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METHOD AND APPARATUS FOR GALVANICALLY ISOLATING TWO INTE-
GRATED CIRCUITS FROM EACH OTHER
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

This invention relates to improvements in integrated
circuit isolation techniques and apparatus, and more par-
ticularly to improvements in apparatuses and methods for
galvanically isolating two circuits, such as integrated cir-
cuits, or the like, from each other.

E OUND

In many circuit constructions, it is often necessary to
provide dc isolation between two or more integrated cir-
cuits. For exémple, not uncommonly, the ground potential of
one integrated circuit may be at a different dc level than a
ground potential of another integrated circuit to which it
may be connected. When such ground potential isolation is
needed, typical ground isolatixig schemes have been employed.
One such scheme, for example, is that described by IEEE
1394-1995, Annex J.

In the past, however, when isolated ground design cir-
cuits such as those specified by IEEE 1394-1995 have been
required, the current isolation scheme between the physical
layer device and the link layer device suggested in the IEEE
standard is costly in terms of external components required,
board space, supply current, and silicon area. It also does
not have good noise margin or propagation delay.

More particularly, one of the problems with the prior
art techniques of providing isolation between two integrated

circuit devices is the large number of required cox_uponents

needed to effect the dc isolation between pins. For example,
the IEEE 1394-1995 standard requires, in its capacitor em-
bodiment, two relatively large-sized capacitors and seven
resistors off-device as weﬂ

_.F_{_liajs specific differentiating,
tristating, and hysteresis infilf‘t' buffer circuitry on-device.
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Thus, it can be seen that when the required isolation cir-

- cuitry is employed over a number of interconnections for

every pin on each integrated circuit that is interconnected,
a large number of such isolation circuits will be required.
Moreover, depending upon the voltages that are to be handled
by the capacitors, for example, about 50 volts, or less,
relatively large size capacitors are needed consuming even
more space on the board through which the interconnect is
accomplished. Furthermore, it - will be appreciated, of
course, that accompanying the large number of components re-
quired to accoimplish the integrated circuit interface and
isolation, is a concomitant increase in the cost of the fi-
nal product. ) .

The IEEE 1394-1995 standard additionally has an isola-
tion circuit embodiment that is implemented with a trans-
former. The transformer isolation circuit embodiment also

requires a large number of components, but can- be con-

structed to withstand higher dc voltages than the capacitor
embodiment, for example, about 500 volts, or 1less. Again,
the transformer embodiment requires a significant amount of
interconnect physical area in which to construct the isola-
tion circuit and, when multiplied by the number of pins that
are interconnected, a significant amount of circuit compo-
nents and layout area is consumed.

In typical operation of a circuit that is intercon-
nected using isolation circuitry of the type generally used
in accordance with the IEEE 1394-1995 standard to enable bi-~
directional signals to be delivered to and supplied from the
integrated circuit, a differentiating output buffer circuit
and a digital input buffer having signal hysteresis are pro-
vided. The output buffer and input buffer are generally con-
nected to the same input/output pin, to achieve bi-
directional signal transfer. The 6utput buffer circuit is
generally clocked by clock pulse sources onboard the inte-

grated circuit device on whic't_x. the output buffer is con-
structed.
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Differentiation circuits-of the type provided as a part
of the input buffer circuit are difficult and complex to
construct in an integrated circuit structure and, addition-
ally, require considerable ““real estate!' on the integrated
circuit device. When the number of input/output pins is in-
creased, an increased amount of ““real estate''* on the inte-
grated circuit device is required to provide the multiplied
number of differentiating circuits for each input buffer's
section. ' _

Moreover, as mentioned, the differentiation input
buffer circuit typically has an amplifier having hysteresis.
The hysteresis requires a received signal transitioning from
low to high exceed a particular level, for instance, above
%Vpp, and which, on the other hand, requires a signal tran-
sitioning from high to low to be less than %Vpp to turn off
the detector circuit. .

_ Thus, in normal operation, if an input signal "applied
to the circuit is of general magnitude of about %Vpp, if
the input circuit is constructed of a typical CcMOS inverter,
commonly both of the transistors of the inverter may be bi-~
ased to conduct. This results in a relatively large current
drawn through the device. When the current draw is multi-
plied across all the input/output pins of the integrated
circuit ‘device, it can be appreciated that a relatively
large current is required in the gquiescent state of the in-
tegrated circuit device. This can be disadvantageous in many
applications, such as video cameras/camcorders, lap top com-
puters, and the like, which are battery operated, and which
require minimal use of the battery capacity for extended op-
eration. :

Typically in the operation of the isolation circuit
between two integrated circuits in delivering a signal from
one integrated circuit device to another, if, for example,
an output pulse is to be delivered extending beyond a single
clock pulse, a high state is clocked from the output buffer
of one integrated circuit at the a clock pulse output.
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Thereafter, the output of the ocutput buffer is tristated, or
switched to a high impedance state. The signal is detected
by the input buffer circuit of the other integrated circuit,
which switches to a high state. By virtue of the hysteresis
effect of the input buffer circuit, the input buffer contin-
ues to report that a high state is being received, until the
input signal drops below the threshold value, below %Vpp,
for example, as explained above.

Another of the problems that has been experienced with
isolation circuits in the past is that typically isolation
circuits have a limited noise immunity. In particular, iso-
lation circuits do not generally permit a large margin of
noise immunity because of the design requirement for an
amount of hysteresis in the input buffer circuit. As a re-
sult, for example, if an input voltage is %Vpp at an input
pin, the difference is very small between the input poten-
tial and the threshold potential that must be exceeded for
the circuit to change states. (The input would typically be
at %Vpp since the output of the transmitter or output
buffer portion of the integrated circuit to which the cir-
cuit is connected is typically in a tristate impedance.)
Consequently, if a noise spike or pulse is induced onto the
input line, the magnitude of the pulse necessary to reach
the switching threshold of the input buffer circuit is rela-
tively small. A typical isolation circuit, for example, may
provide noise immunity of only about 0.2 volts to about 0.8
volts, depending upon the particular variables of the cir-
cuit. '

Another consideration in the design of the device in-
terface circuits constructed according to the IEEE 1394-1995
standard, is that of the propagation delay through the in-
terface circuit. Typically, in the past, the propagation de-
lay that is experienced is about two to three nanoseconds.
In many applications, this propagation delay at least may
need to be considered, and at worst, may disqualify the cir-
cuit for the particular application considered.
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What is needed,; therefore, is a method and apparatus
for providing a circuit and method for isolating dc or gal-
vanic voltage between two or more circuits,' such as inte-~
grated circuits, or the like.

S o I N .

Considering the above, therefore, it is an object of
the invention to provide an improved isolation circuit and
method for providing dc or galvanic voltage isolation be-
tween two or more circuits, such as integrated circuits, or
the 1like. '

It is yet another object of the invention to provide an

_ interfacing circuit and method of the type described that

requires fewer external components than the number of compo-
nents required by the IEEE 1394-1995 standard circuit imple-
mentation. '

It is another object of the invention to provide an in-
tegrated circuit interfacing circuit and method of the type
described that does not require critical differentiating
circuits in the on-device input buffer section.

It is another object of the invention to provide an im-
proved circuit and method of the type described that has
better noise immunity than interfacing circuits constructed
according to the IEEE 1394-1995 standard.

These and other objects, features, and advantages will
become apparent from the following detailed description of
the invention, when read in conjunction with the accompany-
ing drawings and appended claims.

Thus, according to a broad aspect of the invention, an
isolation circuit for providing dc isolation between two
circuits that may be referenced to different ground poten-
tials is presented. The circuits to be isolated may be, for
example, circuits on integrated circuit devices, or the
like. The isolation circuit includes, an output buffer con- -
nected to deliver a signal to an output node of the circuit
with which the output buffer is associated. An input buffer
is connected to receive a signal delivered onto an input
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node; A capacitance, which may be a single capacitor or a
combination of capacitors, is connected between the output
and input nodes of each of the circuits. The input buffer
includes a circuit for resisting a charge leakage from the
capacitance, which, preferably is a bus holder circuit, or
the like. If the circuits are provided on integrated circuit
devices, the busholder may be provided either internally or
externally to the integrated circuit devices. In another em-
bodiment of the invention, a signal encoder may be associ-
ated with the output buffer and a signal decoder hay be as-
sociated with the input buffer to counteract or resist the
effects of charge leakage from the capacitance, without the
need for a bus holder or other charge holding circuit.
According to another broad aspect of the invention, an
isolation circuit for providing dc isolation between first
and second circuits is provided. The first and second cir-
cuits may be contained on integrated circuit devices, or the
like. The circuits may, but need not be, referenced to dif-
ferent ground potentials. The isolation circuit includes a
transformer having first and second transformer coils. The
first coil of the transformer is connected to a ground of
the first circuit, and the second coil of the transformer is
connected to a ground of the second circuit. A first capaci-
tance, which may be single or multiple capacitors, may be
connected between a signal output node of the first circuit
and a second side of the first coil of the transformer. A
second capacitance, which also may be single or multiple ca-
pacitors, may be connected between a signal input node of
the second circuit and a second side of the second coil of
the transformer. A signal output buffer is provided in the
first circuit, and is connected to the output node. A signal
input buffer is provided in the second circuit, connected to
the respective input node, the signal input buffers being
constructed to hold a desired state at the input node de-
spite charge leakage from the capacitance. The signal input
buffers may include, for example, bus holder circuits.
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According to yet another broad aspect of the invention,
a method is provided for providing dc isolation between a
first circuit from a second circuit, which may be contained
in separate integrated circuit devices in which a ground po-
tential of the first circuit may be different from a ground
potential of the second circuit. The method includes con-
necting a capacitance between respective signal input and
output nodes of the first and the second circuits. The ca-
pacitance may be provided on a single or multiple capacitor
devices. A signal output buffer is contained in one of the
circuits, being connected to an output node of the circuit
on which it is contained, and a signal input buffer is con-
tained in the other of the circuits, being connected to the
input node of the circuit in which it is contained. The sig-
nal input buffers is constructed to hold a desired state at
the input node despite charge leakage from the capacitance.

‘The step of providing a signal input buffer may be per-
formed by providing a first inverter having an input con-
nected to the inpﬁt node and an output connected to the cir-

‘cuit, and providing a bus holder at the input to the in-

verter to hold a current state of the inverter despite
charge leakage from the capacitor. The step of providing a
bus holder may performed by providing a second inverter
across tlie first inverter in an opposite direction from the
first inverter. The second inverter would typically have
less output drive than the output buffer that is driving the
input node. '

According to yet another broad aspect of the invention,
a method is presented for providing dc isolation between a
first circuit and a second circuit. The circuits may be part
of first and second integrated circuit devices, in which a
ground potential of the first circuit may be different from
a ground potential of the second circuit. The method in-
cludes connecting one side of a first coil of a transformer
to a ground of the first circuit and one side of a second
coil of the transformer to a ground of the second circuit. &
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first capacitance is connected between a signal output node
of the first circuit and a second side of the first coil of
the transformer. A second capacitance is connected between a
signal input node of the second circuit and a second side of
the second coil of the transformer. A signal output buffer
is provided in the first circuit, connected to said output
node. A signal input buffer is provided in the second cir-
cuit, connected to the input node. The signal input buffer
is constructed to hold a desired state at an input of the
circuit despite charge leakage from the capacitance.

The step of providing a signal input buffer may be per-
formed by providing a first inverter having an input con-
nected to the input node and an output connected to the cir-
cuit, and providing a bus holder at the input to the in-
verter to hold a current state of the inverter despite
charge leakage from the capacitance. The bus holder may be
provided by providing a second inverter across the first in-
verter in an opposite direction from the first inverter.

The circuit and method of the invention results in the
advantages that no differentiation logic is fequired to dif~
ferentiate the driven signal. This reduces silicon device
area. Moreover, only one external capacitor is required per
lead for capacitive isolation, as opposed to a minimum of
two exterhal capacitors and seven external resistors used in
a circuit complying with the capacitor embodiment of the
IEEE 1394-1995 standard. For transformer isolation only two
external capacitors and one external transformer are re-
quired, as opposed to two external capacitors, one external
transformer, and a minimum of seven external resistors used
in a circuit complying with the transformer embodiment of

'the IEEE 1394-1995 standard. This reduces components, board

space and cost. :

In addition, inputs swing rail-to-rail as opposed to
¥Vpp- This increases noise margin. The inputs remain at the
rails as opposed toc normally sitting at %Vpp. In the prior

art when the inputs remained at %Vpp, the quiescent current
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draw could be very high, and careful design was required to
ensure supply current did not exceed design limitations. In
addition, the delay through the isolation barrier is much
lower than in the prior art. This reduces the timing con-
straints on both the physical layer and the link layer de~
vices. The input circuit design constraints are much looser
as opposed to critical threshold and hysteresis constraints
in the prior art.

Still further, the circuit and method of the invention
use less supply current on both the physical layer and link
layer device, and uses no supply current in the external
components, in contrast to previous techniques and circuits.
BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features and objects of
the present invention and the manner of attaining them will
become more apparent, and the invention itself will be best
understood, by reference to the following description of a
preferred embodiment taken in conjunction with the accompa-
nying drawings, wherein:

Figure 1 is an electrical schematic diagram of an iso-
lation circuit used to isolate two integrated circuit de-
vices, according to the preferred embodiment of the inven-~
tion.

Fiqure 2 is an electrical schematic diagram of an input
buffer circuit constructed according to a preferred embodi-
ment of the invention.

Figure 3 is an electrical schematic diagram of an iso-
lation circuit, according to the preferred embodiment of the
invention, for isolating two integrated circuit' devices us-
ing a transformer isolation circuit.

In the various figures of the drawings, like reference
numerals are used to denoté like or similar parts.

tures herein described do not necessarily form a complete
process flow for manufacturing integrated circuits. It is
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anticipated that the present invention may be practiced in -
conjunction with integrated circuit fabrication techniques
currently used in the art, and only so much of the commonly
practiced process steps are included as are necessary for an
understanding of the present invention. )

The solution advanced by the present invention is to

. use a latching input and standard CMOS output connected

through a capacitor, which acts as the isolation barrier.
The CMOS output on one side of the isolation barrier pulls
the corresporiding input on the other side of the isolation
barrier high or low, since the charge on the capacitor can-
not'change instantaneously. At this point, the latching in-
put holds the charge on the capacitor, until the output
changes in the other direction.

As will become apparent, the input in the circuit of
the invention swings rail~to-rail, as opposed to the prior
art which had maximum swings of %Vpp, and no differentia-~
tion of the transmitted signal is required. The inputs are
held at the rails, in contrast to the prior art, in which
the inputs were held at %Vpp.

The circuit and technique of the invention require only
a single external capacitor for capacitive isolation, in
contrast to the prior art, in which a minimum of two exter-
nal capacitors and five external resistors were required. In
the case of transformer isolation the invention requires
only two external capacitors and one external transformer,
in contrast to the prior art, which required a minimum of
two external capacitors, one external transformer and five
external resistors. ‘

Thus, a circuit 10 for isolating two integrated circuit
devices 11 and 12 according to a preferred embodiment of the
invention is shown in Figure 1. Although the invention is
described herein in the context of an embodiment of inter-
facing and isolating to integrated circuit devices, it will
be appreciated that the invention can be used in isolating
two nodes that may be referenced to different dc levels or
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ground potentials that are different from each other. The
circuit 10 is used to isolate a first integrated circuit de-
vice 11 from a second integrated circuit device 12, which
may be at different ground potentials. The integfated cir-

cuit devices 11 and 12 may be mounted to a printed circuit
board 14, or other structure. The integrated circuit devices
11 and 12 have respective connection nodes 16 and 17, which
are shown respectively as connection pins. Although only one
connection pin is shown for each of the integrated circuit
devices 11 and 12, it will be understood that multiple pins
may be interconnected between the two devices.

Each of the devices 11 and 12 as associated with its
respective input/output node 16 and 17 a respective output
buffer circuit 20 and input buffer circuit 22. The output
buffer and input buffer circuit of the integrated circuit
device 20 is similarly constructed, the.output buffer and
input buffer reference numerals being designated with a
prime ('), specifically, output buffer 20' and input buffer
22¢, )

Thus, signals that are provided from circuitry (not
shown) on integrated circuit device 11 are provided on a
line 24 to the output buffer 20, the output of which is con-
nected to input/output pin 16. Similarly, signals that are
received onto the device 11 at the input/output pin or node
16 are connected to the input of the input buffer 22 for de-
livery on line 26 to éircuitry (not shown) on the integrated
circuit 11. In a similar fashion, the signals that are pro-
vided from circuitry (not shown) on integrated circuit 12°
are delivered on line 24' for delivery to the input/output
node 17 and, signals that are provided as an input on in-
put/output node 17 to the integrated circuit device 12 are
provided to the input of the input buffer 22' for delivery
on line 26' to the c¢ircuitry (not shown) of the integrated
circuit device 12. _

As shown, a capacitor 30 is pf:ovided interconnecting
the input/output nodes 16 and 17 of the respective inte-
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grated circuit devices 11 and 12. It should be noted that
although the invention is illustrated using a single capaci-
tor, multiple capacitors can be used to provide the single
capacity provided between the two interconnected nodes of
the integrated circuits under consideration. This may be of
advantage, for instance, to achieve a higher voltage that
may be withstood by the capacitor element. For exanmple, -it
may be cheaper to provide two-50 volt capacitors in series
to achieve a 100 volt withstand ability, rather than to pro-
vide a 100 volt single capacitor. Consequently, although the
capacigor element is referred to as a ““single capacitor'!
herein, it will be understood that that term is used to in-
dicate a single capacity that does not require the other
voltage dividers and resistor interconnections. of the type
typically provided in an IEEE 1394-1995-type integrated cir-
cuit interconnection for isolation.

In the construction of the isolation circuit, according
to the invention; the output buffer circuit 20 may be con-
structed in manner similar to that of the previous output
buffer circuits of the prior art. More specifically, no spe-
cial construction modifications need to be made to the out-

-put buffer circuit employed in the isolation circuit of the

invention.

on the other hand, the construction of the input buffer
circuitry 22 may be as shown in Figure 2. As shown, the in-
put buffer 22 has three sections, inverter sections 32 and
34 and a bus holder section 36. The inverters 32 and 34 in
the embodiment shown each include an n channel and a p chan-
nel MOS transistor connected between Vpp and ground. Thus,
the inverter 32 is connected with a p channel MOS transistor
40 and an n channel MOS transistor 42, with the input signal
on line 25 connected to their respective gates, with their
respective drains connected to the input of the following
inverter 34, and with their respective sources connected to
Vpp and ground as shown. Similarly, the inverter 34 includes
a p channel MOS transistor 46 and an n channel transistor 48
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connected with their respective gates receiving the input
signal, the drains connected to the output line 26 and their
respective sources connected to Vpp and ground.

The bus holder 36 is connected between the input and

- output of the inverter 32. The bus holder 36, in the embodi-

ment shown, is an inverter circuit with a P channel MOS
transistor 50 and an N channel MOS transistor 52. The gates
of the transistors 50 and 52 are connected to the output
from the inverter 32. The drains, on the other hand, of the
transistors 50 and 52 are connected to the input of the in-
verter 32 on line 25. The sources of the transistors 50 and
52 are connected respectively to Vpp and ground. It should
be understood that other circuits may be constructed to pro-~
vide the bus holder function, as well.

Thus, in the operatiocn, as the input on line 25 rises
from a low to a high state, the state of the inverter 32 re-
mains high until the threshold of the transistor 42- is ex-
ceeded, at which time, the transistor 42 conducts, causing
the output of the inverter 32 to go low. Concurrently, the p
channel transistor 40 is turned off. When the output from
the inverter 32 goes low, the transistor 50 of the bus
holder circuit 36 conducts, and the transistor 52 is
switched to a non-conducting state. On the other hand, when
the signal on the input line 25 falls to a low state, tran-
sistor 40 is caused to conduct, while transistor 42 |is
caused to switch to a non-conducting state. This raises the
output from the inverter 32 to a high state, which is ap-
plied to the gates of the transistors 50 and 52 of the bus
holder 36. This causes the transistor 50 to switch to a non-
conducting state and the transistor 52 to conduct. Thus, the
output from the bus holder 36 that is applied to the line 25
is maintained in a low signal state. The output of the bus
holder circuit 36, delivered on to 1line 25, therefore,
changes to maintain the input/output signal conditions of
the inverter 32.
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To ensure that the circuit 22 synchronizes at start up
on a power-up to a correct state, upon the first state
change, diode elements $4 and $6 are provided, respectively
connected, between the input line 25 and Vpp and the input

line 25 and ground. The diodes 54 and 56 furthermore syn-

chronize the output buffer and the input to the circuit to
keep the inverter 32 from being driven above or below ground
depending upon the initial start-up state of the output
buffer 20 and associated input buffer 227,

Thus, for example, if the inverter 32 on power4up as~
sumes a high input state .and a transition from low to high
on pin 16 is recéived, the excess voltage will be conducted
to Vpp by diode 54 to protect the inverter circuit 32 and
also insure that it synchronizes to a correct input state.
Similarly, if the input to the inverter 32 is .low and an
initial transition from high to low is received on pin 16,
the diode 56 will conduct to assure that the transistors of
the inverter 32 are not driven below ground, and to insure
that the input to the inverter 32 is synchronized to its
correct state. Thus, the diodes 54 and 56 serve to clamp the
input 1line 25 to a voltage range between one diode drop
above and below Vpp and ground.

It will be appreciated that by virtue of the operation
of the_ﬁus holder circuit 36, the inverter 32 will remain in
the state to which it is switched until a sufficiently large -
signal is received on line 25 to overcome the switching or
transition conduction states of the transistors 50 and 52 of
the bus holder circuit 36. It can, therefore, be readily ap-
preciated that the circuit 22 has a considerably higher
noise 1mminity than the prior art isolation circuits con-
structed according to. IEEE standard 1394-~199S.

It should be noted that one of the primary functions of
the bus holder circuit 36 is to ensure that capacitor leak-
ages do not affect the operation of the input buffer cir-
cuit. There are many sources of such charge leakage from the
capacitor, including leakages induced by the various tran-
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sistors of the circuit, and within the capacitor itself.
Thus, it will be appreciated that the circuit 22 shown in
Figure 2 serves to eliminate a possibility of charge leak-
ages that may be experienced by the capacitor 30 affecting
the state of the inverters of the input buffer circuit 22.
Thus, because of the operation of the bus holder 36, the
state of the inverter 32 is maintained until it is deliber-
dtely switched, without regard to minor voltage variations
on the input line 25 that may be due, for example, to charge
leakage from the capacitor 30.

Resisting or minimizing the effects of capacitor leak-
ages may be accomplished in other ways as well. For example,
the use of an encoded output buffer signal with a decoder in
the receive section may also be employed so that switching
takes place within a sufficiently small period so that leak-
age will not have time to drain enough charge from the ca-
pacitor to change the state of the input. An encoded signal,
for example, may be a pulse code modulated signal that
changes state every period at a predefined frequency, or
other suitable signal. . '

Since the input buffer circuit 22 has a relatively high
impedance input,' circuit 22 contributes very little to the
charge changes that may appear on the capacitor 30. The ca-
pacitor 30, therefore, is principally limited to the quality.
of the capacitor itself and the internal leakages that may
exist within the. capacitor. The bus holder circuit 36,
therefore, ensures that the charge on the capacitor is not
allowed to decrease due to leakages through the threshold of
the inverter 32, thereby, increasing the overall reliability
of the circuit to maintain the states that to which it is
deliberately switched. The bus holder 36, consequently,
maintains the current to hold the pin 16 at the desired
state.

It can also be readily appreciated that the need for a
hysteresis circuit of the type required by the isclation
circuits constructed according to the IEEE 1394-1995 stan-
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dard is not required for proper operation of the input
buffer circuit 22 of the invention. Moreover, using the cir-
cuit 22 as shown with the bus holder 36 maintaining the
state of the signal applied to the inverter 32, only a sin-
gle capacity element is required to effect the dc isolation
between the input/output nodes 16 and 17 of another inte- -
grated circuit device to be isolated from each other.

It will be appreciated, furthermore, that the need for
the complex differentiation circuits of the prior art has
been eliminated and, as is evident, the number of circuit
components required to provide the dc isolation function has
been greatly reduced from those required by the circuits and
methods according to the IEEE 1394-1995 standard.

Furthermore, it should be noted that the noise margins
are significantly increased through the use of the bus
holder circuit 36 since the bus holder dampens noise spikes
significantly, and to achieve a switching, the current that
is applied to the bus holder must be sufficiently large as
to overcome the current state of the bus holder.

It should be appreciated that although the isolation
circuit of the invention is primarily intended for use in
those applications in which the de or galvanic voltages of
the two integrated circuits that are interconnected are dif-
ferent, in those applications in which the dc voltage or
ground levels are essentially the same, the circuit can be
used in a direct connection between the two integrated cir-
cuits. Moreover, although a differential circuit is no
longer needed because of the operation of the bus holder
circuit employed according to the invention,.a differential
circuit will, nevertheless, work if it is selected to be
used.

If desired, as shown in Figure 3, a transformer isola-
tion circuit 60 may be constructed according to the inven-
tion. As shown, two integrated circuit devices 62 and 64 are
interconnected by an isolating circuit 66 that may be con-
structed on a printed circuit board 68 or other suitable
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structure. The integrated circuit devices 62 and 64 each has
respective output buffer circuit 70 and 70' and input buffer
circuit 72 and 72'. The output buffer circuit 70 and 70' and
input buffer circuit 72 and 72' may be similarly con-
structed. The output from the output buffer circuit 70 and
input to the input buffer circuit 72 of the integrated cir-
cuit device 62 are prévided on input/output pin 78. In a
similar fashion, the output from the output buffer circuit
70* and input to the input buffer circuit 72' of the inte-
grated circuit device 64 are provided on the input/output to
pin 80. The input buffer circuit 72 and 72' may be con-
structed in a manner similar to that described above with
reference to Figure 2 using a bus holder circuit or other
similar technique to ensure that leakage currents do not af-
fect the operation of the inverter circuits employed as a
part thereof. :

In the circuit embodiment 60 shown in Figure 3, a
transformer 85 may be provided with one side referenced to
the ground 86 that is used in conjunction with the inte-
grated circuit device 62 and with the cother side connected
to a ground 88 that is associated with the integrated cir-
cuit device 64. Respective capacitors 90 and 92 are con-
nected to the respective sides of the transformer 85 con-
necting them respectively to input nodes or pins 78 and 80.
It should be noted that by properly encoding the output sig-
nal from the output buffer to ensure that the transformer 85
does not saturate, the capacitors 90 and 29 may not be nec-
essary in some applications. Because of the isolation capa-
bility of the transformers that may be used, the transformer
embodiment 60 shown in Figure 3 may be used principally when
higher dc voltage differences are anticipated between the
two integrated circuit devices 60 and 64. It should be
pointed out also that an encoding scheme may be required in
the transformer implementation to ensure that normal transi-
tions are within a sufficiently small period to assure that
the transformer does not saturate.
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Although the invention has been described and illus-
trated with a certain degree of particularity, it is under~
stood that the present disclosure has been made only by way
of example, and that numerous changes in the combination and
arrangement of parts can be resorted to by those skilled in
the art without departing from the spirit and scope of the
invention, as hereinafter claimed.
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CLAIMS:

1. An isolation circuit for providing dc isolation between
two circuits that may be referenced to different ground po-
tentials, comprising:

an output buffer in one of said circuits connected to
deliver a signal to an output node;

an input buffer in another of said circuits connected
to receive a signal on an input node; and

a capacitance connected between said output and input
nodes; -

said input buffer comprising a circuit for resisting a

charge leakage from said capacitance.

2. The circuit of claim 1 wherein said capacitance is a
single capacitor. '

3. The circuit of claim 1 wherein said capacitance is more
than one capacitor.

4. The circuit of claim 1 wherein said signal is a digital
signal.

5. The circuit of claim 1 wherein said one and another cir-
cuits to be isolated are contained in respective first and
second integrated circuit devices.

6. The circuit of claim 5 wherein said circuit for resisting

a charge leakage from said capacitance is a bus holder cir-
cuit.

7. The circuit of claim 6 wherein said bus holder circuit is
internal to said second integrated circuit device.

8. The circuit of claim 6 wherein said bus holder circuit is
external to said second integrated circuit device.
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9. Thecircuit of claim 1 wherein said circzuit for
resisting a charge leakage from said capacitor comprises
a bus holder circuit.

10. The circuit of ciaim 9 wherein said bus

holder provicdes less drive than said output buffer.

11. The 'circuit of claim 9 wherein said input buffer
comprises a first inverter, and said bus holder com-

prises a second inverter connected in a reverse direction
across said first inverter.

12. The circuit of claim 11 wherein said bus polder
comprises a p-channel MOS device and an n-channel MoOS

device connected between a supply voltage and a ground po-
tential, said MOS devices having gates connected to an out-

put of said first inverter and drains connected to an input
of said first inverter. '

13. The e¢ircuit of claim 1 wherein said output node of
said one of said circuits to be isolated is an input/’
output node, and further comprising a second input
buffer contained in said one of said circuits to be iso-
lated, said second input buffer having an input connected to
said input/output node, and still further comprising a''sec-
ond circuit in said one of said circuits to be isolated for
resisting a charge leakage from said capacitance.

14. The circuit of claim 1 wherein said circuit for

resisting a& charge leakage from said capacitor comprises
a signal encoder associated with said output buffer and a
signal decoder associated with said input buffexr.
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15. A isolation circuit for providing dc isolation between
first and second circuits that may be referenced to differ-
ent ground potentials, comprising:
a transformer having first and second transformer
coils; '
said first coil of said transformer being'connected to
a ground of said first circuit and to an output node of said
first circuit, and said second coil of said transformer to a
ground of said second circuit and an input node of said sec-
ond circuit;

a signal output buffer in said first circuit connected
to said output node;

a signal input buffer in said second circuit, said sig-~
nal input buffer being connected to said input node and be-
ing constructed to hold a desired state at said input node
despite charge leakage from said capacitances.

16. The circuit of claim 15 further comprising a first ca-
pacitance connected between a signal output node of said
first circuit and a second side of said first coil of said
transformer, and a second capacitance between a signal input
node of said second circuit and a second side of said second
coil of said transformer.

17. The circuit of claim 16 wherein each of said first and
second capacitances is a single capacitor.

18. The circuit of claim 16 wherein each of said first and
second capacitances is more than one capacitor.

19. The circuit of claim 16 wherein said first and second

circuits to be isolated are on first and second integrated
circuit devices. '

20. The .circuit of claim 19 wherein said signal
input buffer comprises a bus holder circuit.
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21. The circuit of claim 20 wherein said bus holder

circuit is internal to said integrated circuit containin
said input buffer. ?

w N

-

22, The Circuit of claim 20 wherein said bus holder
circuit is external to said integrated circuit containg
A ng

said input buffer.

w N

23. The circuit of claim 16 wherein each of said signal
input buffers comprises a bus holder circuit

24. The circuit of claim 23 vherein said input buffer
.comprises a first inverter, and said bus holder compriges
a second inverter connected in a reverse directionp =*e
.across said first inverter.

s W N

|

25. The circuit of claim 24 vherein sdid bus holder
provides less drive than said output buffer.

~

26. The circuit of cleim 24 vwherein said bus holder

comprises a p-channel MOS device and an n~-channel KOS
device connected between a supply voltage and a ground po-
tential, said MOS devices having gates connected to an out-

put of sg.i.d first inverter and drains connected to an input
of said first inverter.

G & WM
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27. The oircuit of claim 16 | | |
o vherein said signal is a digital

N

28. The circuit of claim 16 wherein said output node
is an input/output node, and further comprising a second

finput buffer contained in seid first circuit having an

input connected to said input/output node, said gsecond input
buffer being constructed to hold a desired gate at said in-

put/output node despite charge leakage from said capaci-
tances. -

N OO A W N

 —

/
- This Been Rei)laced

[T



N

B A W N

D N bW N ~

& W N

THIS SHEET HAS BEEN |

A D DL REPLACED

- 23 -

29..The circuit of claim 15 wherein said a signal
output buffer comprises a signal encoder.

30. A method for providing dc isolation between a first cir-
cuit from a second circuit, wherein a ground potential of
said first circuit may be different from a ground potential
of said second circuit, comprising:

connecting a capacitance between a signal output node
of said first circuit and a signal input node of said second
circuit;

providing a signal output buffer in said first circuit
having an output connected to said output node;

providing a signal input buffer in said second circuit
connected to said input node, said signal input buffer being
constructed to hold a desired state at an input of said in-
put buffer despite charge leakage from said capacitance.

31. The method of claim 30 wherein said step of connecting a
capacitance comprises. connecting a plurality of intercon-
nected capacitors to provide said capacitance.

32. The method of claim 30 wherein said step of connecting a
capacitance comprises connecting a single capacitor to pro-
vide said capacitance. '

33. The method of claim 30 wherein said step of providing a
signal input buffer comprises prdviding'.a first inverter
having an input connected to said input/output node. and an
output connected to said circuit, and providing a bus holder
across said inverter to hold a current state of said in-
verter despite charge leakage from said capacitor.

34. The method of claim 33 wherein said step of providing a
bus holder comprises providing a second inverter across said

first inverter in an opposite direction from said first in-
verter.
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35. The method of claim 34 wherein said step of providing a
second inverter comprises providing a p-channel MOS device
and an n-channel MOS device connected between a supply volt-
age and a ground potential, said MOS devices having gates
connected to an output of said first inverter. and drains
connected to an input of said first inverter.

36. The method of claim 30 wherein said input node is an in--
put/output node and further comprising providing a second
signal output buffer in said second circuit, said second
signal 6utput buffer being connected to deliver an output
signal to said input/output node.

'37. A method for providing dc isolation between a first cir-

cuit and a second circuit, wherein a ground potential of
said first civcuit may be different from a ground potential
of said second circuit, comprising:

connecting one side of a first coil of a transformer to
a ground of said first circuit and one side of a second coil
of said transformer to a ground of said second circuit;

connecting a first capacitance between a signal output
node of said first circuit and a second side of said first
coil of said transformer;

connecting a second capacitance between a signal input
node of said second circuit and a second side of said second
coil of said transformer;

providing a signal output buffer in said first circuit
connected to Said output node;

providing a signal input buffer in said second circuit
connected to said input node, said signal input buffer being
constructed to hold a desired state at an input of said in-
put buffer despite charge leakage from said capacitance.

38. The method of claim 37 wherein said step of providing a
signal input buffer comprises providing a first inverter
having an input connected to said input node and an output
connected to said circuit, and providing a bus holder across -
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said inverter to hold a current state of said inverter de-~
spite charge leakage from said capacitor.

39. The method of claim 38 wherein said step of providing a

bus holder comprises providing a second inverter across said

first inverter in an opposite direction from said first in-
verter.

40. The method of claim 39 wherein said step of providing a
second inverter comprises providing a p-channel MOS device
and an n-channel MOS device connected between a supply volt-
age and a ground potential, said MOS devices having gates
connected to an output of said first inverter and drains
connected to an input of said first inverter.

41. The method of claim 37 wherein said output node is an
input/output node and further comprising providing a second
signal input buffer in said first circuit connected to re-
ceive a signal from said input/output node, said signal in-
put buffer being constructed to hold a desired state at an

input of said second input buffer despite charge leakage
from said capacitance.
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