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Thebipolar nonsaturating logical gate with
short propagationdeiay and high packingdensity

1.Introduction

The recent advances in the field of sili-
con IC’s technology stimulates a very fast
development of digital circuits. In the past
decade scme new bipoiar logic families /IZL
Berger,H./1/, SITL Nishizawa,J./2/, CHL lLeb-—
ning,H./3/ / were introduced and a number of
the new versions of well known circuits /'1‘21.
BCL,DTL/ were proposed., The potential proper-
ties of the new logics are usually demonstre-
ted on simple logical gates. They are common-
1y described by following circuit-parameters:
ainimum propagation delay /¢ d m/'°p‘°d’p°'
wer product /t_,*P/,packing density,noise
marging,fan-out,compatibility with other lc-
gic families and coats. From the viewpoint
of the system flexibility the possibility of
nanufasturing of analog acd digital circuits”
on the same chip /by means of the same tech-
noleogical process/ is required,

Taking into account the parameters of the
oxisting gates one can conclude thst each ga-
te offers some satisfactory properties but
auffers from the deficiency of another ones.
For example: I2L perfeotly satisfies the ra-
quirements of high packing density and very
low power dissipation but it is lacking in
speed. Om the contrary ECL is excellent can=
didate for fast systems but it consumes much
more power. From the above brief considerat—
ions it is seen the evident need to develope
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a gats that would pressnt some compromise
between most essential paramesers of logical
gates. It is the purpose of this paper to
propose ome of the possible approaches to
this problem.
2,The bipolar nonsaturating logic concept
The circuit diagrams of the developed gaw-
tes are presented in Pig.1.
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a/ b/
Pig.1
In order to emsure the possibility of the

simultaneous realization of anelog and digi-
tal circuits and low costs,the weil-establi-
shed standard silicon IC technology without
gold doping and without Schottky contacts
was adopted. In the case of the non-gold do=-
ped digital circuits it is necessary to pre-
vent all transistors of the gate from ente-
ring the saturation region because of two
undssirable effects: 1.the storagze time du-
ring turn-off iransient ¢f transistors ari-
ses and stromgly affects the total propaga—~
tion delay and 2.the paragitic substrate pop
transistors become active. Assuming non-gold
process one has to avcid also the use of con-
ventional multiemitter trsnsistor input cire
cult. For that reason another arrsngement of
multiemitter transistor was applied.
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In order to protect the output transistor
from saturation in the low state two poassi-
ble solutions were considered.Iln the gate in
Fig.1 a/ tvo-emitter transistor clamping te-
chnique was adopted. The collector-emitter
voltage of T, cannot be lower than VBE on
approximately.In the case shown in Fig.1 b/
the resistor R, controlls the degree of sa-
turation of saturation of T2 and the output
voltage is normally held at about 300mV.

It was assumed that by protecting all tre-
nsistors from saturation and by decreasing
the area occupied by the gate the high speed,
high packing depnsity and low cost logic can
be obtainmed.
3.The experimental results

In order to verify the foregoing assumpe—
i{ons the hybrid five-stages ring oscillator
composed of the integrated tranmsistors array
UL 1111 /Fairchild-~CA 3046/ and the discrete
resistors was investigated. At first,the ve-
ry important characteristic i.e. propagation
delay versus power dissipation of the gate
shown in Fig.1 a/ was measured. The supply
voltage was kept at 5 V. The resistors R,]
were replaced by the controlled current mir-
rors built of discrete pnp transistors and
the resistors R, were omitted. The results
obtained are presented in Fig.2 and one can
determine minimum propagation delay t , ;.=
15 ns and speed-power product tpd-P =37 pJd.
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The next step was the optimization of the
construction in order to improve the speed
of the gate. In this case both resistors R1
and R2 were replaced by the controlled cur-
rent mirrors and minimum propagation delay
t o =6 ns at P=9 nW was achieved. Finally
the optimal resistor values R1=1.6 k and
Rz=2.3 k were found.

In opder to evaluate the packing density
attainable in the fully integrated-version
it is necessary to inspect the topological
layout of the gate drawn in Fig.3. Assuming

68

typical dimensions indicated in this figure
one can calculate the actual area of the ga-
te Az1,9 ‘104pm2. It is seen that the packing
density greater than 50 gates per mm~ can be
easily obtained.
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Fig.3
4,The computer simulations results
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The results presented above promise to
achieve the desirable, properties in the in-
tegrated version. To verify this comclusion
the sequence of the computer simulations was
performed. The transient analysis of transi-
stor circuits program TRAN for computer ODRA
1305 was used. The EberséaMoll model of tran-
sistor including diffusion capacitances and
junction capacitances and spread-base resi-
stance was adopted. The parameters of the mo~
del were identified from the simple measur-
ment procedure.

The chain of gates excited by the voltage
step function was stimulated. The idealized
waveforms obtained are shown in Fig.4, The
average propagation delay contributed by each
gate was then determined.

Fig.4

In the case of the simulation of hybrid
version the computed and measured resulta we-—
_s insatisfactory agreement. Subsequently the
influence of various transistor parameters on
propagation delay of the gate was investigated.
It appeared that the junction capacitances,
eapecially parasitic collectoresubstrate ca-
pacitance,are the speed-limiting factors of
the gate, However,it is expected that these
capacitances should be significantly decrea-
sed in the integrated version. It is mainly
due to use of the common isolation island for
Ty and T, ,further reduction of dimensions
within the standard technology and also the
elimination of the large parasitica resulted



#rom the hybrid construction of the circuit.

The simulation of the integrated gate inclu-

ding most gsasential parasitics oonfirmed that
the propagation delay tpd = 1.8 ns is feasi-
ble.

5.The sunRary

The high speed,highb packing density,faci-
1ity of manufacturing analog circuits on the
same chip and low costs are the main advantas
ges offered by the bipolar NARD gate presen=
ted here. The rather low loglc swing /about
1 ¥/,low neise-margins are the apparent draw-
backs resulted from relatively high value of
the output voltage in the,O"state /about 0.7/
1t is expected tbat these inconveniences can
be overcome in the cireuit shown in PFig.? v/,
that will be further investigated.

Taking into account the results reported
in this paper it was concluded that the work
on this topic should be continued. The deve-
lopment of various modifications of the basic
circuit and the integration procedure is un=
der way.
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