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LOW- AND HIGH-VOLTAGE THIN FILM TRANSISTARS
FOR ADDRESSING FLAT PANEL DISPLAYS

Prof,.Br.-Ing. Ernst Liider

Each picture element (pel) of a ligquid-crystal-flat-panel display
(LC-display) is, as a ruie, addressed by a c¢ircuit censisting of a
thin=-film transistor (TFT) and a storage capaciter. Fabrication
processes and performance of CdSe-TFT's and a-5i-TFT's are report-
ed. Both transistors possess a double-layer gate-dielectric out of
anodized Ta_0. and evaporated or CVD-SiD,. Que to a three-step
annealing proceass the CdSe-TFT exhibits very good properties,
namely a mobility of 180 em2/Vs, a switching ratioc Ryff/Ren = 107,
and an Iges = 0.1 pA at 3000 lux. A 12 000 pel-display was fabri-
cated with and, for the first time for CdSe~TFT's, also wWwithout
storage capacitors. The Tatter was feasible because of the low
Isft. The display Without storage capacitor provides a higher
contrast and a wider viewing angle than the display with C's., This
is achieved by the elimination of a parasitic capacitive voltage
divider. Optimum contrast without storage capacitors is 1:48, the
viewing anglie for a contrast 1:i6 ,resp. 1:8 is 459 resp. 50° in
horizontal direction. Pel-yield was 99.8 % inspite of fabrication
in a non-dustfree laberatory. This stems from a robust fabrication
process and from overdesigning the devices., The self-healing pro-
perty of anodization virtually eliminates faiiures in the dielec-
trics, whereas the TFT's could be built to withstand 100 V and to
switch in 1 gs, both exceeding. the requirements for LC-displays.

The high voltage CdSe-TFT is based an reactively sputtered Ta,0g-
dielectric which is anodized afterwards in order to withstand

400 V., The spread in break-through voitage was very narrow wWwith a
standard deviation of ¢ = 0.05. This TFT was used to address a
PLZT-light valve with a switching time < 1 u#s. The high voltage
TFT is aiso suitable for addressing VF- and EL-displays, where the
nigh currents of CdSe-TFT's of 500 uA per 100 um channel-width
are actually required, The current in a-Si-TFT's with $i0s or SiN
as gate dielectric amounts %o about 3 pA per 100 gm channel-
Wwidth. In a-5i-TFT's with Tajy0g-dielectric the current was
enlarged to 12 gA per 700 pm due to the higher dielectric
constant of Taz0g, even though a double layer dielectric of

Tagdg and SiN was used. In all cases the TFT's had the same
thickness of the gate dielectric, A comparison between the CdSe-
TFT's and a-Si-TFT's will conclude the talk.
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4 Large Full-Color Flat Panel Display for HDTV

Teruo Hirashima

NHK Science and Technical Research Laboratories, Tokyo, Japan

1. Introductien

HDTY is an entirely new television system which fullfills viever’s demand
for a high gquality, vide screen picture. Itvtran§mits five times-the amount of
information received by conventional television. It has a sense of presence
and reality, and has a great impact on viewvers.

26~40-inch CRTs and 50 ~400-inch projection type displays vere already
developed for HDTV, but for home-use a, thin flat panel display is preferable
bécause of space amd veight.A flat panel is an ideal display, but there are many
problems net yet solved and its research and development still has a few risks.

The development of a flat panel for IV is more difficult than for data-
graphics, because TV display requires‘full-color, good grey tone and high speed

of response.

2. Current technelogies

Table 1 shows an eiample of speéifications required for HDTY display and
Table 2 tﬁe comparison of devices used fer a flat panel for HDTV on the specifi-
cations shewn in Table 1..

(1) Plasma display panel {PDP)

PDP is nost propmising for a meter-size, large panel.lts feasibility depends
upon the precise fabrication technology. Because of liﬁited resolution due to
areas occupled by phosphor and cell barrier, full-color PDP is ﬁot suitable for
a sméll panel.It is superior to CRT when its size is over:40-inch*diagonal large
pancl: To produée tri-cclor, PDP uses UV.rﬁys to excite phcsphors,bﬁt luminance
and efficiency are not sufficiént‘becauge of a small pixel volume. It is nec-

essary to search for gas composition and discharge mode to radiate more intense
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UV rays with higher efficiency.
(2) Electroluminescent display (EL) and light emitting diode (LED)

The main bottleneck of EL and LED for a full-ecolor panel is a poor blue

~light emission, and the basic research has to be done to find out nev materjul:.

ZﬁS:Mn and SrS:Ce vere reported as blue light emissive EL materials, but.
InS:Mn has insufficient luminance of only 3 ft-L and efficiency of 0.00Z-Im/w
and 8r3: Ce is not good in blue coler purity.

In the case of LED, SiC, GaN, ZnSe and InS which-have a bandgap err 2.6:e¥
vere developed, but none of them have obtained sufficient luminance as yet.:
{3) Flat CRT and vacuum fluorescent display (VFD)

High(5~30 k¥) or low{50~150V) voltage cathodoluninescence is utilized to
obtain high brightness and good color.In conventional CRT, an electran gun.has
to be placed far from the screen, to obtain a vide deflection angle of electron
beam. This makes CRT bulky. )

Various concepts of a flat full-celor CRT have beén investigated, but nene
of them are successful,

In the first type of flat CRT developed by U.K. Philips, electron beam scan-
ning and energizing function are separate. Its scanning system is housed in a
flat package, because a lov energy electron beam is easily deflectable, and a
large area channel multiplier is used to get high energy electrons which excite
fhe phosphér screen. In this vay, monochrome panel of 12 inch screen 75 mo deer:
vas developed.

The second apprbach of flat CRT vas made by ﬁatsushita. It uses multi=line
filaments instead of a single gun and several kinds of line electrodes for
adressing and modulation. 4 full-color panel of 10-inch screen 85 .m deep was
developed, This structure is similar to VFD.

The third concept of flat CRT utilizes two dimensional gas discharge ecathode
or plasma cathede, as aﬁ‘electron socurce, vhich vas reported by Siemsns (11.5-
inch screen €0 mm deep) and Lucitron{35-inch scfeen 5 inch deep).

In all three cases, spacers must be used to be pressure resistant so a new
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concept should be introdused for the sake of compatibility of high resqlution

and a large area screen. Furthermore it is very difficult to fabricate complica>
ted electrodes fhroughout a meter=-size panel. From these viewpoints, a plasnma
cathode flat CRT is most promising for a large flat panel;‘VFD haé a problem in
pover_consumptiaﬁ when it is made large. .
(4) Liquid -erystal display (LCD ) - - * - o
LCD has attractive features: flatness, lov péver consumption, low voltage

drive and good full-color. But in the twvisted mematic{ TN ) LCD which is now
videly used for many purposes, the -contrast greatly decreases as séanning line
increases oving to an jinevitable croSstalk-batween'pixelsron the same line. To
avaid this, active adressing vas investigated to sépafate each pixéi by an elec
trical switch, 4 thin film transistor ( TF1') is currently used as a svitch.

. .At present 2~4 inch active adressed portable TV receivers are coamer—
cialy available. Its size will ineérease 14'inches in five years, but defect and

.uniformity will be more significant.

3. A.20-inch full~-color PDP -developed by NHK Labaratories

: ‘Recently NHK Laboratories developed - " auxiliary ancde
. | s s : R front plate . . P . display anade
a 20-inch-panel of which size is the big- ‘\\ o Y O Rt AT

‘gest as’a full-color PDP. It is a pulse phosahaz

. discharge memory panel of simple struc-

ture which is favorable for a large panel
{Fig.1). Its luminance ‘is rather low

(about 30 cd/m)-but it is mest feasible

to achieve a large panel.

auxiliary cedl

Fig.l PDP of a simple structure




Table 1 Disirable specications of HDTV display

Seanning line
Field frequency
dspect ratio
Screen size

Viewing distsnce

1125
60 Hz

16 :

g

0.8 » (vertical) x 1.4 m (holizontal)

2;4 n (three times screen height)

Herizontz] viewing angle 30°

Luminance 150 ¢d/ nd
Contrast ratio 70 : 1
Luminous efficaey 1.5 Im/¥

Table 2 Characteristics of devices for a HDTV flat panel display

screen | derint- | 1umie | ruric | chicke | pewar total
stz tran nances | color | ness cansuas.
PDP © o A ® ® A O
EL A | o A x ® A %
LED - A A O X o A X
Flat CR T A o ® ® A 0 A
YFD X A C O A A X
LCD Fal O O O ® Fal A
© excellent, O fair, A good, X not good
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Materials for colour TV based on

Liquid Crystal Technolagy
Dr. U.-H. Felcht

The fast dévelbpment of high informatiom Liquid Crystal
Displays d1nvolves new 'challeoges for «chemical material
science. The comﬁiei construction of a Liquid Crystal
Display requires specially optimized materials. They must bhe
compatible both as regard to the producticn o¢f the displays;‘
and in its functions. In this case it 1s desirable that the
chemical industry develop a balanced product package for :hé
eleé:ronic industry. Of particular impoEnance for high
information coler LCD's (TV) are new fast &switching liquid
crystals, cptimized orientation layers, phetoresisc-—
materials, high density color-pixel filters and sealing

materials.

Ferroelectic, sgeccic C*, liquid crystals are basically
characterized by £fast switching time, bistabilicy and
improved <¢omntrast ratio. Unsolved problems concerning
bistability, grey scaling and shockproof are being worked on
very  intensively. Solving the problems from the chemical
anglé .offers many advantage& against the TFT/nematic-
technology. The high density colour-pixel filters can be
produced by structurized dye . printing techniques or by
electro@horetic metheds. Photoresists and Sealings have to

be compatible with LCD materials during processing steps.
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FLAT CRT

Kinzo Nonomura
Central Research Labolatories
Matsushita Electiric Industirial Co., Lid.

Osaka Japan

Introduction

A considerable amount of effort has been made to develop'a variety
of flat CRTs. in the pasi decade. The progress made in the field of colar
technology has been remarkable. Nevertheless, we still do not have flat
.color CRTs, which are up to the standards of quality set by conventianal
CRTs, put into practical use. In this paper, present status and some
‘considerations on future of flat CRTs are described.
Types of flat CRTs

Various +types of flat CRTs have been devised since Aiken Tube and
Gabor Tube back in the nineteen-fifties. The types of flat CRTs may be
¢lassified into three groups according to the structure of cathodes as
shown in Table I. Five typical types from Table | are shown in Figs.
1-5.1'°3%" One of these iypes, namely, Matrix Drive and Deflection System
- { MDS ) flat CRT- reported by the.author in 1985 will be described in
some detail referring to Fig. 1. Iln the MDS flat CRT, 3000 «controlled
beams are formed by means of a matrix of |5 horizontal filament cathodes
and 200 perpendicular electron beam control electrodes. Each beam is
horizontally deflected in 6 steps ( two sets of R.G.B. ) and vertically
deflected in 32 steps ( including the interlace ) . to form an image
consisting of 192,000 elements on the display panel.. A complete picture
is formed by means of a line<at-a-time method.

The inherent advantages of MOS flat CRT are

1) Flatness of the screen and good linearity of the picture,

2) Good uniformity of the beam focus throughout the scréen,
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3} Freedom from convergence problems,

4) High resolution and high brighiness,
5) Possibility of a large screen panel with a self-supporting
structure.

Some considerations on future of flat CRTs

The impoartant factors in realizing a color flat T.¥. are
1) Uniformity of beam current,

2) Uniformity of beam spoei size and shape,

3) Accuracy of beam landing position.

Lack of any of these factors results in poor image quality.

in a single-point cathdde type, he beam current is uniform in-
principle. In multi-cathodes or area cathode iypes, it is necessary
to take some measures for realizing above mentioned three regquirements.
it may be a feedh#ck system for beam currents, or application of dynamic:
focusing voltage, or the beam index'system, for instance.

No matter what the size of the conventional CRTs s, the basic
principle is the same shadew mask system. While there can be a numbér
of different types in the principle of flat CRTs.

The future principle ~of flat CRTs will be not necessarily one but
a number of types according to the screen size, resolution, etc., of the
displéy. [n any ¢ase, certain measures would be incorporated to realize
the above mentioned three reaquirements.

References
1)M.¥atanabe, K.MNonomura, et al., $I1D 85 DIGEST, pp.185-186,1885
é)M.Yamano, et al., IEEE Trans.on C.E., Vol.CE-31,No.3.PP.163-173,1985
3).L.Emberson, et al., SID 86 DIGEST, PP.228-23I, 1986
4)R.Meyer, et al., JAPAN DISPLAY 86, PP.312-515, 1986
5)M.Dejule, et al., SID 86 DIGEST, pp.410-412, 1986
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Table I

Classification of flat CRTs

Cathade . type.

Types of flat CRT

Companies vho investigated

Single-point

(1)Flat CRT with a side gun

Sony, Siaclair, Hitachi, Sanyo

in'line

cathode (2) Channel Multiplier Flat CRT Philips
Mult{-cathedes |.({1)Cuided-Beam Flat CRT RCA
(2) H-addressing and V-deflection system | Kanazava Inst. of Tech.

Two-dimensional
area cathode

(XY natrix addressing
(1) VFD
(li) Hybrid Plasma Flat CRT
(i) Microtips FD

(2) Matrix Driv.e and Deflection Systea

l1se, Futaba, NEC, Hangzhou

Lucitron, Siemens

LETI—-IRDI~Conaissariat
I' Energzie Atomique

QA

Matsushita

filament cathode

@lectron beam -

rear wall

vertical deflection electroda

leagtran beam contzrol alactrada

C
=
A

phosphor stripe

MDS flat CRT
(Matsushita)

Fig.1

__4 sﬁ_

- !
| ) :
e Voalh
i AT PELd
]
i [ ol ]
L Mo LT
- 1 u A : H
1 ]
o 11 L
7l vy L]
Tty e
’fi - VAT
i [ S
i [ o S
NG AR
J
A e
™y N L
0 ! +
! )
|
q, Vi

horizontal dntlecéion slactrode

unit screen

faca plate

univ.




Prospnor . Microchen:. -

screen
\

Pasition 1| )
Line
. deflector
. plates
Position 2 ~ ¥

Field
[ deflector
plate orray

| Aeveriing

Fig.2 Flat CRT with a side gun

lens
{Sanyo)
Fig.3 Chanpel Multiplier Flat CRT
(Philips)
B A ; R e A ~.. Patrirres
observation PHASES 3 N 0C 7 - 200%
front glass elate & sMELD  WIDEQ

GRID GRIDS
¥

back zlass plate

< T
W
'3' R phosphor layer
gate line - (anode)
cathoda |ine

pixel

L2~l 4y m

= o]
S
s gate amtai |ine
-1.5 iAF f s CAIHDDE
em ; insulating layer sPaczas

, cathode line
| S— nicrotip

substrate —/

P61 vERTICAL
+3 SCAN
miuLato’ Y PrHAES
HoLE Rk
ShEET

FiG.3 Microtips F. D.

(Leti-IRDI-CEA) Fig.5 Hybrid Plasma Flat CRT

(Lucitron)

=4 6—




SOLID-STATE LIGHT VALVES

R. Gerhard-Multhaupt

Light~valve projection represents a proven technique for the
display of large and bright high=resolution video images. The
centerpiece of a light valve is a spatial light medulator which
modifies the light from a suitable source by means of reflection,
refraction, birefringence, diffraction, or scattering. Addressing
and contrel of the spatial light modulator is achieved with
electron beams, light beams, primary images, passive or active
matrices. The resulting light modification consists of spatially
varying changes in the propagation directien, the phase, or. the
pelarization and is transformed into the required intensity
modulation by input and output filters that alsoc absorb the light
not required for the desired image. .

In this talk, several spatial light modulators and addressing
techniques, as well as combinations therecf, are discussed on the
basis of commercially available or experimental light valves.
Solid-state technologies are emphasized, since they promise
compactness, fast response, reliability, high resolution, and
full integration ¢f light-control and addressing devices.

Control layers mcdulating the phase or the propagation direction
of the inceming light are used in a Schlieren optical system
which provides for the required intensity medulation of the
output light. Examples of such devices include deformable layers
of fluid or viscoelastic¢ materials, liquid-crystal cells or
electro-optic substrates which scatter or diffract light, and
deformable mirrors or membranes. :

Spatial light mecdulaters, which are based on electrically induced
birefringence, change the polarization state of the light and
thus necessitate polarization optics for the desired conversion
to intensity-modulated light. This control-layer category
encempasses twisted-nematic (TN), highly (HBE} or super-twisted
birefringence-effect (SBE}, and surface-stabilized ferrcelectric
(8SFLC) liquid-crystal cells as well as electro-optic layers from
anorganic or corganic crystals, ceramics, and guest-host polymers.

Addressing and control of the spatial light modulators may be
effected by electric field variations, which are in turn
generated by electron-beam~deposited charge distributions, light-
beam- or image-induced photoecenductivity patterns, externally
driven row and column electrodes, and matrices with active
elements for each pixel.

Our goal, the active-matrix-addressed solid-state high-resolution
spatial light modulator, represents the ¢ounterpart to the seolid-
state imaging device already available. It may be used. not only
for the light-valve projection of large images, but also e.g. as
an input or filtering dewvice in optical-signal or image
brocessing applications, as coherent-to-ineccherent, incocherent-
to-c¢oherent, or wavelength converter, as a light-controlling
element in adaptive optics, and as a routing and switching dzvice
for optical interconnections. :



High-definition Television Transmission in Telecommunications
Tetsuya MIKI
- NTT, Research & Development Headquarters

Since HDTV’s bandwidth is very wide compared to that of existing TV system,
wideband transmission including bandwidth reduction coding is essential.

Signai formats and coding schemes for HDTV are shown in Fig.1. The histdry of
HDTV video technology development in Japan is shown in Fig.2. We have already
developed 20 MHz Time Compression Multiplexing (TCM) video signal. The two
bandwidth reduction technologies being developed in Japan are “MUSE” and
“High-efficiency TCM (HE-TCM)". In the future, burst coding, whose bit-rate is
variable, would be one of the most impartant technology in Asynchronous Time -
Division (ATD) network. HE-TCM signal as shown in Fig.3 is obtained by
adaptive sub-Nyquist sampling (subsampling) with intrafield and interframe
interp_olations. This method reduces HDTV signals to 8 MHz bandwidth, and
these compreSSed signals are converted to 90 ~ 130 Mb/s digital HDTV signals by
also applying DPCM or PCM coding technologies. _ o

In telecommunications, there are various types of large-capacity transmission
systeiﬁs- applicable to HDTV transmission: opticral‘ fiber cable, coaxial cable,
satellité, and terrestrial radio transmission systems. Optical fiber cable
transmission- and satellite communications technologies, which are especially
attractive for HD'TV transmission, have already been developed. Table 1 shows
the NTT’s optical fiber cable transmission system (land system). The F-1.6G
‘system, which has the transmission capacity of 1.6 Gb/s, has already been
developed as a large-capacity transmission system. Furthermore, coherent
optical transmission -technologies are now under study. Figure 4 shows recent
trends in long-distance, super large-capacity optical transmission experiments.
By using new super large capac1t.y transmission, HDTV signal can be transmitted
fnore edonomically. Analog hlgh efficiency TCM signal and digital adaptwe
predictive coding technologies are under development for application to HDTV.
“As digital ecjuipments such as HDTV receivers become smaller and their power
consumption is reduced by VLSI technology, HDTV transmission service becomes
more and more econormical.

Figure 5 shows the HDTV transmission concept for the future. HDTV
broadcasting signal will be distributed to customers using a direct broadcasting
satellite system, communications satellite and optical fiber cable transmission
systems. In addition, since HDTV signal will be transmitted nation-wide, various
applications of the HDTV systern will become available.
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Review of Proposals for HDTV Transmission

Dr. Ludwig Stenger

Abstract

The contribution is subdivided intc three sections. In the
first there is a discussion of the transmission media avail-
able or under active research. Usefull satellite bands at
12 GHz, 22 GHz and 42 GHz are considered and the characte-
ristics of channels allocated during WARC '77 and the sta-
tus of the planning efforts in the European Broadcasting
Union (EBU) fer 22 GHz are explained. Alternative approaches
by medium power satellites are indicated. HDTV transmission
in the “hyperband" of CATV systems and in future brocadband
ISDN systems based on optical fibre technology are discus-
sed. TDM system proposals and the status of work on cche-
rent optical transmission systems are considered.

In the second section transmissicon formats for 12 GHz-WARC-
type channels ("smallband channels™) and for channels abgve
12 GHz with a "wider" RF bandwidth are discussed. Signal
processing technigques, necessary tc adapt the original HDTV
signal bandwidth %to the available channels are censidered
too. Rather sophisticated motion adaptive <£filtering and
subsampling techniques have to be used for the transmission
of HDTV through WARC channels by MUSE and HD-MAC {Eureka,
EU 95). There are less stringent signal-processing require-
ments in case of two-channel systems, of wideband MAC-com-
patible techniques and of wideband nen-compatible, revolu-
tionary systems. Digital assisted televison (DATV) is a
usefull technigque in all applications.

All-digital solutiens are possible in 22 GHz satellite
channels and on the optical-fibre based B-ISDN. For that,
source coding technigues for data-rate reduction have to
be investigated and appropriate modulation and multiplexing
schemes have to be censidered. 1In Europe these subjects
are dealt with in supra-national projects RACE and COST
206. Some of the proposals made there are outlined.

In the third section the status of research and implementa-
tion work 1s reviewed and a scenario for the introduction
cf a HDTV service is outlined.
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PROGRESS IN HDTV RECORDING TECHNOLOGIES

Yoshitaka Hashimoto

Sony Corporatioen
Information Systems Research Center
4-14-1 Asahi-cho, Atsugi-shi
Kanagawa-ken, Japan 243

" Phone (0Q462) 30-6165

The HDTVY analog VIR has been available for pfactical
applications for a period of 4 vyears. However, the
Plcture quality is not yet fully satisfactory because of
limited bandwidth, relatively low signal to noise ratio,
and picture quality degradation due to multiple
generation dubbing. In order to cope with these
difficulties, the advent of the HDTV digital VTR is
strongly desired. This paper describes the recent

technical progress in our HDTV digital VTR development.

In 1985, we developed an experimental HDTV digital VTR
with a bit rate of 1.037 Gbps in an effort to realize a
high quality preduction-use VTR. This machine
successfully demonstrated the feasibility of such
ultra-high speed recording. However, the sigral
Farameter values wWere chosen principaliy for experimental
PUrposes. The results from this experimental VTR were
presented at the 3rd Germany Japan Forum on Informaﬁion
Technology in Tokyoc, October 1986.
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In May 1986. the CCIR reported the proposal for a new

recommendation of parameter values for HDTV in Report
801. . Although no accepted, these par;meter values are
the only ones available so far, and it is necessary to
confirm the technical feasibllity of digital tape
recording through the extensive study of high speed

recording technology.

With some modifications to our previous machine, we
succeeded in realizing an experimental HDTV digital VIR
with a total bit rate of 1.188 Gbps. By adopting a
luminance sampling frequency of T4.25 MHz, that is 5.5
times the 13.5 MHz sampling frequency of CCIR Rec. 601.
the proposed parameter values in the CCIR Report 801
have been fully satisfied. .Using the same number of 8
recording heads as the previous machine, the recording
rate per channel is 148.5 prs and the minimum recording
wave length is 0.69 um. The measured S/N at the
decision point is approximately 26 dB(pp/rms) and the
raw bit error rate is‘roughly 2.Sx165. Using the error
control mechanism based on Reed-Solomon. product code
with overhead for parity, sync code and ID code included
in the blanking period, the errors are élmost completely
corrected to the level sufficient for practicai
applications. Even after 20th generation dubbing, no

picture quality degradation has been observed.




Further distinetive features of this newly developed

machine are: B'Ehaenels of professional quality digital
audio sampled at 48 KHz with 16 Eit/sample linear
quantization recorded on 8 1longitudinal tracks, and
reduced processor siie by utilizing VLSI chips developed
for thé 8:2:2 digital VIR and other advanced

semiconductor devices.

Table 1 shows the parameters of the new experimental

HDTV digital VTR.-

In conclusion, the development of a new experimental
HDTV digital VTR which meets the draft HDTV studio
standard shown 4in CCIR Report 801 has verified that
ultra-high speed recording and playback at 1.188 Gbps is

feasible.

References

(1) Y. Hashimoto, "HDTV Recording Technology", the 3rd
Germany-Japan Forum on Information Technology,
Tokyo Oct. 22-24, 1986

(2) Y. Hashimoto, "Experimental HDTV Digital VIR with a
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{(3) H. Tanimura, Y. Hashimoto, T. Yoshinaka, "HDTV
Digital Tape Recording", the 15th International
Television‘ Symposium and Technical Exhibition,
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Table 1. Parameters of the experimental HDTV
DIGITAL VTR developed in 1987

Mechanical and Tape Format

Tape
Tape width

Tape speed
‘Recording time

Video Recording
Head
_Head gap length

~Track piteh
Track width

Number of channels
Drum speed

Audi¢ Recording
Head :

Hed gap length

Track piteh
Track width

Number of channels

Video Signal Format

" Video bandwidth

sampling freguency

Quantization
3/N

Data rate
Error Control

Channel coding
Minimum recording
wave length

Audio Signal Format

Sampling frequency
Quantizatian

Error control
Channel coding

)

Metal particle type

(He: 1440 Oe, Br:2150 G)

1 inech

805 mm/sec

1.0 hours using 11,75 inch
reel with 18 ym thick tape

Recording: Sendust sputtered type
Playbaek : Ferrite

Recording: 0.35~0.4 um

Playback : 0.25~0.3 um

37T um

Recording: 34 um

glayback : 27 am

7200 rpm

Recording: Thin film type
Playback : Ferrite
Recording: 1 um

Playback : 0.65 um

LA0 um

Recording: 360 um
Flayback : 200 um

8 {max)

.oné channel per one track

Y 30 MHz

R-Y 15 MHz, B-Y 15 MH=z
(recorded simultaneously)

Y 74.25 MHz

R‘Y 370125 MH21 B-Y 37-125.HH2
8 bit/sample, linear

58.8 dB .

1.188 Gbps

Error coerrection using a Reed-
Solomon produect code:

Error concealment using an
adoptive method

Scrambled .NRZ:i8-8 conversien

0.69 um

48 KHz

16 bit/sample, linear
Cross-interleaving with CRCC
HDM-1
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M. Hausddrfer
Pickup Tube or Sclid State Imager
- Alternatives for HDTV Image Signal Generztion? -

At first glance, this subject cdoes not seem to be of immediate interest -
because the pickiup tube with semiconductor target stands on the summit of
its technology and the silicon solid state imeger, used in colour
television cameras, steadily gains attention and its share of

azpplication. The outcome of this mateh is predietable,

All this is true for standard television.

High resolution picture taking systems with signal bandwidths of more
than 20 MHz - as the HDTV systems use - zre continously fighting aperture
losses and the impairment of zignal to noise retis, besides other
zggravations due to registrefion problems, ete.. In addition, there is
the basiec demand for an unchanged sensitivity of the HDIV cemerz as

compared to the standard TV camera.

The silicon solid state imzge sensor is provided with some features in
signal generation,‘which the pick up tube does not possess. But.beth
devices conéiderably differ in the characteristics of the noise spectrum
tnat influence the subjective weighting of the perceived ncise of the

cdisplayed picture.
This contribution deals with the relations of picture signal generation

2nd signal to noise ratio taxing the limited definition capability of the

pick up deviee into consideration.




Mr. Hori

GENERAL INFORMATION ON THE HDTV SYSTEM -

The high definition TV (HDIV) system has been rapidly introduced Iinto
broadcasting and other induétrial uses.

The HDTV system is being tested in éxperimental breoadcast wia the BS-2
satellite in Japan, and is eipected to come into use in covering the 1988
Olym#ic Games.

From the viewpoint of practical use, state-of—thé-art technology has
not necessarily been embodled in.the hardware -for the HDTV system. It
seems that only part of potential basic technology has been put to practical
use. The realm of technology for the most part sill remains to be explored.

The following is the latest information oun the camera which plays one

of the important roles in the HDTIV system.

[Sensitivity and S5/N]

The typical semsitivity of current HDTV cameras on the market is
equivalent to F3.2 at an illuminationllevel of 2000 lux. The low sensitiv-
ity was one of the most important problems éince it was lower by 1 to 1.5
stops than that gf the broa@casting cameras currently in use. Among facters
that have helped'solve this pfoblem are the development of a new pickup tube
and improvement in transmittance of beam splicting prism-and the performance
of the pre-amplifier connected to the pickup tube. As a result, the semsi-
tivity has tripled to F5.6 at 2000 lux, and the S5/N ratio of 44 dB has
increased by 5 dB to 49 dB. MNaturally, the improvement in 5/N ratic can

translate into an increase in sensitivity.

[Resalution and Lag]
At present, the resolution of a still picture can be said o be

acceptrable.




The problem 1s dynamic resclution deterioration. It is related to the

. plckup tube lag. In this respect, a remarkable improvement has been attained;
the new pickup tube has arrazined resclution comparable to that of the current

broadcasting cameras.

(Digital DTL}

A digital DTL is not necessarily essential for the current broadcasting
system so that an analog DTL serves the purpose. However, the digital DTL is
indispensable to the HDTV system that invelves great difficulty in generating
the DTL signal and needs elaborate operations, It should be noted that the
hitherto prohibitively expensive DTL now cost half as much as‘before due to

advances in semiconductor technology and use of less expensive devices.

[Size Reduction of Camera)
Generally, the TV camera can be reduced in size through simpplificarion of |
the circuitry, employment of ICs, and reduccion in power consumption.
The greatest of all advantages of a compact camera is a reduction in price.
However, it seems almost impossible to develop the camera that at once meerts
the performance requirements of the HDTV system and equals the so-called
"handy cameras" which are in vide acceptance in the current TV system.

How much can the camera be reduced in size at the present technical level?

[Lens]

The image reproduction by the HDTV system is fraught with many problems
(e.é. longitudinal chromatic aberration, lateral chromatic aberration, and
distortion}. The details will be given later. Briefly, any zoom lens currently
available fails to givé the Tequired performance. It is unlikely thac cthis

problem will be solved all at once in the near future.




Unlike in the case of the current TV system, a sophisticated shooting

method need be employed for better image repreduction. In fact, many film
production methods have been incorporated in the HDTV system software develop=
ment, This approach is called electrocinematography. The study on the advan-
tages of film production technology of a longrhistory has led to the development
of a fixed focal lens with enhanced performance. Of course, a low-magnification

zoom lens has been developed in parallel.

(Reducrion in Running Cost]

The running.cos: of the present camera is very high partly because of
a relatively shorc service life of the pickup tube. The new pickup tube is
designed to last as long as tubes used in the present TV system. This means

a considerable reduction in the running cost.
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Autostercoscopic Three-Dimensional Television Experiment

Using Leanticular Sheets and a High-Resoluticn Braun Tube

J. Hamasaki

Institute of lIndustrial Science., University of Tokyo

_ . 1. Introduction e . .-
For realization of an autostereoscopic 30 ‘television, it is essentially important
to reduce informations to be Qispléyed for an-observer, because optical wave informa-
tions from a 3D object are too large: to be handled electronically in-real time. .

It is an acceptable hypothesis that an image recognized by a2 human observer isrtﬁe
image which is created in his dbrain from data percepted by his eyes. To display a3 3D
image, therefore, it is.sufficient -if constituent data encugh for a human brain to
create an unambiguous image in real time are supplied. This means that informatiens nec-
assary for 3D ixage display can be tremendously reduced, when the observer’s eye lenses
are included in the optical system for image reconstruction, and his inherent ability
of imsge recognition is also included. in the data processing sysien. .

[t has been shown that an autostereosepic 3D ielevision is possible either by the
valume scanping method with optical sectioning in-real time or by the prejection me-
thod using a lens plate. The former method has not only an inherent disadvantage of
phantom image problem, but alse aeeds a high {ield-frequency necessary.for flickerless
observation. This requirement-makes. it difficult to match with the already well-developed
2D television system. The latter methad needs a high gquality 2D display device, which

must have a large display area, high resolution, good chromaticity, high brightness,

and high positional accuracy necessary for registration with a lens plate, although
this method is superior to the former in the compafibility with the 20 television
system, 1)

2D display devices having a matrix of tiny fixed-position display elements, such as
liquid crystal, alectroluminescent spot, plasma glow spot, fluorescent spot, or light
-emitting diode, have the accuracy for registration with a lens plate. But, they have
at the present moment neither the large display area nor the high resoluticn, both of
which a Braun tube does have.

[a this paper. an autostereoscopic television experiment, using a high-resolution
Braun tube with_beam indeées and lenticular sheets, is described. The positional accu-
racy of display has been improved by the newly devised “position-synchronized-read-out
method”, The preﬁise image drawn on the fluorescent screer of the tube is displaced
onte the back focal plane of a lenticular sheet hy means of the other newly devised

"modified relay-leas plate®. 3} ~ T




2. Experiments

Figure 1 shows a simplified diagras of the éxperimental apparatus for-displaying an
autostereoscopic-3D-television image. HRBT is a high—re§01ution Braun tube with beam
indeces(IPS), which aré fluofescent stripes (with 504 m width and Iom pitch) printed
on the thin aluminum electrode(AFE) at the back of the fluorescent screen{IDP). When
IP5 is hit by a dynamically focused electron beam (with 704 m spot diameter and accel-
arated by 20kV), it emits a light pulse (in green), which is received by 4 photomulti-
pliers (PA1~PM4) through windows of the glass eavelope of the tube. After amplification
and shaping, this index signal datermines the timing (in ISPGC) of the read-out pulses
(~5.6MHz) ‘and the interpalation timing signal{~d5¥Hz). Both of them detecmine the
exact timing of reading-out {in GIRC) pixels of 8 parallax images seguentially from .-
the semory{PIM}. Thus, 8 parallax images are interleaved in registratioan with [PS, and
simyltaneously displayed at the rate of 60 3D-isages per sec. (525/2 interlaced hori-
zontal scans per 1/60 sec.) 3D video bandwidth is 30MHz.

In Fig.1, CLP is the composite lens plats, which consists of the modified relay-lens
plate and the lenticular sheet(LP). Since the face plate(GP) of the tube is much thick
- er than a lenticular sheet having a wide viewing zone, the image on IDP must be dis-
placed onto the back surface of LP. The modified relay-lens plate consists of another
lenticylar sheet with-a long-focal length and 7 masks, all of which are in registratien
with IPS, and it forms 8§ line-images péer pitch at the back of LP. These 8 line-images
per lenslet of LP generate B fan beams. An observer at {.7~1.3a in front of LP choosea
arbitrarily two of those beams at a moment with his eye lenses, and then he reccgnizes
naturally a 3D object in real time.

Figure 2 shows a photograph of the experimental Braun tube with the composite lens
plate. Figure 3. shous stereo-pair photographs of a reconstructed 3D image of a plas-
ticine-statue. The parallax images of this 3D image were taken by.a CCD camera -with
the object on a rotating table. The display area has 280mm and 220mm in the horizontal

and vertical dirBctions respectively, and the lateral and logitudinal resclutions in
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the vieinity of LP are lmm and 16mm, respec-

tively. The viewinz zone has approximately

20cm width. The image brightness and the

width of viewing zone can be improved if

LP is contained in the tube's envelops.

Figure 2. Experimental Braun tube

with the composite lens plate

3. Discussions

3.1 Stabilization of the index signal ‘ < N

When a high-resolution Braun tube with bean indeces is the device of displaving a
30 image. accurate read-out pulses must be generated even if 3D video signal is stronly
ampl i tude-modulated, ‘

Facusing and deflection-linearity of a Braun tube _at the begining of a horizontal
scan are generally poor, and the first index stripeiis not always expected to be usable
for determining the start pulse. Therefore, to generate the start pulse of displaying in
each of horizontal scans, deflection linearity at the starting position of displaying
must be adjusted within a certain tolerance, and an index stripe without defects along
its full vertical length must be found out and be used. _

Because 3D video signal having depth informations is deeply and quickly changing,
it is necessary to superpese a video pulse with 2 constant amplitde for establishing
the start pulée. And it i3 also necessary to use a phase-lock-loop(PLL) for stabiliz-
ing the read-out pulses‘for‘each of horizontal scans. Moreover, phase shift of index
signal at amplificaticn and PLL(in 1SPG shown in Fig.1) must be sinimized, since index
pulses are not periodical at all. To reduce disturbances due ‘3 transient phenomena
in ISPG, it is often effective to superpose short video pulses, which are synchroniz-

ed with the read-out pulses and at the phase to hit the index stripes. These auxiliary

Figure 3.  Stereo-pair of a 3D image reconstructed on the Braun tube




pulses are superposed on the 3D video chaanel in VA shown in Fig.l

3.2 Autostereoscopic 3D television camera

Since television camera devices have reselution poorer than a high-resolution Braun
tube, 2 necessary number of parallax images must he taken with many optically aligned
cameras. CCD(charge-coup!gd—device) camera is one of the best for this purpose, because
it is compactninwsize, and has positionally fixed photoelectronic-coaversion elements
with high semsitiviiy. ' '

For %djﬁsﬁiﬁg.magniffcagiog and distance, the sawe method as an autosteraoscopic 30
camers is'Sﬁéliééyig.'Ifta;téyevision camera with very high resolution become available,

2 siagle camera device With the same optics as the 30 cagera would be usable. 2)

‘ "4, Conclusions

[t has been demonstrated that an autostereocscopic television display is done by
using a high-resolution Braun tube with ‘beam indeces.

Although stercoscopic felevision systems arg alréady io market, wmany important
subjecté are left uasolved in the field of the autostereoscopic 3D television. Some of
them are listed as follows: ‘

1Y Full color autostereoscopic television

(g )

Y 3utostereoscopic teievision with a wide screen and high brightness

oo

) Frequency-band reduction of autostereoscopic television signal
)

[N

Compatibilicty with the 2D television system, including apparatus for recording
5) Standardization of autostersoscapic television system '

For future development of autostereoscopic television system, mutual colaboratien
between people in the fields of electronics,'vision_research. iaformation processing

and many application fields of 3D television is strongly needed.
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3DTV WITHOUT GLASSES

Reinhard B&rner

At Heinrich~-Hertz-Institut in Berlin/West~-Germany the author
is developing 3-D-System for projection onto lenticular
screens,

The diagonal of the large scrzen and the viewing distance are
of about the same length in order to obtain a most natural im-
pression of presented space and cbjects.

Using sidelcbes of parallax panoramagrams for projection, the
distance between the projectors (e.g. 6 projectors for 5 stereo-
pairs) is no longer limited to the spacing of the observer's
eyes. Therefore no special projectors are required; customary
projection equipment for slides and video may be used.

On the other hand, the selectivity of a wide~angle lenticular
screen has to be increased enormously to minimize crosstalk
in the outer panorama zones. This was achieved by a certain
arrangement of the projectors, and by a new type of optical
correction with increased selectivity across the whole area
of the screen and throughout all viewing-zones,

The photographic projection equipment was introduced for the
first time at Funkausstellung in Berlin 1986 and in additioen

a monocromatic recording- and projection system at HDTV-Kongref
in Minchen 1987. This equipment will be explainad and some
aspects of future application to video camera and pProjection
system will be discussed.
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Data Base Machine Architectures

v

H. 0. Leilich

Abstract:

Data Base'ﬁanajement Systems madé significant progréss in the
1ast decades due to hardware avallablllty (espec;ally 1nexpensrve
mass memories}, along with ‘the maturing of mathematical concapts
" and software englneering (relational model, transactron concept

fault tolerance). General purpose computer systems are ineffi-
'cient in performing rather simple operaticns (searching and
sorting) on large amounts of data as well as memory management.
Users of DBMS's reguire high transaction rates, dependable
permament servioe, and data security rather than the full
flexibility of -a universal computer system. Thus special purpose
back-end systems (Data Base Machines) have been devised, which
cught to adapt available hardware and software such that system
requirements are fullfilled in a more efficient way. In the
changing world of hardware and software technolcgy along with
moving system requirements, no new universal archltecture has.
been broadly accepted by the market so far.

Our institute has actively participated for many years in the
world-wide research toward such an architecture. Complete hard-
and software models have been built and evaluated {SURE, RDBM,
IDC).

Another field of activities in our institute is the conception,
design and test of special computers for space research {e.g. for
the Japanese mission "Geotail"), where fault-taolerance is a prime
‘requirement; ' A '




Research Activities on Fault-Tolerant Systems in Japan

Yoshihiro Tohma

Department of Computer Scxence
Tokyo Instltute of Technology, Tokyo, Japan

1. Introduction

In 1980, the 10th International Symposium on Fault-Tolerant Computing was held in Kyota, Japan.
Since then, the ad hoc commiuee on fault-tolerant computing was organized in the Instimte of Eleczon-
ics and Communication Engincers of Japan (currently Instimee of Electronics, Information and Com-
,munication Engineers - [EICE) to spur research activities on fauli-tolerant systems. Later, this commines
" was expanded to Technical Committee on Fault-Tolerant Systems (TCFTS), IEICE in 1986. This TCFIS
sponsors regular technical meetings four times each year, in addition to session{s) and/or symposium on fault-
tolerant systems at annual National Coavention of IEICE. Further, the informal workshop is held two imes a |
year. The Ministry of Intemational Trade and Industy (MITI) started a  survey committee on fauke
tolerant computing technologies in 1982,

Theory and techniques on fault-tolerant systems have been taught as a course in the graduate program
at Tokyo Instimte of Technology since the wly 1970’s and the similar course(s) will be opened soon at other
Japanese universities.

Due to these organizational supponts and individual efforts, many original as well as developmental
contributions have been made in Japan to fault-tolerant computing technologies. They include Theory of
Fail-Safe Systems, Applications of Ermor- Detecting/Comrecting Codes, Test Generation Alggrithms, Testa-
bility Design, System Architectures, and Software Reliability Evaluation, A part of them has been reported at
Baden Symposium on "Evolution of Fanlt-Telerant Computing” in 1986, which was sponsored by IFIP WG
10.4 {1). The aim cf this paper is io supplement the pmvinus report with an emphasis on researches conducted
mainly at universities and national research laboratories in recent years. Industial development of fault-
tolerant systems will be reported elsewhere,

2. Design of Totally Self-Checking Circuits

As A Avizienis pointed out at the seminar in Frankfurt (2], the first step of fault tolerance is the detec-
tion of fault(s) in the system. The combination of a totally self-checking (TSC) functonal unit and a TSC
checker is capable of detecting fauli(s) "on-line” not only in the functional unit but also in the checker
iself,. and thus the realizaton of TSC checkers attracts much attention these days. The significance of
TSC approach will become greater in lhc VLSI mplemcmauan of super- pam.llel processors and/or the data
flow mechanism [3),[4).

Among error-detecting codas is used the 1-out-of-n code in, say, address decoder circuits. Anderson and
Metze already showed the way of constructing TSC checkers for this code with 4 or 5 logic levels [5). (This
scheme is actually implemented in the microprogrammed control circuit of Bell's No.3A ESS (Electronic
Switching System) (6).) In contrast, [zawa proposed new design of TSC 1-out-of-n (n > 3) code checkers which
needs only 3 logic levels [7]. The characteristic structure of his design is as follows. The set of n outputs of OR
gates at the second logic level (from the primary cutput of the checker) represents (n-1)- out-of-n code instead
of 1-cut-of-n code, where these n outputs are divided into two groups to feed two AND gates at the first logic
level, respectively. The ourpats of these two AND gates obvigusly represents {-out-of-2 code, contributing o
the faulf- secure propeny and the code-disjointness. Further, he provided at the third logic level a column of
OR gates (called the shared gates) of n-2 primary inputs. Each output of these shared OR gate at the third logic
level was used to 5upp1emem n-2 inputs to the OR gates at the szcond logic evel and more imporandy shared
by OR gates of diff<reni subgroups for two AND gates. (If we feed cach OR gate simply with n-1 primary




inpts, the self-testing property for an input at these OR gates is not guaranteed)

His idea can be exiended 1o T3C m-out-of-n code checkers [8). By applying Anderson and Meze's
idea of TSC k-out-of-2k code checkers o m-cut-of-n code checkers and simply decomposing the circuit
structure based on the threshold logic into a two- level AND-OR form, the self-testing property for an input of

AND gates cannot be realized. Then, we prmnda the circuit with the third level of the shared AND gates as in
Izawa's case.

The realization of microprocessors with TSC/SFS - property is one of challenging issues [91-{11].
Nanya and Kawamura has designed Strongly-Fault-Secure (SFS) version of - i8080 microprocessor
[12]. They used the two-rail code in ALTJ section (this means 16-bit in stead of 8-bit accumulator was used for
8- bit data), Berger code in registers with 4 check bits for 8-bit data, and in the control and sequencer section
as well with 6 check bits for 57-bit dam. The overhead of their design in terms of gate ‘counts was 38%. The
area overhead of TSC microprocessors could -be ignored with the progress of ‘integration technology. How-
ever, more logic levels required for Berger code checkers, as an example, may prevent the use of higher rate
of the clock signal, thus degrading the operational performance of the microprocessor, Therefors, the
incorperation of TSC/SFS mechanism into microprocessors may sgll need firther improvement in the design
of TSC checkers.

3. Testability Design

The increase of circuit complexity has made it very difficult w test VLS circuits even “off-line".
To alleviate this difficulry, the use of extra hardware t ease the test is now becoming common and of realis-
tic value,

PLA has mather unified stucmre suitable for VLSI implementation of logic functions, In 1980,
Fujiwara et al showed a way of constructing PLA (131, for which the test can be applied independently of its
function. Their basic idea is w0 add exra lines w AND and OR amays for encoding these two arrays into par-
ity check code. The PLA also bas a shift register 1o activate each product line individually, modified i input
decoders to activate each primary input lines individually, and chains of EX-OR gate to check the parities on
AND and OR amrays. The function-independent test mainly consists of the scquv:nce of activaton of each of
primary input and product lines,

It was a surprising coincidence that the similar idea was also proposed by Hong et al at the same Sym-
posium [14].

The PLA above includes rather heterogenecus structure for the shift register and may suffer considerable
area penalty, as E. McCluskey pointzd out The incorporation of a specific PLA strucamre © contrel the activa-
tion of product lines was proposed by Sato and Tohma [15]; The similar approach is being pursued by a group
at Stanford {16]. Saluja et al's idea [17] is interestng in the sense that their PLA structure does not use even the
chains of EX-OR gates. The test of their PLA, however, is no longer function-independent.

The Buili-In Self-Test (BIST) is cermainly an effective approach to testability design. Since BIST
relies on (pseudo) random testing, an issues will be raised on how much we can be confident of fault-
fresness after the completion of successful test Wakimura and Tohma evaluated that even afier the
applicatien of 2**n random inputs to a n-input combinational circuit with no indication of errors, we could
be about 70% confident of the normality of the circuit {18]. Furuya also made the similar evaluation from
the point of view of exhaustve testing [19].

Other many topics concerning BIST as well ag the excellent test generation a.lgonr.hm given by H.
Fujiwara are described in [1].

4. Knowledge-Based Approach

Logical inference with a knowledge base is one of fearures of recent computational techniques. The
Imowledge-based approach to testability design was already presented at FTCS-14 (20,

Kameyama et al applied a knowledge-based technique to control inlet valve Al and outiet valve A2
for reserving water in a tank within a prcdcu:rmmed limit (21}, The conwol condidons are representad as a set
of rules like
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(I}IF 0 <tl < dl THEN Al is open and A2 is closed

(2)E’th1<tlT'I~IENA1is;IosedandA2isopen
() FO <2 <2 THEN Al is closed and A2 is open
(4)IFLh2<0.'IHENAlxsopenandA21$doscd

where t1 and {2 are elapsing times dunng the increase a.nddemase of water in the tank, respectively, ul
(t12) and thl (th2) are the expecied minimum and maximum elapsing times of the increass (demasc) of water,
mspecuvely The abnonmality can be detected as some of the above rules is violated.

' The -unification of Prolog can be viewed as the bidirectional xmphcauon. This property is
snreiy uszful for determining the test input of combinational logic circuits. Further, The ease of represent-
ing facts and rules is likely well exploited in medular approach to very large cumphrmcd circuits, Thus, we
'can be benefited by the concise formalism of Prolag.

. However. the executon of Prolog programs on currently existing machines is not necessa:ﬂy vm-y
efficient. Goto and Tohma [22] showed that the executicn of Prolog programs for test generation could be
well accelerated by specifying the arta where the four-valued simulation should be performed. Unnecessary
‘backtracking is avoided in this way. The possibility of improving performance by the adaptive placement of
facts and rules was argued by Varma and Tohma {23}

5. Fault-Tolerant Systems

The construction of real fault-tolerant system and its application 10 railway interlocking systf.-.rns hag
been canducied at Railway Technical Research Institute, Japan Mational Railway (this orgamzauon has been
recently changed 1o a non- governmental instimtion) {24}, The most critical part of this system is consmucted in
tiple modular redundancy and by using specially designed fail-safe logic components. The principle of the.
fail-safe component is to use the oscillation and its cease to represent logic values 1 and 0, respectively, When
a fault occurs, the ¢ircuit stueture forces the osciflation o caase immediately [25].

An experimental SIFT-like loosely synchronized TMR system, of which nickname is SAFE
(Software Assisted Fault-wlerant Experimental) system, was consgucted at Tokyo Instmte of Technology
[26). The synchronization mechanism for interrupt handling under the environment of loosely synchronized
TMR systems was investigated [27].

When simultaneous (or correlated) emors are caused at multiple processing units by, say, external
noise, TMR systems with rather tight synchronization do not work well, To avoid this simultanequs distir-
bance, the microcomputer-based TMR system constructed at Tohoku University used the ime skew. That is,
the same operation is carried out in different time slots ar different processing units [28].

" Distributed and/or autonomous processing are attracting attentions even in terms of fault tolerance.
A: packet-relaying mechanism called the contziner concept, by which triplicaied packets are transmined
thrpugh three disjoint paths and the majority-vote of them is taken at the destination node, has been proposed
[29]. Other topics such as the incorporadon of fault tolerance into data-flow mechanism and distributed data-
bases as well are now investigated at Tokyo Institute of Technology.

6. Software Reliability

In the realization of highly reliable computer systems, no one can ignore the significance of software
reliability. Recent survey conducted in Japan revealed that about 26% of causes of system down was due o
software faults [30].

Saftware reliability may be cvaluatcd by:
(1) Error rate in service operation
{2) Percentage of tested paths to all possible ones of a program
{3) Estimale for the number of residual software faults

. Researches on (1) are few in Japan, while a new measure of the coverage in terms of (2) was proposed
by Chusho (31]. Osakd 2t al at Hiroshima Univ, Qkayama Univ of Science, and Japan IBM are pursuing (3),
using moedels based on the Non-Homogeneous Poisson Process (NHPP) [32],[33]. While the NHPP mode! was




firstintroduced by Goel and Ckumoto (34], they modified the average function to reflect the s-shaped behavior
commonly observed in the growth curve of the cumulatve number of detected software faults. Tohma et al
recendy proposed a madel of (3) based on the hyper-geometric distribution [35]. They claims that the structare
of software can be taken into account in their model. Further, they consider the effects of test items as well as
the increase of skill in the test (36). ;

7. Corclusion .

Researches on fault-woleramt systems conducted. mainly at Japanese universities and national research
laboratories have been surveyed briefly. It should be emphasized that there are many other researches not
included in this paper, since this paper is not necessarily intended to make a complete survey, Next year the
18th International Symposium on Fault-Tolerant Computing will be held in Tokyo, where, we hope, many
results of current researches not only in basic aréa but also in applications will be presented. o
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Realizatlon of Fault-Tolerance
~ Autonomous Decentrallized System -

Hirokazu Ihara

(HITACHI LTD.)

Most large scale and real-time control systems have three major
characteristic requirements, The first is that the system can continue
its operation through the fault occurrence in [t, lest the unexpected
shut down of the system should result in serious damage. The second
is thdt the system Is gradually constructed step by step and at any
step the part of the system can start its operation even under the
construr;tion of th;e other part.,. The third {s that the failed part of
the system can be repaired during the operation of the system.

These needs imply that the large scale control system has three
intrinsic requirements of fault tolerance, extensibility and maintaina-
bility. These three requirements cannot completely be satisfied in the
centralized system and even in the conventional decentralized system,

A new design philosop}iy for autonomous decentrali{zed caontrol
system, based on a biological 'a.nalogy. has been developed for structur-
ing and controlling a distributed system which satisfies the afore-
mentioned three requirements since 1977.

In molecular biolegy, which has recentl}t made enormous progress,
a living thing s viewed not as a whole unit but as a set of cells,
The fundamental concept 1s that a cell intrinsically has all the gene.s
'necess.ary for its growth,

Cells are fundamental living subsystems having the same structiure
and the same Informatlon. Although there are no supervisory elements
to contrel them integrally, those independent cells collectively perform
the function of organs, .

We have gra‘sped a biolfsgig.al organism as a system with the

following attributes.

(1) The system always has faulty parts;
{(2) It changes constantl'y._‘a.llternating between operation,

maintenance, and growth; and
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(3) It keeps accomplishing Its objective almost completely,

Qur concept has been introduced by this bioclogical analogy, that
is, a living thing 1s always renewed by metabolism and gradual growth.
_Therefore. it is quite normal for a system to have falled parts, in
other words being faulty is normal;

Subsysiems are not considered to.-be parts of a divided tetal
" system, and are considered to be required the foliowing three properties:
(1) Autonomous Qbservability (2) Autonomous Controllability and (3}
‘Autonomous Coordinability, _ ' e
° Autonomous Decéntralized System (ADS) requires the constituent
subsystems to have the following three conditlons: {1} Uniformity (2)
Equality and (3] Locality.

Thé system control and coordination of ADS are explained in Fig. 1.

Those properties suggest that the ADS structure is an aggregation
of horﬁogeneous, uniform subsystems, each having intelligence — with
hardware and software systems not in the master-slave relation — and
" each belng equivalent in capacity and performance.

The information system in ADS can be summarized as follows:

(1} There is no prierity given to any infermaticn or transmission.
s (2} All information is transmitted consecutively to the subsystems

adjoining to the generating point. Each subsystem picks up
what it needs from the transmitted Information and transmits
‘all information to the adjoining subsystems,

They suggest that every subsystem'fequires an intelligence to
manage ‘itself and to coordinate with ‘other subsystems. That is, the
software subsystem consists of not only the application modules but
-also its own management module, which is called the ACP (autonomoué
decentraiized contrgl processor). -

For communicating and coordinating among the subsystems without
- using the common file, the data field (DF) concept is proposed.

The content code protocol is used, The content code indicates
the meaning of the data. .Every item of data attaching its correspond-
ing content code is breadcast into the DF and it Is selected to be
received by the ACP.

Some of the subsystems which consist ADS are shown,

The autonomous decentralized loop [ADL) is a system constituting




a subsystem that {s positioned at' the same level as other subsystems.

As shown In Fig. 2, it has a double-loap structure designed for optical
transmission In oppesite directions, The nétwork control processor (NCP)
is a controller that -controls the transmission line. Two NCPs in each
loop are fused and connected to a2 host processor. The length of communi-
cation can be selected arbitrarily. In addition, the NCP has a built-in
tester and s identical for both hardware and software; the software
{stored in the ROM) 1s used for transmission control.

Detection, removal, and recovery of faults in .the transmission line
are perfermed Independently by each NCP.. .Each NCP checks the line to
determine the possibility of transmitting. to nelghboring NCPs and selects
a bypass if the transmission is not possible.

The fault-tolerant multi-microprocessor system based on the
autonomous decentralized system properties is designed as an aggregate
of microprocessors. whose homogenous structure and autonomous functions
suggest organic cell. The cells, which connected in a hexagonal shape
{see Fig.3) by the fault-tolerant bus (FTB) have the same characteristics
as the ADL, The FTB, however, provides bidirectional gates for each
cell, Gates are controlled by the cell. When an FTB fault is detected
by the adjoining cell, the gate of that cell is openred and no information
is transmitted further to cells. Each cell is connected with the three-
way FTPE and information generated in the cell |is immediately and
consecutively broadcast to the three FTBs.

This system constitutes a fault-tolerant structure; its functional
reliability is assured by task distributions. While each cell executes
- cne Qr more tasks, several cells are Instructed to execute the same
tasks and the results are fetched for checking by_other cells, By so
doing, (n-r) ouf of n can be selected — according to the importance
of the task — by majority voting or threshold-voting.

Cn-line maintenance is provided by two components: the Built-In
Tester, or BIT, which is installed in every subsystem for subsystem-
level maintenance support, and the External Tester, or EXT, which
integrates the BIT's information for system-level maintenance support.

This autonomous decentralized control system concept is still in
the research stage, but has been applied in various systems to control

trains, multistége dams, water supply production, iren and steel] making



process and so on, The realization of this new concept is not so rapidly

accepted because of compromise with the already-accepted technologies,
however, some of ldea, mentioned above, are step by step applled to the

computer systems,
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Synopsis of Lecture

Fault-Tolerance by Synchronisa;ion of
Real-Time Task Systems on Multiprocessor
Duplex Computers

H. Meyerhoff, EKrupp At;aS»Elektronik

In many fields of process autcmation, high requirements are imposed
regarding the reliability of data acquisition and data storage.

- Input data must not be logt: they cannot be repeated.

- Stored data must be consistent and must be stored safely.

These requirements can only be fulfilled by a computer system which
- has a fault-tolerant design in all parts and

- is available continucusly. "Cold stand-by" or "roll-back" methods
are ruled ocut.

At Rrupp Atlas Elektronik, a computer system has been developed for
these requirements.

The system is composed of twe linked multiﬁrocessor computers of the
type MPR 1300.

Each MPR 1300 consists of up to eight parallel, equal-priority proces-
sors which access shared memories via four 'parallel buses.

The distributicn of the tasks among the processors is performed dynam-
ically in a pricrity-controclled manner during the actual run-time.

The soffware System is executed in-the ‘same way con bhoth linked multi-
processor computers. Both computers access the same data and cutput
the same data; the data ocutput of one of the computers is physically
blocked. If one computer fails, the process carries on running in a
trouble-free manner, without any discontinuity.

The identical execution of the programs is produced-by synchronisation
in the case of particular machine-instructions {mainiy tasking in-
structicons and input/output).

The method of synchronisaticn of task systems in a real-time environ-
ment (e.g. interrupts} is described in detail in the lecture. The same
applies to the method of monitoring the synchronisation. The instruc-
tions which are used for synchronisation are privileged instructions
{with one exception, which is described}., i.e. they are used in system
pregrams only.

User programs are not affected by this. They can therefore be executed
in unmsdified form both on the single MPR 1300 computer and on the
MPR 1300-5D duplex computer.
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DELTA-4: The European Research Project
for an Open, Fault-Tolerant Multicomputer Architecture

by
Peter M. Behr

Abstract:

DELTA-4 'is an ESPRIT-funded research projett  for the Design and Develop-
ment of an Dependable Distributed system architecture. The aim of the
project is to enable modular system configurations offering a range of
perfarmance and dependability in an open, distributed environment. Target
applications of the DELTA-4 architecture are mainly in the fields of
Qffice Systems and Computer Integrated Manufacturing, but also Process
Control Systems and Transacticn Processing Systems will be supported.

Network management and the protocols for inter-process communication are
designed to be conform to existing or evolving communicaticn standards.
DELTA-4 will alse influence further standardizations by making proposals
for necessary extensions to achieve the required degree of dependability
and performance. With respect to the dependability and real-time require-
ments the technical goals of DELTA-4 are far beyond the zims of the well-
known MAP project. ’ ' ' '

In support of this objectives, DELTA-4 defines an abstract language-
independent, computational model for the construction of dependable
distributed systems. The management of the distributed and fault-.
tolerant aspects of the systems will be transparent to the programmers,

The .presentation covers the organizational and the technical aspects of

this ambitious project. The overall structure of a DELTA-4 system will
be described and some of the main technical solutions will be discussed.
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. Rapid innovation in industrial automation,

a challenge for software engineering

W, Howein

(Siemens AG)

Software development in industrial automation has to take place under

hard conditions: competitive products and systems require rapid innovation.
On the other hand, competetivness of software development needs long-1ived
- tools independent of product and system innovation. Otherwise the software
tools would have to follow closely the innovation cycles of its targets.
This would cause prohibitive costs and schedule-aoverruns. The industrial
approach to these problems constits of software factories with well de-
finded software engineering principles, a powerfull software engineering
workbench and appropriate organisations. This allows a well defined work-
sharing and an increase of productivity.

The key concept of the software engineering workbench is a host target
approach with only one tool set for different dedicated automation systems.
A network of personal computers and engineering workstations is the software
engineering host to the existing automation éystems. The software workbench
is based on UNIX. Chaining of tools allows pipelining from requirement
analysis to automated coding and testing. The tool set is connected to a
configuration management and documentation system. Libraries with modules
for cvstems and technologies stimulate the reuse of software. Reusabie
software and powerfull tools are the two basic elements of the increasing
software engineering productivity in our company.

The evolution of automation technologies and software engineering techniques:
leads to the design of larger plants with higher complexity and more distribution
with many different interfaces. The handling of knowledge, that means knowledge
aquisition, -representation and -retrieval will become a key roll in our future
software engineering workbench,
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Research and Development Trends on Automating
‘'the Software Production in JAPAN

Shuetsu HANATA
NTT Software Labora;ories

Research and development on automating the software
productien are now under way in many organizations of JAPAN.
These automatic program synthesis technologies «can be divided
’into the following four approaches. :

(Type 1) - Theorem proving : s e :

An approach to synthesis of a pragram, by theorem .proving,
‘from a given specification which is composed of logical relations
between input and output .conditions. RS :

(Type 2) Synthesis from examples .
. An approach to synthesis of a program from examples by
inductive inference. ‘ ‘

(Type 3) Synthesis from high level deseription '

An approach teo synthesis of a program from high level
specification or program descriptions through program
"transformation. This can be further divided into three
appreoaches depending on input description styles:

-formal specification description approach

-high level program description approach

-natural language specification description approach

(Type 4) Reusing program components

An approach to synthesis of a program by combining program
components into a target program which satisfies its
specification. .

In these, the approaches of types 1, 2, 3 are generally at
research level, while the type 4 approach is at partially
practical level, especially in the business application area. The
following table and figures show the trends on automatic scftware
production technologies in JAPAN anc two examples, SDE[1] and
TELL[2] belonging to the type 3 approach. SDE is a desiegn and
maintenance environment for communication software, which
supports the automatic renewal of existing software to meet new
service specifications with protocol verification and .synthesis
techniques. TELL is a natural language based software development
. system which provides natural language interface and semantical
processing functions. Co . ‘

.-In JAPAN, improvement in software productivity is being
achieved by the type 4 approach. This approach will expand its
application area as a result of its refinement brought about by
actual use of the approach. aAs a next'stage, the type 3 approach
will be partially applied to 'some limited areas such as the
-banking application software in a couple:of years.

REFERENCES S 2 ,
(1] H.Ichikawa, M.Itoh and M.Shibasaki, "Protocel-Oriented
Service Specifications and. . Their .Transformation. inte CCITT
Specification and Description Language", Trans. IECE Japan,

Vol.E69, No.4 April 1986
(2] H.Enomoto, N.Yonezaki and S.Saeki, "Natural Language Based
Software Development System TELL", Proc. of ECAI-84, Pisa 1984




Table ! Automatic Software‘P;oﬁ&étion Technqlcgies in JAPAN

Type ¢f Approaches Organization System
-lT;Synthes;é of program. ! 'She,A.(Kyoto Sangyo University).
. based on theorem . . B : :
proving
2:Synthesis of program ‘| ‘Nakajima, H.(Kyoto University)
from examples Arikawa,S.(Kyusyu University)
3.5ynthesis of|from . Ito,T.{Tohoku Univérsity)
- program from formal " Agusa,K.(Kyoto University)
high level specifi- Noguchi §.(Tohoku University)
~descripticn |[cation Katayama T, (Tokyo Institute of
Technology)
Inagakl Y. (Nagoya University)
Taniguchi, K. (Osaka University)
Ichikawa,H.(NTT) SDE

from Tamaki,H. (Ibaraki University)
high Torii,K.(Osaka University)
level
program
from Uehara, K.({Osaka University)
natural Yonezakl N.(Tokyo Institute of TELL
language Technology}
4.Synthesis of program Kuse K. {Tsukuba University)
by reusing program - Nisida,F.(Osaka Prefecture
components University)
Matsumoto,M; (NEC) SEA/I
Tsuda,M.{HITACHI} EAGLE
Nisino,H.(FUJITSU) MASCOT
Harada,M. (Central Research SPACE

Institute of
Electric Power
Industry)
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An Overview of Software Engineering Architecture/One
(SEA/T)

NEC Corporation

M. Matsumoto
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1. Intreduction

Today, software productivity and quality control is becoming extremely
important in an in an increasing number of fields. Current businesses, in which
’information management plays a leading role, strongly requires realization os
software engineering architectures and CASE (CorﬁputereAided Software

‘Engineering) systems through which'quality software can e and cost restrictions.

This short paper describes SEA/I (Software Engineering Architecture/ONE) as a
typical CASE system example. |

2. The SEA/Ioutline

The SEA/I allows developers to have the image-based prototyping and
system/program design. The SEA/I provides the automatic program generation and
synthesis functions by which a target system is produced efficiently along with the

design results.

The SEA/ also allows developers to have an easy way of reusing the axisting
seffware resources. work résults phase. One sjrstemdevelopmgnt achievements are
horizontally re-utilized upeon another system development occasion. All the SEA/
production facilities and software resources integrated into a set of production
system and to support target system's total life cycle. This is a reason why the SEA/I
is thought one of the most powerful development systems. The noteworthy points of

the SEA/T are summarized as: ot

(1) Visualization-based design
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This design methodologies and the supporting tool system allows devélopers to

have integral aspects of software design based on its external visibilities: (1) the
form image design method is for interactive screen, output reports and file form
design, (2) the Entity-Relationship model based system structure design methed is
for defining and refining of a system hierarchical structure and is for specifying a
usage relationship of forms among system components, ax}d (3) the trée diagrammed
program structure design method is the appropriate way to obtain a structured

. program.
(2) Automatic Program Synthesis

The visualization-based design output is in turn transformed into source- level
program parts by the SEA/ Parts Generator, These program parts are
automatieally synthesized‘ into a complete program that is consistent with the

design specification.
(3) Software Reusability Management

The object visualization programmmg method allows developers to appropriately
make a Judgement on whether or not a certain existing software resource is
reusable, and in case of reuse with changes, allows to modify in ease. Software
resou_rceé are stored and managed under the data dictionary/directory services, s

that one is able to access the necessary resource promptly.

(4) Tatal Life Cycle Support

The Sea/1 is a comprehensive software productivity system providing the automatic

set-up functions of test and production run environments, the maintenance support




?
|

and the documentation generator as well as upper work phases supporting

- eapabilities.

3. Conclusion
The SEA/ gives user many advantages as:

- easy to compare requirements with the system to be implemented, because of

the rapid prototyping capabilities,

- obtained increased design and software quality and improved productivity,

because of the SEA/] software CAD and CAM capabilities,

- became able to precisely build up program, because of program synthesizing

capability,

- productiveness intesting a program and in installing a quality assuranced

systemn, because of the SEA/I test and install aids.

Some of producfivity improvement data measured in field are as: PROTOS and
Software CAD facilities allows user to have improved systems engineers'
productivity five t fifty times as much as manual work for designing data layout

structures.

Misunderstandings are less conceivable among people concerned, because no
need of transforming software information among work phases, but the SEA/I
manages information reposit and passing. Atrequirements definition and designing
phases, but the SEA/I manages information reposit and passing, At requirements

definition and designing phases, less misconceptions exist among
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developers and customers because they are able to communicate each other looking

at the realistic "blue print” of the system to be implemented. These aspects of the

SEA/ system are of importance with improving software quality.
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- FRAMEWORK APPROACH TO INTEGRATED TOQLSETS
FOR SOFTWARE ENGINEERING

H. U. STEUSLOFF
Fraunhofer-Institute for Information and Data
Processing (IITB), Karlsruhe, FRG

The economic development of high gquality computer software sys-
tems requires the application of computer based tools éupporting
the different domains and phases of the development process. The
efficiency of soEtwaré development can be increased substantial-
ly by integrating those tools, i.e. changing "tool boxes" into
"tool sets". In a tocel set, the information transfer and trans-
formation Setween tools for different domains and of different
'design approaches is directed and supported through specific
tocl set functions and "meta-tools". In addition, a tool set
provides user guidance to the development tools and through the
development precess. This approach helps turning the art of pro-

gramming into software engineering.

Many domains and phases of software engineering are today
covered - by tools, These existing tools have been developed on
the basis of certain design philosophies or methods; they live
in their gpecific world and are. frequently not compatible to
other tools for adjacent steps in the course of software
develeopment. But considering the efforts for the development of
thogse tools and the training of their uasers, it 1is only
reasonable to integrate these existing tools rather than to
develop new tcools for tool sets under a uniform methodology.

The integration of tocls should «consider three interfaces
"between a tcol and its environment: the input interface, where
the results of the previous step of the software development
process are entered; the output interface, providing the results
of toel functions; and the user/system interface (o execute and
utilize a tool. An integration of different tools requires the
adaptation of these interfaces which could be provided indivi-
dually for pairs of tools, resulting in substantial costs and in




a variety of user surfaces. The current appreach to integrated

tool sets therefore employs standardized interface formats. All
tools must be adapted to these formats either by changing their
existing interfaces or by introducing interface adaptation
modules for each tool. The -advantage of this approach is the
possibility of arbitrary combination of teools in a tool set
after this adaptation has 5een implemented once for each tool.

The standardized interfaces and the supporting meta-tools can be
regarded as a framework for adapted tools to be plugged in. Be-
cause of the complex requirgﬁents of such interfaces due to the
semantic differences of tool functions and. results, different
standards have been developed, being evaluated world-wide in a
number of software engineering projects. The mentioned above in-
put and output interfaces are usually combined to a "data hand-
ling interface"™ {(DHI) whereas the user interface (UI) remains
as an interface of its own. The system interface is mainly' de-
termined by the operating systems for the operation of the §oft-

ware engineering tool set.

The DHI design considerations are governed- by the kind of soft-
ware system modelling., The wunterlying models vary .from pure
<rees to general entity -relationship - congepts. Different
approaches will be  introduced and discussed, considering the
German joint national projects on 'scftware engineering. as well
as the Eurcopean PBCTE development and the US approach called
CAIS. -

The UI design considers modern work station windowing technigques
and the multitasking capabilities of the operating system which
is ‘mainly UNIX. UI proposals comprise meta_tools for the defini-
tion of dialecgs as well as graphic and alphanumeric input/output
functions. Some currently available concepts will be presented.

- The availability of integrated tool sets and the exchangibility
of tools in frameworks will substantially increase software pro-

ductivity. The current world-wide work ‘towards standardized ‘tocl
interfaces underlines this perspective. '
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The Evolution in Structured-Methodoiogies
Achievements in Methods and Tools

Peter Hruschka
GEI-Gesellschaft fUr Elektronische
Informationsverarbeitung m.b.H.
Aachen, Germany

After teaching software engineering principles for several years
GEI set out to develop method based tools in the early 80°s. A
pragmatic software and system engineering environment - called
ProMod - is the result.. ProMod is currently used not only within
GEI, but in about 500 locations in Europe and the U.S§.

ProMod 1is methodology based. Contrasting it with very useful
general purpose utilities and tools our intention was to select
industry proven methods and introduce them as foundation for goal
oriented project work. This presentation explores the methodology
background of ProMod, showing how Structured Methods have evolved
from Structured Programming to Structured Analysis for Embedded
Real Time Systems over the last 15 vyears. ProMod currently
supports DeMarco’s “Structured Analysis" for data-flow oriented
requirements analyis, augmented by Hatley’s and Pirbhai’s
approach to model dynamic system behaviour using state transition
models and rules to integrate these models in the traditional
data flow models. For the architectural (or system) design ProMod

supports ‘'"Modular Design'", based on D. Parnas principles of
information hiding and abstract data types. The methods also
integrates the traditional Structured Design appreoach

(Constantine, Myers, Page-Jones). Detailed design is supported
using Pseudocode and stepwise refinement, which naturally lead to
Structured Programming,’ independent of the chosen programming
language.

In ProMod, these methodologies are supported by an integrated set
of tools, working from a common software engineering database and
within a wuniform user interface. For each methodology inter-
active, graphic editors and text editors are provided, to allow
the apalyst and the designer to construct the models according to
the rules of the methods. While editing a number of syntactical
and semantical checks are provided to guide the developer and
provide error-feedback as soon as possible. Te check the
consistency of whole models (or larger parts of it) the
“environment provides analyzers for each development phase. These
analyzers maily detect inconsistencies between various objects
(or views) in the models and they report missing or incomplete
portions of the models. A flexible report generator allows to
produce documents of all the models, 1including various generated
cross reference lists, hierarchical structures, etc.




To bridge the gap between the different steps in the development
cycle the environment also compr1ses transformers. One
transformer takes the completed requirements specification and
transforms it into a £first suggestion for a hierarchical
architecture design, which is then used to be completed with the
design tools. The design information can automatically be
_ transformed into code frames for various languages like Ada, C or
Pascal to provide a starting point for the programmer.

In order to make ProMod acceptable in a wide variety of
applications and companies it is supported under twa different
operating systems, i.e. VMS on VAX-machines and M5-DOS on PCs.

Experiences about using the methods and the tools are presented
from a variety of application areas, showing how the methods and
the tools influenced the quality and the product1v1ty in projects
during the last five years.




Database Support for Software Engineering Environments

Cr. Klaus R. Dittrich
Forschungszentrum Informatik (F21)
an der Universitat Karlsruhe
Haid-und-Neu-Str. 10-14
D-7500 Karlsruhe 1

Advanced integr‘ated design - systems. like  software . eriginegering
environments rely on large quantities of -highly cemplex and strongly
interrelated information. Obviously, .true integration in such systems
requires sophisticated means for information management. Database
concepts like problem-ariented data modeling, consistency control,
recovery, data independence etc. are thus desirable and, ultimately,
indispensible features for their efficient construction and _operation,

Unfortunately, currently available database products are far from optimal
for these specific applications. The reason is that they have been built
with traditional business/administration type of applications in mind and
thus lack the capability to deal with complexly structured data in an
efficient way. '

We report about the DAMOKLES project where a new database system is
being designed and implemented that aims at overcoming the experienced
difficulties. Its salient features include the following:

. The DAMOKLES data model (called DODM for Design Object Data Model)
is based on composite objects. Besides the traditional attributes,
they may contain subobjects ‘that are objects in their own right. Thus,
arbitrary object hierarchies as well as general object structures (by
virtue of objects that are subordinate to more than one ather object)
can be defined. All objects are uniquely identified by surrogates.

. Objects may have versions that account for the representation of the
temporal or alternative development of design information. A specific
set of operations (beyond those for objects in general) is provided to
exploit the semantics of versions.

- Objects as well as individual versions of objects may be related in
arbitrary ways by applying the concept of n-place relationship. Again,
all appropriate operators to retrieve and manipulate information
based c¢n relationships it undergoes are provided.




. A special attribute type "long field" is offered to capture large chunks
of unstructured information. Thus, the facilities of conventional
files are available under the auspices of the database system.

. DAMOKLES supports multiple logical databases that may be
distributes accross a number of professional workstations and
servers, For example, private databases for the individual engineer,
. team and project databases as well as. public Inbrary databases may
be defined and maintained.

. Besides the classical concept of (short) transaction, long-term units
of work (sometimes - slightly incorrectly - termed “long
transactlons“) ‘are supported based on a mechanism -to check out
objects from a database and to check them in again after completion
of the desired activities.

*  Object-based mechanisms for access control allow for the selective
authorization of user roles for retrieval and manipulation of
information.

. A basic mechanism for the enforcement of compiex consistency’
. constraints is also included. :

A prototype of DAMOKLES (which currently demonstrates the data model
only) is operational and used in the UNIBASE software engineering
environment currently built in.the context of a major German cooperation
project between 8 software houses .and research institutions. Our present
work is geared. towards the distribution of databases, and the remamlng
features are planned to be mcorporated by 1989.
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Sigma(Software Industrialized Generator and Maintenance
‘Aids) system and Workstations .

Noboru Akima
Manager, Planning Section, Sigma project
Information-technology Promotion Agency, Japan

Sigma ' system aims at a better software development
environment for improving software quality and development
productivity. The concept of the system is to make development
‘environment independent of various target computer systems. And
for the development system, it is designed as a distributed
development environment based on powerful personal workstaions
and tocls on them which are connected to LAN and/or WAN.

Sigma Operating System ‘ N e
For the independent development environment, a common OS
interface has been considered and -defined. The OS will have
necessary and sufficient functions for seftware development and
will give common interface to many precious good tools for better
portability. This will enable users of .the Sigma system select
favorite tools regardless of the difference of workstations or
favorite workstations regardless of the available tools on them.
Sigma operating system interface is based on UNIX operating
system developed and licensed” by AT&T.. Some functional
additions were made to UNIX so as to match.the Japanese
environments and for better portability of the tools running on
the OS. The UNIX part is mainly from System V and some from
Berkeley version particularly communication functions. Other
enhancements done to the interface are Japanese language
processing capability, multi-window, graphics and relational
DBMS interfaces. Further enhancements are being considered, and
the trends of standardization, either formal or de’ facte are
carefully observed. 7 : R
The implementation of the OS is left to each company who
wishes to commercialize it. ' :

Workstations ' " o
One of the key factors of Sigma system is workstations. The
basic standpoint of the system is not to specify any hardware
specification. Any hardware on which the OS can be regarded as
Sigma system hardware. i ' '
Achieving the objectives of the system, however, each personnel
involved in the software development  are  assumed .to: have the
powerful and sufficient computing power, in other words, these
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personnels are expected to have their own workstations, and they
can use workstations whenever they need or want without any
restrictions. Hence at the early period of the system planning, not
specifications but a brieff guideline of the workstations were
announced. It described as follows:

'32bit microprocessor with 1 MIPS processing capability, 4
Megabyte main memory, 80 Megabyte hard disk, 1,000 x 1,000
bitmap display with mouse-type pointing device, and a few
communication interfaces, ete. There was one important point in
this ‘guideline. That was the price. For the sole personal use of
the workstation, it would be desired between 1,000,000 Yen to
2,000,000 Yen by 1990 when the system will be widely used.
(1DM is approximately 80 Yen as of August 1,1987)

Table 1. Hardware Requirements of Prototype Sigma Workstation

[ Control mechanism ]
CPU
Floating point

32-bit internal register
A floating point calculation mechanism is
necessary, internal expression is JEEE format

M;Lin mermnory
Logical area

4 MB (minimum)
8 MB (minimum)

{ File mechanism]
Hard disk

Floppy disk

Back up

Minimum user are 20 MB
5"(2HD) and 8" (2D) for data transfer
System must have back-up function

[ Display mechanism }
CRT resolution

Keyboard

Mouse
Printer interface

CGraphic display: 1024 x 768 dots or more
Text display (Kanji: 24 x 24 dots)

40 charactersx 24 lines

Key layout is JIS standard 10 function keys
(minimum)

Two or more bottons

Not specified for prototype

[ Epxternal interface ]
Serial interface
Parallel interface
LAN interface
Interface for DDYX-P
GPIB interface

Two RS232C (V. 24) (minimum)
Centronics interfzace (option)
IEEE 802.3 standard

V.28 (X. 21 bis) or V.11(x.21)
ICE interface (option)

[ Copy prevention
mechanism }

{Hardware protection mechanism considered)

Later, the technical and industrial feasibility were discussed
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and detailed requirements were announced in July, 1986. The
requirements define. some of the hardware features which may
affect the software portability.

The gist of the requirements are shown in table 1. The price of
3 million Yen for shorter target (by the end of the year 1987) was
also indicated. . :

Prototype Sigma workstation are now available from some
hardware manufacturers. At present, approximately 200 of them
are supplied to Sigma project and being used to test and integrate
Sigma OS and also usd to develop programs such as tools for
Sigma users. Suppliers of these workstations are counted up to 10
manufacturers. Some of these prototype workstations have
hardware configurations derived from the existing engineering
workstations. They cover all the Sigma hardware requirements
except the price. Although the requirements do not mention the
physical size and installation conditions of the workstations, the
market requires more compact machines for Sigma usage.

All these 10 manufacturers are preparing to announce new
products which satisfy the both Sigma and market requirements.
In fact, a few companies have already announced and released the
new Sigma workstations. _

Differentiation will be done in price, size, performance and the
total wusability including maintenance. Sigma expects these
differentiation for future improvement and dissemination of the
system.

The future ,

The Sigma project: started in mid 1985 and now it is two years
old. The prototype of the system will be available soon for
experimental use by 'monitors. The workstations will also
gradually be purchased by the monitors and tested fully in the
commercialized market. Even today, almost all the workstations
surpass the Sigma requirements, partictlarly speed and memory
size both main and auxiliary. This will continue as software
require more and more speed and memory for faster response
with better man-machine interface. It is expected that hardware
technology makes this possible. As for Sigma, there should be two
tasks remained to workstations:

(1)Te mature the whole software development environment
provided by Sigma using powerful component, i.e. workstations.

(2)Towards the real Sigma system in full use from 1990, to define
further necessary interface to software to assure better
portability, as well as to show a newer up-to-date guideline for
progressed component in the improved environment.




Overview of Sigma Multi-Media Windmk System(Sigma MMW)

N. akima

Informaticn-technology Promotion Agency, Japan

1. Multi-Media Window System

Of the tools which Sigma project has scheduled for development, there are tools which
bandle text and graphics at the same time such as documentation suppart tools, requirement
definition tools, and design tools. There are those who wish to use images as graphic data
and to embed tables and graphs in text as graphic data. .

The multi-media window system supplies several virtual devices (terminals) which allow
mixed display and printing of multi-media (text, graphics, images). Input/output to the
screens is through the creation of a virtual terminal. A portion of this virtual terminal is
displayed on the screen as a window. Printing by tools is made in the same manner as display
cxcept that the virtual terminal only handles output. The paper size is designated by creation
of a windaw., ) .

The mult-media window system is a comprehensive system which includes display to
the screen, mouse and keyboard input, operator interfaces, printing, menus, and icons. The
concept of the multi-media windows is shown in Figure 1. Considerations will condnue to
allow to handle all forms of data including audio and animation in the future.

2. Multi-Media Window Design Policy

(1) To supply a uniform multi-media window interface for toals.

(2) To realize an interface independent of powerful hardware in order to increase portabil-
ity of tools.

(3} To determine external conditiens of the operator interface in order to make the basic
' functons of the man-machine interface the same, even amoeng different computers.

{(4) To establish an application interface for printintg equivalent to the display system based
. on the concept of WYSIWYG (What You See Is What You Get). :

3. Display

The window system will transfer the display data of the various virtual terminals to the
display screen of the actual terminal device with no interference berween the data. Alsag, the
window system will allocate the input data from the input devices (keyboard, mouse) to the
-buffers of each device of virnual terminal. :

‘The virtual terminal which displays mult-media consists of a virtual plane, logical
screen, and scope.

The tools define as many logical screens as necessary corresponding to the various types
of datz (media) and output the data to be displayed on these logical sereens. Also, tools atlow
a number of logical screens to be positioned ‘as desired within the virtual plane {display
screen of virtual terminal). At this time, the logical screens can be ositioned so that they
overlap each other. Moreover, a rectangular area calied a "scope” can be set within the
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virtual plane, and the window system will transfer the contents of this scope to the
corresponding rectangular area on the physical screen. As a result, multi-media data can be
mixed and displayed within a smgic window. :

4. Printing sl

The hasic concept is the same as the display system except that a printer is substituted
for the virtual terminal, The same coritrol commands as the display system are used

Virteal devices for printing multi- medw are r:ompnsed of a virtual plane and logical
screens, There is no concept of the §ope found in.the fd;sp!ay system. Scmng the virtual
plane detsrmines the printing ared. In othen, yqords,,thc size of the peper is set. The tools
define as many logical screens as nccessary corrcspond.mg to each media and cutputs the data
to be printed on these logical screens. Alsd) t8ols” al]ow.a number of logical screens 1o be
positioned as desired within the virtual plaxie, in the same manner as display. At this time,
the logical sczeens can be positioned so that they overlap each other. The maird d.l.ffcrcnc:s
between the display system and printing system are outlmcd below, ¢

(1) When data is’ output, it caunot, be seen’ untﬂ printed.. Pnntmg mstrucuons are made
from the tools by commands. o .
(2) Any cursor coatrol commands dcsxgnatcd for text logxcal screens will be 1g110rcd

5. Implementation

Varicus methods are possible for reahzmg multi-media window system. In order to
realize the system as quickly as possible, an existing windaw system is taken as the base, and
an interface conforming to the muilti-media window system in that system is constructed. The
following systems were considered as possible candidates for realizing the multi-media win-
dow system.

(1) X-Window
(2) GMW
(3) NeWs

-_—_1'01*.-
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Figure 1 Overview of Multi-Media Window Function-
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The Joint Venture Project

"EUREKA Software Factory"

H., Abbenhardt
Softlab GmbH Munich

EUREKA is the name of the European high-tech research programm which
has been set up in 1985. The EUREKA Software Factory (ESF) is one of
about 170 projects in the EUREKA framework.

The primary objective of the ESF is a considerable advancement of
industrial development of software. The basic idea that is persued
here is to substantially improve the reusability of software. In order
to achieve this, new software engineering methods and very powerful
software tools are required.

The expected benefits are the considerable lower resource investments
(manpower, time, diract costs), the improved reliablity and the higher
‘quality of the developed software systems. The necessary know haow and
the cccurring costs cannot be met by individual companies or even
national consortiums alone. The European team work within the scope of
EUREKA therefore offers a suitable frame for this project.

The concept of the project is based on a precise analysis of the
initial situation with respect to the development of tools, tool boxes
and software development environments. The analysis is also based

on the experiknce that the partners of this project have gained in
similiar projects and with products in the software engineering field.

ESF is a highly integrated, open and flexible environment for the
production of complex modern software systems, It is the objective
of this project to implement ESF 50 that it can be adapted to a
great number of very different project and crganisation types.

By using a reconfigurable and modular structure it is possible to
achieve this broad application spectrum.

At the moment there are 14 members in the ESF consortium coming fram
6 European countries. .

The ESF project is split into two phases:

- the Definition Phase (approx. 1 year)
- the Main Phase (approx. 9 years)

The Definition Phase started in September 1986,
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In order to carry out a project with the technical and organisatianal
complexity of ESF, thorough planning and ¢oordination of tasks
involved are absolutely necessary. It is the job of the Definiton
Phase to prepare the basics for the whole £SF project. This is true
for the technical frame, the project. organisation and the legal basis
of the project. The main technical results achieved in the definition
phase are:

- a study of the requirements for software development environments
considering the entire lifecycle, different project sizes and various
application areas

- the definition of the ESF requirements.’

- the first design of the ESF architecture.

=104~




(1 £3)

7. FHEBPET TR T2 )






7 YEALSRETITALNF 2L

"Two-Dimensional Electron Sy§tem$ in Compound 3emiconductors®
M.H. Pilkuhn, Stuttgart University

Abstract

Potential we]lé of very small diménsion leed to quantized states for

charge carriers. In the case of ultra thin layers in heterostructures

of compound semiconductors, two-dimensicnal electron systems have been
achieved and studied exfensive]y with the respect to fundamental properties
and applications. Of special interest are the advantages of two-dimensional
systems for high speed transistors and semiconductor lasers.

The technology for fabricating quantum well structures with compound semi-
conductors will be described, especially the epitaxy with metalio-organic
cbmpounds in the case of the system InGaAs/InP. The properties of semicon-
ductor lasers will be discussed in detail for the two-dimensional systems
GaAs/GaAlAs, InGaAs/InP and 6aSb/AI1Sb. This includes the discussion of
recombination mechanisms in two-dimensional systems as well as the quanti-
zation of higher lying energy bands.

At high carrier densities, two-dimensional electron whole plasmas can form
in small size heterostructures. The properties of these high density to .
deep plasmas are described. Strong many body effeéts 1eéding to a band gap
pre-normalization are observed and a review of recent results will be
given,
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AlGaAs/GaAs Quantum Well Laser for CEIC Application

1

Terueo Sakurai
FUJITSU LABORATORIES LTD.

10-1 Morinosato-wWakami¥ya, Atsugi 243-01, Japan

1. Introduction

Semiqonduttor lugers witt qu;ntuu well{QW) active 1ayer show
superior- characteristics of low threshold curreut oscillation,
high character;stlc temperature and high relaxation oscillation
ftequency compared to conventlonal double heterostructure (DH)
~lasers. They also have advantages for device designing; emission
wavelength can be controlled by well width selection, and planar
buried - heterostructure can easily be formed :using  diffusion-
induced " disordering of‘thé QWs. We have studied the QW lasers
aiming -at'low threéhpld‘current operation with sfqple étru&ture
from:the standpoint of -application to OEIC transmitters...ln this
paper, AlGaAs/GaAs QW lasers applied to QEICs are reported. A new
" buried 'heterostfucture(BH) multi-quantum well (MQW) .with simple
and planar structure is also descrlbed. - .
2. EpltaXIal growth of quantum well structure

Defect-free and hlghly unlform epltaxxal multi- layers with
steep hetero-interface are tequired for high performance QW
lasers. Molecular beam 'epitaxy(MBE) is a promiéing growth
technology to fulfill such requirements, .especially to realize a
staep hetero—interface. In' growing high guality AlGaAs/Gaas
crystals by MBE, both careful outgas treatmeut and growth at

" slightly bhigh temperature around 70dc are essential; Crystal
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qualities of  MBE grown . QW layers heve been studied by
photﬁluqinescence(PL) measurement. Figure 1 shows the photgn
energy at peak luminescence intgnsitx from the AlGaAstaAs‘gingle
gquantum well{SQW) layer as a function of Vwell width. Observed
peak energy agrees well with the calqul;téd ya;u?. cof n=1
electron-to-heavy hole traqsitionl which suggests the fgrmation
of gqod.QWs. Measurements on spatial distribution of PL_in;ensity
ana peak energy ‘for-;;he SQW,‘cvgr the wafer ;ndicatev_high
uniformity in crysfa; qualiﬁy_ag well. as alioy composition ofughe
grown layers.l The PL intens;ty of OWs has been improved further
by introducing a superlattice buffer{SLB) layer.
3. Laser characteristicg

Three kinds of QW lasers with ridge waveguide stripe gecmetry
have been fabricated. The;e QWs are MQW, graded index waveguide
and seperate confinement hgterostructure(GRIN-SCH) SQwW, and GRINj
SCH SOW with SLB. The_;epresentative threshold current depend=x
ences on the laser cavity length are plotted in Fig.2, Data for
the conventional DH lasers with the same ridge waveguide are also
shown, Drastic .reduction of threshold current is realized with
tﬁe QW lasers. The GRIN-SCH SQW lasers with SLB show the lowest
thréshpld current among them reflecting high quality of the QWs,
and . a threshold cu;rentlgs low_gs 5 mA is_thained with .cavity
'iength below 330 pm. The threshold current density espim;tedlfér
this laser is as low as 175 A/cm®. Further reduction of threshold
current to a few mA hgs Eeen achieved, by .increasing facetvréflec_
tivity. a diffe:ential‘qp;n;umxgﬁfyqigncy-as‘highias;BO%,‘a_pbwér
over 30 mW/@acet,_and a}mos;lsing%gm;oqgitudxnakhmode;oscillatiqn
are-attained in the GRINigﬁﬁ_SQﬂt&qqer with .SLB. The:characteris-
tic temperatures measured in the temperature range between 0 and
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80c are 160K for the GRIN-SCH SQW laser and 205K for the MQW

laser. As for the reliability of the QW lasers, very high carrier
and photon density are anticipated in the QW region. ‘Figure 3 is
the result o¢f aging test of eleven GRIN-SCH SQW lasers with
mirrof coated, The value of current degradation rate between 200
and éoob hours over all the lasers tested is as small as’ 2%/kh,
sﬁggéétihg a high stahility of these lasers. A LD/DRIV/MON OEIC
has Béeﬁ_fabricated incorpolating such QW lasers, and high bit-
) rﬁééféperétion over 1 Gb/s has successfully been attained.
‘4.:£étEra1 current injection MQW laser
.'ﬁe have fabricated an MQW laser with a new planar BH by using
diffusion-induced disordering‘as shown in Fig.4. In this struc-~
Eure;5:a planar BH for index guiding is easily formed and homoge-
neous icurrent injection to eéch well is possible due to lateral
ihjéétibn scheme, which 1leads to a high degrée of freedoﬁ in
designing the MQW structure and is also Hsuitable for OQEIC
application. The lateral current injection (LCI} MQW laser shows
an"ektremely low capacitance because the facing area of impurity
diffused electrode regions is very small. A chip capacitance of
‘0;27 pF has heen attéined. This vdlﬁe is, at least two orders of
magﬁitude lower than that for éonventional lasers. This structure
is therefore promising for wultra ﬁigh speedA 1aser. and OEIC
application. | '
S. Summary
AlGaAé/GaAs QW lasers with simﬁle ridge waveguidé has 'beén
‘fabricated using MBE., Thé GRIN-SCH Schlaser with SﬁB shows very
" low threshold current less than 5 mA. The LCI MQW laser with‘ a-

new planar BH hds also been demonstrated.
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CHARACTERIZATION OF SEMICONDUCTQR CRYSTALS

USING SYNCHROTRON RADIATION

- Junji Matsui
Fundamental Research Laboratories, NEC Corporation

4-1-1 Miyazaki, Miyamae-ku, Kawasaki-City, 213 Japan

- Synchrotron radiation (SR) is one of the most promising x-ray
‘soﬁrces to realize a quick and informative x-ray measurement, because of
'ifs high intensity, collimation, continuous spectrum, time pulsation
. and polarization states.  The x-ray opties for diffractometry or
Atopography with 3R conQist of the geometrical crystal arrangemgnt in a
manner 3ubstantia11y similar to laboratory x-ray works. The big
différence of the SR from the ordinal x-ray source is a selectivity of
the wavelength with & sufficient intensity. Therefore, one can obtain
Xx-ray data emphasizing an.absorption edge of a peculiar element of the
‘§amp1e {a typical example is EXAFS measurement). '

. An édvantage of using the SR is well demonstrated when a
monochrqmétor and a collimator are successfully set to deliver an
exﬁfeme1y collimated; méﬁochromatized x-ray beam- with a small energy'
b?ndpass, | In our case, Glinch diameter; 1 e¢m thick dislacation-free
silicon. crystal di;ks are used as a monochromatgr and a collimator, each
of them .being placed -on a water-cooled stage of a high-éccuracy
goniometer for the synchrotron beam from the 2.5 GeV storage ring at
'Photoh.Factory in  National Laboratofy for High Energy Physics -(in
Tsukuba). ' ' I

Our present aspects of applying the SR toc the semiconductor
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erystals are as follows; (i) plane wave x-ray tcpography sensitive to a
very small strain {lattice tilt and/or lattibe'parameter variation} in
semiconductor bulk crystals or epilayers, (ii) x-ray diffractometry with
an extremely smail incidence angle of x-ray (grazing incidence 'x-ray
diffraction) to study a two-dimensionally reconstructed super-structure
at a semiconductor interface, (iii} diffuse scattering experiménts faor
the study of local atomic arrangement in distorted alleys Aand other

materials, (iv) flucrescence x-ray analyses of impurities on the

semiconductor surfaces, (v) EXAFS studies of ternary or quarternary

crystals, and (vi) others,

It is often needed to investigate a crystalline strucfure or strain
in a thin epilayer {incTuding a supperlattice), or perfectness of a
bulk crystal such as a large diameter Czochralski-<grown {CZ} Si wafer
for YLSI or a liquid encépsu1ated Czochralski-grown {LEC} GaAs wafer for
high speed devices. Employing an assymﬁetric'ref?ection to ‘make the
“incident x-rays very parallel {i.e., ‘plane wave x-rays), we can
inQestigate a lattice strain in a CZ Si wafer as small as 107° probably
due to a concentration variation of unintentionally incorporated oxygen,
as seen in Fig. 1, and can obtain an equi-Bragg-ccndition contour map
for a LEC GaAs wafer, as seen in Fig. Z(a){ relating to the dislocation
distribution formed during the growth (its transmission topograph is

shown in Fig. 2{b)).

Using the same equipmentlas the plane wave topography except an
arrangement of the third goniometer, we can carry out the grazing
incidence x-ray diffraétionr study to detect a two-dimensiona1ﬁy‘
reconstructed super-structure at an interface such as

a-Si/GeD.ZSio_B{]I]} or A1/GaAs(001). - The rotation axis of the third
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goniometer is nearly vertical, while those of the monochromator and the

collimator are horizontal for the SR. Thus, the x-ray beam was
impinged on the sample under the condition of 0.2° grazing -dincidence
angle, as schematically shown in Fig. 3(a). It was found that, even
.after the deposition of a thin a-5i film on a {5x5)-reconstructed
‘.GEO.QSiD.S surface, the Bragg reflections are still observed around. some
of the.(m/5,n/5) Fractional reciprocal lattice points, as shown in Fig.
23(b). . This means  that ‘there remains é super-structure at the
interface. - Similarly, a (4x6)-reconstructed super-structure exists at
the A1/GaAs(001) interface, which is much interested in terms of the
Schottky barrier height formation mechanism.
Although other experiments-are not described here, semiconductor
-material  characterization wusing the SR are full of  promise.
Especially, time-resolved in-situ observation of rapidly proceeding
phenomena in combination with mere dintense synchrotron sources would
give a number of clearer understandings in semiconductor materials

s¢ience.




Fig. 1. . . Plane wave x-ray
topograph of a 6 inch CZ Si
cbtained by using an extre-
mely assymmetric reflec-
tion  (under the total
. reflection condition).

Fig. 2 (a) Superimposeéd pattern of a- series of plane wave x-ray
topographs of a {001) LEC GaAs taken around a Bragg peak at intervals of:
10 seconds of arc, and (b} usual anomalous transmission topograph
showing a high dislocation density at eight portions near the periphery.
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Fig. 3. ({a) Scheme of grazing incidence x-ray diffrdction, and (b)
diffraction profile from the interfacial reconstructed . super-structure
of a-Si/Ge, ,51, o- The profile indicated by open circles is for a
reference ga%pIg‘ﬁaving no (5x5)-reconstructed surface.
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High Resolution Optical Analysis of Defects in
Semiconductors :

Jérg  Weber R
Max- ?Ianck Institut fur Festkorperforschung
7000 Stuttgart 30 FederaT Repub]ic of Germany

The product1on of semmconductor devices uSua11y involves a
~number of processing steps: 1n wh1ch the semiconductor sam-
ples are subjected to heat” treatmants, 1mp1antattons and
plasma-assisted etching procéddres.jSeVehal‘different mi -
croscopic. defects are produced uninténtidnaI]y during these
procéskés; The detection and characterization of the small,
but for devices detrimental, amounts of defects is best
accomp}ished by highly sensitive, non destructive, optical
techniques. In this talk, characteristic examplies will be
presented of the optical investigation of process-induced
defects. S

During plasma -etching processes, ions from the p1asna bom-
bard onto the: semiconductors surface with energ1es up-. to’
2keV. A]though the energ1es ‘are much sma]]er ccmpared with
copventional ion 1mp1antat10n, s1m11ar defects are pro-
duced. He observe after plasma etchlng of silicon samples
in d1fferent nob1e gases a fam11y of defect centers Anvely-
ing,the noble gas atoms. The large’ penetration depth of the
nobﬁé:gas atoms below the surface can only be explained by
a2 diffusfon mechanism enhanced by the damage Created at- the
surface. A hydrogen p1asma is common1y used to passivate
undesirab]e defects in semiconductors. However, atomic
'hydrogen also neutralizes sha11ow aunurs and acceptors,
thus. increasing the electrical res1st1v1ty of the wafers.
We have detected the interaction of hydrogen w1thw1mpur1—‘
ties-in -the photoluminescence spectra. The comharison of
the passivation in different semiconductors leads to a
simple model of a hydfqgec—impurityfcomplex; 7
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Analysis of Oxygen in Silicon

During the growth of Silicon erystals from the melt by the Czochralski (CZ)

_ technique oxygen is incorporated into the: crystal lattice. Due to the tempe~
rature—dependent solubility of oxygen in Si several agglameration processes
are observed during thermal processing of CZ-5i after crystallization. These
phenamena are technologically important as well as scientifically challenging.
If appropriately studied, some of them can be farorably used in the course of
device manufacturing processes. Together, all these phenomena may serve as an
example of the complex behaviour of an impurity in Si (other important partly
electrically active impurities are for instance, C, N, or H }. The possible

 mexddes of oxygen incorporated in Si range from O-atdms on interstitial lattice

: sites forming Sizo--mle'cules to "clusters" of O-atems, The smaller ones of
such clusters (several Q-atcns) usually are thought to be related to the
so—called "thermal donors”, whereas the larger "O-agglomerates” form separate
oxidic phases within the Si-lattice as precipitates of different shapes (amor-
phous as well as crystalline) Interactions of O with other extrinsic and
mtrms:.c defects are also known. These d:.fferent C-related defects have been
investigated with the standard tecruu.ques used for the characterization of
defects in semiconductors by many researcher. Most of the different O-related
defects can be studied in more or less deta:.l especially with infrared absorp-
tion spectroscopy a.nd mportant results were obtalned by us:l.ng this techm.que. ;

" Accordingly, the content of the talk will consist of a review of the different
oxygen related defects in Si-with' emphasis on interstitial O and thermal do~ =

nors,

st
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WAFER DESIGN FOR SILICON DEVICE

Shin’Ichiro Takasy
Toshibaceramics Co., Ltd.,
30 Soya. Hadano City, 257

JAPAN

fQonce;t of wafer design is now applied wideiy in Japan for VLSI,
UﬁéI;-ASIC and povwer devices and the firﬁt proposer are forgotten.
This c;ncept was proposed by me‘fcr-the resume of Cooperate
L;boratories of the VLSI Technology Research Association at the third
meetlng of Microelectronics Measurement and Technology Seminar held at
San Josell, After that. I blushed up the concept for Slllcor wafer
for VLSI.devicg and I wrought two papers2:3), pRpecently, I introdiuce
this.cgnéept into the wafer for  power deviceg4),

"This concept was started from the talk of a salesman in 19;2 He
sald that A Slllcon dev1ce manufactur1ng facility got high yléld
‘u51ng.certain specifications "X", but "B" Silicon device manufacturing
fac111ty didn't accept the specification "Y* for the reason 63 low
yleld And specification "Y" Silicon wafers accepted by. "B" facxllty
for the reason of high yleld but the specxf;catlon "Y" didn’t ac-
cepted "A" facility. Firstly, I could not believe the télk. Then,
I pursued the story and investigéted widely. The results showed that
the sales man was not storyteller. The correlation between die-sorter

¥yield for each device, specification and vendors are shown following

table:
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Si Vendor U Vendor v
device| faciiities| High Coi Medium Coi Medium Coi | High Coi
p-type| n-type| p-type|n-type|p-type n-type
N=MOS A Low High | Low
B ' ' High
c-MoS | & High Low ' Low
B High

This relation are keep in recently as same as 15 years ago.

In 1973, Mr.Yasuami and I studied the correlation between heat
treatment and precipitation of oxygen in Si wafer using X-ray sectioun
topography tedhnique5]. This work was the first step of wafer design.
The second step was established in VLSI cooperate Laboratories from
the 1876 to '1980. During the research works .at VLSI Cocperatc
Laboratories, I could get the chance gathering the many fundamental

knowledge for the wafer design.

The basic concept of wafer design is founded on the correlation
between the thermal profiles of device process, oxygen behavior in Si
crystals, wafer outer dimensions and its stability for using exposure
instruments and device structure requirement of physical and électri-
cal properties. The main problem in this concept.is the thermal be-
havior of oxygen. The basic oxygen behavior is explained by the

thermal dependency of oxygen saturation concentration and its diffu-

sion length in Silicon. Figure la shows the temperature dependency of
oxygen saturation. For each saturation, the rate of nucreaticon and
growth give different value shown in Figure 1b,. In the device

process, silicen wafers get many heat cycle 400;1200Lc'depending on
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the purpose. Then, the differences of thermal profiles in each

device process give different oxygen nucleation and precipitation in
- its number and its size dist:ibu@ions.

And, real-Silicon crystals are get differeﬁt thermal histories
from erystal growth to device ﬁfdcéss in growing f{urnace and after
heat treatment inciuding oxygen donner annihilation. Figure 2 shows
a results of simulation eiperimeﬂts for.nuclei formatioﬂ effect in
erystal grbﬁer. This figure shows that there is very big change at
800°C in quenching temperature and 3 /min. in éoolinglrate. This
critical .temperature overlapped on real pulling machine condition.

Figure 3 shows a typical temperature profiles for C-MNOS an@ N-MO:
devices and the right side in figure shows the oxygen thermal be-
havior. If device maker wont highest yield, wafer vendor should be
select suitable CZ-puller including th zone stfucture and its ar-
rangements, its operating conditions and after heat treatment. By
"SEMI- report, the yield difference betwegn_JAPAN and USA is 10-20% for
256K DRAM. This difference is not only oxygen precipitation but also
surface treatment and flatness. The surface treatment and flatness
pyoblems alsc depends on user’ﬁ requirements, that is his process
;qqui;emept—cleaning process, using stepper, and others. For the
power device, the situation is- same. Recently, we have developed
MC;-NTD ;argg‘diameter wafers for high_power device usage in this
'pcint‘qffqigw.

Wafer design is not so much so-called materials design as a tex-
tile design iq,apparel in@ustry. In apparel industry, textile is
designe@land‘chosen.according to purpose and its difficulty of
processing., : Wafer should be designed and chosen according to device

parameter, structure and its fabrication processes.
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Abstracit

High Resolution Electron Microscopy of Microelectronic Devices

H. F86l1l and H. Oppolzer

SIEMENS AG:;
Corporate Research
and Technology;
Otto-Hahn-Ring 6;

8000 Minchen 83; FRG.

High-Resolution Electron Microscopy (HREM) of Si and GaAs
microelectronic devices has matured ‘into a valuable tool
routinely used in the Siemens Research Labs. Applications
of EREM to the characterization of §i-Si0z, Si-a-S5i, and
III-V hetercepitaxial interfaces will be presented.

The interpretation of HREM-images is often difficult; not
only because of "optical" artifacts but also because the.
conceptual framework of defects in interfaces and their
appearance on HREM-images is not too well understood.
HREM-images of Si-silicide interfaces will be used to
clarify some polnts in gquestion.
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High Resclution Qbservation

of Fine Structure in Compecund Semiconducteors
Using TEM, SEM, p~RHEED and STM

Masahikc OGIRIMA
.Central Research Laboratory, Hitachi, Ltd.,
Kokubunji, Tokyeo, 185 Japan

Recently, compound semiconductor devices have composed @f very
fine structures due to the progress of thin film formation and .
microfabrication techniques. The characteristic of the device is
considerably influenced by the compositional abruptness in the
heterointerface, the shape of multilayer structure, the crystal
perfection, and so on. Thus, it is necessary to analyzé these fine
structures on the atomic order. Usual evaluation methods,  however, .
can not satisfactorily meet to such a requirement.. .

In this review, new analytical methods developed in our
laboratory using TEM, SEM, n-RHEED and STM are described. These
methods are able to succesfully evaluate fine structures such as the
cross-seclional structure of hultilayex,‘the compositional
distribution in the superstructure and the atomic arrangements in
the surface and interface.

A cross-sectional TEM observation of multilayer yields much
information;.- because:the entire structure.in the growth direction
can be viewed simultaneously in an image. This methgod is also;
helpful to determine the atomic arrangements in.the heterointerfaces
by the lattice image. However, it is difficult to know the change of
composition quantitatively from the TEM image.

_ Kakibayashi et al. have proposed a new method for evaluating
the Al compositicn in a GaAssAl,Gap-xAs superstructure from a TEM

image. !’

They call this method CAT (Composition Anélysis by Thickness
~-fringe) for short. In this method, a wedge-shaped specimen forﬁed

by cleavage is used. Typical CAT images of superstructures with
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different cbmpositional abruptness in the heterointerface are shown

in Fig.1. A composition analysis can be madg by observing the fringe
shifts along the growth direction. The special advantage of this
method is a high spacial resolution of better than 0.5 nm. The
abru?tness at the heterointenfacé and‘the compositional distribution
in the thin Jlayer could be succesfully evaluated from the TEM image.
The CAT method was applied to evalﬁate:the growing conditions in a
newly developed MOCVD réactqr. Fig.2(a) and (b) shaow CAT images of
Alg, 3Gag, 7As/GaAs superstructures, which-are 'made with two .
different rotation speeds of the substrate-holder.’ A periodic’™ - !°
fluctugtion of the equal thickness fringe is clearly-observed in-the
Aloi3daa,7As layers. Hence, it can be seen that the Al composition

x oscillates sinusoidally in the growth direction as a result of
inhomogeneous Al concentration in the reactor. However, the straight
fringe in Fig.2(c) proves that a uniform Alu_géao_7As layer is
successfully grown in the improved reactor. The CAT method is very’
useful for high resclution obsérvations of fine compositibnar
f£luctuations. ' ' '

A:field emission SEM(FE-SEM) is a powerful method to observe
the surface topography with high resolutiqn. Kuroda et al.  have
developed a so called “"in-lens* FE-SEM and shown to be able to
directly observe the atomic layer stép in the height of 0.45% nm ¢n
the -surface of W single crystal:?’ The FE-SEM alsc gives full play
to:it’s ability in an observation at low accelerating voltage. Fig.3
shows the cross-sectional ‘image of WSix on pbly—Si/SiOé/Si base
whicliiis’ directly observed without any metal coating at TkV. The:
crystal- size and fine structures of grain boundaries can be.
evaluated with 3-dimension in détail. The lower voltage observation
will be get more important to eliminate the electron Irradiation
damage to the specimep and to decrease the charge-up phendmencn to
the non-conductive materials.

A microprobé RHEED(ﬁ—RHEED) is especially useful for studying

cryétal growths on substrates with atomic layer depth resolution by
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performing in situ observations. This has been applied to analyze
MBE growth mechanism when RHEED intensity oscillations occur. 3’
Topography changes of Si surface during Si MBE are shown in Fig. 4.
The surface topography changes repeatedly with the period of RHEED
intensity oscillation and the shape of atomié steps does not change
during the growth. This provides first evidence that RHEED intensity
oscillations occﬁr as a result of layer—by—layer two—demensicnal
nucleatlon growth This method should be combined w1th STM to
observe the pr301se surface structure s;multanlously.

A STM is one of the most effective methods for evaluating a
topography and atomic arrangements on surface in atomic scale, 4?
Fig.§ snbws.the almost completed 7X7 structure on Si(l11) clean
surface. The speciél advantages of this method are to be able to-
observe surface atoms in the real space and to detect the atomic
position in the depth diréction from the contrast of thé atomic
image. Moreover, the elemental and bonding state analysis dan be
made from the contrast.®’ In this methocd, the in situ observaticn
will be get more 1mpcrtant thechnique. _ ‘

Each methods have some characteristics as shown in Table 1.
These characteristics can be applied to the evaluatlon of vérlous
subjects in compound semiconductors. Thus, compound semiconductors
should be characterized multilaterally by applying their

performances.
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Electron spin resonance observation of defects in device oxides

T. Sugano _
Department of Electronic Engineering, University of Tokvo.
7-3~1 Hongo, Bunkyo-ku, Tokvyo, Japan
'Electron :5p1ﬁi résondnce (ESR) "experiments have previously
ldentified two paramagnetic defects designated the E' and Py
which have subsequently been correlated with positive charge 1in
‘the oxide and interface states respectively in thin S$10,/Si. The
ekperlments- Presehted here observe these two defects and a third
defect not prevlousiy repaorted In device oxides on silicomn. In
‘these experiments this defect, generally called the 74-G doublet
when found in high-purity "wet" quartz, is found in quantities
approxomately equal to the E* and. Like“the E', 15 distributed
uniformly 'throughbut the okiae. This result Is ‘substantially
different than that obsérved in bulk quartz where previous
reports generally see doublet quantities that are a few percent
of thg E'. The 74-G doublet has a g factor similar to the E' dnd
thus presumably has a related .electronic structure. However,
unlike the E', 1t ls hyperfine spiit by the presence of a nearby
proton. It thus becomes the first major defect identified in 5102-
on sllicon at room temperaturée to Involve hYdrogén and thus the
central 'issué'sufrounding the observation that hydrogen"reiéase
at the 510,/5i interface is correlated with Interface-sta@é
generation. L
Following the original ESR report of the Pb and E' near the
Sl/SiO2 Interface by Nlshl, first the Pb center and then the

E'center have been intensively studied. First, Poindexter,
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-~ Caplan, and co-workers identified ‘the Py as-a silicon atom with a

dangling bond located at the Sl/SiO2 interface. After major
contributions by a number of workers established the amphoteric
nature of the P, and identified ft as the majority of the
interface states, the emphasis has started.to shift to include
the E°. One reason for the interest i{n the E' 1s the search for
the mechanism or mechanisms wﬁich produce Interface states
coupled with the recent ESR and capacitance-voltége (c-v}
identification of the E’ with a major part of the radiation-
induced positive charge in the oxide, In particular, Winokur et
al., and Hu 'and ~Johnson have argued that the formation of
radiation-induced interface states is-related to holes generated
in  the oxide and subsquently trapped near. the interface.
Griscom, making extensive use of the data on radiation damage
effects in bulk 510,., has concluded that the experimental results
on thin 5i0, dre conslstent with the production and subsequent
diffuston of radiolytic moleculaf hydrogen as> the source of
interface-state buildup. Although Hu and Johnson and Chang, Wu,
and Lyon used only C-V to characterize their éamples. these expe-
riments are noteworthy bécausg of the (1)introduction of vacuum
soft x ray (VXR) as an efficient means of Prodgcing hoies in the
oxide without simultaneous drift to one of the interfaces and
(2)demonstration thét hole preduction 15 the firsi and reversible
step In a multiple-step process leading ultimately to interface
state formation. _

_ Our presented here are not directly comparable to fhose of
most _dev;cé‘ oxide radiation damage ESR expertments_-whiéh “have

generally attempted to maximize Pb production by applying blas
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during irradiation. However, it is possible that the observation
of the doublet in the present experiments is due to either (1)
Improved signal to noise or (2) exceeding @ damage threshold
below which 74-G doublet production is not observed.
Experimental and thecretical evidences combine to support the E°
as positively charged and a major contributor of holes in
radlation damaged oxide. The charge on the 74-G doublet is not
known,

A significant body of evidence exists which suggests that
the movement to the interface of some form of hydrogen is
correlated with the buildup of interface states; Raidation
~damage 1is also correlated with the subsequent bulldup of
interface states. The observation of the 74-G doublet as both a
major defect involving hydrogen and produced by radiation would
seem to make this defect a potential Iintermediate for the
formation of interface states. |

Our experiments above suggest the 74-G doublet is a key
Intermediate in hydrogen assisted positive charge annealing of
SiO2 and must also be a good candidate for such a role in all
Processes correlated with the presence of‘ hudrogen, namely,
Interface state formation and Interface state annealing.
Griscom, using an extensive set of published literature, has
recently concluded that the buildup of . interface states in
5102/51 fs correlated with the diffusfan of radiclytic melecular
- hydrogen and Propose& a model based on this cohclusion. In one
reaction path of this model, E' somehow reacts with molecular

hydrogen to release monatomic hydreogen -which then reacts with Si-



H bonds at the interface to form interface.states. But this 1is

not quite correct or complete because the reaction of molecular
hydrogen and E' forms 74-G doublet. However, making the single
substitution of the doublet for monatomic hydrogen or a rresursor
of monatomic hydrogen in Griscou's argument, results in the same
interface state formation mechanism but now ‘Qith a 'very easily
identified = state immediately Preceeding ‘interface state

formation.
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The Physics of Gettering in Semiconductaors
‘ . Klaus Graff
TSLEFUNKEN electronic, Heilbronn

The purpose of gettering is to prevent impuritieg from precipitating
in electrically acdtive regions cof semicondyctor devices and thus
avold enhanced leakage current and soft reverse current voltage-cha-
racteristics. The basls for handling gettering mechanisms is the un-
derstanding of the behavior of the respective impuritiés during tech-
nological processes. Although gettering has been applied for long ti- -
més more systezatic investigations started only recently. The first
results will be reviewed ig. this paper.'_

Impurities which form precipitates especially in silicon crystals be-
long almost all to the group of transition metals. The most harmful .
‘metals are Fe; -Cu, Ni, and Au., With the aid of selubility and. diffu-~ .
sivity data the behavior of these metals during heat treatment of the
erystal ‘is discussed in order to explain their precipitation at. the
surfaces ‘and in 'the volume of gilicon wafers..An important rele plays
the nucleation 'of .the impufities which depends on the crystal orienta-
tion -and on the structure of the respective precipltate. First results
of detatled TEM investigations on Gu-, Ni«, Co-, and Pd- precipitates
in silicon will be presented. So.far only crystalline silicides have
been detected which fit more or less the silicon host lattice. These
results agree well with recent haze investigations.

Besides the well-established methods to control the getter effectivity
two new methods have been propased recently: The palladium-~test and

the iron-test. These techniques based on haze investigation (Fd-test)
and DLTS measurements (Fe-test) are briefly reported. As a first result
it was fouad that iron (and in addition all lighter 3d trarnsition me-
tals) @recipitates only via an heterogenecus nucleation process whereas
Co, Ni, and Cu precipitate also via an homogeneocus nucleation mecha- -
nism. Ni and Cu; however, prefer an heterogeneous nucleation and there-
fore they can be gettered in the same way as Fe impurities.

The. basis of gettering is the intentional.formation of nucleatzon sites.
This ¢an be performed by internal {intrimsic) or external gettering or
by the generation of lattice defects due to a mechanical distortion of
the wafer backside. Freguently unintentionally formed stacking faults
act as the real nucleation sites. In order to obtain effective gettering
several conditions must be accomplished which will be discussed in the
paper. . .

Besides the lntentionally formed getter centers there may be additienal
unintentional nucleation sites in the semiconductor material. Iampuri-
ties which precipitate via an homogeneous nucleation process e.g. can
act as nucleation sites for other metals. But even in pure starting
material there are so far unknown defects which act as nucleation cen-
ters especially in the edge region of FZ silicon wafers and thus affect
the homogeneity of wafers after processing.

With the aid of detailed knOWledge about the behavior of transition me-
tals in semiconductors and the new investigation methods it .should be
passible to imrrove traditional gettering methods and adjust the needed
gettering efficiency to the respective impurity content in order to get
best results wnich are required for YLSI avplication. Experimental data
for the properties o¢f transition metals in semiconductor c¢rystals are
available sc far only for silicon. It is even stlll not known which im-
purities are important in GaAs and other III-V ccmnuundq. Since almost
all IIT-Y compound semicenducters exhibit more or less high densities
of dislocations an effective gettering is not yet possible because the
dislocations coopete with intentionally generated nucleation sites.
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Concept and Basie nghnaiégies :br'STD IC Structures

Yolehl Akasaka
LSI . Research ,and Development Laboratory, MNitsubishi Electric
‘Corp. . .4- l_Higuhara, Itami 654 Japan L

NLSI v111 ‘be reach;ns te. the 1imit of minimizatloen in 1990 5
and. after . that. the further incraasa of" packing . denslty
or functiens might. depend on the vertlcal 1ntegratiun technology.

J-D integration ls axpected to provlde sevaral advantages.
{1) Parallel processing (2) High speed operation v
(3) * Kigh packing density (4) - Multi-functiomal operatiecn . . i
High speed ‘performance of 3-D IC-1s associated "with ashorter
interconnection dalay time, parallel processing and decrease of

parasitic capacitance due to S0I structuras, -Capablillty of multi-
function 'Is oné of the special faatures of 3-D IC., Each layer or
a - sat of several layers canm have thelr avn functional
" performance. 4lso in device level, 'different parformances, K0S

and bipelar, and diffarent characteristlcs caused by different
process technologies can be nssigned to each desired active
layer. It will be possible to make use of these advantages for
system design,

Basic techneloglies of '3-0 IC ara to !abr;catu S50I layers and'
to stack them monolithically. Crystallinity of the recrystallized
layer in S0l has bacome better and better as shown in electron
mobility iwprevement in Fig, I. VYery recently, crystal axis-,
controlled, defect-free single crystal area has bsen obtained in
chip size level by laser recrystallization technology.(Fig. 2)

. Some basic functional models showing the.concept or image of
a future 3-D IC vere fabrlcated in 2 te 3 stacked active layers.

Figure 3 shovs a SEY¥ cross-gectional photograph end a
.schamatic drawing of 3-level 3-0 IC fabricated by wusing lasser
recrystallization of poly-Si. Each layer has its own
interconnectien and can be operated independently. Each active
layer is electrically connected vertically through via holes, and
signals can be transferred betveen the layers.

" Figure 4 'shows' a 256 blt statle RAM fabricated in double
active layers. Mewory cells of 6 E/E type NKOS transistors were
fabricated " in the lst layer, ‘and a peripharal circuit such as
sense amplifiers, -I/0 circults and decorders in the 2Znd layer.

Several types. of iuage ‘sensing . devices integrated with
primitive signal oprecessing circuit ia 3-D structure vere also
demonstrated, (Fig.5,6,7) 4 10 bit linesr image sensor cumposed of
serial time driving of 10 elemental pair of photosenser and
signal processing circuit vith, shift . registers{Flg. 5) shoved the
signal output in serial tlulng(Flg. 6) with corresponding to the

"spatial illuminative photosignal.to the linear sensor,

Some other proposals of sub-systems in the applicatlion of 3-D
strusture, and the technical issues for realizing practical 3-D
I1¢,i.e.,, the technology for fabricating high quality SO0I crystal
an compl;cated surface topology, craoasstalk of the slgnals betveen
the stacked layers, total povetr consumption and cooling of the
ehip, will be discussed in this paper. '
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Table | Feature and performanca
of a 256 bit static RANM
fabrlecated in stacked structuras,

Qrganization cv 256 X ) bit full static RAM
Technology 3~D atructuvta. .
boctom layer NHCS
top layer CHOS
Chip size 2.6 X 1.9 =™ v
call size $0x 70 we?
Supply voltage 4 - 8 Vol

At supply voltage of 5 Valt ) )
Address access time 120 npsec
Active power dissipation 100 =W
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Fig.4 Chip photograph and a
block diagram of stacked 25B6 bit
static RAX fabricated in double

active layers, Feature and

performance of the RAM is shown
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Fig.6

inage sensor corresponding

pattern.

1st layer
: :'Zhd layer
3rd layer

Fig. 7 A small-scale test device of one chip
" real time image processor fabricgted in 3-°
layer 3-D IC. ‘
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Resist Technology for Submicron Lithography
Gérhard Buhr

Hoechst AG Werk Kalle
6200 Wiesbaden-Biebrich, Federal Republic of Germany

Progress in semiconductor manufacturing is normally exemplified by
the shrink of critical dimensions in memory devices. The 1 Mbit DRAM
with linewidths of about 1 ym is a reality today. The next genera-
‘tion, the 4 Mbit DRAM, requires 0.7 - 0.8 uym design rules.

Resist technology has to follow these requirements and cffers a
series of options to support the tendency to smaller geometries
and better linewidth control. Dyed resists have been designed to
reduce linewidth variationsg of resist lines over highly reflective
topography. It can be demonstrated experimentally that light
scattering is the dominant cause of severe distortions.

The image reversal technigue is another means of increasing
resclution by centrolling the wall angle 6f the patterned resist.
Application results of a unique new image reversal resist will be
shown. ’

With the use of higher-numerical-aperture lenses topography on the
-wafér increases the depth-of-focus problem in optical lithegraphy,
so that multilayer processing may become obligatory. High
resolution can be achieved with a newly developed three-layer
resist system. . |

X-ray lithography undertakes high efforts to become a competitor
‘of optical lithography. A three-component X-ray resist, using the
principle of chemical amplification, is under development .
Mechanistic aspects of the system will be addressed.
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8 L4 AMBFEREMR 7+ FAH-TrISTA

SCHEDULE
OF THE
4TH GERMANY-JAPAN FORUM

ON_INFORMATION TECHNOLOGY

I. Plenary Session

TUESDAY, OCTOBER 27TH 1987:

13.30 - 16.30, Sightseeing Tour Stuttgart by bus

13.30 Departure from Holiday Inn
13.45 Departure from hotel Schatten
15.4¢0 Transfer from Holiday Inn to Meeting

of all German' participants by bus

16.00 - 17.00 Meeting of all German participants
(Hotel Schatten)

16.50 Transfer from Heliday Inn to reception by bus
17.15 Transfer from hotel Schatten and Meeting to
reception by bus

18.00 - Reception by the Prime Minister of
Baden-Wirttemberg, Dr. Spath
(Neues Schlofl, Marmorsaal)

approx. 19.40 Buses returning teo hLotels

20.30 - 21.30 Meeting cf the Chairmen (Hotel Schatten)
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WEDNESDAY, OCTOBER 28TH 1987:

8.35
8.50

9.40
9.50

10.00
10.10

10.20

10.45

11.30

12.15

14.15

17.35 .

18.35
18.45

19.30

approx. 22.00.

9.50
10.00

10.10

10.20

10.45

11.30

12.15

14.15

17.30

Transfer from Holiday Inn to MPI by bus
Transfer from hotel Schatten to MPI by bus

(1} Welcome Speech
Lord Mayor Rommel

(2) Opening Speeches .
H. E. Miyazawa, Ambassador of Japan
Dr.zZiller, Secreétary of State

(3) Opening Remarks ‘
Prof.Dr. Engl and Prof.Dr. Yanai
Mr. Thomas, BMFT and Mr. Atarashi, MITI

-—— Coffee break -—-

{4) Reports

Quantum Hall Effect

(Prof.Dr. von Klitzing)

Higher Temperature Superconductors
(Pref.Dr. Tanaka)

. ——-= Luncheon ---

Workshops
Return to hotels by buses

Transfer from Holiday Inn to reception by bus
Transfer from hotel ‘Schatten to reception by bus

Reception by the Mayor of Stuttgart,
Prof. Bruckmann (Rathaus-Casino in the town hall
of Stuﬁtgart)

Buses returning to hotels
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THURSDAY, OCTOBER 29TH 1987:

§.25
8.35

3.00 - 1;.36
12.30 - 14.15
12.35
14.00
14.15 - 17.30
17.35

18.25
18.40

19.30

approx. 23.00

Transfer from Holiday Inn to MPI by bus
Transfer from hotel Schatten to MPI by bus

Workshops
~«« Luncheocn ~--

Core Member Meeting (hotel SChatten):'
Departure for hotel Schatten by bus
Return from hotel Schatten by bus

Workshops

1

Return to hotels by buses

Transfer from hotel Schatten te Remstal by bus
Transfer from Holiday Inn te¢ Remstal by bus

Dinner in Endersbach (Rathauskeller),
given by the Japanese side (hosted by Prof. Yanai,
sponsored by Japanese companies)

_Buses returning to hotels
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FRIDAY,

8.25
8.35

9.00
9.25
9.50

10.15

10.40

14.15

15.00

OCTOBER 30TH 1987:

Transfer from Holiday Inn to MPI by bus
Transfer from hotel Schatten to MPI by bus

(1) Summary Reports from the Workshops
9.25 New Media
9.50 Computer
10.15 Semiconductors

10.30 (2) Closing Remarks
Prof.Dr.. Yanai
Prof.Dr. Engl
Mr. Atarashi, MITI
Mr. Thomas, BMFT

(3) Technical Visits

Departure of the buses for technical visits
Technical visits incl. luncheon

Return from technical visits to hotels

or MPI by buses

Check-out from hotels and departure or
Continuation to Munich

Munich:
19.30 Reception by the Bavarian Government,
represented by Dr. Stoiber, Minister of
State, for the participants of the é6th
German-Japanese Forum on Communication
Science and of the 4th Germany-Japan
Forum on Information Technology
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I1. New Media Workshop

WEDNESDAY, OCTOBER 28TH (AFTERNOQCN):

14.15 = 14.45

14.45

15.10

15.3%

16.00

16.40

17.05

*15.10

15.35

1l6.00

'16.40

17.05

17.30

Introduction by the chairmen
(Prof.Dr. Baack, HHI and- "
Prof.Dr. Qkoshi,'University of Tokyo)

ist topie: .HDTV-Displays-
(Co-chairmen: Prof.Dr. Mahler, HHI and
Mr. Sawabe, NHK)

Low and High Voltage Thin Film Transistors for
Adressing Flat Panel Displays

(Prof.Dr. Lidder, University of Stuttgart)

A Large Full-Color Flat Panel Display for HDTV
(Mr. Hirashima, NHK)

Materials for Color. TV Based o6n
Liquid Crystal Technology
(Dr. Felcht, Hoechst)

-=-~ Coffee break ---

Flat CRT Panels
(Mxr. Nonomura, Matsushita Electric)-

Solid State Light Valves:
(Dr. Gerhard-Multhaupt, HHI)
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THURSDAY, OCTOBER 29TH (MORNING):

9.00 - S.50

9.50 - 10.15

10.15 - 10.40
10.40 - 11.10
11.10 - 11.30

11.30 - 11.55

11.55 - 12.05

12.05 - 12.30

Discussion on HDTV Flat Panels and
Projectors for Home Application

2nd topic: HDTV Transmission
(CO-chairmép; MR Steiner, BMP. and

Dr. Toda, NTT)

HDIV Transmission in Telecommunications
(Dr. Miki, NTT)

Review of Proposals for HDTV Transmission
(Dr.. Stenger, Research Institute of DEP)

Discussign on HDTV Transmission
~—=— Coffee break ===
3rd topie: EDTV Studio Equipment

(Co-chairmen: Dr. Wilkens, IRT and
Prof.Dr. Tsujii, Tokye Institute of Technology)

- Progress in HDTV Recording Technologies .

{Mr. Hashimoto, Sony)
Remarks on State of the Art in
HDTV Recerding Technologies

{Dr. Hausdérfe;, BTS)

Discussion on HDTV Recording Technologies
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THURSDAY, OCTOBER 29TH (AFTERNOON) :

14.15 ~ 14.40 Pickup Tube or Solid State Imager - Alternatives
for HDTV Image Signal Generation
(Or. Hausdérfer, BTS)
14.40 - 15.05 Progress in HDTV Camera Equipment
(Mr. Hori, Ikegamji. Tsushinki)
15.05 = 15.35 Discussion on HDTV Camera Technologies
15.35 - 15.5%5 -=-= Coffee break =--
4th topic: Three-Dimensional Telavision
{Co-chairmen: Dr. Wilkens, IRT and
Prof.Dr. Tsujii, Tokyo Insitute of Technology)
15.85 - 16.20 Autostereoscopic Three-Dimensional Television
Experiment Using Lenticular Sheets and a
High-Resolution Braun Tube
(Prof.Dr. Hamasaki, University of Tokyo)
16.20 ~ 16.45 3DTV without Glasses
{Mr.' Bérner, HHI)
16.45 - 17.10 Discussien on Three-Dimensional Television

17.10 - 17.30 Concluding Remarks by the chairmen
(Prof.Dr. Okoshi, University of Tokyo and
Prof.Dr. Baack, HHI)
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IIY. Ccmputer Workshop

WEDNESDAY, OCTOBER 28TH (AFTERNOON):

14.15 -

14.45 -

15.30 -

15.45 -

16.30 -

17.00 -

14.45

15.30

15.45

16.30

17.00

17.30

1st topic: Fault-Tolerant Systems

Data Base Architecture
(Prof.Dr. Leilich, University of Braunschweig)

Research Activities on Fault-Tolerant Systems
in Japan
(Prof.Dr. Tohma, Tokyo Institute of Technology)

=== Coffee break ---

Realization of Fault-Tolerance
~Autonomous Decentralized System-

.(Dr. Ihara, Hitachi)

Fault-Tolerance by Synchronisation of Real-Time
Task Systems on Multiprocessor Duplex Computers
(Dr. Meyerhoff, Krupp Atlas Elektronik)

DELTA~4: The Eurapean Research Project for an
Open, Fault-Tolerant Multicomputer Architecture
(Dr. Behr, GMD)

THURSDAY, OCTOBER 29TH (MORNING): -

9.00 -

9.45

2nd topiec: Software Engineering Methodology

-Rapid Innovation in Industrial Automation,

a Challenge for Software Engineering
(Mr. Howein, Siemens)
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10.30

11.00

11.45

10.30

11.00

11.45

12.30

Research and Development Trends on Automating
the Software Production in Japan
{Dr. Hanata, NTT)

=== Coffee break =---

- An Overview of Software Engineering

Architecture/One (SEA/I).
(Mr. Matsumoto, NEQC)

Framework Approach to Integrated Tool Sets for
Scftware Engineering

(Prof.Dr. Steusloff, FhG)

THURSDAY, OCTOBER 29TH (AFTERNCON):

14.15

14.45

15.15

16.00

16.15

17.00

14.45

15.15

16.00

16.15

17.00

17.30

3rd topic: Boftware Engineering Environments

The Evolution in Structured ‘Methodologies
Achievements in Methods and Tools

(Df. Hruschka, GEI)

patabase Support. for Software Engineering
Environments

(Dr. Dittrich, FZI)

SIGMA (Software Industrialized Generator and
Maintenance Aids) System and Workstations

“(Mr. Akima, IPA)

-=-= Coffee break =--

overview of Sigma Multi-Media Window System
{Sigma MMW)
(Mr. Akima, IPA)

The Joint Venture Project
"EUREKA Software Factory"
{Mr. Abbenhardt, Softlab)
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IV. Semiconductor Workshop

WEDNESDAY, OCTOBER 28TH (AFTERNCON):

- 14.15

-15.00

15.45

16.00

16.45

15.00

15.45

-16.00

16.45

17.30

Opening by the chairmen

- Two—-Dimensional Electron Systems

in Compound Semiconductors
(Prof.Dr. Pilkuhn, University of Stuttgart)

Al GaAs/GaAs Quantum Well Laser for
QEIC Application
{(Dr. Sakurai, Fujitsu)

—-—= Coffee break =--

Characterization of Semiconductor Crystals
Using Synchroton Radiation
{Dr. Matsui, NEC)

High Resolution Optical Analysis
of Defects in Semiconductors
(Dr. Weber, MPTI) -

THURSDAY, OCTOBER 29TH (MORNING):

8.00 -

'9.45"

9.45 - 10.30

10.30 - 11.00

-Analysis of Oxygen in Silicon

(Dr. Wagner, Wacker-Heliotronic)

Wafer Design for Silicon Devices
(Dr. Takasu, Toshiba Ceramics)

=== Coffee break ---
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11.00 - 11.45 High Resclution Electron Microscopy of

Microelectronics Devices
{(Dr. F6l1l and Dr. Oppolzer, Siemens)

11.45 - 12.30 High Resoclution Observation of Fine Structure in
Compound Semiconducters Using TEM, SEM, 4 ~RHEED
and STM
(Dr. Ogirima, Hitachi)

THURSDAY, OCTOBER 29TE (AFTERNOON):

15.00 Electron Spin Resonance Observation of Defects in

14.15 =
Device Oxides
(Pref.Dr. Sugane, University of Tokyo)
15.00 - 15.45 The Physics of Gettering in Semiconductors
(Dr. Graff, TEG)
15.45 - 16.00 ——- Coffee break ---
16.00 - 16.45 Concept and Basic Technologies for
3-D IC Structures
{Dr. Akasaka, Mitsubishi)
16.45 - 17.3¢0 Resist Technology for Submicron Lithography

{Dr. Buhr, Hoechst-Kalle)
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List of Participants of the 4th Germany-Japan Fordm Information Technology

1. Helmut Abbenhardt’
Softlab
Miinchen

2. Prof. Dr. Hideo Aiso
Keio University
Yokohama

3. Dr. Yoichi Akasaka
Mitsubishi Electric Corporat1on
‘Itamt . .

4, Noboru Akima ) _ .
~ ' Information-technology Promotion Agency
Tokyo i

5. Kinju Atarash1
Ministry of Internat1ona] Trade ‘and Industry
Tokyo

6. Prof. Dr. Clemens Baack
Heinrich-Hertz-Institut
Beriin

7. Dr. Peter M. Behr
GMD-FIRST
Berlin

8. Dr. Eckart Bierdimpel
Gesellschaft fir Mathematik und Datenverarbeitung mbH
Sankt Augustin 1

9. Reinhard Bérner
Heinrich-Hertz-Institut
Berlin

10. Dr. W.-P. Buchwald
Universitdt Braunschweig
Braunschweig

11. Dr. Gerhard Buhr
Hoechst-Kalle
Wieshaden

12. E. Delcourt
Ikegami Electronics Europe GmbH
Neuss

13, Dr. Klaus Dittrich

Fachzentrum Informatik
Karlsruhe
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. Dr. Wolf-Dieter Dudenhausen

Bundesministerium flr Forschung und Technologie
Bonn 2

Prof. Dr. Walter Engl

RWTH Aachen
Aachen

. Dr. Rolf Evers

Heinrich-Hertz=-Institut
Berlin

. Dr. Utz H. Felcht

Hoechst AG
Frankfurt/Main

. br. Helmut F&11

19.

20.

21.

22;

23.

24.

25.

26.

Siemens AG
Miinchen 83

Dr. Raimund Gerhard-Multhaupt
Heinrich-Hertz-Institut
Berlin

Prof. Dr. Gerhard Goos _
Gesellschaft fiir Mathematik und Datenverarbeitung mbH
Sankt Augustin 1

Dr. Klaus Graff
Telefunken Electronic
Heilbronn

Prof. Dr. Joji Hamasaki
University of Tokyo
Tokyo

Or. Shuetsu Hanata
Nippon Telegraph and Telephone Corp,
Yokosuka

Christine Harms
conference consulting Harms
Sankt Augustin

Johann Haserer
Siemens AG
Miinchen 83

Yoshitaka Hashimoto
Sony Corporation

Kanagawa

21.

Wolfgang Hass '
Bundesministerium fiir Hirtschaft
Bonn 1
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28.

29.
30.
3l.
32.
33.
34.
35.
36.
37.
58.
39.
40,

41.

Dr. Michael Hausddrfer
Broadcast Television Systems’ Gth
Darmstadt

Dr. B. J. Heimann
Heimann GmbH
Wiesbaden

Dr. Woifgang Hetzer
Bundesministerium fir Forschung und Technologie
Bonn 2 .

Prof. Dr. Anton Heuberger
Fraunhofer Gesellschaft
Freiburg

Teruc Hirashima
Japan Broadcasting Corp.
Tokyo

Ichiro Hori
Ikegami Tsushinki Co., Ltd.
Tokyo

Wolfram Howein
Siemens AG '
Erlangen 1

Dr. Peter Hruschka
Gesellschaft fir Elektrenische Informat1onsverarbe1tung mbH
Aachen

Dr. Hirokazu Ihara
Hitachi Ltd.
Yokohama

Dr. wernef Interthal
Hoechst AG
Frankfurt/Main

Prof. Dr. Wolfgang A. Kaiser
Universitdt Stuttgart -
Stuttgart

Toshio Kaneko S
Japan Information Processing Development Center
Tokyo .

Dr. Hiroshi Kashiwagi
Electrotechnical Laboratory
Iharaki

K. Kawakyu

Sony-Wega Produkt1ons GmbH
Fellbach
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42. W. Klemmer _ _
Broadcast Television Systems GmbH
Darmstadt

43. Prof. Dr. Klaus von Klitzing .
Max-Planck-Institut
Stuttgart

44, Sumihisa Kotani
Hitachi Europe GmbH
Aachen

45. Tatsuji Koyashiki
Ministry of Internaticnal Trade and Industry
Tokyo

46. Mitsuo Kurashina
Matsushita European Technology Center
unbekannt

47. Dr. Reiner Kurr
Sony-Wega Produktions GmbH
Fellbach

48. Prof. Dr. Hans-Otto Lejlich
Universitdt Braunschweig
Braunschweig

49. Prof. Dr. Ernst Liider
Universitdt Stuttgart
Stuttgart

50. Dr. Wolf-Dieter Lukas :
Bundesministerium fiir Forschung und Technologie
Bonn 2

51. Prof. Dr. G. Mahler
Heinrich-Hertz~Institut
Bertlin

52. Dr. Norbert Marschall
AEG AG
- Frankfurt/Main 71

53. Dr. Junji Matsui
NEC Corporation
Kawasaki

54, Masao Matsumoto
NEC Corporation
Tokyo

55. Br. Herwig Meyerhoff

Krupp Atlas Elektronik GmbH
Bremen
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57.

58.

89.

60.

61:

62.

63.

64.

65.

66.

67.

68.

69.

Dr, Tetsuya Miki
Nippon Telegraph and Telephone Corp.
Yokosuka

Dr. Gilnther M&ller
Verband Deutscher Maschinen- und Anlagenbauer
Frankfurt/Main

Reinhardt M&1ler
Verein Deutscher Ingenieure Technisches Zentrum
Berlin

Michihito Motoki
Ikegami Electronics Europe GmbH
Neuss

Dr. G&tz Niederau
Bundesministerium fdr Forschung und Technologie
Bonn 2

Kinzo Nonomura
Matsushita Electric Co., Ltd.
Osaka

Dr. Masahiko Ogirima
Hitachi Ltd.
Yokohama

Prof. Dr. Yutaka Ohno
Kyoto University
Kyoto

Prof. Dr. Takanori Ckoshi
niversity of Tokyo
Tokyo

Dr. Helmut Oppolzer
Siemens AG
Miinchen 83

Prof. Dr. Martin Pilkuhn
Universitdt Stuttgart
Stuttgart

Prof. Dr. Hans Joachim Queisser
Max-Planck-Institut
Stuttgart

Dr. Eckart Raubold

Gesellschaft fiir Mathematik und Datenverarbeitung mbH

Darmstadt
Prof. Dr. Hans S. Rupprecht

Fraunhofer Gesellschaft
Freiburg
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70.

71.

72:

73.

74,

75.

76.

77.

78.

79.

Dr. Teruo Sakurai
Fujitsu Lab. Ltd.
Kanagawa

Dr. Jbrg Sander

Bundesministerium fiir Forschung und Technologte

Bonn 2

Eiichi Sawabe
Japan Broadcasting Corp.
Tokyo

Prof. Dr. H. Schinfelder
Universitdt Braunschweig
Braunschweig

Dr. Bernd Schinwald
Fried.=-Krupp GmbH
Essen

Dr. Seegebrecht
Fraunhofer Gesellschaft Miinchen
Minchen

W. Stechel
Auswirtiges Amt
Bonn

Volker Steiner

Bundesministerium fir das Post- und Fernmeldewesen ‘

Bonn

Dr. Ludwig Stenger
Fernmeldetechnische Zentrale
Darmstadt

Prof. Dr. Hartwig U. Steusloff

- Fraunhofer Gesellschaft Karlsruhe

80.

8l.

82.

83.

Karisruhe

Prof, Dr. Takuo Sugano
University of Tokyo
Tokyo

Prof. Dr. Norbert Szyperski
Mannesmann Kienzle GmbH
¥S-V¥illingen

Dr. Shin'Ichiro Takasu
Toshiba Ceramics Co., Ltd.
Kanagawa

Prof. Dr. Hidehiko Tanaka

University of Tokyo
Tokyo
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a4.

85.

86.

87.

89,

90.

o1.

92.

93.

94.

95.

96.

97.

Prof. Dr. Shaji Tanaka
University of Tokyo
Tokyo

we Thomas
Bundesministerium fir Forschung und Technologie
Bonn 2

Dr. Michael Timm
Gesellschaft fiir Mathematik und Datenverarbe1tung mbH
Sankt Augustin 1

Dr. Iwao Toda

Nippon Telegraph and Telephone Corp.
Yokosuka

Prof. Dr. Yoshihiro Tohma

Tokyo Institute of Technology

Tokyo

Dr. G. Troller
Heinrich-Hertz-Institut

Berlin

Prof. Dr. Shigeo Tsujii

Tokyo Institute of Technology
Tokyo

Shuichi Tsunoda
Japan External Trade Organization
Diisseldorf

Dr. Peter Wagner
Heliotronic GmbH
Burghausen

Or. Jorg Weber
Max-Planck-Institut
Stuttgart

Dr. Wolfgang Weidemann
Daimler-Benz AG
Stuttgart 60

Dr. D. Westerkamp
Deutsche Thomson-Brandt GmbH
Hannover

Dr. H. Wilkens _
Institut fiir Rundfunktechnik GmbH
Miinchen

Yuji Yamadori

Japan Information Processrng Development Center
Tekyo
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*_________—__f__'"""""""""""""""""""""'-""""""""""'ff"w

98: Prof. Dr. Hisayosi Yanai
Shibaura Institute of Technology
Tokyo

99. E. Yokoyama
Sony-Wega Produktions GmbH
Fellbach

100. Taizo Yokoyama

Japan Information Processing Development Center
Tokyo
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Technical Visits

Tour 1:

Tour 2:

Tour 3:

Tour 4:

Research and Development in Biisnan

Standard Elektrik Lorenz AG (SEL}

Daimler-Benz AG

Robert Bosch GmbH
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Tour 1:

Agenda:

10.45h

1130 h

1140 h

122¢h

12300

13.00 h

13.10h

1400 h

Research and Development in Bisnau

Meeting at MP1I - foyer
Gutded tour

o liquid phase epitaxy

o molecular beam epitaxy
o photoluminescence

o time-resolved photoluminescence
Trausfer to Institute of Microelectronic

Guided, tour

o Pilot line for integrated circuits
Transfer to Technology Centre
Lunch

Transfer to University of Stuttgart
(4. Physikalisches Institut}

Overview on basic research and technology activities
on III - ¥ semiconductors
o Electron-beam lithography

o [on implantation

o Reactive ion etching

Transfer back to MP1
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Tour 2:

Agenda:

1030 h

11.00 b

11.15h

1145h

in parallel:

1215h

1215h

13.00 h

1400 h

Standard Elektrik Lorenz AG (SEL), Stuttgart

Bus transfer from MPI to SEL -,
Welcome and Company presentation

Presentation on System 12

o Digital Switching System

o System Architecture
Hardware/Software Design
ISDN

o Outlook on the future

Vlsit to the product exhibition

with explanation by experts

¢ Switching and transmlission products

o Digital PARX and terminals

o Railway control system

o NAVAIDS
Visit to System 12 integration and test center

0 System 12 integration

o ISDN

Visit to labaratory of optical compenents

Lunch at the SEL casine

Bus transfer back to MP!
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Tour 3:

Agenda:

1045 h

1130 h

1145h

1210b

1315h

14.15h

DAIMLER-BENZ AG, Sindelfingen

Departure by bus from MPI

Arrival in the Customer Center
Greetings and information about the plant

Film "Mercedez-Benz in Sindelfingen”

Factory tour.
o Pressing plant
o Bodyshell-manufactore

o Final assembly
Lunch

Return 1o MPI
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Tour 4:

Agenda:

1030 h
1100 h

1130 h

230k
14.60 h

1430 h

Robert Bosch GmbH, Gerlingen

Pick-up at MPI

Introduction into research activities at Bosch

Visit of the research laboratory

o surface analysis

o Ta-Ni thin {ilm techoology

o modelling of fuel infection nozzles

o automatisation of visual inspection
in manufacturing

Lunch

Return to MPI

Arrival at MPI
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