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iastracl—A novel coacent for a transistor was invented, introducing
s idea Yor protection against saturation. It invoives the use of a static
idtcton tramsistor (SIT)h. Simulation showed encouraging switching
limes when compared (o similur gates without protection, while the
churge storage was practicaidy eliminated.

I INTRODUCTION
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NTZGRATED circulrs such as emitier

L .ogic (ECL)
wili retain thelr superionity for hizgh-
imensions are scaled down [1]. {2].
weatively complicated processing. in-
soers und buried nt o luvers. Some less
! s-have been developed

irc.ar 1€ processes
Scioutky  wrensistor logic (STL) und

e arrays, a novel coneeptior trunsistor
i this fetter. The basic idea is to

Sy using u static induction transistor

HLOSERATING PRINCIPLES

s oof the SIT saturation protecied
anderstood gy considering the opera-

¢. 1 shows the cross section ora
i:c spacing between thie base und the

cun be made quite small using a simple
235, A positive bias applied 1o the col-
It is:: region, which reuches the base region
hows oy the dushed line. A very high elec-
s betweern the “internal” collector and the lateral
depletion rezion is »suohsh; 1. Carriers are swept
2 10 suturation velocities through the deple-
tperiormance results.

gesol such astructure. First, thresh-
ftage is rquired to deplete the collector
! is. is shorted to the p~ substrate. Tie
v overcome by surrounding the base
region as shown in Fig. 2(a). The base is then coms-

letaly isoia:e:.‘ from the subsirate by a depleted region as

. bccc;‘.c.

" shown by the dashed line. The device will not operate properly

coliector voirage is too low because the depietion region
is not tormed properly. To prevent such improper operation,
iie substrate shouid be connected to a negative potential there-
sy creuling o permanent depletion rc"mn
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Fig. i. A simplitied bipolar structure for VLSI,
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Fig. 2. () A modificd bipolar structure for VLS. () Its equivalent lumped
model.

In this structure. in addition to the basic bipoiar nep-a
transistor and the Luteral punchthrough transistor (LP1T) fol.
a p-chunnel swtic '.nduulun transistor [3] between the puse
and the substraie can be identified. The equivaient iuniped
model is shown in Fig. 2(b). The p-type base of the n-p-it
transistor i the source of SIT, the d-ivpe collector region is
the gate of SIT. und 1he negatively biused substrate is the drain
of SIT.

For large positive collector (gate of the SIT) voltages, the
SIT transistor is off. If the base current of the n-p-n transistor
is increased, the coilector voltage decreases. As this happens.
the SIT transistor will start to conduct thereby clamping the
n-p-n collector voltage out of saturation by directing the ex-
cess n-p-n transistor base current to the substrate. The current
flow between the n-p-n base and the substrate is determined
by the potential distribution in the depiction region under the
basc. The potential burrier in the SIT iransistor is iower than

in the bipolar transistor for the same gate (base) voltage. This
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rimentally [7]. The SUT and a-p-n barriers are
of the fower SIT berrier, the current will
- in the SIT bevore the n-pen collector
o saturction and mineritv-carricr infection oceurs in
The T lel” ping voltaze is a
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sdsior,
stivs of SIT saturztion protected bipolar
istors show no sianificant dilvrences, with one exception.
<0 2d to the

when churaeristics of conventional n-n-n

trunsistors. In e guasiattration regfon, the characteristics
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HEL CIRCUIT SIMULATION SIT
TRANSISTORS

PROTECTLD

wodel is not adazuate for medeling the
nied in Fiz 2(an
sionul

Lnsistor

A fmiped

This deviee requires a

simuiation model in
tions are not
structure vnwn 11] F"’ ‘((1)

nrose
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Such

reliahic resuits, simuiz

in the s

vet. However,

ne o craction between carriers of the SIT and n- n-n
trunsisiors occurs, Therelore, the 'nmpad model sno\\.n in Fig.
2oy con pe used to simuiate the Levice,

The wideiy used SPICLEZ circuit simulation program [$§]

was appiizd to the model of Fiz. 3(b). A.mude! for the SIT

Ly =Ifexp (Go/17) = 1) (H
where [ is the device current, /g is the saturation current. Yo
1s the potentiul barrier height, and V7 is the electrostatic
potential,

Equation 1) is valid both for an SIT transistor as weil as a
bivolar transistor, /; and vq are given by formulas [9]-[11]
with all subscripts referring to the four-layer bipolar transistor
medel of Fig. 3(b). -

—For the p-channel SIT transistor

CAgit .
Yo =71

Weer
@
—For a p-n-p substrate bipolar transistor

pen-p

4[‘\'3 dx/;\"B
S BN E)

I;=qDN¢ Yo =Veg + Vrln(VpNe/n?)

where
q electron charge.
D . carrier diffusivity.
AY doping cancentration,
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Fig. 3. (a) A tripic diffusion bipoiar transistor structure with SiT pretes-
tion. (b) lts equivalent iumped mode!. :
A ared,
Woes etfective width of the ote'm:n barrier.
eff p
n gate efficieney (0.1-0.4).
Voo veltage,
u amplification tactor.

Vo voltage drop on the space charge.
intrinsic concentration.,

The ampiification factor u depends on the zeome:ry of the
device and can be caiculated using empirical relations iv

f11]
u=2S5exp(mD/2Z) -1

where D and Z are the depth and the spacis g between the
lateral collectors, respectively, (u = 5.4 for D =
S um). :

A simple circuit with the SIT saturation protected transisior
was simulated. Encouraging switching times when compared to
similar gates without protection were obtained. Fiz. 4(a) shows
the calculated output waveforms for an unicaded inverter wiion
a 20-ns input pulse was applied and Fig. 4(b) presents resulis
for a chain of suchr inverters subject to the sume input pulse.

It has been found that the output voltage swing and the de-
lay time of a single device are sensitive to substrate biasing.
For zero substrate biusing, the storage time of a single unlcaded
inverter was 8 ns, but with biasing of —3-V storage time was
practically eliminated. The output waveform delay was due :o
parasitic capacitances resulting in switching times of 1.2 ns.

The delay between the wavetorms labeled 1 and 3 of tiie 3-
stage loaded inverter was 1.4 ns for the same negative subsirate
biusing. Thus the propagation delay time per gate was 0.7
and the power delay product was less than | pJ. The co}
voitage swing tor this case was 200 mV . while the internal col-
lector voltage swing was larger. equal to 370 mV. These resuits
were obtaired for a non-optimized structure, utiizing no
Schottky clamp diodes or gold doping. The fabrication process”
can be simple with no epitaxial or buried favers. The structures
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Wil e 31T SATURATION PROTECTED BIPOLAR TRANSISTOR

wag practically slimin:
substrate trunsistor pi

exire space. T

SUTUSTUTS D> s2nsitive t

> biasing zifects the vuitage swings und
g qales,
H SIT saturation protected bipolar transisiors are being fab-
- ricated and the results widl be reported elesewiier
H
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