Sis, a 16 bid
mud Liplier was fabricated. Mullinlication Lime of 4.3 ns was ohitained. The power
censimution was 3W. The speed of the 16-Lil mulliplier is almost the same as
that of the HEMT device, which was reported at the 1987 CICC. and the power

dissipation of the mulliplier is 1/2 times smaller than that of lhe HFMT device.

V. Future Performance of Silicon Bipolar 1.5

Sensitivities of the S5T-1B device parameiers were caluculated'using SPICE-
I to examine how Lo further reduced propagation delay. Transit time, collector-
base capacitance and base resistance have hisgh sensilivilies of 56%. 35% and 30
4. respectively. For high speed switching, and especially transit time or cut-
off frequency the SST-1RK is most effeclive. A 40-50 GHz silicon hipolar
transistor with 40nm base width is expected as a result of two dimentional
device simulation. Ulitization of a Si helero-emilder junclion makes it possible
to achieve a fr of more than 100 Ghz by reducing the base widih 1o aboul 10nm.
Using double-polysilicon self-aligned hipniar technology with lithosraphy of
tess than a halfmicron, half-50ps/gate 2~3KG silivon bipelar masterslice 1S
will bhe realized in the future. Very high performance VLSt with bipolar and C¥0S
of less than a halfmocron rule will be also realized. tne of the most imvoriant
problems in process and device design is the reduction of ohmic contact
resistance. An advance in 1.S1 design is the development of CAD with desian of

crosstalk, timing and so on.

Table I. Characteristics of various LSls by using SST

Variety

Charateristics

Variety

Charateristics

Macracell array LSIs
{1KG, 2.1KG)

Propagation delay time
D-ECL 43ps/G, ECL 54ps/G

6b A/D converter

Operation speed 20Gs/s
Power dissipation 2W

F/F toggle frequency 5.2GHz

16b sultiplier

Hultiplication tice 4.3ps

Pover dissipation ¥

6b myltiplier

Multiplication time 1.2ns

1/8 divider Hax. operation freq. 18Gllz
{(dynamic) Power dissipation G44nW
Prescaler Hax. operation freq. 2.26Hz

Powor dissipation 22a¥

Pover dissipation 1.2V

Exchange time switch
4-aultiple 2-highway

Max. operation freq. 3.3GHz
Power dissipation 1.3V

Anplifier Pre.+buffer
Pre.
Pre.

DC-3.5GHz  30dB
DC-3.20Hz 20dB
DC~5.5GHz  16.4dB
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Fig.1. Cross-sectional viev of the 3ST-1B.

30

H{GHz)

+§5T-IB

1 10 100
Ic(mn)
Fig.3, Messured fr-Tc curves at V=1V and 3V
for $ST-1B(Salid) and SST-1A(Dashed).
Qutpul .
1.5+ (200m‘1‘ldlv]— g 4
< tnput (18GHz)— KT
S oEw/div) RN W ]
& . 100ps/div
>
0.5 h
o

4 6

B 10 12 14 16 18

fin [GHz)

"
10)'
10!!
IO"
10!] ;
10"

Carriet concentration (cm™)

Depth{sm)
{2) with SIC

Depth;m)

{b) without SIC

Fig.2. Caleulated careier profiles (a)vith SIC,
and {b) without SIC at 40KA/caZ.

»55T-1B
100 . o conventional SST
53 50} \9"'0-"0'.
% L . '\._\.
B it ECL
| \-—(:_
1ol — 0

P(mW/G)

Fig.4. Basic gate delays of NTL and ECL using
S5T-1B(Solid) and SST-1A(Dashed).

[T T mabwe
I 1 I L
[ e N\ L
-+ brgh spwed sod e r—1
| ok v S g P i
E o || TrmeompsT L
£ R
i
L] s
L Siamesa o Hrd K
L e GaladSh ool
[‘ | LR chim
’U' 1 3 & L4 232 L) L2 13

Power W]
Fig.B. Recent progress of the 6-bit AD coverter.

Table 1[. Sumeary of the measured results of
the cell performance.

Fig.5. Input sensitivity vs. input frequency,
and wavefores at 13.0 GHz.

Bask Delay (Single-Ended)
{Difterantial)
Fan—0ut Delay
Fan-in Delay
-Serles—Gate Delay
Metal Delay

F/F Toggle Frequency

54 pa
43 ps

6 ps/FO '
20 ps/F
20 pa/5G
13 ps/mm
5.2GHz




PRESENT STATUS AND FUTURE PERSPECTIVE
OF ULSI MOS DEVICES

Eiji Takeda

Central Research Laboratory, Hitachi Ltd.
Kokubunji, Tokyo 185, JAPAN

"ULSI revolution” marking a new epoch in the electronic industry has made
rgmarkable progress to such an extent that 107 -10" transistors are fabricated on
a single chip. For instance, current ULSI wmicrofabrication technologies are
being pushed to the extremes by the DRAM community, hereby expediting research on
64 Mbit DRAMs using a 0.3 2o design rule. Since process and device technologies
in svch a deep submicron region are, hawever, approaching pracfical Iimits,
reliability ©problems as well as improvement of performance are becoming
increasingly significant. In particular, the scaled MOSFET (ULSI building element)
is suffering from such high field effects as hot-carrier effects and the down-
sliding of scaling merit. This trend requires a deeper physical insight into new
reliability problems in the deep submicron region{0.5 - 0.1 zm) gnd feedback of
this konowledge to device structures and circuit design.

In this paper, the state-of-the-art and future perspective of MUS devices
are reviewed and discussed from the' viewpoint of: 1) hot-carrier and short-
channel effects, 2) device structures with high reliability and improved
performance, 3) future power supply voltage, 4) new reliability problems in ~ 0.3
gm region, and 5) S8i quantum effects in the region less than 0.1 um.

Firstly, device structures -and hot-carrier breakdown woltage for each DRAN
generation are shown in Fig. 1. Several kinds of hot-carrier resistant device
structures such as DDD{1] and LDD[2]}, have been proposed so far, but a 5 V supply
voltage can not be used even in LDD with Lerr less than 0.8 gw. Therefore, in
the era of 0.5 ~ 0.3 aum,- two approaches will be taken according to the type and
purpose of ULSIs. These are: (D new hot-carrier resistant devices[3-4] usable
with a 5 V supply, and @ reduction of power supply voltage (3-1.5 V). In the
former approach, 2 deeper physical understanding of high field effects such as hot
-carrier and short channel-effects is needed and the power comsumption problem[5]
becomes significant. The latter must also overcome a low speed problem because
subthreshold wvoltage can not be scaled, resulting in the low channel current.
Optimal device operation for any ULSI device can be achieved by choosing the best

hot -carrier -resistant device structure so subsequent discussions will emphasize
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on the relevant characteristics of these structuyres. At any rate, 1t will be
important to secure maximum total performance by putting suitable devices in the
right places of ULSIs.

With regards to hot-carrier (HC) effects, primary attention is now paid to
device degradation under the pulse (AC) stress corresponding to actual circuit
operation. Device life-time( t ac) under AC stress has been shown to be related
to effective DC stress time by Tac =tpc + R[B], where R is a circuit duty ratio.
but recently discovered device degradations specific to AC stress requires a re-
examination of this equation. Maio experimental results[7-9] are summarized in
Table 1. Carrier trap-detrapping effects and/or excess carrier generation at
pulse fall/rise periods cause degradation enhancement and device structure
dependent phenomena to occur. The device life-times in both single drain{SD) and
LDD are shown as a function of substrate current(Isuas) in Fig. 2, comparing AC
with DC stress. it can be seen that T ac strongly depends on the device structure,
leading to the equation: Tac = a@-tonc - R, where & is a function of device
structure, These experimental results seem to be due to electric field
modulation by carrier trap-detrapping effect under AC stress condition. From now
on, hot-carrier effects will reveal new facets in ULSI reliability; HC effects
under low voitage [10], HC effects vs. elecro-static discharge (ESD) [11], HC
effects vs. TDDB[12], to name a few.

With a low power supply voltage(l.5-3 V), short-channel effects such as punch
—-through (Yyw-lowering), rather than HC effects, are more important in the deep
submicron device design. This is Dbecause source -drain depletion width is
comparable to chaonnel length, resulting in gate-uncontrollabilty to channel region.
The allowable effective channel-length(LEFr) is shown in Fig. 3 as a function of
gate oxide thickness(Tox) with Vru as a parameter. A decrease of Tox and
increase of channel dose is ineffective against punchthrough in the deep
submicron region. Rather, down-scaling of source-drain junction depth (£ 0.1 zm)
and channel stopper are more effective. Moreover, the thin film 801 structure[l13]
becomes important as a ULSI element because this device has good characteristics
such as suppressed Yru-lowering and non-floating effect of substrate.

Inversed-T{4] and GOLD[3], which make good use of gate-drain overlapped(GOLD)
effect[14], have been reported as MOS device structures usable with a 5 V supply
voltage. A typical GOLD structure is shown in Fig. 4. In such GOLD structures,
"not only high resistance against HC effects, but alse high transconductance are
realized in 0.3-0.5 uxm regions as shown in Fig. 1, This high performance is
essentially due to a decreased source resistance due to the GOLD effect. Thus,
consistence of reliability and performance will make the GOLD structures more

suitable for Bi-CM0S ULS!s and high-end computers aimed at high speed.




High power consumption problem in ULSIs requires the power supply reduction..
Unfortunately this results in a degradation eof ULSI speed since velocity
saturation and decreased effective mobility due to vertical electric field, as
well as low channel current caused by low gate voltage occurs. To overcome these
problems, it is ioperative to eliminate such parastic elements as junction
capacitance and contact resistance by using sophisticated self-align technologies
[15] and S80I technology. Imn particular, the S0I structure with < 0.1 gnm thir
substrate will become more important as a ULSI building element because it can
avoid a substrate-floating problem inherent to conventional SO0Is. In addition,
the low temperature operation[l6] is attractive under low supply voltages because
subthreshold characteristics are remarkably improved, which enables Vtu to be
scaled down.

In the deep submicrom era (~0.3 zn), new reliability problems emerge with
the reduction of device dimensions as shown in Table 2. Among them, main
problems are as follows: (@ Alpha-particle induced source/drain penetration(ALPEN)
effect [17}), @ Band to band tunneling effect{18], and @ an~ source/drain
penetration effect[15]. ’

ALPEN effect is a type of punchthrough caused when Lerr becomes comparable
to fumneling length (electric field distortion due to x -parti¢le injection).
This effect causes various constraints such as new soft error in ULSI memories
and latch-up,

The gate-induced band to band tunneling results in drain leakage current,
which demands LDD structure, rather than 8D even under a 3 V supply voltage.
This phenomencn occurs when Tox < 10 nm. Also, this is reported to cause a new
hot-carrier effect[20] in which holes generated by band te band tunneling are
accelerated and injected -into the gate oxide, leading to Vru decrease. A larger
channel dose is needed to taylor Vru with reducsd Lerr. This higher channel
impurity concentration{~10*"cm™") caunses compensation of n~ region in LDD.

As device dimensions{ < 0.1 zm) become comparable to electron wave length
(the De Blois wave length ), quantum phencmena emerge even in B5i. Preliminary
research on quantum effects in Si has begun for the purpose of discovering pew
phenomena related to ULSI reliability, rather than for propesing new quantunm
devices. These play a "warning” role for future ULSIs, The following phenomena
bave been reported as predominant quantum effects (size effects) in Si: @
impurity fluctuation[21] = Vru scattering, @ single electron trapping(22] =
channel current scattering, & velocity overshoot[23] = charnel current increase,
and @ abnormal conductance in one -dimensional electron system [24] = Go
oscillation,

Although all phenomena except velocity overshoot are found to be related to
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reliabilty, these effects may trigger new quantum devices. Already, the single
electron transistor, which makes good use of single electron trapping into gate
oxide, has been proposed.

Since the De Blois wave length in Si is smaller than that in GaAs, it seems
to be more difficult to construct Si guantum deviees. However, considering high
quality Si crystal and advanced Si ULSI production technologies, Si quantum ULSIs
could be realized. If so, the impact to electronic industry will be remarkable
and a new GSI (Giga Scale Integration) revelution will come into existence.
Therefore, to achieve such a marked progress, device innovation is strongly

required.
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Table 1 AC stress experimental results

HITACHI UCB Siemens
-Device structure |-Enhanced in the -Enhanced when
Experimental | dependence falling pericd of | plasma nitride is
results under]-Suppressed in As-D | Vg (Vd:large) used as a2
AC stress and enhanced in -In other cases, no | passivation layer
LDD difference between |-Device structure
AC and DC stress dependence
-Electric field -Excess carriers *Electric field
AC stress modulation due to | (hole) in the modulation due to
degradation | electron detrapping channel region hole detrapping
nechanism cause the
degradation at
large Vd

Table 2 ULSI reliability problems aﬁd pover supply voltage

Minimum length {pm) 10 1 0.1
[ 12V : -
Supply Yoltage : S5V
: v
P
Gate TDDB Thin oxide (~5 nm)
oxide {FN tunnelig) : :
Hot carrier DOD ~ LDD — GOLD
High effect :
electric a particle . ALPEN effect _
field Device soft error .
effect Short channel Punch-through ;___
effect : :
Band tc band Band te band tunneling
tunneling :
Random fluctuations _Fluctuation of Vth
of impurity nuabers :
Quantum Single electron __U/f ncise
effect trapping :
Velocity overshoot _High speed_device
Quasi one dizmensional _Oscillation of Gm
conductance escillation :
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LOW TEMPERATURE MOLECULAR BEAM EPITAXY OF SILICON (5i-MBE)

E. Kasper
AEG Research Center UIm, Sedanstr. 10, D-7900 Ulm, FRG

1. Introduction

The single crystal growth, by molecular beam epitaxy, of materials com-
patible with silicon 1is described, and device applications are given.
Process temperatures are decreased to 240 °C, heterojunction devicés are
fabricated, strained layer Si/Ge superlattices are investigated, and si-
licon based monolithic integration of heterojunction devices and conven-

tional devices is suggested.

2. Growth by.SiIicon Holecular Beam Epitaxy (Si-MBE)

By MBE the growth temperature of Si was already dramaticaily reduced
compared to standard chemical vapour depesition (CVD) epitaxy. The MBE
process seguence contains three main steps, name]y-ki) chemical pretreat-
ment of the surface outside the growth apparatus, (ii) in situ c]ean1ng
of the substrate surface, and (i17) growth of the thin single crystal-
line Tayer by condensation from impinging melecular beams of the matrix
and dopant elements. In standard 5i-MBE growth occurs usually between
550 “C and 800 °C. For this investigation we employed also very 10@

growth temperatures below 550 °C.

To understand one has to consider the adsorption of the molecular beams
on the growing surface. The surface consists {Fig. 1} of flat terraces
bordered by atomic steps. The binding energy W {4.55 eV/Si atom} will be
gained by sticking an atom on a kink of the step. But more frequently

the impinging atom is adsorbed on the terrace. The adsorbed atoms move
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rather easily on the surface like é twodimensional adatom gas. A diffu-
sing net flux of adatoms is directed toward the steps because these act
as sinks for adatoms. The steps‘move forward by catching the adatoms.
Macroscopic vertical growth is driven by the microscopic lateral moticn

of atomic steps.

(3}

Fig. 1: Condensation of molecular beams on a growing surface with

atomically flat terraces between atomic steps

Single crystalline growth of the silicon matrix is selforganized if not
the experimentalist disturbs the growth by freeze out of the surface mo-
bility (growth temperature below Tep) or by contaminating the surface

{inproper vacuum conditions).

3. Device Examples

Worldwide realized device types include bipolar IC s, discrete high fre-
quency-diodes, waveguide optoreceivers, heterojunction transisitors and
resonant tunnelling elements. We discuss in more detail .silicon mm-wave

(100 GHz) integrated circuits (SIMMWIC) and n-channel SiGe/Si MODFET's.

—262—




4. Strained layer SiGe/Si super]atfices

Periodic stackings of heterostructures (superlattices) open the pessibi-
Tity to tailor material properties of semiconductors (artificial semi-
conductor). Material partners with lattice mismatch can be combined with-
out crystail perfection degradation, if the superlattice period is thin
(strained layer superlattices - SLS}. The most prominent Si-based S5LS
system §is the SiGe alloy with up to ¢4 % lattice mismatch. Adjustment of
strain, mobility enhancement of holes and electrons, strain induced band
ordering and phonon zone folding effects were already demonstratéd in

© this system.

Most spectacular hredictiuns promise for ultrathin Si/Ge superlattices a
strong enhancement of direct band gap transitions. This would allow novel

optoelectronic functions in a silicon based material system.

In strain symmetrized ulitrathin Si/Ge superlattices on Si substrates su-
perlattice related photoluminescence (PL) (Fig. 2) appears not found in

altoy reference samples.

SiGe  Ta2K :lstt.osga?m ’ | ret. sample T-2x A»{S790wm
d‘i.'df. ML} 13 'em F,’__-100WI:‘J1|’
— 1218 =
3 g
2 o 2 | 5,0 a8
%‘ ‘i;-; e altor A0
5 s
E E
r QF i' OF 4
|
»50
o buffer
n
] SnarentuarenrEE—r ] e
g7 08 09 10 U Q7 08 09 1w 1
Energy {eV] Energy (eV)
Fig. 2a: PL-spectra of the 3/2 ML, Fig. 2b: PL-spectra of the
6/4 ML and 12/8 ML Si/Ge-SLS reference samplies
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Schedule of the 5th Japan-Germany Forum
on Information Technology

I. Plenary Session

TUESDAY, NOVEMBER 22ZND

Technical Visits

Group 1 (AM: Matsushita, PM: Sharp)

Group 2 (AM: Mitsubishi, PM: Sumitomo Electric)

8:00

8:30

19:00

17:30

Departure of bus for technical visit of Group 1

Departure of bus for technical visit of Group 2
(Incl. Luncheon)

Arrival at Kyoto Takaragailke Prince Hotel
{Group 1)

Arrival at Kyoto Takaragailke Prince Hotel
(Group 2)
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WEDNESDAY, NOVEMBER 23RD

Excursion 1 {Nara)

8:30 ~16:30

8:30

16:30

16:00 ~18:00

18:30 ~ 20:30

Sightseeing Tour to Nara by bus

(Incl. Luncheon)

Departure from Kyoto Takaragaike Prince Hotel

Arrival at Kyoto Takaragaike Prince Hotel

Japanese Side Core Members Meeting
(Kyoto Takaragaike Prince Hotel, Room Kurama)

Reception
Greetings:
Japanese Side : Mr. Masao Teruyama, JIPDEC
Mr. Yukio Honda, MITI

German Side : Dr. Ginter Marx, BMFT

(¥yoto Takaragalke Prince Hotel, Gold Room)
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THURSDAY, NOVEMBER 24TH

(1) Opening Speeches

9:30 ~ 9:40

9:40 ~ 93150

Mr. Yukio Honda, MITI

Dr. Ginter Marx, BMFT

(2} Opening Remarks

9:50 ~10:00

10:00 ~10:30

10:30 ~11:15

11:15~12:00

12:00 ~ 14:00

12:00~13:30

14:00~17:00

18:30 ~ 20:30

Prof. Dr. Hisayoshi Yanai and
Prof. Dr. Walter L. Engl

----- Coffee Break —————
Keynote Speech
"Neurocomputing"
(Prof. Dr. Gen Matsumoto, ETL)
Keynote Speech
"Integrated Optoelectronics for Communicationa"
(Dr. Claus Weyrich, Siemens)
~———- Luncheon ---——
Core Members Meeting (Incl. Luncheon)
Workshops
Reception ‘
Greetings:
Japanese Side ! Prof. Dr. Hisayoshi Yanai

German Side * Prof. Dr. Walter L, Engl
{Kyoto International Conference Hall, Swan)
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FRIDAY, NOVEMBER 25TH

9:00~12:00 Workshops
12:00~13:30 ————- Luncheon ~-———- (New Media)
12:00~14:00 00— Luncheon ~—e— (Computer, Semiconductor)
12:00~14:00 Chairmen's Meeting (Incl. Luncheon)
13:30~17:00 New Media Workshop
14:00~17:00 Computer Workshop

Semiconductor Workshop

18:00 Transfer from Kyoto Takaragalke Prince Hotel
to Rantel (Arashiyama)

19:00 ~ 21:00 Banquet in Rantei (Arashiyama)

21:00 Buses Returning to Kyoto Takaragaike Prince Hotel
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SATURDAY, NOVEMBER 26TH

(1) Summary Reports from the Workshops

9:00 ~ 9:20 Computer
9:20 ~ 9:40 New Media
9:40 ~10:00 Semiconductor

(2) Closing Remarks

10:00 ~ 10:10 Prof. Dr, Walter L. Engl and
Prof. Dr. Hisayoshi Yanai

Excursion 2 (Kyoto)

10:30 ~ 16:10 Sightseeing Tour to Kyoto by bus
(Incl. Luncheon)

10:30 Departure from Kyoto International Conference Hall

16:10 Arrival at Kyoto Takaragaike Prince Hotel
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II. New Media Workshop

THURSDAY, NOVEMBER 24TH (AFTERNOON)

Sesglon l: Broadband Network and ISDN

14:00 ~ 14:30

14:30 ~15:00

15:00 ~15:30

- 15:30 ~16:00

16:00 ~16:30

16:30~17:00

Concept of Packetized Video Transmission
over ATM Networks

{Prof. Dr. Y. Yasuda, Univ. of Tokyo)

Switching Concepts for Broadband ISDN
(Mr. B. Schaffer, Siemens)

ISDN in Japan
{Mr. T. Egawa, NTT)

Concept of Introduction of Boradband Communication
(Mr. V. Steiner, DBP)

Coherent Optical Techniques for TV Distribution
in Broadband Networks

{(Mr. G. Heydt, HHI)
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FRIDAY, NOVEMBER 25TH (MORNING)

Session 2A: Optical Switching and Optical Signal
Processing :

9:00 ~9:30 Recent Progress in Optical Switching
(Dr. I. Kobayashi, NIT)

9:30 ~ 10:00 Research and Development on Digital Optical
Processor ‘

(Prof. Dr. D. Jager, Univ, Minster)
10:00~10:30 = —emm= Coffee Break ————

10:30 ~11:00 . Optical Information Processing

(Mr. S. Ishihara, Optoelectronics Industry and
Technology Development Association (OITDA))

11:00 ~11:30 Optical Switching, State of the Art
(Mr. G. Heydt, HHI)}

11:30~12:00 Optical Parallel Digital Computers
(Prof. Dr. Y. Ichioka, Osaka Univ.}
Session 2B: Soéial Acceptance and Information Security

9:00 ~ 9:30 Social Acceptance and Security Problems of
New Information Society

{Mr, T, Uezono, IBM Japan)

9:30 ~10:00 Information Security in New Media
(Mr. K. D. Wolfenstetter, DBP)

10:00 ~10:30 ———=~ Coffee Break ————

10:30 ~ 11:00 Electronic Signature as an Add on to the
Telex Service

(Dr. W. Schroder, mbp)
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FRIDAY, NOVEMBER 25TH (AFTERNOON)

Session 3: New Information Media Including IC Card,
Optical Card and CD~I/CD-ROM

13:30~14:00 Data Broadcasting _
{Mr. A. Yanagimachi, NHK)

14:00 ~14:30 Introduction of Data Broadcasting by the
Deutsche Bundespost

{(Mr, K., Hummel, DBP)

14:30 ~ 15:00 Recent Progress in Optical Cards
(Mr. N. Gocho, Olympus Optical)

15:00~15:30 -——— Coffee Break ———

15:30~16:00 Chip Card Functionality and Applications
(Mr. K. Wolfenstetter, DBP)

16:00 ~ 16:30 CD-I and CD-ROM —- Recent Trend in Their
Applications

(Mr. M. Horiuchi, Shingakusha)

16:30~17:00 Video Communication in the Business Field
(Mr. V. Steiner, DBP)
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II. Computer Workshop

THURSDAY, NOVEMBER 24TH (AFTERNOON)

Session 1l: Operatlng Systems and Real-Time Systems

14:00 ~ 14:40

14:40 ~15:20

15:20 ~ 15:40

15:40~16:20

16:20 ~17:00

Overview of the TRON Project
(¥r. N. Ito, Hitachi)

The BIRLIX Operating Systems

(Prof. Dr. G. Goos, GMD)

——- Goffee Break --~——-

CIRON Research and Development
(Dr. F. Ishino, NTT)

X/0PEN An Open UNIX Environment
(Mr. Gewald, Siemens)
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FRIDAY, NOVEMBER 25TH (MORNING)
Session 2: Applications of Advanced Informatiom Technology

9:00~ 9:40 Electronic Patent Application System Based on
the 0OSI Concept

(Mr. T. Ishii, Japanese Patent Office)

9:40 ~ 10:20 Intelligent Interfaces for Knowledge based
Application Systems: The Combination of Language,
Vision and Graphics in Multimodal Systems

(Prof. Dr. W. Wahlster, Univ. Saarland)
10:20 ~10:40 ———— Coffee Break ——---

10:40 ~11:20 International Online Banking Systems In Japan
(Mr. Y. Iwamaru, Mitsui Research Institute)

11:20 ~12:00 Benefits of Knowledge Based Techniques in
Industrial Automation

(Mr. W. Howeln, Siemens)

FRIDAY, NOVEMBER Z5TH (AFTERNOQOON)
Session 3: Highly Parallel Systems

14:00 ~ 14:40 LINKS-2: A Large Scale Multiprocesser System for
Animation

(Prof. Dr. K. Ohmura, Osakagakuin Univ.)

14:4G ~15:10 System Architecture for Highly Parallel Systems
(Mr. K. Solchenbach, Suprenum) '

15:10 ~15:20 ———-- Coffee Break ———

15:20 ~16:00 A Semantic Network Machine: IXM
(Dr, T. Higuchi, ETL)

16:00 ~16:30 A Parallel-Operating PROLOG Computer
(Prof. Dr. W, K, Giloi, GMD)

16:30 ~17:00 Computation in Neural Nets
(Prof. Dr. W. von Seelen, Univ. Mainz)
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IV. Semiconductor Workshop

THURSDAY, NOVEMBER 24TH (AFTERNOON)
Session 1: mm-Wave ICs and Optical Data Links

14:00 ~ 14:40 mm.'l_ZCs for 30 GHz-Band Satellite Transponder
(Mr. H. Kato, NIT)

14:40 ~15:20 Develorment of GaAs mm-Wave ICs
(Dr. E. Menzel, AEG)

15:20~15:40 = —====m Coffee Break ———-
15:40 ~16:20 Millimeter-Wave Transmitter/Receivers and the
Devices

(Mr. Y. Ohgushi, NEC}

16:20 ~ 17:00 High Speed Optical Data Links
(Dr. R. Heidemann, SEL)
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FRIDAY, NOVEMBER 25TH (MORNING), (AFTERNOON)

Session 2: The Role of III.V. Compound Semiconductor
Devices in Future Information Systems

9:00 ~ 9:40 The Future of Gallium Arsenide
(Dr. K. Shibayama and Mr. K, Fujikawa, Mitsubishi)

9:40 ~10:20 The Role of GaAs in Future Information Systems
(Dr. K. Platzdder, Siemens)

10:20 ~ 10:40 ===~ Coffee Break —~—--

10:40 ~11:20 HEMT and Related New Devices Technolcgy: Status,
Trend and Possible Impact on Future High Speed
Systems

{(Mr. K, Dazal, Fujitsu)

Session 3: High Speed Silicon Devices and Circuits
(including Subpicosecond Silicon Opto-
electronic Switches)

11:20~12:00 Subpicosecond Silicon Opto—electronic Switches
(Mr. M. G. Lambsdorff, MPI)

12:00 ~14:00 -——— Luncheon ————

14:00 ~ 14:40 Silicon Bipolar Process and Device Technology
for Very High Speed LSis

(Mr. T. Sakai, NTT)

14:40~15:20 High Speed Silicon Devices and Circuits
(Dr. A. Wieder, Siemens)

15:20~15:40 = ——— Coffee Break ————

15:40 ~ 16:20 Present Status and Future Perspective of
ULSI MOS Devices

(Dr. E. Takeda, Hitachi)

16:20 ~17:00 Low Temperature Molecular Beam Epitaxy of
Silicon (Si-MBE)

(Dr. E. Kasper, AEG)
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Group 1:

Group 2:

g%l_

]

Technical VYisits

Matsushita Electric Industrial Co., Ltd.

Central Research Laboratories

Sharp Corp.

Engineering Center

Mitsubishi Electric Corp.

LSI Research and Development Laboratory

Sumitomo Electric Industries, Ltd.

Itami Research Laboratories
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Group l: Matsushita, Sharp

Tuesday, November 22nd

8:00 Departure of bus from Kyoto Takaragaike Prince
Hotel to Matsushita

- 9:30~12:00 Matsushita
* Main Activities on R&D "

= Display Technolegies for HDIV

12:00~13:00 Lunch at Matsushita
13:00 . Departure of bus to Sharp
15:00~17:00 Sharp

+ Main Activities on R&D
» Display Technologies for HDIV
= High Power Lasers

17:00 Departure of bus to Kyoto Takaragaike Prince Hotel

19:00 Arrival at Kyoto Takaragaike Prince Hotel
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Group 2: Mitsubishi, Sumitomo

Tuesday, November 22nd

8:30

10:00 ~12:00

12:00 ~13:30

13:30

14:00 ~16:00

16:00

17:30

Departure of bus from Kyoto Takaragaike Prince
Hotel to Mitsubishi

Mitsubishi
* Main Activities on R&D
+ Laser Diodes & OEIC
* GaAs IC
Lunch at Mitsubishi
Departure of bus to Sumitomo
Sumii:omo
* Main Activities on R&D
* GaAs IC AND Material

Departure of bus to Kyoto Takaragaike Prince Hotel

A_rrival at Kyoto Takaragaike Prince Hotel
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List of Participants of Group 1

1. Prof. Dr., Clemens Baack
2. Prof. Dr. Gerhard Barth
3. Br, Karin Haenelt

4. Mr. Heydt |

5. Prof. Dr. Dieter Jager
6. Prof. Dr. Wolfgang A. Kaiser

7. Dr., Eckart Raubold

8. Dr. H. Rupf

9. Mr. Schaffer
10. Dr. Wolfgang Schroder
11. Prof. Dr. Werner von Seelen
12, Mr. Struif

13. Prof. Dr. Wolfgahg Wahlster

14, Mr. Klaus-Dieter Wolfenstetter
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List of Participants of Group 2

10.

il.

Dr. Hartmut Deyda

Dr. Roland Diehl

Prof. Dr. Walter L. Engl
Dr. Rolf Evers

Mr. HMatthias Graf Lambsdorff
Dr. Weolf-Dieter Lukas
Dr. E. Menzel

Dr. Kail Platzoder

Prof. Dr. Hans 5. Rupprecht
Mr. Karl Sclchenback

Pr, Claus Weyrich
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List of Participants

[Japanese Side ]

14,
15.
16.
17,
18.
19.
20.
21.
22,

23,

Dr. Masayoshi Alkawa
Prof. Dr. Hideo Aiso
Dr. Shin-ichi Akai
Mr. Koichi Dazai

Mr. Tetsuaki Egawa
Dr. Tetsuya Higuchi
Mr. Toshio Horiguchi
Mr. Michio Horiuchi
Prof. Yoshiki Ichiocka
Mr. Satoshi Ishihara
Mr. Tadashi Ishii

Dr. Fukuya Ishino

Mr. Norihiko Ito

Mr. Yoshiakl Iwamaru
Mr. Toshio Kaneko
Prof. Dr. Masaoc Kasahara
DPr. Hiroshi Kashiwagi
Mr. Haruhiko Kato

Dr. Toru Kawata

Dr, Ikutaro Kobayashi
Prof. DPr. Gen Matsumoto

Mr. Yukio Honda

Mr. Noboru Mizushima
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NTT

Kelo Univ.

Sumitomo Electric
Fujitsu

NTT

ETL

Olympus Optical
Shingakusha

Osaka Univ.

0ITDA

Japanese Patent Office
NTT

Hitachi

Mitsul Research Institute
JIPDEC

Kyoto Insti;ute of Technology
ETL

NTT

Sharp

NTT

ETL

MITI

NHK




24,
25,
26.
27.
28,
29,
30.
31.
3z.
33.
34.
35.
36.
. 37.
38.
39.
40.

41,

42,

Mr. Michihiro Monden
Mr., Shigeyoshi Moriyama
Mr. Masaru Nakamura

Mr. Takashi Nakamura
Mr. Seido Nishida

Mr. Taizou Nishikawa
Mr. Kinzo Nonomura

Mr. Yoshio Ohgushil
Prof. Koichl Ohmura

Prof. Dr. Yutaka Ohno

Prof. Dr. Takanori Okoshi

Prof. Dr. Akle Sasaki
Mr. Tetsushi Sakai

Ms. Makiko Sato

Mr. Eiichi Sawabe

Dr. Koichi Shibayama
Mr. Koichirc Shoda
Prof. Dr. Yasuharu Suematsu
Prof. Dr. Takuo Sugano
Dr. Eiji Takeda

Dr. Seiichi Takeuchi
Prof. Dr. Hidehiko Tanaka
Prof. Hiroaki Terada

Mr. Masao Teruyama

Dr. Iwao Toda

Mr. Tsuneo Tokumitsu

Prof. Dr. Takashl Tokuyama
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NTT

Matsushita
Toshiba

NHK

JIPDEC

MITI

Matsushita

NEC

Osakagakuin Univ.
Koshien Univ.
Uniﬁ..of Tokyo
Kyoto Univ.

NTT

JIPDEC

NHK

Mitsubishi
Matsushita

Tokyo Institute of Technology
Univ, of Tckyo
Hitachi

Sumitomo Electric
Univ. of Tokyo
Osaka Univ,
JIPDEC

NTT

NTT

Univ. of Tsukuba




51.
52.
53.
54.
55,
56.
57.
58.

59.

br. Nobuyuki Toyoda
Prof. Shigeo Tsujii

Mr. Tadahiro Uezono

Ms. Yasuko Watanabe ’
Mr. Donald Williams

Mr. Yuji Yamadori

Mr. Akio Yanagimachi
Prof. Dr. Hisayoshi Yanai

Prof, ﬁr. Yasuhiko Yasuda
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Toshiba
Tokyo Institute of Technology
IBM Japan

JIPDEC

‘Olympus Optical

JIPDEC
NHK
Shibaura Institute of Technology

Univ, of Tokyo



[General - JYapanese Side]

Mr. Toshlo Kaneko
Prof. Dr. Gen Matsumoto
Mr. Yukio Honda

Mr. Seido Nishida

Mr. Taizou ¥Nishikawa
Ms. Makiko Sata

Mr. Masao Teruyama
HMs. Yasuko Watanabe
Mr. Yuji Yamadori

Prof. Dr. Hisayoshi Yanai
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MITI
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(Kew Media Workshop - Japanese Side]

16.
17.
le.
19,
20,
21.
22.
23.

24,

Mr., Tetsuakl Egawa

Mr. Toshio Horiguchi
Mr, Michio Horluchi
Prof. Yoshiki Ichiocka
Mr. Satoshi Ishihara
Prof., Dr, Masao Kasahara
Dr. Ikutaro Kobayashil

Mr. Noboru Mizushima

. Mr, Michihiro Monden

Mr. Shigeyoshil Moriyama
HMr, Masaru Nakamura

Mr, Takashi Nakamura
Mr. Kinzo Nonomura
Prof. Dr. Takanori Okoshi
Mr. Eifchi Sawabe

Mr. Koichiro Shoda

br. Seiichi Takeuchi
Prof. Hircakli Terada
Dr. lwao Toda

Prof. Shigec Tsujii

Mr. Tadahiro Uezono

Mr. Donald Williams

Mr. Akio Yanagimachi

Prof. Dr, Yasuhiko Yasuda
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NTT

Olympus Optical
Shingakusha

Osaka Univ,

OITPA

Kyoto Institute of Technology
NTT

NHK

NTT

Matsusghita
Toshiba

NHK

Matsushita

Univ. of Tokyo
NHK

Matsushita
Sumitomo Electric
Osaka Univ.
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Tokyo Institute of Technology
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[Computer Workshop - Japanese Side]

1. Prof. Dr. Hideo Aiso

2. Dr. Tetsuya Higuchi
O Mr. Tadashi Ishii

4. Dr. Fukuya Ishine

5. Mr. Norihiko Ito

6. Mr. Yoshiakli Iwamaru

7. Dr, Hiroshi Kashiwagl

8. Dr. Toru Kawata
9. Prof. Koichi Ohmura
10. Prof. Dr. Yutaka Ohno

11. Prof. Dr. Hidehiko Tanaka
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Keio Univ,

ETL

Japanese Patent Office
NTT

Hitachi

Mitsul Research Institute
ETL |
Sharp

Osakagakuin Univf

Koshien Univ.

Univ. of Tokyo




[Semiconductor - Japanese Side]

10.
11.
lz2.
13.

14,

Dr. Masayoshi Aikawa
Dr. Shin-ichi Akai

Mr. Koichi Dazai

Hr. Haruhiko Kato

Mr. Yoshio Ohgushi

Mr. Tetsushi Sakai
Prof. Dr. Akio Sasaki
Dr. Kyoichi Shibayama
Prof. DPr. Yasuharu Suematsu
Prof. Dr. Takuo Sugano
Dr. EFiji Takeda

HMr. Tsuneo Tekumitsu
Prof. Dr. Takashi Tokuyama

Dr. Nobuyuki Toyoda
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NTT

Sumitomo Elecekric
Fujitsu

NTT

NEGC

NTT

Kyoto Univ.
Mitsubishi

Tokyo Institute of Technology
Univ. of Tokyo
Hitachi

NTT

Univ. of Tsukuba

Toshiba




{German Side]

1. Prof. Dr. Clemens Baack
z. Prof. Dr. Gerhard Barth
3. Dr. Hans Betz

4. br. Eckart Bierdimpel
5. Dr. Thomas Christaller

6. Dr. Hartmut Deyda
7. Dr. Roland Diehl
8. Prof. Dr. Walter L. Engl
9. Dr. Rolf Evers
10. Mr. K. Gewald

11. Prof. Dr. Wolfgang K, Gilei

12, Prof. Dr. Gerhard Goos
13, . Dr. Ralph Gundling

14, Dr. Karin Haenelt

135. Dr. Rolf Heidemann

16. Prof. Dr. Anton Heuberger
17. Mr. Heydt

18, Mr. Wolfram Howein

19, Mr. Klaus Hummel

20. Prof. Dr. Dieter Jager
21. Prof. Dr. Wolfgang A. Kaiser
22, Dr. Erich Kasper

23. Mr. K.-L. EKnechtel

24, Mr. P. Kuhn

25. Mr. Matthias Graf Lambsdeorff
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26.

27.
28,
29,
30.
31.
32,
33,
34,
35.
36,
37.
38,
39,
40,
41,
42,
43,
44,

45,

Dr. Ginter Marx
Mr. von Martial
Dr. E, Menzel

Dr. Karl Platzoder

Dr. Eckart Raubold
Prof. Dr. Hans S. Rupprecht
Mr. Shaffer

Dr., Wolfgang Schroder
Prof. Dr. Werner von Seelen
Mr. Karl Solchembach
Dr. Speidel

Mr. Steiner

Prof. Dr. H. Steusloff
Mr. Struif

Prof. Dr. Wolfgang Wahlster
Dr. Ulrich Wattenberg
Dr. Weidemann

Dr. Claus Weyrich

Dr. Armin Wieder

Mr. Klaus-Dieter Wolfenstetter
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[General - German Side ]

Dr.

Hartmut Devda

Prof. Dr, Walter L. Engl

Dr,

Dr.

Giunter Marx

Claus Weyrich
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[New Hedia Workshop - German Side]

1. Prof, Dr. Clemens Baack
2. Dr. Ralf Evers
3. Mr. Heydt ..
4. Mr. Klaus Hummel
5. Prof. Dr., Dieter Jager
. 6. Prof. Dr. Wolfgang A. Kalser
7. Mc. P. kuhn
8. Dr. Eckart Raubold
9. Mr. Schaffer
10. Dr. Wolfgang Schroder
11. Mr. Volker Steiner
12. Mr. Struif

13. Mr. Klaus-Dieter Wolfenstetter
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[Computer Workshop - German Side]

13,
14,
15.
- 16.

17.

Prof. Dr, Gerhard Barth
Dr. Eckart Blerdimpel
Dr, Thomas Christaller
Mr. K. Gewald

Prof. Dr. Wolfgang K. Giloi

Prof. bPr. Gerhard Goos

D¥. Ralph Gindling

Dr. Karin Haenelt

Mr. Wolfram Howein

Mr. von Martial

Prof. Dr. Werner von Seelen
Mr. Karl Solchenbach

Dr. Speidel
Prof. Dr. H. Steusloff
Prof. Dr. Wolfgang Wahlster
Dr. Ulrich Wattenberg

Pr. Weldemann
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[Semiconductor - German Side])

Dr. Hans Betz

Dr. Roland Diéhl

Dr. Rolf Heidemann

Prof. Dr. Anton Heuberger
Dr. Erich Kasper

Mr. K.-L. Knechtel

Mr. Matthias Graf Lambsdorff
Dr., E., Menzel

Dr. Karl Platzdder

Prof. Dr. Hans 5. Rupprecht

Dr. Armin Wleder
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