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(57) Abstract

A driver-circuit for simultaneously setting up a plu-
rality of output buffers of a 3-stage gate array into and out
of a floating state using low control current. A buffer driv-
er transistor (96) is provided for each output buffer with
the primary control path of that transistor introducing a
control circuit to the respected output buffer. A common
driver transistor (108) has a primary current path which
provides a control signal to the control electrodes of a plu-
rality of buffer driver transistors (96). Clamp means are
provided for discharging the conductor means (40) to
ground upon turn-off of the common driver transistor.
Clamp means preferably includes a clamp transistor (106)
having a primary current path coupled between the con-
ductor means and ground and having a differentiator (102,
104) coupled to the common driver transistor (108) for de-
tecting the leading edge of turn-off of that transistor (108)
and in response thereto momentarily, dynamically turning
on the clamp transistor (106) to couple the conductor
means to ground and thereby discharge any effective cap-
acitance of the conductor means (40) to ground.
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WO 86/01055 PCT/US85/01381

-DRIVER CIRCUIT FOR A THREE-STATE GATE
ARRAY USING LOW DRIVING CURRENT
Background of the Invention
I. Field of the Invention

The present invention relates to a driver circuit for
simultaneously and rapidly setting a plurality of output buffers
of a three-state gate array into and out of a floating third
state with the employment of a low driving current.

II. Description of the Prior Art

Gate array circuits are well-known in the prior art.
Such circuits typically include the standard configuration of
components such as input/output pins, gates, output buffers, and
drivers each having terminals which can be interconnected through
one or more metallization layers. The user of such a gate array
selects a particular standardized configuration of components and
then designs a few uniqué metallization layer patterns to connect
the standard configuration of components into a customized con-
figurafion. Such metallization layers are’typically high density
and, therefore, require as thin a width for each conductor in the
metallization layer as possible.

As described in more detail below, prior art gate array
circuits typically suffer from the requirement of a large current
control signal for setting each member of a particular group of
output buffers into a third or floating state. Since many output
buffers are controlled simultaneously by the same third state
control signal, preferably one control line would be used in a
fan-out fashion to provide the third state control signal to a
plurality of output buffers. However, in view of the large cur-
rent requirements, standard width conductors cannot carry the
current which would be required in such a fan-out arrangement.
Accordingly, individual control lines are required for each third
state control input of an output buffer, thereby negatively con-
tributing to the density problem inherent in prior art gate ar-
rays.

It is an object of the present invention to provide a
driver circuit for a gate array which permits control of a

T
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floating state in a plurality of output buffers using a single,
narrow width fanned-out conductor for each group of output buff-
ers.

Additional objects and advantages of the invention will
be set forth in part in the description which follows, and in
part will be obvious from the description or may be learned from
practice of the invention.

Summary of the Invention

To achieve the foregoing objects, and in accordance
with the purposes of the invention as embodied and broadly de-
scribed herein, a driver circuit for simultaneously setting a
plurality of output buffers of a three state gate array into and
out of a floating third state is provided wherein the driver cir-
cuit comprises (a) a plurality of buffer driver transistors, one
for each output buffer, with each buffer driver transistor having
a primary current path coupled to a third state control input of
a respective output buffer, and each buffer driver transistor
further having - a control electfode; (b) a first resistor; (c) a
common driver transistor having a primary current path coupled to
ground through the first resistor; (d) a conductor for éonnecting
a junction of the common driver transistor primary current path
and the first resistor to the control electrode of each buffer
driver transistor; (e) a clamp circuit for discharging the con-
ductor to grouna upon turn-off of the common driver transistor,
the clamp circuit including a clamp transistor having a primary
current path coupled between the conductor and ground and having
a control electrode, the clamp circuit further comprising a dif-
ferentiator circuit coupled to the common driver transistor for
detecting the leading edge of turn-off pulse of the common driver
transistor and further coupled to the control electrode of the
clamp transistor for momentarily turning on the clamp transistor
upon detecting the leading edge and thereby rapidly clamping the
conductor to ground.

Brief Description of the Drawings
Fig. 1 is a block diagram of the component arrangement

of an illustrative prior art gate array;
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Fig. 2 is a diagram of a portion of a metallization
layer for a prior art gate array;

Fig. 3 is a schematic diagram of an output buffer and
driver of a prior art gate array; and

Fig. 4 is a schematic illustration of a driver circuit
built in accordance with the teachings of the subject invention.
Description of the Preferred Embodiment

Reference will now be made to the drawings, including
prior art Figs. 1-3. ’

Three state gate arrays are well-known to those skilled
in the art. One such array is symbolically illustrated in Fig. 1
as comprising on a chip 10 a plurality of input/output pins 12-1
through 12—Nl, a plurality of gates 14-1 through 14—N2, a plural-
ity of output buffers 16-1 through 16-N3, and a plurality of
drivers 18-1 through 18-N4. Each of gates 14-1 through 14-N2 is
illustrated as having two input terminals 20, 22, and an output
terminal 24. Each of output buffers 16-1 through 16-N3 has a
high/low input terminal 26, a third state control input terminal
28 and an output terminal 30. Each of drivers 18-1 through 18—N4
has an input terminal 32 and an output terminal 34. 7

Pins 12~1 through 12—Nl may be employed as input termi-
nals or output terminals as desired by the ultimate user of chip
10. Each of gates 14-1 through 14-N2 may have its input termi-
nals 20, 22 connected to receive signals from pins 12-1 through
12—Nl or may be connected to receive signals from an output ter-
minal.24 of another of gates 14-1 through 14—N2. Accordingly,
gates 14-1 through l4-N2 may be cascaded in a manner selected by
the ultimate user.

Output buffers 16-1 through 16-N. deliver at their re-

spective terminals 30 either an output higi, an output low, or a
floating state as is well-known to those skilled in the art. The
output high and output low states at the output terminals 30 are
governed by high/low control signals supplied at input control
terminals 26. The third floating state of output terminals 30 is
established by a third state control signal at input terminals
28. Any form of control signals to output buffers 16-1 through

lG—N3 may be delivered directly from a pin 12-1 through lZ—Nl
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through an external source or may be delivered from output termi-
nals 34 of drivers 18-1 through 18-N4. In such an instance, the

respective input terminal 32 of drivers 18-1 through 18-N4 may be
connected either to an output 24 of a gate 14-1 through 14-N2, or
to an external signal through a pin 12-1 through 12-Nl.

It should be understood that Fig. 1 provides a

simplified illustration of a gate array. For example, output
buffers 16-1 throﬁgh 16-N3

lators which enable output signals from gates 14-1 through 14-N

of Fig. 1 may, in fact, include trans-
2
to generate the appropriate output signals at terminals 30 of
output buffers 16-1 through 16-N3. In addition, the number of
gates, output buffers, drivers and input/output pins is illustra-
tive of known prior art devices. In fact, hundreds of gates may
be employed on a single chip. Also, additional circuitry may be
employed beyond gates, output buffers and drivers on gate array
chip 10.

The benefit of use of a gate array such as that illus-
trated in Fig. 1 is that a user may use a standard gate array
chip 10 but configure the interconnection of the components on
chip 10 in a manner unique to the user's needs. More specifical-
ly, one or more metallization layers may be placed on chip 10 in
a manner that interconnects the various pins and terminals illus-
tratively shown in Fig. 1.

For purposes of illustration and not limitation, a partial
metallization layer 36 is shown in Fig. 2. Metallization layer
36 is shown in Fig. 2 to have access to input/output pins 12-1

through 12-N input terminals 20 and 22 of gates 14-1 through

14-N2; and iiput terminals 32 and output terminals 34 of drivers
18-1 through 18—N4. In addition, metallization layer 36 is also
shown to have access to the various input and output terminals of
output buffers 16-1 through 16-10, with the number of output
buffers in Fig. 2 arbitrarily selected for illustrative purposes
to equal 10. Accordingly, high/low control input terminals
26(16~1) through 26(16-10) are illustrated in Fig. 2. In addi-
tion, third state control input terminals 28(16-1) through

28(16-10) are also illustrated, as are output terminals 30(1l6-1)

chrough 30(16-10). o )BETITUTE SHEET
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For purposes of illustration, assume that a user wishes
to have output buffers 16-1, 16-4 and 16-8 controlled by output
terminal 34 of driver 18-1. To achieve this result, a metallic
wiring layer or conductor 40 is'employed as part of metallization
layer 36 which interconnects terminal 34(18-1), 28(16-1),
28(16-4), and 28(16-8). Typically, such a wiring layer has a
standard width of approximately 5 microns. Further, assuming
that the third state of output buffers 16-6, 16-7 and 16-9 is to
be controlled by an external signal applied to input/output pin
12-1, there is provided in metallization layer 36 a second wiring
layer or conductor 42 which interconnects pin 12-1, and terminal
28(16-6), 28(16-7) and 28(16-9). Again, wiring layer 42 typi-
éally has a width on the order of 5 microns. Finally, assuming
the third state control for output buffers 16-2, 16-3 and 16-5 is
to be dictated by the output of driver 18—N4, there is provided
in layer 36 a further conductor 44 which interconnects terminals
28(16-2), 28(16-3), 28(16-5) and 34(18—N4). Once again, conduc-
tor 42 typically has a width on the order of 5 microns.

The width of conductors 40, 42, and 44, as may be fully
appreciated by those skilled in the art, is mandated to be nar-
row, in view of the high degree of density typically experienced
in gate array wiring layers, such as layer 36 illustrated in Fig.
2. Accordingly, the user of such a gate array is typically not
at liberty arbitrarily to employ excessively wide wiring layers,
but rather is typically restricted to the use of a standard width
layer on the order of 5 microns.

In Fig. 3 there is illustrated a prior art output buff-
er circuit 16-1. Output buffer 16-1 is shown in Fig. 3 to in-
clude resistors 50, 52, 54, 56 and 58; Schottky transistors 60,
62, 64 and 66; and Schottky diodes 68 and 70. Schottky transis-
tors 60 and 62 are coupled in a Darlington configuration with a
common collector connected through resistor 54 to a power source
Voc: The base of transistor 60 is connected through resistor 52
to power source VCC' The emitter of transistor 60 is connected
to ground through resistor 56 while the emitter of transistor 62
is connected to output terminal 30(16-1). Schottky transistor 66

has a collector connected to the junction between resistor 52 and
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the base of transistor 60, an emitter connected to the base of
transistor 64 and a base connected to high/low input terminal
26(16-1). Transistor 64 has a collector connécted to output ter-
minal 30(16-1), an emitter coupled to ground, and a base coupled
to the junction of the emitter of transistor 66 and resistor 58.
Resistor 58 couples the emitter of transistor 66 to ground.

In addition, Schottky diodes 68 and 70 have their cath-
odes connected in common to third state control input terminal
28(16-1). The anode of diode 68 is coupled to the base of tran-
sistor 66 and is further coupled to power supply VCC through re-
sistor 50. The anode of Schottky diode 70 is coupled to the base
of transistor 60.

In operation of output buffer 16-1, a high control sig-
nal may be applied to terminal 26(16-1) which is sufficient to
turn transistor 66 off. A low control signal received at termi-
nal 26(16-1) must be sufficient to turn transistor 66 on. Upon
receipt of a high control signal, shutting transistor 66 off,
transistor 64 is starved of base current and, therefore, is also
turned off. However, the base of transistor 60 is drawn high and

supplied based current from supply V through resistor'52.

Accordingly, transistors 60 and 62 agg both turned on pulling
terminal 30(16-1) towards VCC'

Upon receipt of a low control signal at terminal
26(16-1) sufficient to turn transistor 66 on, base current is
thereby made available to transistor 64 turning on transistor 64
and driving terminal. 30(16-1) to ground. At the same time, the
base of transistor 60 is driven sufficiently low by conduction of
transistor 66 to thereby turn transistors 60 and 62 off.

In order to set output terminal 30(16-1) in a third or
floating state, both transistors 60 and 62 and transistor 64 must
be turned off. To achieve this condition, a third state control
signal is supplied at third state control input 28(16-1) which,
in effect, couples terminal 28(16-1) to ground. For example, a
driver 18-1 might be employed which comprises a Schottky transis-
tor 80 having a collector-emitter path coupled between output
terminal 34(18-1) of driver 18-1 and ground. The base of tran-

sistor 80 is coupled to driver input terminal 32(18-1). Upon

SUBSTITUTE SHEET



WO 86/01055 ' PCT/US85/01381

-7~

conduction of transistor 80, terminal 34(18-1) is coupled to
ground thereby providing a ground connection to the cathodes of
Schottky diodes 68 and 70 through conductor 40. With diodes 68
and 70 conducting to ground, both transistors 66 and 60 are
turned off, turning transistors 62 anc 64 off, thereby placing
output terminal 30(16-1) in a floating condition. '

The output buffer arrangement of Fig. 3 has a primary
disadvantage in that conductor 40 must be able to transmit on the
order of two milliamps of current Il from diodes 68 and 70 for
each output buffer coupled to conductor 40. Since, as a general
rule, a 5 micron width conductor is capable of only a 2 milliamp
capacity, if more than one output buffer is coupled to conductor
40 the width of conductor 40 would have to dramatically in-
creased. However, as explained above, gate array devices typi-
cally encounter high wiring density situations, thereby prohib-
iting an increase in the width of conductor 40. Since as many as
ten (or even more) different output buffers might be.connected to
a single conductor 40, the problem width is significant.

‘ In the alternative to widening conductor 40, an indi-
vidual conductor 40 of 5 micron width might be used for each out-
put buffer connected to a driver. Once again, density rapidly
becomes a problem.

In prior art selector circuits for turning on or off a
group of transistors, such as in a memory array, instead of using
Schottky diodes, individual Schottky transistors may be used with
base current being supplied as a control signal to the individual
transistors. Such a prior art arrangement precludes the need for
a high control current on the order of two milliamps as is neces-
sary in_the arrangement in Fig. 3. However, long control lines
such as conductors 40 inherently experience effective capacitance
ceff’ which would tend to severely hamper the operational speed
of an output buffer and thereby preclude such an arrangement from
being used in a high speed gate array. .

In accordance with the present invention, and more spe-
cifically, as illustrated in connection with the exemplary em-
bodiment of Fig. 4, an output buffer 16-N is provided which in-
cludes resistors 52, 54, 56 and 58; and Schottky transistors 60,

SUBSTITUTE SHEET




WO 86/01055 PCT/US85/01381

-8~
62, 64 and 66 arranged in the same manner as was shown in output
buffer 16-1 in Fig. 3. However, Schottky diodes 68 and 70 are
replaced in output buffer 16-N by an additional Schottky transis-
tor 90. Schottky transistor 90 has a collector connected through
terminal 28(16-N) to the base of transistor 60, and an emitter
coupled to ground. The base.of transistor 90 is coupled to con-
ductor 40 at a surrogate third state control input terminal
28'(16-N). If transistor 90 were made to conduct by preéentation

of a base current I transistor 90 would thereby starve the base

'
current of transistgrs'GO and 62, shutting off these transistors.
In addition, the conduction of transistor 90 would couple the
collector of transistor 66 to ground, thereby shutting transistor
66 and accompanying transistor 64 off to set output terminal
30(16-N) into a floating state.

As might be appreciated, current I, is substantially

2
smaller than current I, of output buffer 16-1 and, therefore,

multiple control base iurrents 12 could theoretically be gener-
ated over a single conductor 40 of 5 micron width. However, con-
ductor 40 has an effective capacitance Ceff’ Accordingly, when
the supply of current I2 is removed, transistor 90 would not tend
to shut off immediately, but rather would react sluggishly due to

the discharging effect of capacitor Ce into conductor 40. This

sluggish operation of transistor 90 isfinacceptable and, accord-
ingly, it is a primary objéct of the subject invention to elimi-
nate the negative effect of effective capacitance Ceff on a third
state input control conductor, such as conductor 40.

To achieve the objective of the subject invention,
Schottky diodes of the prior art, such as diodes 68 and 70 of -
Fig. 3, are replaced with a Schottky transistor 90 as illustrated
in output buffer 16-N of Fig. 4. In addition, a driver is pro-
vided in accordance with the teachings of the subject invention
which includes a clamp means for discharging the third state
input control conductor to ground upon turn-off of the drive.
The clamp means preferably includes a clamping transistor having
a primary current path coupled between the conductor and ground.
The clamp means of the subject invention further preferably com-

prises a differentiator means coupled to a common driver
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transistor of the driver for detecting the leading edge of turn-
off of that common driver transistor and further coupled to the
control electrode of the clamp transistor for momentarily, dynam-
ically turning on the clamp transistor upon detection of the
leading edge, and thereby rapidly clamping the third state input
control conductor to ground.

By way of illustration and not limitation, reference
will again be made to Fig. 4 to teach the preferred embodiment of
the subject invention. 1In Fig. 4, a driver circuit is illus-
trated for simultaneously setting a plurality of output buffers
such as buffer 16-N of a three state gate array into and out of a
floating third state. The driver circuit illustrated in Fig. 4
includes a buffer transistor 90 in -each output buffer 16-N, with
the driver transistor 90 having a primary current path compris-
ing, as illustratively shown in Fig. 4, an emitter collector cur-
rent path coupled between third state control input terminal
28(16-N) of output buffer 16-N and ground. Buffer driver tran-
sistor 90 has a control electrode 92 coupled to é new terminal
which in effect creates a new third state control input terminal
28'(1l6~-N). -

A driver 18-N is illustrated in Fig. 4 as including re-
sistors 100, 102 and 104; Schottky transistors 106, 108 and 110;
and capcitor 112. Transistor 108 has a primary current path cou-
pled to ground through resistor 100. This current path is also
coupled to supply terminal VCC through resistor 102. Conductor
40 provides a means for connecting the junction of the primary
current path of transistor 108 and resistor 100 to the gate elec-
trode 92 of transistor 90. The control or gate electrode of
transistor 108 is, in turn, coupled to the collector of multiple
emitter Schottky transistor 100. One of the emitters of transis-
tors 110 is coupled to driver input terminal 32(18-N). The base
of transistor 110 is coupled to power supply VCC'

When transistor 110 is turned off, base current is
supplied by the collector of transistor 110 to the base of tran-
sistor 108, turning transistor 108 on. With transistor 108
turned on, base current I2 is supplied to transistor 90 thereby

turning buffer driver transistor 90 on to couple the base of
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transistor 60 and the collector of transistor 66 to ground. VIn
this condition, transistors 60, 62, 64 and 66 are all turned off,
causing output terminal 30(16-N) to assume a floating state. To
exit this floating state, transistor 108 is turned off by having
transistor 110 turned on, thereby starving transistor 108 of base
current. With transistor 108 turned off, the base of transistor
90 is coupled to ground through resistor 100. However, charge
accumulated in effective capacitor Ceff is discharged through re-
sistor 100, thereby maintaining a temporary base current for
transistor 90 and preventing rapid turn-off of transistor 90 as
is required in proper operation of a gate array circuit.
To overcome the negative effects of capacitor ceff' a
clamping circuit is provided which, as illustratively shown in
Fig. 4, comprises resistor 104, transistor 106 and capacitor 112.
Capacitor 112 and resistor 104 are connected in series between
the junction of resistor 102 and the primary current path of
transistor 108 on the one hand and ground on the other. Accord-
ingly, when transistor 108 is conductive, causing output buffer
16-N to enter a floating state, capacitor 112 holds a charge pro-
portional to the voltage drop across transistor 108 and transis-
tor 100. When transistor 108 turns off, resistor 104 and capaci-
tor 112 act as a differentiator causing the junction of resistor
104 and capacitor 112 to immediately increase in potential,
thereby immediately turning transistor 106 on and permitting the
primary current path of transistor 106 to couple conductor 40 to
ground, thereby rapidly discharging capacitor Ceff'
As a result of the subject invention, a driver circuit
is provided for a gate array which may simultaneously drive a
number of output buffers over an interconnecting conductor of
standard five micron width without the expected negative influ-
ence of effective capacitance associated with the conductor. As
a consequence, fan-out third state control of multiple output
buffers throughout a gate array chip can be achieved using stan-
dard single or multilayer interconnect techniques. 1In this re-
gard, simulated test results suggest that the presence of a

clamping circuit in the driver of the subject invention improves

the transition time Tyrs which is the transition from a floating
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state to a fbw state, on the order of 8 nanoseconds in the case
of a ten element fan out over what would be expected in the
absence of that clamping circuit. Whereas this same transition

time TZ in the absence of resistor 104, transistor 106, and ca-

pacitorLllz was calculated to be approximately 14 nanoseconds.

It should be understood that the clamping circuit of
the subject invention is dynamic in operation. That is to say,
resistor‘lo4 and capacitor 112 momentarily turned transistor 106
on upon turnoff of transistor 108. The duration of this momen-
tary turn on is, of course, a function of the particular values
selected for capacitor 112 and resistor 104. Suffice it to say
that values should be chosen so that the dynamic activity of the
clamping circuit is terminated after the effect of any charge on
capacitor Ceff is eliminated and before any subsequent need of a
floating state is reasonably anticipated. Specifically, transis-
tor 106 must once again be turned off after discharge of capaci-
tor Ceff-}apidly enough so that conductor 40 might once again- be
used to conduct current 12 by conduction of transistor 108 to
pPlace output terminal 30(16-N) in a floating state.

Additional advantages and modifications will readily
occur to those skilled in the art. The invention in its broader
aspects is not, therefore, limited to the specific details, rep-
resentative methods and illustrative examples shown and de-
scribed. Accordingly, departure may be made from such details
without departing from the spirit or scope of applicant's general
inventive concept. '
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e WHAT IS CLAIMED IS

1. A driver circuit for simultaneously setting a plu-

rality of output buffers of a three state gate array into and out
of a floating third state, said driving circuit comprising:

a. a plurality of buffer driver transistors, one
for each output buffer, with each buffer driver transistor having
a primary current path coupled to a third state control input of
a respected output buffer, and each buffer driver transistor fur-
ther having a control electrode;

b. a first resistor;

c. a common driver transistor having a primary
current path coupled to ground through said first resistor;

d. conductor means for connecting the junction
of said common driver transistor primary current path and said
first resistor to the control electrode of each of said buffer
driver transistors; _ '

e. clamp means for discharging said conductor
méans to ground upon turn-off of said common driver transistor,
said clamp means- including a clamp transistor having a primary
current path coupled between said conductor means and ground and
having a control electrode; said clamp means further comprising
differenﬁiator'means, coupled to said common driver transistor
for detecting the leading edge of turn-off of said common driver
transistor and further coupled to said control electrode of said
clamp transistor for momentarily turning on said clamp transistor
upon said detecting of said leading edge and thereby rapidly

clamping said conductor means to ground.
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2.« A driver control for simultaneously setting a plu-
rality of output buffers of a three state gate array into and out
of a floating third state, wherein said output buffers each in-
clude a Schottky control transistor having a control electrode
‘responsive to a high and low state control signal to set said
buffers into a high and low state, respectively, said control
signal comprising;

a. a plurality of buffer driver transistors, one
for each output buffer, with each buffer driver transistor having
a conductor coupled to the collector of a respective Schottky
control transistor, an emitter coupled to ground, and a gate
electrode;

b. a first resistor;

c. a power source;

d. a common driver transistor having a collector
coupled to said power source, an emitter coupled to ground
through said first resistor, and a gate electrode;

' e. conductor means connecting theremitter of
said common driver transistor to the gate electrode of each of
said buffer driver transistors; and

£. clamp means for discharging said conductor
means to ground upon turn-off of said common driver transistor,
said clamp means including a clamp transistor having a collector
coupled to said conductor means, an emitter coupled to ground,
and a gate electrode; said clamp means further comprising differ-
entiator means having a second resistor coupled between the gate
of said clamp transistor and ground, and having a capacitor cou-
pled between the collector of said common driver transistor and
the gate of said clamp transistor, whereby upon turn-off of said
common drive transistor, said clamp transistor is momentarily
turned on thereby rapidly clamping said conductor means to
ground.

3. The driver circuit of claim 1 wherein said buffer
driver transistors are each a Schottky transistor.

4. The driver circuit of claim 2 wherein said buffer

driver transistors are each a Schottky transistor.
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5. The driver circuit of claim 1 wherein said common
driver transistor is a Schottky transistor.

6. The driver circuit of claim 2 wherein said common
driver transistor is a Schottky transistor.

7. The driver circuit of claim 1 wherein said clamp
transistor is a Schottky transistor. )

8. The driver circuit of claim 2 wherein said clamp
transistor is a Schottky transistor. '

9. The driver circuit of claim 1 wherein said buffer
transistors are each a Schottky transistor and wherein said com-
mon driver transistor is a Schottky transistor.

10. The driver circuit of claim 2 wherein said buffer
driver transistors are each a Schottky transistor and said common
driver transistor is a Schottky transistor.

. 11. The driver circuit of claim 1 wherein said common
driver transistor and said clamp transistor are both Schottky
transistors. )

12. The driver circuit of claim 2 wherein said common
driver transistor and said clamp transistor are both Schottky
transistors.

13. The driver circuit of claim 1 wherein said buffer
driver transistors are each a Schottky transistor and wherein
said clamp transistor is a Schottky transistor.

14. The driver circuit of claim 2 wherein said buffer
driver transistors are each a Schottky transistor and said clamp
transistor is a Schottky transistor.

15. The driver circuit of claim 1 wherein said buffer
driver transistors, said common driver transistor, and said clamp
transistor are each a Schottky transistor.

16. The driver circuit of claim 2 wherein said buffer
driver transistors, said common driver transistor and said clamp
transistor is each a Schottky transistor.

7 17. The driver circuit of claim 1 wherein said conduc-
tor means is located in a metallization layer of said gate array.

18. The driver circuit of claim 2 wherein said conduc-

tor means is located in a metallization layer of said gate array.
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19. - The driver circuit of claim 1 wherein said output
buffers are divided into N groups and said control circuit com-
prises N first resistors, N common driver transistors, and N
clamp means, with each first resistor, common driver transistor
and clamp means associated with a respective one of said groups
of output buffers. '

20. The driver circuit of claim 2 wherein said output
buffers are divided into N groups of said control circuit com-
prises N first resistors, N common driver transistors, and N
clamp means, with each first resistor, common driver transistor
and clamp means associated with a respective one of said groups
of output buffers.
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