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Abstract

In this paper the designand measuementresultsof
RTBTmonosatble-bistableransitionlogic elemeni{MO-
BILE) gatesare analyzed.By taking advantaye fromthe
multi-statebehaviorof resonantunnelingdevices(RTD)
the logic depthand the circuit compleity per logic func-
tionisreducedatthegatelevel. Dueto thecombinatiorof
a threeterminal device (HBT) with thetwo terminalRTD
the vertical RTBThas enhancedriving capabilitesand
is a promisingcandidateas a precuisor for future nano-
scaledULSI circuits.

1. Introduction

Resonantunnelingdevices play animportantrole as
precursordor future nano-scaledJLSI circuits because
atpresenthey arethemostmaturetypeof quantum-efect
devices.Comparedo singleelectrontransistorandmore
adwancedquantumdot architecturesesonanttunneling
devicesare alreadyoperatingat room temperature.Fig-
ure 1 and3 show the measured-V characteristicef the
RTBT66-M1882Aandits layerstructure.Thetechnolog-
ical advancessuchasthe developmentof a lll-V Large
Scalelntegration Procesq7], and the demonstratiorof
a Si/Si.5Ge 5/Si resonaninterbandtunnelingdiode[8],
areamotivationfor circuit designerso investigatedigital
logic familiesandmemorycells[3, 4].

Thebasicideabehindresonantunnelingdevice circuit
designis to exploit the nonlinearl-V characteristicsvith
the typical negative differentialresistancéNDR) region.
In this context the isolation of the gateinput and output
signalsis of fundamentatelevanceandhasmotivatedthe
implementationof differentthreeterminaltunnelingde-
vices. The commonfeatureof thesedifferentdevicesis
the combinationof electronicamplificationandNDR. In
additionto thetechnologicallyorientedresearcta further
prerequisitéfor nano-scaléntegrationis theinvestigation
of suitablelogic families, architecturesandthe develop-
mentof a designframework [6, 1].

In recentyearshigh speedogic familiesbasedon the
monostable-bistabl&ansitionlogic element(MOBILE)
have beenproposedfor tunnelingdevices [2, 9]. The

X107 RTBT66-M1882A
; ! . . Ib=45pA

Ib=37.5pA

Ic[A]
IS

I I I I I I I I
0 0.2 0.4 0.6 0.8 12 14 16 18 2

1
Vce[V]
Figure 1. Measured |-V characteristics of the RTBT66-
M1882A.

RTBT MOBILE gateis a pseudo-dynamig;lockedlogic
gateandconsistf two resonantunnelingdeviceswhich
are operatedn a monostableand bistablestatedepend-
ing on a pulsedclock signal. The term pseudo-dynamic
refersto thespecialcircuit stylein the sensehatthelogic
transitionof thegateis controlledby a clock similarto dy-
namiccircuits. But in contrasto dynamiccircuitswhere
the logic stateis representedby the electricalchage on
a capacitoy RTBT MOBILE circuits arein a static, self-
stabilizing statedue to the inherentbistability of the de-
vices. Consequentlythey aremorerobustagainstchage
leakageandpre-chagingis unnecessary

2. RTBT MOBILE

Figure2 shavsthemonostable-bistablkeansitionof an
RTBT input stage.The areasof the RTD’s arechosenso
thatthe peakcurrentof theload RT D, is largerthanthe
currentof RT BT,;.;, but smallerthanthe currentsumof
RT BT, and RT BT,. Fromthis follows thatthe gate
switchesto thelogic low voltageVy, if theinput RT BT,
is off. If RT BT, is on,thecurrentsumof RT BT;.;, and
RT BT, exceedsthe currentof the load RT'D, andthe
gateswitchegto thelogic high voltageVy.
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Figure 2. Monostable-bistable transition of an RTBT input stage
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Figure 3. layer structure of the InP-based RTBT

The thresholdis determinedby the peak current of
RT D, while the input weightis representetby the peak
currentof RT BT,. An input weightof w = 1, for ex-
ample,is characterizedy the minimum squaresection
of the resonantunnelingstructurein the emitterbranch
of the HBT. This scalesthe peakcurrentto its minimum
andis symbolizedby A = 1. The gate switchesfrom
the monostablestateinto the bistablestateif the clock
voltage V., drives RT' D, over its peakvoltage. The
bistablestatesrepresenthe two logic levels 0 (low) and
1 (high). At theswitchingpointthegatefollows theupper
or lower gatecharacteristicslependingon the input volt-
ageV,. ThepeakvoltageVp andthe clock voltageV,;.
is0.18 V,and—0.1V respectiely. Thisleadsto avoltage
swingof AV = 0.4V. During the active clock phasethe
voltagedrop Veier — Vie — Vee = 0.53V acrossthe two
resonantunnelingdevicesliesbetweer2V,, = 0.36V and
3V, = 0.54V anddrivesthe MOBILE from the monos-
tableinto the bistablestate.

Sincethe heterojunctiorbipolar transistor(HBT) is a
currentdriven device we usean emitterfollower config-
uration. This keepsthe input impedancehigh and the
transistoris not operatedn saturation. On the contrary

to the differentialoutputbuffer proposedn [1], in thisar-

ticle we achieve negative inputweightsanda input-output
compatiblel-V characteristicat the gatelevel by apply-
ing emitterfollowerbuffer (fig. 4 b)) with negative current
feedback.As we will seein the subsequenthapterthis

approachconsumedesspower thana differential output
buffer.

As the MOBILE is a clocked and currentcontrolled
gatewith integratedatchfunctionit suiteswell to thealso
currentcontrolledRTBT. Furthermorethe lack of a reli-
able enhancement-typEIFET is no issuefor the RTBT
becausef its build in potentialthatdepend®n the base
andemitterbandgap.

3. RTBT MOBILE NOR Gate
A regeneratiel-V characteristicatthe gatelevel is of
fundamentalelevancefor ary logic family and strongly
dependson input-outputcompatiblevoltagelevels of the
inputandoutput[5]. As anexample,the RTBT MOBILE
NOR gateis completedby anemitterfollower (fig. 4 b)).
By applyinga negative currentfeedbackhe temperature
dependencef H BT,,; hasbeenreducedandsaturation
hasbeenomitted. This outputbuffer versiononly offersa
single-endedutputin comparisorto thein [1] proposed
differentialbuffer. The outputvoltagecanapproximately
expressedy: R
1

out X Vgnd — 5~ 1
Vout & Vyna i (1)

It follows thatthe logic voltagelevels of the unloaded
outputcanberesumeds:

(‘/;e - Vm - ‘/be)

Vout = Vgnd (lOgIC 1)
Vout = Vgnd - g_; (V:ze — Vi — %e) (lOgIC 0)

Figure 5 shavs the microfoto of the RTBT MOBILE
NOR gate. The wiring hasnot beenoptimizeat the early
stageof testcircuit. Approximately the averagedcurrent
attheswitchingpointcorrespondend® thehalf peakcur-
rent. Assuminga similar voltageswing AV =~ 2Vp =
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Figure 4. RTBT MOBILE (a) NOR gate with emitter-
follower buffer (b)

0.4V likein [1] thepeakcurrentof the emitterfolloweris
revealedby Ipp ~ 4‘1336"9" = 4mA. As afigure of merit
for the switchingspeedhe speed-inde SI = C;;D can
beapproximatedvith respecto the parasiticcapacitances
for afan-outof two by SIpr ~ % = 50V/ns.

With referenceto the first orderapproximationof the
underlyingscalinglaw (table1) theMOBILE speed-inde
canbeassumedo SIyop = 7.6 V/ns. Dueto AV, =
0.4V andAV,,; = 0.3V theintrinsic gatedelayis about
47 ns. Therefore the estimationof fur = 1/(10;n¢) =
2.1 GH z givesclearevidencethatthe RTBT MOBILE in
combinationwith the emitterfolloweris capableof oper
ationfrequenciesn thegigahertzregime.

In contrasto the differentialbuffer usedin [1] thefan-
out of the emitterfollower buffer canonly slightly bein-
creasedby enlaging I..o. The emitterfollower is de-
signedto drive the following stageandis overloadedby
the characteristiampedancg50 ) of the measurement
setup. Therefore the correctlogic function (fig. 6) could
only be tracedup to a clock frequeny of 93 M Hz at
IEE2 =8 maA.

4. Power Dissipation

With referenceto [1], the power dissipation dur-
ing switching PyoBsw, the static power dissipation
PrroBster andthe dynamicpower dissipationPusoBayn
of theRTBT MOBILE canbeapproximated:

S t 3
ProBsw = QISWVSW% ~ gIPVP (2

and
tom 2
PrroBstat = IV|VEE|T =1Iy(2,5Vp + Vbe)g =
2 3
Iy(Vp + 5%6) R~ EVPIP 3
Prosayn = CuV2f ~ CuVEf (4)

The shareof the emitterfollower buffer in the static
power dissipationdependencen the logic stateof the
gate.Forthelogic 1-level H BT,,; is for all practicalpur-
posegjuiescenanddoesnot consumeary power. Onthe
contrary it canbe statedfor the logic O-level that there
is a staticcurrentof Igr = 4mA. The averagedcurrent
I, = 3Igr =~ 1Ip isresponsiblefor the static power
dissipationof the emitterfollower buffer:

and

Figure 5. microfoto of the RTBT MOBILE NOR gate
(A =~ 163pm - 145um) incl. emitter-follower buffer (b)

Table 2. Comparison between the differential buffer [1]
and the emitter-follower buffer in terms of power dissi-

pation
term parameter unit
stat.pow. dif. | Pprrstat = % Ip Vp rW
stat.pow. e-f | Pprstar = 125 Ip Vp W
dyn. pow. dif. | Pprrayn =
Cpiff—L|VEE|AVout f rW
dyn.pow. e-f | Pepayn = Cer-L|VEE|AVowtf | pW

Poruar = Ves|Toy & (2,5Vp + Vie) 5 I ~ 2,5V
®)

The dynamicpower dissipationof the emitterfollower
buffer Pg rqyrn depend®ntheclock andits relatedchag-
ing anddischaging of all involved capacitancesAssum-
ing afan-outof two andanapproximatedoadcapacitance
of C = Csc + 2(Cs. + Cye), thedynamicpower dissi-
pationcanbeexpressedike:

Periyn = CL|VEE|AVout f (6)

The emitterfollower buffer reducesthe static power
dissipatiorby 55%in comparisoro thedifferentialbuffer
describedn [1], sincetheunloadedufferisin aquiescent
statefor thelogic 1-level (table?2).

5. Conclusion

In this paperwe have investigatedi new circuit design
stratgyy thatbaseson the RTBT MOBILE. Measurement
resultsprove correctcircuit operatiorandregeneratiei/v
characteristicat the gatelevel. A first order estimation
givesclearevidencethatthe RTBT MOBILE in combina-
tion with the emitterfollower buffer is capableof opera-
tion frequenciesn the giga hertzregime while the static
power consumptions reducedby morethana factor of



Table 1. Speed-Index of the RTBT MOBILE in connection with the emitter follower
term parameter unit
MOBILE loadcapacitance| Ciar = Crig + Csc + Cae + Cse | TF
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Figure 6. measurement results of the RTBT MOBILE NOR gate (V, = —0.4 V, f(Veir)= 93 MHz)

two in comparisorto the RTBT MOBILE in connection

with thedifferentialbuffer.
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