Met hod and " Apparatus for Reduci ng Di sturbances on an |Integrated C riéfffi-{ 2=
FIELD This invention relates generally to noise on integrated circuitry and
more specifically may apply to reducing noi se i nduced into integrated
circuitry power supplies. BACKGROUND Capacitors nmay be used to reduce
variation in voltage supplied to integrated circuitry, by coupling one or

more capacitors fromthe s o, ground. Suc aR& { $ decouple
the vol tage supply from ﬁ?%@%,%&hc%&qﬁ%&gegoﬁ%%EP I\% %]flh%gc supplied
circuitry, and thus al sogfao,4 acBar¢icastof the C|rCU|try itself. It
I's common to include these decoupling capacitors on the die with the

circuitry and texBomcl ude neans for limting excessive capaci tor |.eakage

current that nig t devel op, such_as due to Ofi
s invention relates generally to noise on integrated

circuitry and more specifically may apply to reduc1ng noise induced
into integrated circuitry power supplies.

CROSS REFERENCE TO RELATED PATENT APPLICATIONS

This patent application is related to United States patent
application Serial No. 08/518,083, Attorney Docket No. AA%-95-014.
entitled CONTROLLABLE DECOUPLING CAPACITOR, by Walls et al; filed
August 22, 1995.

BACKGROUND

Capacitors may be used to reduce variation in voltage supplied
to integrated ci_rcuitry, by coupling one or more capacitors from
the supplﬁr to ground. Sﬁch capac:.tors tend to decouple the voltage
supply from d:.sturbances -induced by activity of the supplied
circu:i_.try, and thus also to decouple portions of the circuitry
itself. ‘

It is common to include these decoupling capacitors on the die
with the circuitry and to include means for limiting excessive
capacitor leakage current that might develop, such as due to oxide
failure.” For example, a fuse may be included in series with such -
a capacitor, so that t.he fuse blows when the leakage current
exceeds an allowable limit, thereby isolating the capacitor from

ground so that the 1leakage current is substantially stopped.
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fai kure. For exanple, a fuse may be included in series with such a
capacitor, so that the fuse bl ows when the | eakage current exceeds an
‘allowable limt, thereby isolating the capacitor fromground 'so that the

| eakage current is substantially stopped. 2 However, this is not ideal,
because of heating required to blow the fuse. Control circuitry has al so
been used to |imt excessive | eakage cufrent. Krauter et al., US. pat ent

wth the cEpETes: Thifalh Bk, SAdA BEXabdElIilhit hd KRR N e LOF ol
transi st or gyket he capaci tor devel ops excess | eakage current. The feedback
circuitry is responsive to voltage on a feedback node

Control circuitry has also been used to limit excessive
leakage current. Krauter et al., U.S. patent 5,506,457, discloses
control circuitry including a transistor in series with the
capacitor, and feedback circuitry which turns off the series
transistor if the capacitor develops excess leakage curfent. The
feedback circuitry is responsive to.voltage on a feedback node
qoupling one of the capacitor electrodes and one of the series
transistor conducting electrodes.

One problem with such prior art_control circuitry concerns
sensitivity to transient currents. That is, the control circuitry
may tend to respond to mere transient currents through the
capacitor that arise from activity on circuitry supplied by the
power supply. Even if éhe prior art feedback circuitry switches
off the series transistor in responsé to a transient current, the
series transistor tends to be held in the off state after the
transient has subsided. Of course, this is a desirable response to
excessive leakage current caﬁsed by . oxide failure; but ideally
there should be a different response for a transient current.

SUMMARY

An objective of the invention is to protect againsﬁ excessive
current through a decoupling capacitor.

Another objective is to distinguish between transient and more

static conditions, in protecting against excessive current.



coupling one of the capacitor el ectrodes and one of the series transistor
conducting el ectrodes. One problemw th such prior art control circuitry
concerns sensitivity to transient currents. That is, the control circuitry
may tend to respond to nere transient currents through the capacitor that
arise fromactivity on circuitry supplied by the power supply. Even if the
prior art feedbacKk circuitry switches off the series transistor in response
to a transient current, the series transi stor, tendﬁ to be held in the off
state after theAceanéirmtthddhes PFesaRl. 1vyedPset ?r#é?%%?%&gdég rgﬁﬁsr

here shoulPIEEE 179 of Rt pohod [Fort e, Wil Bhclited & fbRiyonn

obj ective ofpdhRivBY§NtdAiplied t €opPrdt eapphPai Ball eomEs®Iyecturwignty t loough

a decoupling capacitor. Another objective is to distinguish_ between

transi ent aisblakimg the capacitor. The control circuitry isolates the
capacitor in response to a current exceeding a certain threshold,
but tends to restore the capacitor to operation if the .curzfent'
subsides. |

In a further aspect, the control circuitry includes first
second and third control devices.. Such a control device may be a
transistor, which has firsi: and second conducting electrodes and a
control (i.e., gate) electrode. The first cohtrol device may be
switched to an off state to isolate the capacitor, by the second
control device in response to a voltage produced by the excessive
current.. The third con\trol device tends to discharge the voltage
so that the second contr-a:!. device tends to turn on the first device
if the current subsides.

In a still further aspect, the first control device is in
seriés with the capacitor. One of the capacitor ele_ctrodes and one
of the conducting electrodes of the first cbntrol device are
operatively coupled at a node. Also coupled at the node, is the
control electrode of the second control device. One of the )
conductihg electrodes of the second control device is. coupled to
the control electrode of the first control device, so that the

first control device is turned off, isolating the capacitor, by the

second control device in response to the voltage on the node

This Sheet Has Been Replaced

AT



stattc conditions, in protecting against excessive current. 3 According
to one aspect of the present invention there is provide an apparatus for
reduci ng di sturbances on an integrated circuit, conprising: a-capacitor
operatively coupled to a supply voltage for the integrated circuit; and
control circuitry operatively coupled to the capacitor, wherein a first
control device is automatically swtched off, to substantially isolate the
capacitor, by a second control device I'n response to a voltage produced by

current thescegdirwe acephiide thegshelfl fgorresrandingt He dhsopEOr M L MGS d
device tends to dischar hat _yol tage .to | 1 tcC A J St
control defFEE®n %@%ﬁﬁ%‘%gﬁs res ﬁ’ﬁ‘s é_‘%?'gdt ﬁgﬁg}ﬁgﬁ%&]ﬁ% ougﬂ % h%%%%a%l{gzr

subsi di ng, ¢$Q0ct e dA0pEAL £8!tHd MBHE] M dnd &N @onliget iRy lecthede apapled in
response to a current Phrough the capacitor exceeding a certain threshold,

and tends to gesumd.e dshehazpafi tbe thimbeoatroh devicespensurned 1y dihe ent
t hrough the capacitor subsiding.
node tends to discharge.

It is an advantage of.the present invention that wvoltage
supply variations and circuitry disturbances are reduced without
undesirable consequences that may accompany the use of a fuse with
the decoupling capacitor.

It is another advantage of the present invention that when the
control circuitry isolates the capacitor in response .to the
condition of excessive current (and accompanying voltage), if the
condition is transient ﬁhe control circuitry responds further to
de-isolate the capacitor, i.e., put the capacitor back into
operation. ' N '

Additional objects;.advantages, and novel features are set
forth in the following deécription, or will be apparent to those
skilled in the art or those practicing the invegtion. Other
embodiments are within the spirit and scope of the invention.
These objécts and embodiments may be achieved by the combinations
pointed out in the appended claims. The invention is intended to
be 1imitéd only as defined in the claims. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates, for the present invention, circuitry for

controlling a decoupling capacitor.
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Accordi ng to anot her aspect of the present invention there is provided an
apparatus having a decoupling capacitor coupled to a supply voltage for an
Integrated circuit and coupled to control circuitry, a nethod-for reducing
di sturbances on the integrated circuit conprising the steps of:
substantially isolating the capacitor by the control circuitry respondi ng
to a current through the capacitor exceeding a certain threshold, wherein
the isolating includes switching off a fi?st control device to

substantial ly iggh&; IL%%S%%R@@ié@r’ by a second control device responding
to a voltage praoduce y the current through the capacitor exceeding the
certain threshotrd; crsud-1yepbint neutt hevehplesiturest of dier préesenthyinveatioms r ol
circuitry in response to the current through the capacitor subsidin

wher ei n t hethees fOALANLRG c| GLRAVSHIOBHaOBFLEE t RE VO BgPTREEY: hidRgChElsRe so
the first control.devjce is_sw fgched I QL 1) 0 t -
t hrough t hecoélé'ﬁggf‘?%?i s%t?stlu?f Fﬁg%’EA‘gec%or |]'%%gt ga%%ﬁﬁ%%ng}?ﬁ%lﬁ Qaaztsegggﬁgg%&?he
present i nugtheBe tdaNaeliSiRhd ded. arrcippRampes Lorid eduanag thaat uhbsaces
on an integrated circuit, conprising: a capacitor operatively coupled to a
suppl y vol tsigdledr the the eqprlt edus r familian U edormming nowPacdtars; r st

control device: a.discharging device, coupled to the node far .dischargin
current transistors, %n%er onnections aﬁg otﬁer aspects og Jntegragga 9

circuitry in semiconducting media, and with the electrical
properties of such circuitry.

Referring now to FIG. 1, device 100, for reducing disturbances
on an integrated circuit, is shown. Power supply 101, labelled
"ydd" in accordance with common terminology, is shown operatively
coupled to capaéitor 102. The capacitor 102 has two electrodes 104
and 106, electrode 10% being coupled to Vdd as an anode, and
electrode 106 being éoupled'through control device 108 to ground
120 as a cathode. Control device 108 is '‘an N type, field effect
transistor ("NFET"), haviﬂg first and second conducting electrodes
110 and 112, connected as source 112 and drain 110. bevice 108
also has a control electrode, or gate, 1;4. Source 112 is
connected to ground 120. Drain 110 is conmnected to the capacitor
102 cathpde_los, forming ndde 126.

Also connected to node 126 is the "gate" of a second control
device, inverter 124, and a conducting electrode of a third control
device 122. The inverter 124 has an NFET and PFET connected with

conducting electrodes in series and gates in parallel. These



fromthe node; and second control device, operatively coupled to the node
and the first 4 control device, for switching off the first control
“device to substantially isolate the capacitor, in response to a voltage at
t he node exceeding a certain threshold, the voltage bei ng produced by a
current supplied through the capacitor to the first control device and the
di schargi ng device; wherein the discharging device has a | arge enough
conducting resistance such that, after Said first control device has

swi t ched opfrdTides@mneted gaiedsveareagefesussediondierrinceast dhe (AFEIR d,

then, while the current through the capacgitor, i t Least | arqe
current caekeet¥gdssulest gateal of e rsécgf‘gt 1 aer a?ﬂ%‘??' t h'gﬁ% U%Frg:ﬁ&%hd?ough

t he capaci tor. mai ntains t oLt a9 t npgl,_éeﬁlgqu:g hgsCejdedl 8f the
t hreshol d, a§%1?71at° th%l%i{r?g}?i/c%%?r 3F%3‘ev%§ee remai ns switched off. BRIEF .

DESCRI PTI ONofliudtndPRANNSSaEE Jof 1thé | intemiess, of osectnd peasaral jdesdints on,
circuitry for controlling a decoupling
124. _

In the preferred embodiment, a PFET is included in the third
control device 122, as shown by'dashed lines in FIG. 1. The PfET
andwNFET 122 are connected as a second inverter. '

One of the conducting'éiectrodes of.inverter 124 is connected
to the gate 114 of NFET 108, .forming node 115. The other
conducting electrodes of inverter 124 and NFET 122 are connected to
ground 120. The control electrode of NFET 122 is comnected to an
external signal 116.

The operation of circuitry 100 is as follows. In normal
operation, NFET 122 is ‘turned on (and, if present, PFET 122 is '
turned off) by the external signal 116 so that NFET 122 tends to
discharge node 126. (It would be possible to substitute a resistor
or other suitable device in place of the third control.dévice, NFET
122, in order to discharge node 126.) In terms of current carrying
capacity, NFET 122 is the smallest possible NFET, whereas NFET 108 '
is a substantially larger NFET, so that within short time .
intervaié, such as a few RC time coﬁstants, when NFET’s 108 and 122
are oﬂ, the voltage generated at node 126 by current flow through
capacitor 102 is not greatly affected by the presence of NFET 122.

For example, NFET 108 may have a chamnel width of one hundred to



capaci tor. DETAI LED DESCRI PTION To clearly point out novel features of
the present invention, the follow ng discussion omts or only briefly
“descri bes conventional features of decoupling capacitors which are apparent
to those skilled in the art. For exanple, it is assuned that those skilled
in the art are famliar with form ng capacitors, transistors,

I nt erconnections and other aspects of iptegrated circuitry in

sem conducting nmedia, and with the electrical properties of such circuitry.
Referring row hongal icntee, cand NFET 322 BaWCEME & SParpehoedtdnohnone

accor dance T {H1OCBHFBHPE or Y 11 Sgy ik SRR SRl geiocaoe! Be weET
122 is about 100 times that of NFET 108.

With NFET 122 on, this tends to turn on PFET 124 and turn off
NFET 124, pulling node 115 and gate 114 high. This tends to turn
on NFET 108 so that capacitor 102 is operative (i.e., not isolated
from ground) . However, if cépacitor 102 allows sufficient current
to flow, either dué to transient conditions or a longer term
condition, the current through NFETs 108 and 122 generate enough
voltage at node 126 to exceed the switching thresholds of NFET 124
and PFET 124, so that inverter 124 automatically tends to puli node
115 and gate 114 down and switch off NFET 108. This substantially-
isolates capaciﬁor 102, that is, isolates the capacitor 102 except
for the relati#ely highgresistance path to ground through NFET 122.

- If the condition giying rise to the excessive current is a
long terh.condition, and fhe current is large, as is ordinarily the
case in the event of oxide failure, the small path to ground
through NFET 122 will not be sufficient to discharge node 126 to
below the switching threshold for FET’'s 124, and the capacitor 102
will remain substantially isolated from ground. On the other hand,
if the current is transient, such as due to a transient switching .
cdnditidh, NFET 122 will be able to eventually discharge node 126,
that is, perhaps after ‘one or more RC time constants. When the

voltage at node 126 falls to below the switching threshold for



coupl'ed to capacitor 102. The capacitor 102 has two el ectrodes 104 and 106,
el ectrode 104 being coupled to Vdd as an anode, and el ectrode 106 bei ng
coupl ed through control device 108 to ground 120 as a cat hode. - Contr ol
device 108 is an N type, field effect transistor ("NFET"), having first and
second conducting el ectrodes 110 and 112, connected as source 112 and drain
110. Device 108 also has a control el ectigode, or gate, 114 Source 112

i s connect elc‘lE,%.p g{ﬂjq:crlulggijzgr@éx{hsg)othg‘nc&p t ¢6a d&aﬁlﬁe élﬁoﬂapc?e

cat hode 106, "Tornmmn 0 connected to no 126 1's e "gate" of

a second COB&{;QJ:J.Q&WJ.Q)Q,, tAyerier rbtbrnatie capardtct ity fallecbpecbtrdna
third control device 122. The inverter 124 has an NFET and PFET conpected
wi th conducti ng $lekttheddncinsien i@t RFRT JaResthe ¢eheampd| contnglesiignal

can be used_to turn off FET 108, such as may be desirable for
testing of the integrated circuitry (not shown) sexrved by the
decoupling capacitor. That_is, if the external control signal is
low, this turns on PFET 122 and turns off NFET 122. PFET 122 is
sﬁfficiently large to force NFET 124 on PFET 124 off, despite
opposition by NFET 114. With PFET 124 on and NFET 124 off this
turns off NFET 108.

Although the present invention and its advantages have been
described in detail, it should be understood that various changes,
substitutions and alterations can be made without departing from

the spirit and scope of the invention as defined by the followihg

claims. N
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6 parallel connected gates—are Teferred to herein as the control el ectrode,
or gate, of the s i ce. The connected drains of the NFET and
PFET are referredfgmﬂﬁgﬁgﬂ “E“ﬂ conducting el ectrodes of the inverter,

or second control cCeL . 9n*he preferred enbodi nent, a PFET is
included in the third control device 122, as shown by dashed lines in FIG
1. The PFET and NFET 122 are connected as a second inverter. One of the
conducting el ectrodes of inverter 124 i 9 connected to the gate 114 of NFET
108, form ng no@gatd s claimedoifer conducting el ectrodes of inverter 124
and NFET 122 are connected to ground 120. The,con%rol el ectrode,_of NFET 122
i s connected tolan e SERETasn§nEPr MEFUCHAS RTIPPBRCY O T PP 2R i s

as follows. . 1n_normal .obperation, NFET 122 is turned on (and, if present,

a capacitor operatively coupled to a supply; and

control circuitry operatively coupled to the capacitor,
wherein the control circuitry tends to isolate the capacitor in
response to é current exceeding a certain threshold, and tends to

restore the capacitor to operation if the current subsides.

2. The apparatus of claim 1, wherein the control circuitry
comprises first, second and thi:;d devices, the first and secbnci
devices including control devices, and wherein the first device :_i.s '
switched off, to substantially isolate the capacitor, by the second
device in response tb a voltage produced by the excessive current,
and the third device teﬁ‘ds to di‘scha:;ge that voltage so the first
control de\_rice is switched on again if the current subsides.

3. The apparatus of claim 2, wherein the capacitor, one of
the conducting electrodes of the first _controll device, and the
control electrode of the second control device are operatively
coupled at a node, and one of the conducting electrodes of the.
-second éontrol device is coupled to the control electrode of the
first control device, so the first control device is turned off .
isolating the capacitor, by the second control device responsi've to

the voltage on the node; and wherein the third device includes a
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node 126.

turned off) by the NG so that NFET 122 tends to discharge
(I't woul deﬁﬁ“ﬁ u!nﬁ““(m bstitute a resistor or other suitable
' t

“device in place of

eonsrot device, NFET 122, in order to

di scharge node 126.) In terns of current carrying capacity, NFET 122 is the
smal | est possi bl e NFET, whereas-NFET 108 is a substantially |arger NFET,

so
that within short time intervals, such as a few RC time constants, when
NFET's 108 and 122 are on, the vol t age g@nerated at node 126 by current
f1 ow through capaC|tor 102 not a Yed€s & ofthET
122. For ex@mi e I@Fcfoé" dgc%ﬁaﬂn Fg(g\%%ﬁ?oﬁé ona hundredt o

t wo hundreqmgﬁgrons and NFET 122 may have a channel wi dth of one to two

m crons

when conducting, the resistance of NFET

4. The apparatus of claim 3, wherein the second and third

control devices include inverters.

5. The apparatus of claim 2, wherein the third control

device includes a resistor.

6. A method for reducing disturbances on an integrated
circuit, comprising the steps of: .

operatively coupling’ a capacitor to a supply; and

substantially isolating the ca.pacitor in response to a current
exceeding a certain th::_‘eshold;

restdring the capéqitor to operation in response to the

current subsiding.

7. The method of claim 6, in an apparatus having control
circuitry with first, second and third devices, the first and
second devices including control devices, the method comprising the

steps of:

switching off the first device to substantially isolate the '

capacitor, by the second device responding to a voltage produced by

the excessive current; and

-
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122.i s about WET 108. Wth NFET 122 on, this tends to
turn on PFET turn ET 124, pulling node 115 and gate 114 hi gh.
“This tends to t Mﬁi\ﬁm-that capacitor 102 is operative (i.e.,
not i sol ated frxmu H wever, if capacitor 102 allows sufficient
current to flow, witthe due to transient conditions or a |onger term
condition, the current through NFETs 108 and 122 generate enough vol tage at
node 126 to exceed the switching threshgl ds of NFET 124 and PFET 124, so

that inverter 124 automatical|y tends to pu n 1 gat e 4
and switch of f NEREPchagginghtResyBLtaFt| 8% ;kl{l?sggg %sggg%geci ?or t%z,ﬂ?#gt

i's, isolates the capaci.tor.l102 . t e iketré | Mainenki glibgbddst ance
path to grou‘f‘fﬁfl lf"lc?lo Sﬁlﬁéﬁréléfe&%gat ﬁieloéz%%ldi tion giving rise to the

excessive current is a long termcondition, and the current is large, as is
ordinarily the case in the event of oxide failure, the snmall path to ground
through NFET 122 will not be sufficient to discharge node 126 to N

—_—
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bel ow the switching threshold for FET's 124, and the capacitor 102 wl|
remai n substantially isolated fromground. On the other hand, if the
-current is transient, such as due to a transient sw tching condition, NFET
122 will be able to eventually discharge node 126, that is, perhaps after
one or nore RC time constants. Wen the ygltage at node 126 falls to bel ow
the switching threshold for 8 FET's 124 this will tend to turn on FET
108 again, and de-isolate capacitor 102, .that is, return the capacitor to
full operation. Wth the i ncl u3| on of PFET 122 t he external control signal
can be used to tuM DDES i i ED.UGMGMS’[[‘UHBKNCESU ng of

the integrated circuitry (not shomn served by the decoupllng capaci tor.
That is, if the external cont GRATED CIRCUIT

ABSTRACT

A capacitor (102) is operaﬁvely coupled to a supply (101) and to control circuitry
for isolating the capacitor. The control circuitry isolates the capacitor (102) in response
to a current exceeding a certain threshold, but tends to restore the capacitor (102) to
operation if the current subsides.

The control circuitry includes first, second and third control devices (108, 124;
122). The first control device (108) may be switched to an off state to isolate the
capacitor (102), by the second control device (124) in response to a voltage produced by
the excessive current. The third control device (122) tends to discharge the voltage so
that the second control device (124) tends to turn on the first device (108) if the current

subsides.

Fig. 1



low, this turns on PFET 122 and turns off NFET 122. PFET 122 is
sufficiently large to force NFET 124 on PFET 124 off, despite opposition by
NFET 114. Wth PFET 124 on and NFET 124 off this turns off NFET 108.

Al t hough the present invention and its advantages have been described in

detail, it should be understood that variqyf changes, substitutions and
alterations can be nade w t hout departing omthe spirit and scope of the
i nvention as defined :by the follow ng clains. CLAI M5 What is clainmed is:
1. An apparatus for reducing disturbances on an integrated circuit,

conprising: a capacitor operatively coupled to a supply vol tage for the
integrated circuit; and

TYPICAL
04
102

Vdd —— 101
- I/‘
N-106
128
|~ 110
a—— 108
N\ 112
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control circuitry operatively coupled to the capacitor, wherein a first,
control device is automatically swtched off, to substantially i sgl,at &t he
capacitor, by a second control device in response to a voltage ﬁ? duced by
current through the capacitor exceeding a certain threshold, and a third
device tends to discharge that voltage to automatically switch the first
control device on again,in I e K Lhrmughirbhaceapaci t or
subsi di ng, so that theq%%%¥¥§38§?%%ﬁé%%%%gﬁﬁg&?ghféglate the capacitor in
response to a current tdu eciyghnteereapdctioruiexceeding a certain threshold,
and tends to restore the capacitor to operation in response to the current
t hrough t he c&B&&Ptor subsiding. 2. The apparatus of claim1, wherein the
first and secqpd _control .devi h_l ar SOy ctnedgrapdafirst
and second conddét ilnrbveé}tel(??‘r o%%a,‘@%ﬁdg\%ﬂg%el ﬁ tﬁg (r:;{g&g.,lgi teé())lf g Eegfi r st
conduct i ng; &h8¢h088a HorehSpdéiSicL03t ey £HPlyCeo ridthcihg wwide dhdetedt r ode
of the second control device are operatively coupled at a node, and the
first conthisd iimyegirated oclixrmfitidye powerngupkitasol device is coupled to the
control electrode of the first control device, so the first control device
is turned off, isolating the capacitor, by the second control device
responsive to the voltage on the node. 3. The apparatus of claiml,
‘wherein the second control device include an inverter.

BACKGROUND |

Capacitors may be used to reduc_e variation in voltage supplied
to integrated ci;rcuitry:, by coupling one or more capacitors from
the suﬁplﬁr to ground. Sﬁqh capacitors tend to decouple the voltage
supply from disturbances !induced 1')y activity of the supplied
circui_.try, | and thus also to decouple portions of the circuitry
itself. ‘

It is common to include these decoupling capacitors on the die
with the circuitry and to include means for limiting excessive
capacitor leakage current that might develop, such as due to oxide
failure..' For example, a fuse may be included in series with such
a. capacitor, so that the fuse blows when the leakage current

exceeds an allowable limit, thereby isolating the capacitor from

ground so that the leakage current is substantially stopped.

13
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4. ‘ﬂﬁl’ EE laim 1, vx/nereinthethirdfdyv’i g .
resisto 13@ ap a atus of claim 1, wherein 2 co dUCtl ng e fdtameet =
of the hlﬂﬂdéé\/ % rmnes, at least in part; the’ olt_age prod’uced by
the cygrient through e capacitor, and the conducting resistdnce’ is ¥ argei'-~----
enough t™Mrat;Tn respons¢ to the first control devi‘ce-Beifg ofif-fand. -saiithi=i....
currerit throunh the—eapacitor being at |east as éarge as a current caused :
by substanti aIAa‘,cmrdimgeo ohe nbgect ap e firesent fviedtiauiheints providedyn: ailmrm&iQI,&b!11
mai ntai ns sai d vol tage above the certain threshold and keeps thefirst- '
control dewfdecng wliswirheaces fon an ingpgeated chichitamompaising: of cepasitor Sopevdibiely n
the conducting resistance of the third devjce is snal | enough to di scharge
sai d vol t &pupled 193 SYPRINFolage &Prnﬂlpﬁn@gf?é%cmt apdtcortrgh CFﬁBth|QP§FatB’Glﬁ r ol

device, in response to the cu rent hrou he .capaci t or i ng. [l er than
e Fent CoHBEBIO e Somctiarn Vafrefhys fi dogiol iR Htdpioally SWiEhed off 1o

substantially isolate the capacitor, by a second control device in response to a voltage

produced by current through the capacitor exceeding a certain threshold, and a third
device tends to discharge that voltage to automatically switch the first control device on
again in response to the current through the capacitor subsiding, so that the cbntrol
circuitry tends to isolate the capacitor in response to a current through the capacitor
exceeding a certain threshold, and tends to restore the capacitor to operatiori in response
to the current through the capacitor subsiding.

According to another aspect of the present invention there is provided an apparatus
having a decoupling capacitor coupled to a supply voltage for an integrated circuit and
coupled to control circuitry, a method for reducing disturbances on the integrated circuit
comprising the steps of: substantially isolating the capacitor by the control circuitry
responding to a current through the capacitor exceeding a certain threshold, wherein the
isolating includes switching. off a first control device to substantially isolate the
capacitor, by ..a second control device responding to a voltage produced by the current
through the 'capacitor exceeding the certain threshold; and restoring the capacitor to
operation by the control circuitry in response to-the current through the capacitor -
subsiding, wherein the restoring includes discharging the voltage by a third device so the
first control device is switched on again in respbnse to the current through the capacitor
subsiding.

According to still another aspect of the present invention there is provided an
apparatus for reducing disturbances on an integrated circuit, comprising: a capacitor
operatively coupled to a supply voltage for _the integrated circuit and coupled at a node to
a first control device; a discharging device, coupled to.the node for discharging current

- from the node; and second control device, operatively coupled to the node and the first



7. The apparatus of claim 1, wherein the third device includes a third
control device responsive to an external control signal for switching the
first control device on and off. 8. Accordi ng to anot her aspect of the
present invention there is provided an apparatus having a decoupling
capacitor coupled to a supply voltage for an integrated circuit and coupl ed
to control circuitry, a nmethod for reducing disturbances on the integrated
circuit coogutiali deyidelefos tswitchirfy offutiet first i cintrpl idevicattb ngibblantiAlBP doldter thdy
the control circuitry responding to a current through the capacitor

exceedi ng eapaeitoraiim responsehiol al yolidgeratithe node éxce¢ding ageitaial thrbshold pihectdliage of f
a first control device to substantially isolate the capacitor, by a second
control deb¢ibs predused by agurisnbsupplied garopgl theapaditpr to thedfinst eontrol deviggland he

capaci tor exceeding the certain thresho]d; and restoring the capacitor to
oper ation ﬁV ‘ﬁﬁ‘g‘aﬁgﬂg dgiice; wherein yhe discharging devics hasea daree enough consipsting e

by 2t hi r e M IR fact el S oL il b S bl 4 respaney tonsaid "
response t Qe LBl e VP wlrlhoffRAS, WikieSHR sciugrierqgﬂirough the capacitor is
at least as large as a current caused by substantial failure of the capacitor, the current
through the capacitor maintains the voltage at the _node above the certain threshold, so
that the first control device remains switched off.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates, for the present invention, circuitry for controlling a decoupling

capacitor.




9. The net hod of~ Tlai L8, &ORpri sing the step of: maintaining said
vol t age above ﬁgfaéezﬁtarn‘ tnf‘ﬁir"%fiﬁlol d, to keep the first—control device
switched off, |in response to tthe first control device ing off and Sard -
current through it @ 4capadiddor [being at |gpst as Iargfj ﬂﬂm,u”ﬁm”ﬂmsed_
by substantialj flailure of thejcapacitor. 10. The net i . erein
in the step ofj restorimg the Tapacitor to operation by the conflrof »
circuitry, thg first control deyice i sCBMNMshed on again in response to the
current through the capacitor subsiding to | ess than an amount of current
caused by Whebiscolaimed is:ai | ure of the capacitor. 11. An apparatus for
reduci ng di sturbances on an integrated circuit, conprising: a capacitor
oper ati vel § cotplapparBs{os mevringdisturhgaces on anHiptegraiestyeizauitd compuising: and
coupled at a node tg a first contro]l device; a discharging device, coupled

to the node fof CRRASHALPRATAAVELYFOURIRd to & HPPHEVEEge for the integrated circuit; and

~ control circuitry operatively coupled to the capacitor, wherein a first control device

is automatically switched off, to substantially isolate the capacitor, by a second control
device in response to a voltage produced by current through the capacitor exceeding a
certain threshold, and a third device tends to discharge that voltage to automatically
switch the first control device on again in response to the current through the capacitor
subsiding, so that the control circuitry tends to isolate the capacitor in résponse to a
current through the capacitor exceeding a certain threshold, and tends to restore the
capacitor to operation in response to the current through the capacitor subsiding.

2.  The apparatus of claim 1, wherein the first and second control devices each include
a control electrode and first and second conducting electrodes, and wherein the
capacitor, the first conducting electrode of the first control device, and the control
electrode of the second control device are operatively coupled at a node, and the first
conducting electrode of the second control device is coupled to the control electrode of
the first controi device, so the first control device is turned off, isolating the capacitor,
by the second control device responsive to the voltage on the node.

3.  The apparatus of claim 1, wherein the second control device include an inverter. -
4. The apparatus of claim 1, wherein the third device includes a resistor.

5.  The apparatus of claim 1, wherein a conducting resistance of the third device
determines, at least in part, the voltage produced by the current through the capacitor,
and the conducting resistance is large enough that, in response to the first control device
being off and said current through the capacitor being at least as large as a current
caused by substantial failure of the capacitor, said current through the capacitor
maintains said voltage above the certain threshold and keeps the first control device

switched off.
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8. According to another aspect of the present invention there is provided an apparatus
having a decoupling capacitor coupled to a supply voltage for an integrated circuit and
coupled to control circuitry, a method for reducing disturbances on the integrated circuit
comprising the steps of: )

substantially isolating the capacitor by the control circuitry responding to a current
through the capacitor exceeding a certain threshold, wherein the isolating includes

switching off a first control device to substantially isolate the capacitor, by a second

. control device responding to a voltage produced by the current through the capacitor

exceeding the certain threshold;
and

restoring the capacitor to operation by the control circuitry in response to the

current through the capacitor Subsiding, wherein the restoring includes discharging the

voltage by a third device so the first control device is switched on again in response to
the current through the capacitor subsiding.
9.  The method of claim 8, comprising the step of:

maintaining said voltage above the certain threshold, to keep the first control
device switched off, in response to the first control device being off and said current
through the capacitor being at least as large as a current caused by substantial failure of
the capacitor.
10. The method of claim 9, wherein in the step of restoring the capacitor to operation

by the control circuitry, the first control device is switched on again in response to the
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current through the capacitor subsiding to less than an amount of current caused by
substantial failure of the capacitor.
11.  An apparatus for reducing disturbances on an integrated circuit, comprising:

a capacitor operatively coupled to a supply voltage for the integrated circuit and
coupled at a node to a first control device; ‘

a discharging device, coupled to the node for discharging current from the node;
and

second control device, operatively coupled to the node and the first control device,
for switching off the first control device to substantially isolate the capacitor, in response
to a voltage at the node exceeding a certain threshold, the voltage being pfoduced by a
current supplied through the capacitdr to the first control device and the discharging
device;

wherein the discharging device has a large enough conducting re:sistance such that,
after said first control device has switched off in response to said voltage exceeding the
certain threshold, then, while the current through the capacitor is at least as large as a
current caused by substantial failure of the capacitor, the current through the capacitor
maintains the voltage at the node above the certain threshold, so that the first control
device remains switched off. _
12. The apparatus of claim 11, wherein the conducting resistance of the discharge
device is small enough to discharge the node voltage in response to the current through -
the capacitor being smaller than current caused by a substantial failure of the capacitor,

so that the first control device is switched on again to restore the capacitor to operation.




