Y
Yan
2

ST * METHOD AND APPARATUS FOR GALVANI CALLY | SCLATI NG TVO ﬁr’f%”’ e
GRATED Ol RCUI TS FROM EACH OTHER ~ BACKGROUND OF THE INVENTION 1. FI

OF THE | NVENTI ON This invention relates to inprovenents in

I nt egrated “circuit isolation techniques and apparatus, and nore par- 5
ticularly to inprovenents in apparatuses and net hods for gal vanical ly
Isolating two circuits, such as integrated cir- cuits, or the |ike,
from each ot her. 2. RELEVANT BACK D : In many circuit
constructions, it is often necessary to 1 prOV|de dc isolation between
two or nore |ntegrated cir- cuits.. For exanple, not uncommonly, the
ground potential of . one integrated circuit may be at a different dc

| evel than a ground potential of another integrated circuit to which it

may be connected. When such ground potential isolation is 15- needed,
typi cal ground METHOSt AND ARPARATUSHZOR GmmeeESOLATImmaNTEﬁherre,

for exanple, is that descrlcﬁgﬁ@wc&ﬁ@ﬁlrs FROW EatfO8raERNex J. I n
the past NovgyelndR de° e fivHbE oo "

1. FIELD OF THE INVENTION

This invention relates to improvements in integrated
circuit isolation techniques and apparatus, and more par-

5 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

10 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

15 needed, typical ground isolating 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

20 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.

25 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-

30 podiment, two relatively large-sized capacitors and seven
resistors off-device as We:;i.%_és specific differentiating,
tristating, and hysteresis 1n§1ft' buffer circuitry on-device.
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s accomplished. Furthermore, it - will be appreciated, of
10 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-

15 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,

20 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.

25 In typical operation of a circuit that is intercon-
nected using isolation circuitry of the type_qenerally'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

30 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 output buffer circuit is
generally clocked by clock pulse sources onboard the inte-

35 grated circuit device on whic't_x. the output buffer is con-
structed.
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accbrrplished. Furthernore, it wll be appreciated, of 10 course,

t hat acconpanying the | arge nunber of conponents re- quired to
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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-

15 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,

20 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

25 large current is required in the quiescent 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-

30 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

35 clock pulse, a high state is clocked from the output buffer
of one integrated circuit at the a clock pulse output.



- 3- Differentiation circuits of the type provided as a part
of the input buffer circuit are difficult and conplex to construct in
an integrated circuit structure and, addition- ally, require
considerable "real estate"” on the integrated 5 circuit device. Wen the
nunber of input/output pins is in- creased, an increased anount 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. 10 ~Moreover, as nentioned, the
differentiation input buffer ci reuit typically has an anplifier having
hysteresis. Theddaftierst thesoutpwwifr §beaontent vnffergial trisgatied,ontng
{ron] VoD, Iowda%mh eeecteaechfyrﬁampeauhae kened. TWé sigHaANCEs Et@Q¢Red
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appl i cati ons, cduchits have® chimited oahser bupunityap Itnopaggmzular, piiQs s,
and the like, 14Rieh @ifchfid cay RBEM ghRéranly péintit a large margin of
noise immunity because of the design requirement for an
amount of hysteresis in the input buffer circuit. As a re-
15 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 typic_:ally be
at %Vpp since the output of the transmitter or output
20 Dbuffer 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-
25 tively small. A typical isolation circuit, for example, may
provide noise immunity of only about 0.2 volts to about 0.8
volts, dependinq upon the particular variables of the cir-
cuit.
Another consideration in the design of the device in-
30 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
35 need to be considered, and at worst, may disqualify the cir-
cuit for the particular application considered.



require mninmal use of the battery capacity for extended op- 30 eration.
Typically in the operation of the isolation circuit bet ween two
integrated circuits in delivering a signal from one integrated circuit
device to another, if, for exanple, an output pulse is to be delivered
ext endi ng beyond a single 35 clock pulse, a high state is clocked fromthe
out put buffer of one integrated circuit at the a clock pul se output.
-4- Thereafter, the output of the ou ut buffer is tristated, or
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method for providing dc or galvanic voltage isolation be-
tween two or more circuits, such as integrated circuits, or

10 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-

15 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.

20 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

25 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

30 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

35 with which the output buffer is associated. An input buffer
is connected to receive a signal delivered onto an input




anount of hysteresis in the input'buffer circuit. As are- 15 sult, for

exanple, if an input voltage is [err]VDD at an input pin, the
difference is very small between the input poten- tial and the
threshol d potential that nust be exceeded for the circuit to change
states. (The input would typically be at [err]VDD since the output of
the transmtter or output 20 buffer portion of the integrated circuit to
which the cir- cuit is connected ig tgypically in a tristate inpedance.)

- consequently, if a noise spike or pulse is induced onto the i nput |ine,
t he magni tude of .the pul se necessary to reach the switching threshold
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consi der ed. bodiment of the invention, a signal encoder may be associ-

10 ated with the output buffer and a signal decoder may 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

15 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

20 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

25 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

30 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-

35 spite charge leakage from the capacitance. The signal input
buffers may include, for example, bus holder circuits.



What is needed, therefore, is a nethod and appar at us " for providing a

circuit and nethod for isolating dc or gal- vani ¢ vol tage between two
or nore circuits, such as inte- grated circuits, or the like. 5 SUMVARY
OF THE | NVENTI ON Consi dering the above, therefore, it is an object
of the invention to provide an inproved isolation circuit and

nmet hod for providing dc or galvanic voltage isolation be- tween two or
nore circuits, such as integrated C|rCU|>s, or 10 the like. It is
yet anot her object of the invention to provide an interfacing circuit
and nethod of the type described that requires fever ‘external
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input node of the circuit in which it is contained. The sig-
15 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-
20 ‘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
25 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
30 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
35 to a ground of the first circuit and one side of a second
coil of the transformer to a ground of the second circuit. &




nected to deliver a signal to an output node of the circuit 35 with which

the output buffer is associated. An input buffer IS connected to
receive a signal delivered onto an i nput

- 6- node. A capacitance, which may be a single capacitor or a
conbi nati on of capacitors, is connected between the output and i nput
nodes of each of the circuits. The input buffer

i ncludes a circuit for
resisting a charge | eakage fromthe 5 _capacitance, which, preferably is a

bus hol der circuit, or the like. If Tthe circuits are provided on
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circuits may,cuit!, eeaflecéd beo tied eirgpidechdde.diThe signal input buffer
is constructed to hold a desired state at an input of the
10 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-

15 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

20 advantages that no differentiation logic is required 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

25 - 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

30 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

35 rails as opposed toc normally sitting at %Vpp. In the prior
art when the inputs remained at %Vpp, the quiescent current



ferent ground potentials. The isolation circuit includes a 20 transformer
‘having first and second transfornmer coils. The first coil of the
transforner is connected to a ground of the first circuit, and the
second coil of the transforner is connected to a ground of the second
circuit. Afirst capaci- tance, which may be single or multiple
capacitors, may be 25 connected between a signal output node of the first
circuit and a second side of the first coil of the transforner. A
second capaci tance, which also may be §iﬁgre or nmultiple ca- pacitors,
may be connected between a signal input node of the second circuit and
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Still further, the circuit and method of the invention

10 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

15 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:

20 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

25 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-

30 ing a transformer isolation circuit. '

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

It should be noted that the process steps and struc-
tures herein described do not necessarily form a complete
process flow for manufacturing integrated circuits. It is

35



In separate integrated circuit devices in which a ground po- 5 tential of
the first circuit may be different froma 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 nmultiple
capacitor 10 devices. A signal output buffer is contained in one of the
circuits, being connected to an output _ngde_of the circuit on which it

i s contained, and a signal input buffer is con- tained in the other of
t he circuits, bei ng connected to the I nput node of the circuit in which
it is contai nedtidimatsdy-thbkk thel prepehtbihfrentiors wone yntrdicadh@hd a

desired stat ecahjunctmﬁ wwtim&a%aapléﬁcﬁaer ct%b %ék@ﬂ& f u%ner '&m

capaci t ance. p rovid t b be
per - f or nﬁ&rﬁﬁnﬁ’b\ﬂs&%d‘ atgFrgft1 N tg°éﬁ g the cgponl 1y
nected to thePragticeddrogessastena pre dmﬂm@e@daa @ItEhaecessal‘aO fozuman, and
provi di ng & buadbﬁbfjﬁdjaig blifethe Ppifedent! haveﬂt;,on. verter to hold a current

state of the mver.hqé ‘ﬁ" addevr ;igeb %sre%@t %Qgglg c‘;'ﬁThe

step of providing a ¥ rfor ng a d
i nverter . ¥8PoR f'ﬁﬁctﬁ‘?%t Per fBR istamdazgp °Lse %ﬁfﬁé’é’t i eppackedt he 25
first i nverterthrilihghsecmdachter.t ewhiwhi| aictg pasakhg Haokation | a3 ieut put

drive than thenQuichgs Buthet él'dnd Ssilld \df'kHe G solatioR UbalPils
Accor di ng, o BES'F anot her oad 'aSB ct _of .the_lnven

ethad i s
pr esent ed oV Gr ji’i,gol OB hE LRSS H’?s?fcﬂ‘%uﬁ"%ﬁ
second ci I‘CUI farrier chighian lawy Bénpart-he chayfgef jans thendapacitat icanegr at ed

EI rguic ]E devi cet cRanfé Cindtantangbaly. PRt cfiispaintt, Nenki 1&tciir Lﬂnf- Wﬁyd
|(r31- | e(r:FEEjeg %E)nnn%lc ang{eogggasﬁgé # q.'lhﬁ rsaglg%li an‘ % L%‘tforr%qu ttg a
ground of the qharﬂsesméﬂwq okherofiregtionst a second COI| of the
transformas to a ghsumdidf bebomé cappakerity,C tie #mput 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

20 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 regquired. In

25 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.

30 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

35 be appreciated that the 'invent_ion can be used in isolating
two nodes that may be referenced to different dc levels or



- 8- first capacitance is connected between a signal output node of
the first circuit and a second side of the first coil of t he
transforner. A second capacitance is connected between a si gnal i nput
node of the second circuit and a second side of 5 the second coil of the
transforner. A signal output buffer I's provided in the first circuit,
connected to said output node. A signal input buffer is provided in the
second cir- cuit, connected to the |qput node. The signal input buffer
Is constructed to hoId a desired state &t an i nput of the 10 <circuit
despite charge | eakage fromthe capacitance. The step of providing
a signal inpgtroanéf @otenyidks peliat are f i fifekrdnt pfron deagh aotfherst Thaverter

havi ng an '”IQ:‘iTrcﬁQ{! 10 is Q&%ﬁeéotPséﬂﬁ:é @.ptffireedfn AW L1 € Yulect ed

to the cir- cui_t rovidin e ] nput tot e in- 15
verter to hol'd®§ &JTrfLﬁ?P‘ iaﬁeé"’d‘iﬂ %@eﬁﬁe’éﬁ‘? gﬁ"é'é’i)‘i"t ev{cg cHrr B iDakage
from t he capaaiyt decat Bidflewenhoyreundrogottantialspr G‘hedé@tbgrgﬁ&ﬂ/mﬁmg a
second i nyeriRiita@editesNe1f 4Aidt12 Mmay be iRdirted RoAR Qﬂ-ﬂ.ﬂ%b&ecﬂtd\ﬁ&t I on

teoul 1o in | Hoasl’ Taybr other srrpdtiicdy Ml 1RRBELELD st el (7
dif- f er Srkt idRde 1‘?hBaHP| V%?Pe:ﬁtéﬁf&l °°%P§t¥%d!ﬂ9§ss il6i @pf ddviwich

area. Mreoverre shbynonespadtdvedy aspemirention pénsi rartheeigh only eatk f or
capaci tive i fndetRon2piRPPLSERoP for didH /B the integrated circuit
10 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

15 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 mput buffer
22¢,

20 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
30 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-

25
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two external capacitors and seven external resistors used in 25 a circuit
conplying with the capacitor enbodi nent of the | EEE 1394- 1995
standard. For transformer isolation only two external capacitors and
one external transforner are re- qui red, as opposed to two external
capacitors, one external transforner, and a m ni num of seven external
resistors used 30 in a circuit conplying with the transfornmer enbodi nent
of the | EEE 1394- 1995 standard. This reduces conponents, board

space and cost. In addition,'iﬁ%uts swng rail-to-rail as opposed
to VDD. This increases noise margin. The inputs remain at the 35

&ﬁils ﬁs Oppafattelio digtddt | Mevités NQ1 adnd etis] VDP. shBuldep@ hbted thatdlt

en the inp r i t C t -

o % or aw iU, 2 Shyaiaton. 1 BGRGRLC LA simie aperet
ensure suppl y*®ur MHELIRLE ABPAGLERRS GAfsiRm ysed (%@ iRFevidenthe gimgis on,

t he del ay t hreapgieitiye proviidedobebueen ethes twmoc hinterkconnectdtinnodes hef pri or

art. This g edifeLSiritagrhtdlNgif@lits underdcBhs i@8r{Oidh.t ARiBN¥SyCBE dayer
and the |ink 4@0’

nuch | ooser %i?aggpo§85 ﬁ%gggnggngP%%b&%%%ggghﬂgﬁgg?ngggééLaﬁgéfaﬁgfs
in the prior ®ay be withstood: jy| ther capacitor elemant. oy wxehpieofit he
I nventi on may be cheaper to provide two-50 volt capacitors in series
to achieve a 100 volt withstand ability, rather than to pro-
10 vide a 100 volt single capacitor. Consequently, although the
- capacitor 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
15 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

20 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

25 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,
30 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
35 Vpp and ground as shown. Similarly, the inverter 34 includes
a p channel MOS transistor 46 and an n channel transistor 48



10 wuse less supply current on both the physical |layer and |ink | ayer
‘devi ce, and uses no supply current in the external conponents, in
contrast to previous techniques and circuits. BRI EF DESCRI PTI ON OF THE
DRAW NGS The aforenmentioned and ot her features and objects of 15

t he present invention and the manner of attaining themwl| becone nore
apparent, and the invention itself will be best under st ood, by
reference to the follow ng description of a -preferred enbodi nent taken
in conjunction with the acconpa- nyiY¥¥g =dr awi ngs, wherein: 20

Figure 1 is an electrical schematic.di agram of an iso- | ation circuit
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accordi ng to regpesidve esowrdendiconnectettto ¥ppt And i qrenid.on. Fi gure

3 is an electri Ca'mac%ﬁ@&b@aﬂfageamsofcomeeﬁaa betwééilamecm tana
according to t

J ti
fio | nt 6t <RHREG BF  CRRATREtaE. 12 T waae#‘éfﬁe:%“gaeawh 27 curt
In the vari ousert gsihawn,of is handdavenger prlkeuitafui'elnce P chapnela| NOSir e

'gsé %0:' E}? %Egegl% erélﬂéi%tai: §0 NahdlawaN (¢hannel #63Atas idtoRIsET @Neaia‘ﬂ_é‘Et

u n e 0} eps
and struc. SEoTuPE pevaistere. 3 SUESE Rie ShBleor {ITeRECBERNE, C
process flow F&Pm fheuARVEEERR 32 ntThe Aradngy e the qﬁthq’-'s hand, of the

10 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.
15 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
20 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-
25 sgistor 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-
30 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
35 the inverter 32. '



- 10 - anticipated that the present invention may be practiced in
conjunction with integrated circuit fabrication techni ques currently
used in the art, and only so nuch of the commonly practi ced process
steps are included as are necessary for an 5 understandi ng of the present

I nventi on. The sol ution advanced by the present invention is to
use a latching i nput and standard CMOS out put connected t hrough a
capacitor, which acts as the isolation barrier. The CMOS out put on one

side of the isolation barrier pulls 10 Lthg,correspondi ng i nput on the other
side of the isolation barrier high or low, since the charge on the
capaci tor can- not change instantaneously. At this point, the latching

i n- put hol ds (Tife eBRRFgcthat tthe HirmiitoR2 s¥nFhrenizesuppustart @hanges
in the other domeatipowertdp to a Atovkbttbatate,appsminenthe t PrdthpHEatd t he

circuit of ch j n LO | oo | S rior
a1 whi ch had S st acke 5‘%‘#@; G e REIRRED ndherifely
the transmitt e% gcnﬁd'&eg'éﬁ‘fﬂr : % nﬁ{hesn%‘ fnd Vopopgdthendnpyt |
in contrastS t oLiMe 2% and sgroundy \Whe ixglasncs4 nnd sSGefurtiheirtone SPD-

Thte ci rlcuit anchtaedyd ane ebtple bﬁmlsb.timremi 1®wlebt the %tﬁh?ﬁ{;eto_

external capac . i , o the prior
art, in which ‘éégné n“f'tg"r r#‘gg @%/% %‘ﬁtﬁlé:r% 9‘ %gligﬁa?*g%e%caitf%%rgsagﬁbcﬁ ]fol"ﬂlgrggg r nal
resistors were FBﬁ‘EA%. upop othe hdndfdalosHarhTdpPorshate sof athen ougput

i nvention requbnéfer 20 amidyasseocinmtiesy iaputaputfenra2tand one exter nal
transfor megq | DRt TR dikambile, PLEOknE Unvibbt&d IL "Ssled Lpnihgum of
two external cggggétorﬁ ong eq>gcernal _tr nsf.g_‘rd:ner_ﬁg :‘Ab)_/e external
resistors. 30 Fhfidoh Angus, ftatey 8 &xepst 8 B wbr Th QY FCeighr cui t
on pin 16 is received, 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.
15 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 tran"sist_ors of
the inverter 32 are not driven below ground, and to insure -
that the input to the inverter 32 is synchronized to its
20 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 bus holder circuit 36, the inverter 32 will remain in
25 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
30 noise jimmunity 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-

35



devices 11 and 12 according to a preferred enbodiment of the - invention
rs shown in Figure 1. Although the invention is descri bed herein in the
context of an enbodi ment of inter- facing and isolating to integrated
circuit devices, it will 35 be appreciated that the invention can be used
in isolating two nodes that may be referenced to different dc |evels or
ground potentials that are different fromeach other. The circuit 10 is
used to isolate a first integrated circuit de- 'vice 11 froma second
integrated circuit device 12, which -may e at different ground

potentials. The integrated cir- 5 cuit devices 11 and 12 may be nounted to
a printed circuyi

DTt ed ol {Cthlors obORd, McelieOl USh SHANGLUGip TSl Bhadyplroui
are shown resPBeus, vit ywill cbanappresiatieds that: thegieiggngtoad’2 showmobmecti on
pi InI i Eesng\ggr?mﬁ@w féﬁ«fm_wten_rmahadecar puhkéﬁmiﬂﬁ\/&zc&matl—&eamdaﬂéni E e
Lo devi cog. 3988 ehdEinl by Pefpdtfihoea b ¥nd]chhELEL P iterBUFLT |
respective i nph®/ BEAHRItOhotRe 110VaTFST? 9f E8pedPPUE BRffrK circudls per
circuit 20 an@huspubebatiserofi thei bp€Patikdre ofit phé bis lholller aagd theut
buffer circui stofe & $HE SHRlr@drChs Cikk tmaintained 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

10 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

15 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

20 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

256 of the capacitor itself and the intérnal 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

30 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

35 hysteresis circuit of the type required by the isoclation
circuits constructed according to the IEEE 1394-1995 stan-



device 20 is sinmilarly constructed, the output buffer and I nput buffer

reference nunerals being designated with a prime ('), specifically,

out put buffer 20" and i nput buffer 22' . 20 Thus, signals that are
provided fromcircuitry (not shown) on integrated circuit device 11 are
provi ded on a line 24 to-the output buffer 20, the output of which is
con- nected to input/output pin 16. Simlarly, signals that are
received onto the device 11 at the inputjguiput pin or node 25 16 are
connected to the input of the input buffer 22 for de- livery on line 26
to circuitry (not shown) on the integrated circuit 11. In a simlar

fashion, the dapdalis thott neguipred for \propdrfraperationi taf/ thet impown) on

i nt etg; at ted tC' baEEdr Arcuitab® d@ltnee&mea{ai&ﬁn%%ovfegr d8ihy S¥ne tqrthe
i nput / out pu

ngde .17 and aI t hat [QVi on in-
put / out put noﬁg &79?0 aishe% e %edé%e gw t é@l ge 3% %‘%‘taq" $ &Fﬂed to
the input of skate n?)%ttl’}ﬁjfsfi&“a 2appb$ecae#9 Videy inverger| 3he gty tao sine
circuitry §$noglahecapdcitly tdlementedsareqguired dior @fifectetheedd2isdfation As

shown, a Capa%h%e@otﬁé PﬁﬂYﬁﬂﬁﬁp&x@t ‘?{oﬁQE”%t A 17 dfCakduHEy ARt

nodes 16 and
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It will be appreciated, furthermore, that the need for
the complex differentiation circuits of the prior art has

10 Dbeen 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

15 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.

20 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

25 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

30 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

35 interconnected by an isolating circuit 66 that may be con-
structed on a printed circuit board 68 or other suitable



al though the invention is illustrated using a single capaci- tor,
mul ti ple capacitors can be used to provide the single capacity provided
bet ween the two interconnected nodes of 5 the integrated circuits under
consideration. This may be of advant age, for instance, to achieve a

hi gher vol t age t hat may be withstood by the capacitor el enment. For
exanple, it may be cheaper to provide two-50 volt capacitors in series
to achieve a 100 volt withstand ability, rather than to pro- 10 vide a 100
volt single capacitor. Consequently, althdugh the capacitor elenent is
referred to as a "single capacitor” herein, it will be understood that
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spe- ci al *BBREt MRS PRESEY FArody 720 ofe the dbntegrated, gir-

put “buffer circoitt dewpteyesz Apet providédt ban input/outmit tinm 78. i Dweation
Ty Do 56 Shodiifial MadORgl," Uble MheBht 2ok BHE SUELR ipreds [ B2
sections, | nv\grgt'e ngeg'f‘?‘&gt%ééﬁena&p‘it %A'%&ﬁﬁ 315‘6‘5&107%&“5&&% o‘ﬁ‘ 6. The
i nverterst82 gxated ¢ircuit dpviesifitdiarenprovmided «n thendpput/eutputckannel
aﬂd anp chaﬂ- pin 80el THES inputsiifPerc ireiied nehatwmélDDm&ﬁdbgr Aond.

Thus, 30 the_i rs 32,1 e |t Si r

40 and an n cﬁggﬁgﬁfltgg)t?aﬁglﬁg orgggﬁgv%tﬁb?ﬁgagngu sjidgg?glég"% c‘)';r‘};;ﬁi ne 25

connected to TREPFERGR kRt Figunm2usifg 1A t Aes rholdex irauit, oryrokhes
connected to tsimilaputeciinitfne tol émsuryg that leakadgercudtentsddaiiridt tafei r

respect i VgsSOlpaees tﬁQ”BSEi-EE’i&ﬁ af %ﬂ@eﬂé&’.”@i&%téﬁ&o%ﬁwﬁ' E&' % the
i nverter 34 includes a p channel transistor 46 and an n channel
transi stor 4gPart thereof. ' '
' In the circuit embodiment 60 shown in Figure 3, a
transformer 85 may be provided with one side referenced to
the grourid 86 that is used in conjunction with the inte-
20 grated circuit device 62 and with the other 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.
25 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
30 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-
35 tions are within a sufficiently small period to assure that
the transformer does not saturate.



- 13 - connected with their respective gates receiving the input

signal, the drains connected to the output line 26 and their respective
sources connected to VDD and ground. The bus hol der 36 is connected
between the input and 5 output of the inverter 32. The bus holder 36, in

t he enbodi - ment shown, is an inverter circuit with a P channel MOS
transi stor 50 and an N channel MOS transistor 52. The gates of the.
transi stors 50 and 52 are connected to the out put fromthe inverter 32.
The drains, on the other hand, of the 10*8 tTansistors 50 and 52 are
connected to the input of the in- verter 32 on line 25. The sources of

the transistors 5Q1eaau h téz %ee&@mecasa b8eRCabs¥ Ll ded CandDi fi\tk-0r ound.

It should nd o} i I.C copstructed to pro-
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the input on $%qpd Xhatj She Pres%lﬂlécﬂ-éﬁ}”t'ﬁ hasbpensmade, oph¥ BY a9aY of t he
inverter 32 ref exampl@gj Nandlithatunumbéréode dHarerizolid tiie tdumbdihakiontad 42 is

ex- ceedegh, %ewghﬁhgf'ﬁ&té Reant W¥e§59{:eé2t&%1p%5 %ﬁ%;anne n the
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transi stor 40°%% 3k dppanting iRt ?rﬁﬂ%‘l‘ it apfesFARerPRrtR® goes
| ow, the tranm‘emmow a6 héreimagter claimed.



hol der circuit 36 conducts, and the transistor 52 is sw thee-t.a-2a
non- conducting state. On the other hand when t he si gnal r SH’H‘IEEMMS BEEW

line 25 fal ’ tran- sistor 40 is caused tfo ConEEELACEQ
while tran ml ;mlﬁl 'ﬂg]‘“ Eaused to svmtch to a non-conducting State—H+

raises the * Coutput fyomthe inverter 32 to a high state, which is ap-
plied to the gates of the transistors 50 and 52 of the bus hol der 36.
This causes the transistor 50 to switch to a non- 30 conducting state and
the transistor 52 to conduct. Thus, the 19 -output fromthe bus hol der 36

that is applied to the line 25 Is maintained in a | ow signal state. The
out put of the bus hol der circuit 36, delivered on to |line 25,
t her ef ore, changes to nmaintain the input/output signal conditions of 35
the inverter SRAIMS: - 14 -
To ensure that the circuit 22 synchronizes at start up on a power-up to

a correct sta e upaqn | rst._st.at : ch e e} | eprent. s 54 and 56
are provi dg rl edtP égfe' on Cireh (z:t"é'd prt?é'?‘\%ggﬁ gﬁe RHAELIN Ret¥seen,q voD
and the i nBut "-H° Fipguics a‘ﬁtﬁ"‘gr“’é‘wnae TRSexeRRRS m@féesentmnmm syn-
chroni ze tbhe tehpialdyfdsmprdasdnghe input to the circuit to keep the
inverter 3g from Dghngudhdt SRR §nClonRele®Vsd iU reuits connected to

5 deliver a signal to an output node;

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

8 a capacitance connected between said output and input
9 nodes; .
L0 said input buffer comprising a circuit for resisting a

L1 charge leakage from said capacitance.

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

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

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

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

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

Z a charge leakage from said capacit_:ance is a bus holder cir-
: cuit.

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

I 8. The circuit of claim 6 wherein said bus holder circuit is
2 external to said second integrated circuit device.

is Sheet Has Been Reﬂlaced
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dependi ng upon the initial start-up state of the output :H
_associ ated_input buffer 22'. 10 Thus, for exanple, ﬁ&%\‘}g
on power-up as- sumes a |gh I nput state and a tran3|t| to

vod oy o SIBOATEMERTRNY e © nverer"c v Eut €232 " copdted, 7o

that it synchréniZes"td a*correct input sjate. 15 Simlarly, if the input

to the inverter 32 is l'ow and an initral transition fromhigh to lowis
received on pin 16, the diode 56 will conduct to assure that the
transi stors of the inverter 32 are not driven below ground, and to

insure 1t hat {-.h@ciwauitteftB@amvert,,ﬁérazni sasynebrauizetoto its 20
correct LAl CeeilSing N° HaBdES 188k AU 2BnCRYE LRpELABE EBprises [ NPU!

line 25 to a vo %"qr ang WEEN O |ode rop above and bel ow VDD
and ground? @ bus °1PFr\AFF-F°'ée"-appreC| ated that by virtue of the operation
of the bus holder circuit 36, the inverter 32 will remain in 25 the state

to which ig i gosvm.ﬂ‘gh%qrﬁm{._ sg:lfginpl gntdnedelrfesaia b gnal is received
on line 25_to _oyercone t o duction states
of the trafsi E?X %’ﬁ&egzws drg"ﬁ (FR2B.E iﬁ Ig er ci :%(‘:“Sletg 36. It can,
therefore, be readily ap- preciated that the circuit 22 has a

consi derabhy highahe30cifGhite bfMubaiy bhamelrlednpréaid dhnput SBhEEdrON
circuits c st ruct cc pgkar 4:,1995.

It shoul d e ESPBHi?‘F\%t oﬁgrs 9{]‘}1&'29 hﬂ#@%f& &ﬂﬁg e

funct Lons t he bus hol der
circuit 363jsPrdsefsar SaooRd zftFtFBr cppagete a@esred'&rﬁﬁt diregtion he
operation af talwosapsuaid)wifmst dinvert8&5. cuit. There are nmany sources of such °
charge | eakage fromthe capacitor, including | eakages induced by the

various tragn- 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. ' -

oM oA W N

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.

O N Ot s W N

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.

bW
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- 15 - sistors of the circuit, and within the capacitof=rtseif-
.Thus, it ed that the circuit 22 shown in lTHlbi e DAS BEEN

serves to eli b| lity of charge leak- ages fhat ?LN%ED
experience m p&mﬁm + 30 affecting 5 the state of the rnverters of

t he |nput Thus, because of the operation of the bus
hol der the state of the Inverter 32 is maintained until it is
del i ber- ately switched, without regard-to mnor voltage variations

on the input line 25 that may be due, for exarrpl e, to charge 10 | eakage
fromthe

apctor e I'n zi.n e ects of
capaci torq' {a%g {g‘e‘(fglég'lﬁﬂycbec‘été ﬁ‘bf 8‘?1%‘8‘ jﬁ“;‘ot er"s&éﬁg &EF‘I’ee'For
exanple, 2 firstuspdosegpndneixiuitsutbet Bayfbe cefarencedt Noadélétw'er in
t he recei we safﬁrgeauaayp@&mimserrabﬁygﬁﬁ@-t hat swi t chi ng 15 takes pl ace

within a guffici ent I ¥ gg@%nﬁ?r ?z‘;viﬂgt h?{rétf éﬁ_lang Fgg%]e trhrre

to drain enough, charge ange t

i nput. An %n Rid® isi gnal , for exarrpl e, may be a puI se code nodul at ed
signal tha crsarigeﬁskateom/edg/ selid anransferper defingedohnheqteacyo or 20

other suitablg HlaRdl of said firs® Riechie azra)tao lawf aee 'fodel 022088 @
reIatlverahl %utes ver Flttleto

Ci r 2. .c0on
t he . char ggfﬁttaﬁ&éﬂa?ﬁata%faaépgﬁ c°£p§8 to a
pacitor 3% teReWbf saédpwmqoa:iryuﬁtnmcbom dnput neds iaf) sazie eéCt he
capaci tor10 t seéhd cirdulilee i nternal | eakages that nmay. exist within the

gﬁgfg 'et o The bus H‘i 31 %Eﬁﬂttmi”?fer in 'CHEEe SLSMISS ddiRlcths

lt he capac
12 to said output node;

13 a signal input buffer in said second circuit, said sig-~
14 nal input buffer being connected to said input node and be-
15 ing constructed to hold a desired state at said input node
16 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.

A N AW

17. The circuit of claim 16 wherein each of said first and
2 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.

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

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

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

e
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atl owed to decrease due to | eakages through the threshold S BEEN
I nverter , increasing the overall reliability 3 cwﬁ

39—t tereby. T hcr ea JHiS Tﬁg&%&
to maintain t“ 'to which it is del i ber at el}y_swi f'c he
bus hol derr‘ L“qumﬁuﬂtl mai ntains the current to hold the pin 16
at the desi ¢ L Smaté. *

It can also be readily appreciated that
the need for a 35 hysteresis circuit of the type required by the isolation

circuits constructed according to the FEEE 4394-1995 stan-

- 16 - dard is not required for proper operation of the input

buffer cincuit, 22.,0f the i.nventign. rEPV I n e,cir- cuit 22 as
shown wit h tﬁté'buzrsh%oﬁi&'&“i% ?réai %{iaﬁ%ngd)tﬁ%ermst gf%gmbuf heldeFhal appl i ed
to the infertrcydt 4g yngexnal to gsadd.inteprpted orbrguits Gontaiinddgt o

ef fect the dcsakbliamputnbuffebet ween the i nput/output nodes 16 and 17 of

anot her inte- grated circuit device to be isolated fromeach other.
It will be appreciate her.no h need far the_conpl ex
di ff erent ﬁati cﬂ“&u?f’g o#étﬁef p‘%lf%ir&arggj hgx;%rfgn tf@gﬁ Y8 H&%ﬁﬁrand, as
i s evident2 eiecultnbks extermadyito said integrated circuit containing

3 said input buffer.

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 puffer
.comprises a first inverter, and said bus holder comprj_ses.
a second inverter connected in a reverse direction
.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 said first inverter and drains connected to an input
of said first inverter.

G & WM

Ll

27. The oircuit of claim 16 wherein said signal is a digital
signal. '

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 second 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
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conponents required to provide the dc isolation functi on hgSaaefAEE mwrmresr—r
.greatly reduced fromthose required by the circuits and THISIBHEET HAS BEEN |
according to 95 standard. Furthernore, REPISACED d

be not ed thamnmmﬁmﬁm ﬂ ns 15 are significantly incﬂgaeed—t-lw-ﬁughec——

]

the use of the bas t *hdldér circuit 36 since the bus hol der danpens noi se

spi kes significantly, and to achieve a swtching, the current that
is applied to the bus holder nust be saf#fcrently |arge as to overcone
the current state of the bus holder. 20 It shoul d be appreciated that

?I though the pg0l@id Qﬂrclui.t%f Cidindf1st bRekBYR N 1 o %1|§ﬁﬂfﬁr i yI L nt endeg
or use i S ic s in or galvanic voltages o
the two i % eg?‘é{'%'gt P‘ﬁ 8{“}59 SHé© ngggléo%h%:e% Sd are dif-

ferent, in
t hose applications in mhlch the dc voltage or 25 ground |levels are

essenti al ly t be. sersetlidie forr providing de isolatsish ibetwednrectfimytniedeti on
bet ween thg tl’éﬁitnkfgﬁake@eﬁ‘:bﬁa cire@it [ Sy ﬁqp\@r r&iﬂ&%&n@xal of

differenti al CUI use of eratlon of
the bus hot defald s:’r'?‘hﬁ’tr"éﬁﬁl W&dgacég? 8 HG'BHP‘F oteptial
differenti«al 80 saidcsecongd bﬂrcnebeﬂthk@sénqmork if it is selected to be

;J;sgﬁ . rCust | f Q&%é&ﬁmga% S&Hiia&%itanEégldé&vﬁen aatéﬁ@séprdmfpumsqioae
r Qi ve
shown, tMD}In?gg?3¥%dE%$rCUI%g§%§IC fﬂ 81 gné éé? 3% 534 2l Ped by

°fit 8F tonnec
an |solat|ﬁg cirewiti 66 that may be con- : structed on a printed circuit

board 68 o8 ot her providirey a signal output buffer in said first circuit
9 having an output connected to said output node;
10 providing a signal input buffer in said second circuit
11 connected to said input node, said signal input buffer being
12 constructed to hold a desired state at an input of said in-
13 put buffer despite charge leakage from said capacitance.

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

1 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 prdvi.ding 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.

NN A W N

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.

& w N~
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- 17 - structure. The integrated circuit devices 62 and 64 each has
fespectlve,_aul~pux—49ui—fer—%1+<:U|t 70 and 70" and input buffer circuit 72

72' . The out put _bu II‘CUIt 70 and 70" and i nput buffer circuit
72 and 72! mu“ﬁ“iwm“ Im[lcon- structed. The output from the output
buf f er CII‘ ’ put to the input buffer circuit 72 of the
integrated cir- ° cuit device 62 are provided on input/output pin 78. In
a simlar fashion, the output fromthe output buffer circuit 70
and input to the input buffer circuit =72% of the inte- 10 grated circuit

device 64 are provided on the input/output to pin 80. The input buffer
circuit 7¢ ang, 7¥he Rl @ clain §4 rmzeém B araeagr of BRdAlaing hhat
descri bed above tr1 referencge to ggﬁg a b sé&id%o circuit
or ot her 5§Ffﬁ' m{%’E‘f‘ﬁﬁ R G *Efs BF 8 ‘Egl%a?ag'é Yigst af -
15 fect tBe epdrariwrchannelcMPf devige cﬂonae!:tsdelmﬂwgﬁéd agsupply val&rt

t her e?f 4 age andnat hﬁ-dﬁngc l#dteﬁﬁbﬂﬂj ng#ida 6Mos hawwices Flugwrfg 3gat&s g
t ransf or r 0} r roun
86 t hat 5 %%3%&&& £b \é;n g‘ﬂ‘%ﬁz &nesasidded @ r at eg Ci rcwt eng;

I S use n-con un th the 1nte- vice 62
and with fhe S9rReFted opuEgor said, £irgk, T+hat is associ at ed

with the integrated ci r- cuit device 64. Respective capacitors 90 and
92 are con- 3¢, HRE!FLHSH I 18EREHH Imr&uﬂesam ixﬁﬁni rdasl @5NBR B con-

nectlngtemrse |veI p 25 1t s uId be
noted tha “3'7/ Sdf“ﬁ’g #fgggu ?mgPiang PR3 ‘?i‘%&‘gm? he* Gt %O
buf f er toknmaﬂh&um thufferorivers secmschmu%ﬁt uPtdk seern

capaci t or 3 912 dutputGusritern®eing coffiéftad i to Saakivap axabutis

Because of th I of the transfornmers that nmay be
ot hay | g 8b' 41 Wifbut/outhhe 'dobel’

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

1

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

5 connecting one side of a first coil of a transformer to -
6 a ground of said first circuit and one side of a second coil
7 of said transformer to a ground of said second circuit;

8 connecting a first capacitance between a signal output
9 node of said first circuit and a second side of said first
10 coil of said transformer;
11 connecting a second capacitance between a signal input
12 node of said second circuit and a second side of said second
13 coil of said transformer;
14 providing a signal output buffer in said first circuit
15 connected to Said output node;

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

1 38. The method of claim 37 wherein said step of providing a
2 signal input buffer comprises providing a first inverter
3 having an input connected to said input node and an output
4

connected to said circuit, and providing a bus holder across -

Sheet Has Been- Reﬁaccd
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30 enbodi rent 60 shown in Figure 3 may be used principally when hi gher
‘dc vol tage differences are ant-i'ci pated between the two integrated

circuit devic nushould be poi nted out al so that an
encodi ng scheﬁﬂ“ mm | din the transformer inplenmentation to
ensure that normal t¥ansi - 35 tions are within a suff|C|entIy smal | period

to assure that the transforner does not saturate.

Al t hough the invention has been described and il us- trated with a
certain degree of particularity, it i ST UATET - stood that the present
di scl osure has been made only by way of exanple, and that nunerous

gha{lﬁes I@kt hayicoThvBAtsPNedNtb Rl £ E@PESHE HtaRk Ber ka1828nPerE&sdLd tO
y ose ski

of the fﬁﬁtuoﬁhaEE?:%ﬁigaﬁg“%g?ncig§’ c&pacggafromthe spirit and scope

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.

» W N -

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.

O N S W N e

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 1leakage
from said capacitance.

N O W®r A WNR
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-19- CLAIMS 1. An isolation circuit for providing dc isolation betwe
two circuits that my be referenced to different ground potent

conpri si ng:

an out put buffer in one of said circuits connected to

deliver a data signal to an output node, said data signal having a fir

vol tage | eve
and a second

and a second voltage | evel representing a first |ogic st
| ogi c state, respectively; an i nput buffer in anothe

said circuits connected to receive said ddfa signal on an input node;

a capaci tance connected between said output and input nodes; sai d
i nput buffer comprising a circuit for maintaining the current voltage |evel
at said input node MRFHDD' ANSSAPPARATISC FORJGALVARICALLYO ISOLATING

capaci t ance. 2. The circuit of claim 1 wherein said capacitance is a
singl e capacitor. 3. TWOhANTEGRATEDO CIRCHITS] FROM EACHS OTHERapaci t ance is
nore than one capacitor. 4. The circuit of claiml1 wherein said signa
Is a digital signal. 5. The circuigpspeiacel aim- 1 wherein said one -

en
i al,

st

ate
r of
and

and another circuits to be isolated are contained in respective first and

10

15

An isolation circuit (10) and method for providing dc
isolation between two integrated circuit devices (11) and
(12) that may be referenced to different ground potentials
is presented. The isolation circuit (10) includes, in each
circuit, an output buffer (20, 20°') connected to deliver a
signal to an input/output pin (16, 17) of the circuit (11,
12) with which the output buffer is associated. A capaci-
tance (30), which may be a single capacitor or a combination
of capacitors, is connected to the pins (16, 17) of each of
the circuits (11, 12), and in each circuit (11, 12), an in-
put buffer (22, 22') is connected to receive a signal deliv-
ered onto the I/0 pin (16, 17). The input buffer (22, 22')
includes a circuit for resisting a charge leakage from the
capacitor, which, preferably is a bus holder circuit (36),
or the 1like. In another embodiment, a transformer (85) is
used to provide dc isolation between the two integrated cir-
cuits (62, 64).

Figure 1 and Figure 3



second integrated circuit devices. 6. ., The circuit of claim5 wherein
said circuit for resisting a chargeﬁ+éékade’Fronlsaid capacitance is a bus
hol der circuit. 7. The circuit of claim®6 wherein said bus hol der
circuit is internal to said second integrated circuit device. 8. The
circuit of claim6 wherein said bus holder circuit is external to said
second integrated circuit device. 9. The circuit of claiml
wherein said circuit for resisting a charge | eakage from sai d capacitor
conprises a bus holder circuit. 10. The circuit of claim9 wherein said
bus hol der provides I?ZE drive than sHid out put buffer., 11,‘.Ihe1oircuit
ﬁverter,

of claim9 wherein sa FQQEF buf fer conprises a fi;zf‘? and said
bus hol der conpi+ses—~ = ,,-14 r -

> i
/6122 - |

30 26’
RE¢
)
: 25

24

G

|
Fig. 1 | o
16 Voo Voo Voo ‘} )
3_4 54 | 40 '322 - 46 ‘/34
N ;| _ — out
25 2 26
56 42 _ 48

.......................... o ———

Voo | 36

52

Fig. 2

Ha e



a second.inverter connected in a reverse direction across said first
fnverter. 12. The circuit of claim 1l wherein said bus hol der conprises a
p- channel MOS devi ce and an n-channel MOS devi ce connected between a supply
vol tage 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. 13. The circuit of claim1 wherein said output node of
said one of said circuits to be isola i s an input/output node, and
further conprising a second input buf contained in said one of said
circuits to be isolated, said second input buffer having an input
connected to said input/output node, and still further conprising a second
circuit in said one of said circuits to be isolated for resisting a charge
| eakage from sai d capacitance. 14. The circuit of claim1 wherein said

circuit for resisting a charge | eakage from said capacitor conprises a
signal encoder associated with said output buffer and a signal decoder
associated with said input buffer.
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15. A method for providing dc. isol H S ﬁETmﬁﬁh~€h—-i St—ett-otit (00 oo
a second circu Ym mll uﬂJHl“und pote EETISHAQ BEENS mTh% BT
di fférent’ fro mm n u of s se&fiﬁﬂAGEﬂcuit, cp prl ST NQ:
connecting a; capacit ancé bét wken a signal output- node of~sal d fhwfsEpquylt
and a signal input node of said second circuit; provid] ng a signa
output buffer in said first circuit havihg an out put connecye"J +-g~—5ari-e

out put node g%@I§Byrcing a signal output having a first voljage |evel and a

second volta representing -a first logic state and a~Secong rogic
state, respedtivelAr isolagien dFihgcuiti ghar ippRNiding edd nisglatdesond

circuit conneehgihdO 3@ i Rt 0G0t SRAY Eégﬂéketéﬁéédbﬁﬁf%&f@%&%&t
constructed to hold the current state at said i nput of said buffer despite

char ge | eaka§&MGReLENtdRIsti (COTRFLI8INGgE  The method of clai m 15 wherein
said step of connegat idmgpmtcanmeﬁ:amﬁeoﬁ@rmf@aeﬁ cameaiiis ¢@ohnglavedl itoy of
|nterconnect%q toeprOV|de Sﬁl% aC|%gn odéf? The nmethod of claim15
wherein said f& & Sned énia ce conprising a single capacitor
to provide said camanp@rtcbuffer&nTmOmmcaf gfaig] giimcld bsheoanectaidd st ep

of providingd sigRak.d r}:plgéﬁ.}g S; n G, IR;&W dipp a first inverter
sal

havi ng an i nput connected t | nput ut ut” node and an out put
a capacitance connected.be ween 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 c¢laim 1 wherein said one and another
circuits 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 circuit.

7. The circuit of c¢laim 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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connected to ga_Ld_ri_rrllit and providing a bus hol der across

to hold a current state of said;inverter despite charge | eaade fromsaid 1| -

capatitor. 1 mﬂ j’l m(ﬂmﬁ l lai m 18 wherein said step of
bus hol der conpr® i second_jnverter across said

in an opposite direction"from'said fiTst’inverter.
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nmet hod of claim 19 wherein said step of providing a second ijnverter -

conprises provi dirplgeacg_-ﬁ@?ﬁ@e f'v%aglﬁ?(

connect ed between a supp vol tage an

% @i?é'ré‘i'n“‘s%{ﬁi‘“@kr

[ S e
s /S Al
a ground potential, sal NgéédEVICES

havi ng gat esteshslebagdat §¥1§ﬁggut19§i<a§f3 fxom fHaist JaPAGHIT FRMRIFEEeR
connected to; apud RYiged: sfi-duitrst inverter. . 21. The nmethod of claim 15
wherein said i nput node is an input/output node and further conprising
provi di ng an second signal output buffer in said second circuit, said
second signalooutphé iffaritbeiory edanacted wherdln veaidn bugpulioEdemal to

sai d |nput/C%%£%§dggdféss drive than said output buffer.

11, The circuit of claim 9 wherein said input buffer

comprises a first inverter, and said bus holder comprises

a second inverter connected in a reverse direction across

said first inverter.

12. The circuit of claim 11 wherein said bus holder

comprises a p-channel MOS ‘device and an n-channel MOS

device connected between a supply voltage 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.

13. The circuit of claim 1 wherein said output
said one of said circuits to be isolated

node of
is an

input/output node, and further comprising a second input

buffer contained in said one of said circuits to be

isolated, said second input buffer having an input

connected to said input/output node, and still

further

comprising a second 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 circulit 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 buffer.
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29. The circuit® of c IR §§E§‘\§§E\8 Q‘FE'ya diajsi gnalERZﬂ‘)%lét psj
d._for pnoyi 4

i sol ation bet\ mm,’m'ﬂ"m m1 cw t fgorrl?ga second circditl, wherein a

|

of said second CIrCUIt conpr|5|ng 5 cannecting g

3 sdidSfitst circii 8t may be different frxm.d.ground

ﬁt V\einfneg:gogin?oggtﬁ ode <$ of gﬂ@lgﬁrﬁét&gﬁuat fggﬁgl

ode™o viding a Si

of0 saig ARV defgcalé' Qfg@) bap ﬂ%&@m | preml & S§eeRda

sai I gnal, 1,nput buffér being 12

despite charge | eakagecctiom aatdpsaﬂa&n&ars@tweeﬂ aBblgHaa sRithot abdel ai m
30 wherein said scﬂg gt cgnnectl capaC|taage cong %% copnecti.ng a
plurality of OFnt3#ont eftef a?:rr"?of"‘s M ovi BB Y Ca3ti P8rle. 1
32. The net hedcohdckdmeui® ;wherein said step of connecting a

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 input buffer despite charge leakage from
said capacitance.

16. The method of claim 15 wherein said - step of
connecting a capacitance comprises connecting a plurality
of interconnected to provide said capacitance.

17. The method of claim 15 wherein said step of
connecting a capacitance comprising a single capacitor to
provide said capacitance.

18. The method of claim 15 wherein said step of providing
a signal input buffer comprises providing a first inverter
having an input connected to said input/ocutput node and an
output connected to said circuit, and providing a bus

holder across said inverter to hold a current state of

said inverter despite charge leakage from said capacitor.

19. The method of claim 18 wherein said scep of providing
a bus holder comprises providing a second inverter across
said first inverter in an opposite direction from said
first inverter.
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2 capaci tanc&_conpu_ses—eenneet—f ng a single capacitor to IH?PM@MENE SR
capaci t ance. d of claim30 wherein.saif step of providing

a 2 signal |an“l“H H“‘HH@ lmes providing a first invefter 13 SERViGO® dn
i nput connecte ut put no and an 4 out pug onnected to daiid
circuit, and prow di ng a bus holder 5 across sai d i nverter*=to—thotd=
current state of said in- 6 verter despite charge | eakage fromsaid

S ot der? Yoo d Mo tEA A, U LR Heplsnel; 32bo 8P SLoPHQIRTNG 2

2 bus hol der conprises_ prov a seco I nverter across said rst
i nverter in @&nS&ssEd t énHPF'éeifl mm@rﬁessd. Bpreyvidingn-a pachappgd, MOS

- 24 - 1 Revibe ambhath oh-&hahie B4 MOBerRIVE S doﬁhéetea Dedwedmda a 2

second |nverter es ovj din chapne evice 3 and an

e ehannel  MESTHREY cROLBARECAR ornania BRARRE 160y ohd M M Eoes oung
potenti al, slamzllm@&“galteaj:s csniented) tgataes ontpatnoécseildt Hiast cinperttef sai d
first invertgls38fs#3 B8nnected to an input of said first inverter.

21. The method of claim 15 wherein said input node is an
input/output node and further comprising providing an
second signal output buffer in said second circuit, said
-second signal output buffer being connected to deliver an
output signal to said input/output node.



6 connected to an input of said first inverter. 1 36. Th ot
claim3Q wherein said input node is an in- 2 put/output nodﬁEﬁEhll *héSHEET
conprising providing a second 3 signal output buffer in sdid second
circuit, said second 4 signal output buffer being connectdd |t 01gedfmagogn
output 5 signal to said input/output node. 1 37. A nethdd |for providing
dc isolation between a first cir- 2 cuit and a second circdith '
ground potential of 3 said first circui23my be different ffroma ground

potential 4 of said second circuit, conprising: 5 connectrng one side
of a first coil of a transfornmer to 6 a ground of said first circuit and

one side of a secoMBTHOD ANDHAPPARATUS QR G, VARLGAREY FBOBATENE] second

circuit: 8 connectin first c%%10|tance between a_signal output 9
node of said first circH iﬁﬂ? REUETS) f FROM (BACH OTHBR i | of said

transforner; 11 connecting a second capacitance between a signal input
12 node of said second circuit and a sABSF&AETde of said second 13 coil of
said transforner; 14 providing a signal output buffer in said first
circuit 15 conneciedisolstioch aitdeutitnqd®) Hnd methpro\fotH nyoxidigaaklici nput

buffer in said,seeooy Gbegaldd éJbCQHES&%Q@e&Ociébﬂlt“BH%x@QQexliﬁ'@nﬁ'gna
i nput buffer bei ng. 18 const{ruct esire state at an |np%t of
sord ine 16 §46) pUPREr BaEe b GEREFOEST cERAJELPERS AP Db RTCaR 1= 1
38. The n‘iat heé preseatad 37Thmeisdiattionl cixgnidf WOviidiaigpdes2 dingreaichi nput
buf fer conpriciesuRtpvadi Bdtput i Betrd1VeId £ 28 Nayorrectizd Hltaeaqraectzed to
a0 irput 1adgnged.an R iRphe Aol ARRPBER (9 S U L ALY Q1 N0 2
12) with which the output buffer is associated. A capaci-~
tance (30), which may be a single capacitor or a combination
10 of capacitors, is connected to the pins (16, 17) of each of
the circuits (11, 12), and in each circuit (11, 12), an in-
put buffer (22, 22') is connected to receive a signal deliv-
ered onto the I/O pin (16, 17). The input buffer (22, 22')
includes a circuit for resisting a charge leakage from the
15 capacitor, which, preferably is a bus holder circuit (36),
or the like. In another embodiment, a transformer (85) is
used to provide dc isolation between the two integrated cir-
cuits (62, 64).

Figure 1
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inverter across'sdid"3 Firdt Tnverter_ipgan opposite directi op from said
first in- 4 verter. 1 40. The method of claim 39 wherein saj d-step—of
provi di ng §L2IM&cond i nverter conprises providing a p-channelj MOS device 3

and an n-channehnM¥Ag¥ise €9PBELE CEoPELIEPINiheS WP Ysdldion® KllGedRd a
ground potential, said MOS devi ces having gates connected to an output of

sai d first tMAVeFtEFUiSd $REFnsTRY cRhediedgrerceh ittpudidfesenty rgnaund
inverter. poteAdiallN@omBtdedhgf claim 37 wherein said output node is an 2

i nput / out put node and further conprising providing a second
an output buffer in one of said circuits connected to

deliver a data signal to an output node, said data signal having
a first voltage level and a second voltage level representing a
first logic state and a second logic state, respectively;

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

a capacitance connected between said output and input
nodes;

said input buffer comprising a circuit for maintaining the
current voltage level at said input node and 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

circuits 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 circuit.

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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15. A method for pfoxiiding dc isolation between a first
"ecircuit 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 for sourcing a
signal output having a first voltage level and a second voltage
level representing a first logic state and a second logic state,
respectively;

providing a signal input buffer in said second circuit
connected to said input node, said signal input buffer being
constructed to hold the current state at said input of said

buffer despite charge leakage from said capacitance.

16. The method of claim 15 wherein said step of conmecting a
capacitance comprises connecting a plurality of interconnected

to provide said capacitance.

17. The mwmethod of claim 15 wherein said step of connecting a
capagitance comprising a single capacitor to provide said

capacitance.

18. The method of claim 15 wherein said step of providing a
signal input buffer comprises providing 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 inverter despite -

charge leakage from said capacitor.

- 19. The method of claim 18 wherein said step of providing a
bus holder comprises providing a second inverter across said
first inverter in an opposite direction from said first

inverter.



