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1. Hard Architecture for Ultimate VLSI
K. Hoh, M. Fujishima, X.-Y. Han, Y. O'guchi, and
M. Hirabayashi

Regarding VLSI as the multi-layered system with composite
materialsincludinginterconnectionandinterlayerdielectrics,
theapproachwithmaterials hardwareandsystemdescriptions
unified is of great importance. This year, spatial distribution
andtemporalchangesoftemperature wasmeasuredwiththe
IR thermometer for the CMOS ring oscillator we have fabri-
cated. Besides, the chip including light receiver circuit was de-
signed for the optical distribution of clocks and its operation at
600MHzwasexperimentallyobserved.

2. SOl MOSFET with Schottky-Contact Source/Drain
K Hoh, M. Fujishima, T. Fukuoka, K Matsuura, and N. Nakazawa

MOSFETSs on SOl utilizing Schottky contacts at their source
anddrainweredevelopedaimingtherealizationofultimately
shortchannellength. Tisilicidewasusedforsource/drain and
p-channel devices were fabricated with Ni gate while Cr gate
realized n-channel. This promises the fabrication of CMOS by
simplyselectinggatemetalsonthesamesubstrate withoutin-
troducingwvellstructure.

3. Integrated Chaos-Generating Circuits
K. Hoh, M. Fujishima, S. Kitazawa, T. Tsujita, Y. Aihara, and
A.lmamura

Amongthechaos-generatingcircuitsofcompactstructurewe
have developed, the operation of the CMOS chaos
multivibrator (CMV) was analyzed in detail and the equation
whichaccuratelyexplainedtheexperimental Lorenzplotwas
established. The characteristics of the random signal source
usingCMVwasexperimentallyexaminedandthecoupledop-
eration ofCMVs was also investigated. Besides, the chaos-gen-
eratingnature ofthepipelined AD converterwasstudied. The
relationship between the sustainability of chaotic output, the
shapeofthereturn-mapfunctionandtheconversionaccuracy
as an AD converter was clarified. Based upon this, the algo-
rithmofadjustmentofthepipelined ADconverterforthemaxi-
mumconversionaccuracywasdemonstratedwhichutilizedthe
sustainability of the chaotic output as monitor.




) 0N

000 B&E0000 00 B %%fﬁ
alaisis el ajulnlals six

oooooooooooooobDoOooOoooO0oooDoo
gobooboooooooOoooobooooooboOoooo
goooooooooobooooooobooooooboooo
goooooooooooooobooOoooooboOoooo
oobobooooooooooobooooooooo
goooooooooobooooooobooooooboooo
000000C0000000D00D00O0Band Runlength
BRLOODOOOOOOOOOOBRLOOOOOODOOO
gooooooboz2o000000000O0O0COOIDOO0OO
ooooooooooooooboOb0oOOnoey mCMOS
ooo0o00oooO0O0ooooOO0O0bomookHzOOOODO
gooooooooos3opwooooooooooono

oooooooocoooooooon
gbooobooooobooobooooboobo

goooooooooobooooooobooooooboooo
gooooooooooooooooboooooobooboooo
gobooboooooooOoooobooooooboOoooo
goooooooooobooooooobooooooboooo
gooooooooooooooooboooooobooboooo
gobooboooooooOoooobooooooboOoooo
goooooooooobooooooobooooooboooo
gooooooooooooooooboooooobooboooo
gooooooooboooboooOoooOoOooOoOoboooo
joodooooooooooooooooobooboooo
oooooooooooo

Jmooboboboobobooooobooboooboobon
gooooooooooooooobooo

gboooooooboooobooooboboooogon
goboooooobooooobooooboboooogon
goooooooobooooooOoocoOoOooOobobOoooo
goobooooobobooobooboboooobooboobo
gobobooooobooboooobobooooobooo
goooooooobooooooOoocoOoOooOobobOoooo
gbooboooooooooboo

4. Micro Human Sensor
M. Fujishima, K. Hoh, and Y. Kiniwa

Micro sensors for long-term recording of the human informa-
tion such as heart rate and body temperature are studied in or-
der to monitor human health. Low power as well as highcom-
pression are required for a long-term recorder using a small
battery and a semiconductor memory. Since rapid and large
change in the body information is more important than slow
andsmallonewehaveproposedanewalgorithm,namedBand
Runlength (BRL) coding, which extracts large change from
small fluctuations in the input signal. Neither multiplier nor
divider consuming much powver is necessary in BRL because
the number of data to calculate section average is restricted to
the povver of two. The fabricated chip for BRL coding using
0.6p m CMOS process consumes only 30p W at 400kHz clock

frequency.

5. Application of Single-Electron Devices and Circuits
M. Fujishima, K. Hoh, S. Amakawa, S. O'uchi, and Y. Hayashi

Adevicemodelofthesingle-electronmemorywasformulated
withtheimage-chargeeffecttakenintoaccount Theexactcal-
culationwasconductedincorporatingthedynamicalchange
of the tunnel barrier. This provided the correct description of
thefeaturesofhithertoproposedcircuits.Detailedanalysiswas
made regarding to the effects of channel- and tunneling resis-
tance on the read/write and retention times of the direct-tun-
nelingmemory.

6. Emulation of Quantum Computing by Using Integrated
Circuits
M. Fujishima, K. Hoh, S. O'uchi, and S. Amakawa

Quantumcomputingisanovelcomputationschemethatisex-
pectedtoexecutelargevolumecomputationsuchasfactoring
within a polynomial time by using the superposition of quan-
tumstatesandtheirinterference. Toseekthewaytorealizethis
byusingpresent-dayVLSlsanemulationenginewasproposed
whichexecutedsuperpositionofstatesandtheirunitarytrans-
formation by Fourier-transforming them into frequency do-
main.
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1. Studies on SOl MOSFETs and GTBT Power Devices
K. Asada, H. Ito, and Y. Murakami

Wehavedevelopedamethodonextractingdeviceparameters
of Fully-Depleted SOl MOSFETSs using sub-threshold slope
factorversusbackgatevoltagecharacteristics. Weexplained
thevalleyfeatureofthecharacteristicscurveespeciallyinFD-
SOl MOSFETS.

The extracted parameters by our method has a good agree-
mentwith TEMobservationresultsevenwhentherearefluc-
tuations of film thickness of SOI layer and buried oxide layer.
Wealsodiscussedtheaccuracyofthefittingresultswhichhave
verysmallfittingerrors.
GTBT(Grounded-Trench-MOSassistedBipolar-mode FET)
isa novelhigh-voltagepowerdevicewhichhasalowon-state
resistance and a high switching speed compared with other
devices.

GTBT is a current-driven type like BJT, and has a high cur-
rentgain.

We have found that the main effect comes from the complex
3D-geometryof GTBT cellbyanalysesandsimulations.How-
ever, the experimental results are still two times higher than
those from calculations. The rest major effect is supposed to
come from the anisotropicality of the carrier mobility or life-
time.

2. Interconnections and Power Supply Line Optimiza-
tion in VLSI
K. Asada, H. Ito, M. Aoyagi, T. Mido, H. Aoki, and Y.
Nakashima

We have been studying a test structure for direct extraction of
componentcapacitancematrixforthemuilti-layerinterconnec-
tions. With this new method, component capacitance can be
directlyobtainedfromthemeasurementdatawithoutanycal-
culationwhichmaycausethedegradationofsignificantdigits.
As a result, we are able to measure components capacitance
matrix with a precision of femto-farad order.

Moreover, we have evaluated the magnitude of inductive ef-
fects onpropagation delay inVLSI systemwith taking skin ef-
fect into account. As a result, we conclude that in such a high
frequencyoperationasskineffectappears,inductancewillbe-
comethedominantfactorofinterconnectioncharacteristicim-
pedancewnhileskineffectwillplayasecondaryrollindelaytime
characteristics.
Currentchangesinsimultaneousswitchingtransistorswillcause
voltage fluctuationnoise inpowver supply line, which may de-
stroy the logical informationormay increase the signal delay.
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We designed and fabricated the chip to measure the simulta-
neous switching noise on power supply line. We used voltage
comparatorcircuitandmeasured thevoltageofpowversupply
linecomparingwithareferencevoltage. Testofthechipshowvs
thatitcouldmeasurethevoltageofpowersupplylinewith 2ns
timeresolutionandless than20mV voltageresolution.

3. Circuit technigue with Path-Transistors
K. Asada, T. Yamashita, T. Masuda, and E.N. Song

WehavebeenstudyingonextendedCPL (Complementary
Pass-transistor Logic) for lowpowver and highspeed logic. The
advantageofCPL isknovwnasacircuitwithlowhardwarecost
and small input capacitance due to the fact that PMOS is elimi-
nated in the logic of the CPL.

Howvever, CPL circuit also has disadvantages, such as a slow
pull-up speed and a large power consumption at pull-up sta-
tus. In this study, a method for reducing the delay time is pro-
posed.

In CPL, we use transistors in series from Source to Drain. Howv-
ever, using long series transistors decreases the pull-up speed
at the outputs. Thus, in case of the conventional CPL with
CMOS inverters, number of the series transistors is limited by
about four for high speed operation.

Conventional CPL adder has CMOS inverters as sense ampli-
fiers at each stage. We have proposed a newv circuit of sense
amplifier forlow powver and high speed adder.

In this circuit, a sense amplifier is placed every several CPL
addersintheadderchaininordertoamplifysignals withsmall
swing,while it is placed in each adder in the conventional CPL
adder chain. This sense amplifier has twwo CMOS inverters
whoseinputsareconnectedtotheother'soutputs,andthevolt-
age of one node goes high when the another goes low.

4. Studies on Smart Image Sensors
K. Asada, T. Nezuka, M. Hoshino, and T. Fujita

We have been studying on image sensors with processing ele-
ments.

Images are processed at high frame-rate with pixel-parallel or
column-parallelprocessingimagesensors,whicharesocalled
"smart sensors".

We developed a kind of image sensor for motion vector detec-
tionwhichisrealizedbycomparingtheimageofpreviousframe
and current frame. The image of the previous frame is shifted
bythe2-Dshift-registerinsensorarrayandcomparedwiththe
image of the current frame by XOR circuit in each pixel. The
motionvectorisdeterminedbyfindingthelocationofshiftwith
minimum difference. This sensor can vary the block-size and
the search area of motion vectordetectionflexibly.
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3-D scan systems can be applied in fields such as computer vi-
sion, robot vision, computer graphics and so on.
Intheseusage highspeedand flexibilityarenecessary.

In thisstudy, we have designed a smart image sensor thatcan
access desired portion in the image area flexibly. We use this
smart image sensor as the position detector of the laser spot in
3-Dscansystem. Thesystemscansanobjectusingalaserbeam
and locates the laser spots on the surface of the object The sys-
tem obtains the 3-D information of the object using the rela-
tionship between the position of the laser device and the posi-
tion of the laser spot in the image plane. The system accom-
plisheshighspeedandaccuracyin3-Dmeasurementbylocat-
ingthe laser spotsquickly and accurately.

5. Studies on High-Speed Processors
K. Asada, M. Ikeda, R. Zheng, S. Komatsu, and Y. Idehara

Wehavestudiedonvariousdatacompressionencodingmethod

of future system chips, in terms of improving throughput of data
transferWehaveevaluatedsomeencodingmethodsintermsofcom-
pression rate, design size and latency, and indicated the data com-
pression method whichis suitable for systemchips. Furthermore,
we improved the adaptive code-bookencoding method, which is
proposed for low powver chip interface, so that this method was
adapted forgeneral bus. We also
evaluatedthepowerreductionwiththeimprovedencodingmethod.
Wehavestudiedtime-domainminimumdistancedetector,which
canbeappliedtodatacompressionandimagerecognition.
WehaveimplementedageneralpurposeCAMtestchipusing
theminimumdistancedetector.

In dataprocessing usage such as microprocessor and DSP, adder is
theunitwhichcanconsequentlyinfluencethesystem
performance. Thenovelcompletionpredictionaddervwedesigned
take advantageofcarrysignalsfromtheoperands tocalculatethe
operationtimewithoutinterferingwiththeadditionspeed.
Toimplementthisashiftregisterdrivenbyahighfrequency
clockisutilizedtocalculatetheoperationtimefromthemaximum
successivecarrysignallength Asaresultaveragecaseoperatiorspeed
isachievedagainstthevworst-casespeedinconventionakynchronous
circuits. The adder, which is designed based on RCA and BCLA,
getsa66%and20%averagecasespeedimprovermentrespectively.
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6. Logic Synthesis for FPGA and Logic Optimization
using SPFD
K. Asada, S. Suzuki, J. Qiao, and K. Seto

In logic synthesis for FPGAs, functional decomposition is an
effective technique to make feasibility of given networks. Es-
pecially multiple-outputdecompositiontechniquewhichcom-
binesthestepofcommonsub-functionextractionandthestep
oftechnology-mapping,isconsideredapromisingapproachto
FPGAs-specificlogicsynthesis.

We are studying on the problems of A set selection, multiple-
outputpartitionand globala encodingforsharingmorecom-
monsub-functionsamongthemuiltipleoutputs.
SPFDs(SetsofPairsofFunctionstobeDistinguished)isanewly
found flexibility to change logic circuits by Yamashita et al. In
thisresearch,weinvestigatedtheeffectivenessofoptimization
usingSPFDsovercircuits that aremappedtologiccellsinstan-
dard cell libraries.

Given a boolean network, we take each gate in it and try to
remove its fan-ins or to replace them with other gates using
SPFDs for optimizing area or delay. In this research, we com-
paredourresultwith thatofFPGAsandconsideredthewayof
improvingtheresult.
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1. Extremely low power MOSFET operating at 0.5 V
M. Takamiya, H. Koura, and T. Hiramoto

Low powver operation is essential for VVLSI devices. It is pre-
dictedthat theoperationvoltage willbereduceddownto05 V
in 15 years. In 05 V operation, the threshold voltage should be
very low and it will be very hard to attain both high speed and
lowstand-bycurrent Inthisstudy,we investigatetheoptimal
deviceparametersforthevariablethresholdvoltageschemes.
We have proposed electrically induced body (EIB) dynamic
threshold MOSFET (DTMOS) where the body effect factor is
extremely high. The large voltage is applied to the SOI sub-
strate to induce carriers and the body region is formed in the
back interface. Highperformanceoperationhasbeendemon-
stratedbyexperimentsandsimulation. T hisideavvaspresented
in 1998 International Electron Devices Meeting (IEDM). The
optimal device conditions are also investigated for variable
thresholdvoltageMOS(V TMOS)wherethethresholdvoltage
is controlled by wvell potential.



oooooooooooo
ooooooooooogo

ooooooooooooooooooboooooDoooo
ooooobooooooboooooocoOooooboooo
oooooooooooooooooooboooooobooo
0o ooobooooooooooooooooooo
ooooobooooooboooooocoOooooboooo
ooooooooooooobobooogooooosol
MOSFETOOOODODOOOOO0OODOODOODODOOO
ooooooooooooboooooooboOooooobooo
ooboooooooooboooooobooooooboooo
oooooooooooooOooooOoooooooo
ooooobooooooboooooocoOooooboooo
oooooooooooooooooooboooooobooo
ooooO0oooO0oDOooOO0ooOOoO0obobOOoDOob00oon
oooooooooboooboobooooobooOO0O0MOSFET
ooooooboooooooooooooooooobooo

oO0oO0OO0OMOSFETOOO
gobooobbo ooo boooboooo

oooooosorMOsSFETOOOOOOOOOOOOOO
oooooboooooobooooobocoooooboooo
ooooooooooooboooooooboOoOoOooDobooo
ooooO0oooOoobOOooboOoobOOooOOoboOOooOOobO0Oon
ooooooooooobooooooobooooooboOoad
ooooboboooooooooOoooOooOOoboOoOoOooo
oooooooosoloooooooooboboooooboon
ooooooooooobooooooobooooooboOoad
ooooooooocbbooooooosoimooooon
ooooooooooooooooobooobooooDbobooo
ooooooo

ooooooooocoooooooon
ooooooooo

OMOSFETUOUOUOOOOOOOOO0O0O00ooOooooo
ooooobDoooooooosnmOO0OoO0oOooooon
oooooboooooobooooobocoooooboooo
ooooooooooooboobobooboOols-20nmO0O
ooooooOoOOooooooooobooooooooo
ooooooooooobooooooobooooooboOoad
oooooboooooooooooobooooooboooo
ooooooooooooooooobooobooooDbobooo
goooooooooooooooon

2. Statistical impurity fluctuations
Y. Yasuda, M. Takamiya, and T. Hiramoto

As the device size is scaled down, the number of impurity at-
omsinchanneldepletionlayerisreducedandtheimpuritynum-
ber fluctuations are enhanced, thus enhancing the threshold
voltagefluctuations. Evenwhenthechannelimpuritynumber
isthesame,thresholdvoltagewillbefluctuatedbytherandom
impurity position distribution. In this study, the effects of the
numberfluctuationsandpositiondistributionareseparatedin
the simulation, and the influence of position distribution has
been investigated. It is found that the threshold voltage fluc-
tuations bythe position distribution will be larger but the con-
tribution ratio by the position will remain constant when the
device is properly scaled. It is also found that the effect of the
impurity position distribution is well explained bythecharge
sharemodel.

3. Physics of scaled MOSFET
T. Saraya, T. N. Duyet, and T. Hiramoto

One of the most serious problems in partially depleted SOI
MOSFETSs is the floating body effect. We have investigated
the mechanisms of dynamic pass leakage current It is found
thatthedominantcurrentissubthresholdcurrentratherthan
bipolar current by measuring thegatevoltage dependence of
pass leakage. On the other hand, we have developed a new
chargepumpingtechniguetomeasuretheinterfacestateden-
sity of SOl MOSFETSs. The pulse voltage is applied to the body
tosuppressthegeometriccomponent Theenergydistribution
andspatialdistributionaresuccessfullymeasuredbythistech-
nique.

4. Scaling limit of gate oxide thickness
T. Inukai and T. Hiramoto

The thickness ofthe gate oxide inMOSFETsis becomingthin-
nerforhigherperformance.However thestand-bypowercon-
sumptionbythegatetunnelleakagecurrentwillbecomedomi-
nant when the gate oxide is thinner than 3 nm. Therefore, it is
considered that the scaling limit of gate oxide is about 1.5 - 20
nm. In this study, we have proposed a new circuit where the
gatetunnelstand-bycurrentcanbesuppressedandshowedthat
the scaling of gate oxide is not limited by the stand-by powver.
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5. Quantum mechanical effects in very narrow MOSFETs
H. Majima and T. Hiramoto

It is well known that the threshold voltage increases in highly
doped MOSFETS or very thin SOl MOSFETS by quantum
confinement effects. In this study, we have demonstrated by
experiments and simulation that the carriers are confinednot
onlyverticallybutalsohorizontallyandstrongerquantumcon-
finementisattainedinverynarrowchannel MOSFETS. Inthe
experiments,nano-sizeMOSFETswithwidthnarrowerthan
20 nm are fabricated and threshold voltage increase is clearly
observed when the width is less than 10 nm. The numerical
calculationofenergystatesinnarrowchannelisalsoperformed
anditisverifiedthattheobservedthresholdvoltageincrease is
duetothequantumconfinementeffects.

6. Physics of silicon single electron devices
H. Ishikuro, N. Takahashi, and T. Hiramoto

Fabricationandphysicsofsiliconsingle electrondeviceshave
beenextensivelystudiedforthefutureVLSldeviceapplications.
Althoughthesingleelectrondeviceswerestudiedinmetalsand
111-V semiconductors, we adopt silicon as a material to con-
sider the compatibility with the VVLSI process. Our research
work is recognized as one of the pioneering works in this field.
A new fabrication process has been developed to fabricate sili-
con nanostructures smaller than the lithography resolution.
ThesizeisdeterminedbytheSOlthicknessbyanisotropicetch-
ing. MOSFETsfabricatedusingthistechniqueshowstheCou-
lomb blockade oscillations at room temperature. We also clari-
fied that the quantum mechanical effects in dots play an im-
portant role in transport of single electron transistors operat-
ing at room temperature. We have proposed a new single elec-
tronstructureswherethecharacteristicsfluctuationsduetothe
quantumeffectsarecompensated. Theseresultswerepresented
in 1998 International Electron Devices Meeting (IEDM). The
formation mechanisms of silicon dots in nano-size MOSFETs
are also discussed.

7. Applications of silicon quantum dots
Y. Shi, E. Nagata, and T. Hiramoto

SingleelectronMOSmemorieswithsiliconfloatingnano-crys-
talsgatesarefabricatedandthememoryeffectisdemonstrated
at room temperature. The on/off ratio is more than million
and the retention time is longer than several hours. Itis clari-
fied for the firsttime that the interface states and defects in sili-
connano-dotsmakes theretentiontimelongerthanexpected.
It is also found that the characteristics fluctuations become
largerasthechannelwidthbecomesnarrowver.



ooggn

1.0000(LPD)OOOOSIO200
gootbboboooooooooobobboboboooboooa

oooO0ooo(PD)OOOCOOOOOODOOOOOOOOO
40000000000DOOCOOOOOODOOOOOnOO
ooooooooooobooooooobooooooboOoad
oooooooobooooooooOobocoOoOoooooo
ooooooobOoOooOooooooOooboOoboooboon
oooobooooboooooomoooooosooon
ooooobooooooooooobooOoooooLwPDO
ooooooboooooooooooObooooooboooo
oooovisioooooooooooooooooobod
oooooo

2000000000000
gbooooooboooboooooooobooooooo

oo0o00o0oooopoooo3s58nmidsiMosOOODO
gobchooooooobooobooooobboooDo
ooooooooooosicooooooooooooon
oooO0oO0o0o0O0Qbd0OOOOOOOOOOODODODODO
goboooooo@BsnmUiboooooooooooboo
Oo0000000000000D0O0QbdOOODOOODO
gboooobobooboooobooooboobooobooon
gbooooooboboooooomomoobooobo
oooooooooooobooOoooooboOoOooOooObooo
gooobooobo

jboboooooooooopLbOO
gooobooooobooobooboboooobbbooooo
gooooooo

ooooooooooELb)ooooooooooogoo
OOoDOOoOPLDO(PAPLD)ODODOODOODDOODOO
BasSrTioOOOOOOOOOODOOOOONbOOOSTOO
O00PY/Ti/SiO2/Si0 0 O PAPLDOOOPLDOOOODO
droplet0 00000000000 OOOGCARMODODOOO
ooboooOoOoooobOocoooboOoOoOoOoOoooXxo
oooooboooooooooobooooooosTood
gbooobooozoosoouonoooooboOobOoOoDO
oooooo
gboboooooooobooboobomooboooboo
ooooooob0o0o0OOMOSFETOOODOOODOODO
oooooosotmiooboboOoOOOODOOO

1. Liquid Phase Deposited Silicon-Dioxide Films
N. Haneji, T. Arakawa, P. Chantamary, and S. Mouri

Liquid Phase Deposition(LPD) is a method to deposit silicon-
dioxide films onto Si substrates through shifting the chemical
equilibrium of H2SiF604 solution by either heating up to 400

or adding water. Liquid Phase Deposition is low (room) tem-
perature process compared to LPCVD. By changing the con-
centration of the H2SiF604 solution, the amount of F atoms
contained in the films and the dielectric constants of the films
were changed. The dielectric constant reduced to 3. The LPD
films can be deposited on Si, SiO2 and Cr metal wire, and this
techniqueispromisingfortheinterlayerinsulatingfilmsin\VLSI.

2. Evaluation of Ultra Thin Silicon-Dioxide Films
N. Haneji, T. Arakawa, M. Nishio, T. Andou, and S. Katoh

Thedielectric breakdowwn and the stress induced leak current
(SILC)wvere studiedbyapplyingDCconstantvoltageandcon-
stant current stress to the Si MOS diode (the thickens of silicon
dioxidefilmswere358nm). ThechargetobreakdownQbdwas
notdependenttothestresscurrentandthethicknessofthefilms,
but was varied for the 3 and 5 nm samples. For the ultra thin
films, leak characteristics became unstable under the stress
chargesmallerthanQbd,andthisaffectsthedevice character-
istics such as flash memory. The density ofthe interface states
were decidedbythestress charge buttherelationtothebreak-
downmechanismwvas not clear so far.

3. High K Thin Films (Plasma Assisted PLD)
N. Haneji, T. Arakawa, N. Arai, S. Takabayashi, T. Ishibashi,
N. Unno, M. Watanabe, and SK. Lee

HighdielectricconstantBaSrTiOthinfilmsweredepositedus-
ing pulse laser deposition(PLD) and plasma assisted PLD
(PAPLD) in oxygen plasma. The substrates were Nb doped
STOandPt/Ti/SiO2/Si.Forthesamples prepared byPAPLD,
thesurfacemorphologyandtheleakcharacteristicsweresupe-
rior to the samples prepared by PLD, but the crystalinity was
not so good. The electric constant was about 200 and 300, re-
spectively. The optimization of the deposition condition is re-
quired.

The characteristics of short channel MOSFET using high di-
electricconstantmaterialasthegateinsulatorwerecalculated,
and the dielectric constant of 5000 100 was desirable.
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0 O Low Power, High Accuracy A/D Converter
K. Kotani and T. Ohmi

Wehavestudiedlowpower A/Dconverter. Averylow-power
voltagecomparatorcircuitry,whichconsistsofachargetrans-
fer preamplifier and a dynamic latch circuit, has been devel-
oped.Itoperatesinpurelydynamicmode, resultinginverylow
power consumption. In addition, in order to solve the problem
of small gain and slow operation of charge transfer amplifier,
wehavenewlyintroducedapositivefeedbackmechanism,re-
sultingintherealizationofahigh-accuracyandlow-powercom-
parator.Fabricatedtestcircuitoffullydifferentialpositive-feed-
backcharge-transfercomparatorexhibitsverylowpowerop-
eration capability of 12 uwW per MS/s per comparator.

0 O Data Flow Path Minimum Processor for Real-Time
Response Capability
K. Kotani, M. Imai, T. Nozawa, M. Fujibayashi, and T. Ohmi

Themostimportantissue,aswe headtowardthe 21st century,
is the development of a real-time responsive intelligent elec-
tronic system featuring human-like capabilities such as "flex-
ibleinterpretation","overalljudgment'and"intuitiveproblem
solving". For this purpose, a four terminal device technology
whichgreatlyenhancesthefunctionalityofthebasiccircuitel-
ement-thetransistor-hasbeendeveloped. Anewformofhard-
ware, which we named "Flexwvare" because of the ability to al-
ter its logic function inreal-time through the application of ex-
ternalcontrolsignals,hasbeen developed based onfourtermi-
naldevicetechnologyemployingtheneuron-MOStransistor.
A new "Most-Significant-Digit-First Bit-Flow Architecture"
whichenablestheperformanceof'overalljudgment'inthedigi-
talcomputerworldhasbeenrealizedinconjunctionwith"Data-
Flow-PathMinimumArchitecture"whichsolvesthebusbottle-
neckproblemfacedbypresentVVonNeumanncomputers.Con-
ventionally, arithmetic operations are computed beginning
from the Least-Significant-Digit (LSD) while comparison op-
erations are carried outfromthe MSD. Using redundant num-
ber systemns, it is possible to perform both operations using the
"MSD-First Bit-Flow Architecture”. In this architecture, com-
putation results are obtained MSD-first and further computa-
tionisimmediatelyterminatedoncethejudgmentisdelivered.
Hence nounnecessarycomputationofthelowerbitsisensured.
This bears a strong resemblance to "overall judgment”. It is our
objective to develop an intelligent electronic system through
theextensionoftheseoriginaltechnologies.
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