HI GH SPEED CAPACI TOR LEAKAGE MEASUREMENT SYSTEMS AND

METHODS Cross- Reference to Rel ated Applications [0001]
woher7msesent application clainms benefit of pri®CcrTig2007/002976

fromU S. Provisional Patent Application Serial No.

No. 60/762,967, titled "System and Method for

Hi gh- Speed Capacitor Leakage Measurenents"” and filed

January 27, 2006, the contents of which are

i ncorporated herein by reference and for all purposes.

BACKGROUND OF THE | NVENTION Field of the Invention

[ 0002] The present invention relates generally to the
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[0004] Precision is important when testing electrical components but obtaining test results in
a timely fashion is often equally important. This is especially true when many components are to be
tested. An ideal capacitor that is charged to a steady state condition and disconnected from other
components would hold its charge forever. However, certain intrinsic properties of real capacitors
cause dischar_ge over time. As depicted in Figure 1, after a capacitor 10 is charged to voltage V¢ 16,
extrinsic components 12 such as inadvertent connections or solder flux can cause or increase a

leakage current 14 that results in discharge of capacitor 10, By measuring the leakage properties of



extrinsic conmponents 12 such as inadvertent
connections or solder flux can cause or increase a
woeakagm3current 14 that results in discharge 8€T/US2007/002976
capacitor 10. By neasuring the | eakage properties
of capacitor 10, it is possible to determne if
capacitor 10 neets its specifications, is installed
properly, and whether connected or surroundi ng
circuits are behaving as expected. [0005] Referring
now to Figure 2, conventional nethods of |eakage
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Certain enbodi nents of the present invention resolve

issues and difficulties associated with the

nmeasur enent of capacitor | eakage current. Certain

enbodi nents provi de systens and net hods that enable

chargi ng, soaking, and neasuring of capacitors to be

conduct ed



quickly and in parallel. [0008] Certain enbodi nents of
the invention provide systens and net hods for
woraE08993g capaci tor | eakage conprising the steps/ust007/002976

providing a charging current to a plurality of
capacitors, wherein the current charges and soaks the
plurality of capacitors. Capacitors can be
di sconnected fromthe charging current and their
vol tage nonitored according to a progranmed sequence.
Monitoring can be periodic in nature. Typically, large
numbers of capacitors can be charged and soaked in
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[0012] ~ Figure 4 is a schematic representation of an example of a measurement system
according to certain aspects of the invention.

[0013] Figure 5 is a schematic representation of an example of a measurement system
according to certain aspects of the invention.

[0014] Figure 6 is a flowchart of a process for measuring leakage according to certain
aspects of the invention.

[0015] Figure 7 is a block schematic showing components of a leakage measurement system

according to certain aspects of the invention.



of the present invention to a single enbodi nent, but
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approxi mately 300 seconds. [0018] Referring to Figure
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[0018] Referring to Figure 3, in certain embodiments of the invention, a capacitor 10 can be

fully charged and soaked using a charging source 30 such as a voltage source, a current source, or
other charging system. In certain embodiments, a series resistor 32 can be used that has a smaller
value than required in conventional measurement systems and methods. Series resistor 32 is

typically provided to limit current provided to the capacitor. Because of the reduced resistance
4



capaci tor values. [0019] After charging and soaking,

the charging source 30 may be di sconnected from
woapeEosesr 10 using a first switch 34 whi ch nmaycCbais2007/002976

regarded as a charging circuit control switch. A

second switch 36 can then connect the charged

capacitor to a voltage sense circuit 38 to provide a

nmeasur enent 380 of capacitor voltage 340. In certain

enbodi nents, capacitor voltage 340 nmay be nonitored

over a period of tinme. In certain enbodi nments,

moni toring capacitor voltage 340 can include
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change 3 Vot S5 TS s e b bed OB BoF FEpThIGE velues, loakage
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or conbi ned to determ ne conponent c
capacitgpghagagteristics, measurement system accuracy and so on. In certain embodiments, the

time required for voltage to drop sufficiently may be measurable in tens of seconds.

[0021] In certain embodiments, nominal characteristics of capacitor 10 may be determined
using any suitable means having sufficient accuracy. Characteristics can include capacitance which
can be analytically determined for each component prior to measuring leakage. Characteristics of a
device can be maintained in storage for use in subsequent tests. It will be appreciated that more
than one method can be employed or combined to determine component characteristics. Methods
are typically selected based on parameters and configuration requirements including the
characteristics of individual devices, characteristics of groups of devices and circuit configuration
and characteristics.

[0022] Referring to Figure 4, certain embodiments provide systems and methods for
charging and soaking multiple capacitors simultaneously. In the example shown in Figure 4, a
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are typically selected based on paraneters and
configuration requirenents including the

woherasesri stics of individual devices, characPeriusi0c®02976
of groups of devices and circuit configuration and
characteristics. [0022] Referring to Figure 4, certain
enbodi nents provide systens and net hods for charging
and soaking nultiple capacitors sinultaneously. In the
exanpl e shown in Figure 4, achargi ng source 42 can
provide a current to nore than one capacitor (G -C n)
400i - 400 n in order to charge and soak each capacitor
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switched Q{hicAB,Qn aqrenioliie fastasn!r Flehs| Mciavh stepid ¥ rdp¥ating sequence, the voltage

across one of capacitors 400,-400, can be measured in isolation from the voltage on the other

capacitors. The time at which voltage across each capacitor 400,-400, is detected to have dropped
below a predetermined threshold value can then be recorded; e.g. a predetermined threshold value
may be set at 10 mV and the time measured represents the elapsed time for a voltage to reach the
10mV or for the absolute value of the voltage to decrease by 10mV. In certain embodiments,

measurements of elapsed time may be expressed in terms of the periodicity of the sequence.



sequentially closing and then reopeni ng each of
swi t ches 400i -400 n, or selected ones of the swtches,
woyppi7oaddsy in a periodic fashion. Thus, at eacRCTUSP0TY02976

a repeating sequence, the voltage across one of

capacitors 400 -400n can be neasured in isolation from
the voltage on the other capacitors. The tine at which
vol t age across each capacitor 400 -400is detected to
have dropped bel ow a predeterm ned threshold val ue can
then be recorded; e.g. a predeterm ned threshold val ue
may be set at 10 nV and the tinme neasured represents
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300:-50D gt HE R r R S Y o BS Bl Ao R e e hogeieh ot charging

source 5@6?@;1 f[qm g@ﬂb&lﬁh@r@b@)pﬁﬂ@g wSFyﬁlehers 500e-50h0a I’Q&gbgﬁﬁﬂ Sg&ﬁdﬁfk@nsmg devices
p t.ors 50Qi -5 n

54t SRl 00 A OCREL 5 B0 S i,

described aboem @ccn@nnajynwmmgt ciatodegeon tmdiddadl oﬁw 6ﬂ‘dap§c1tors 500;-500, can

e inents, all ac
be perfoBel b 2R B vl Bnd b T B D SRUBTEIY LTt FHRAGhgs S041-504,. T
will be apppeaisitadoihst the quatititc of widiage Serfsbrto bh @sahas gb @ets@ih6Eby factors
i eping sw.tches 50
includi ngal gé}gmtgﬁg F]b @e# J%&Ed %yim P eVI C%sgocg%ecgwhggﬁe%seﬂéors 54 and 55

ereafter, eac Sensi n
and procgm@qu@hg@s ofromyfuters pad controdle5G8ed HRa sfrsmémnmaitfdnﬁﬂy, the

sequencini lof %‘tcﬂé§|5b§?§04 '%an ﬁ@ §8r§tli$§ b‘%{%‘%fl 8ﬁl§§gg§? measurements based on

neasurenent of vol tage on
capacitop g Cirewit §0@@Fat5®%d otlen pmanHré OTImiB @nbﬁnmen @hn allow frequent

sampling/ Qﬂ' J(ﬁﬁgessﬁ (ﬁﬁgdscﬁ‘zﬂ E’11tn§ ca %’m g sec8 %z?\lgzgtg# rﬁgfan?;ﬂg;g of these

SwW t chés 5 41 -
rapidly dﬁygﬁqgm%,ca@ﬁmm wherethep ngss pretietebmnud deleshdid ﬁﬁtage levels. Thus,

S m C 1LY f
eompling S 00 RGPS By BE Pl bl PR s

[0028] gensdp gertpin gmho@glents the time elapsed during leakage measurement of large

numbers of capacitors can be little or no more than the time required to measure leakage in the
capacitor having the longest discharge time. Thus, time savings can be accrued by replacing an
essentially serial measurement process with highly parallel processes and methods. These methods
may be able to accommodate large numbers of different capacitor values that can be measured in

thousands.



and processing capabilities of conmputers and

controllers used in the system Additionally, the
weoeeoqr@msgisng of switches 504 -504n can be confi garad2406/002976

initially prioritize neasurenents based on capacitor

size, circuit configuration and other paraneters. This

prioritization can allow frequent sanpling of voltages

for rapidly discharging capacitors and di scontinuation

of sanpling of these rapidly discharging capacitors

when they cross predeterm ned threshold voltage

| evel s. Thus, sanpling rates for nore slowy

{0029] d'oggg?i 09 sté‘BlﬁﬁJﬁtg%ngggﬁ%}gmifﬂgﬁgﬁﬁﬁﬁgﬁ%g cglaala spety of the

n certa
inventiore akkbjer HRG sistaterpacifors trlgdestadiber e ginecdph CThedist magiidentify all

A uired.to asyre .
i 0 % 0 TR R L e o B o
list mayt berghtaifind slectromieal hafvom gseviaushybenteared inforndtion; ﬁ*phﬂCADgJAM systems
oy BRGSO PSR R hllhepc2
until caammnceofoaaﬂomdmﬂee lisarsgbtmnmt(et&p 6@[4) dThé k¢teai include a combination
r val ues th Al .Gaq measur
of prev{%ﬁglgs an\%n {athj:é@Tc Vil tbers &a anglyamgas% IciaP%cdtane&W.At}lsgB gﬁ1 the
capacitfrg ateharargedd| amdtsoa’keldn @haegetmd "oaist@e csn bé cilbflated i@nd the information
prov1de’éttha§1 a&{}lugigg lithe%a*mcx{anc gfctﬁg g%rlfn% ?cilge ﬁeFteg g’geSt Fggt%ﬁl rgay include
other d:ct&vffe@mgrchargeamd isoadiutite.t Dgeitdiby, auvinidouc esntetPeHadiei@d soak time at
ona cteristics. The t .be obt ai ne
sep G0SAREBh PRy ROBPEE bt pU o bt kSTt B roplomented. A
step 616, rcbmg@m:so@ms ilysct bern ramdvénlyfrm roue lor k¢ yapabiors and discharge is in
pogesSBRGLARSn S S36 LTI g0 St 9 B e copncicn
has passedst threshoikitvalueexﬂ siep6&p, tﬁé)ﬂ)apseﬂihfmé ¢t beatorded for dise @pamtor and the

capamtor Ir\';'l\}))g/ n;?re Oélgg élré(%éeCI él'hglgélsgé\\f 1t ‘g)ctlg%% nm.? V(? ?ep &I} At step

614, thez:]am acitteokel mrdetecrimmegé anyaitcnsaalstit to Ghafog&oaﬂdurm&ned If items
ecaquIate fro he i nformatia o)A

i b LSS TS 1B B Sl s, s
device bé&hﬂﬁsur’&ﬁllsdﬂsﬂfﬁnﬁﬂ&ﬂ from ﬂiayhérgﬁllgu;dﬂrcei Munitdéiha continues.

af f ect har and so i call a tinme )
10030 - 5ty E)];ag i;i;:c 1°ge A AY “EBaK e JT?BHP%}tm%F%Vﬁ% in capagitor g‘fﬁkage test time of
the presetheventivhvydsthaf oftibe emrlnemlmgil ﬁieﬂidganaﬁ(éx&ﬁﬁk wieké Rakage in one

gﬁy ted. At step 610, chargi ng sources have
hundre O#efcéiﬁove%s rnéerﬁs%rg or nore capacitors and di scharge

IS in progregsChaieJonear geboplsTin®ni|t 0Caacitot y i Medsury Time |  Total Test

using voltage sef€Png |1 (38 vollt afjmefsec)t He cApeaki t gr Time (min)
Conventi U?LM thqdr-nnl Al he n:-l«nl‘.g;i veal uan 1'§ 00 taoan 612 251‘ h | 2844
Parallel ¢ g. els%ckoo\.u ceeT \.\:’Ill\.:|63 ‘rul :\, \.4.] 50\_ :: :.a’“‘ a-’“z e 00 36.0
Paralle]l char o‘ﬁa'hhaéffe TeTot .ucu 6!3 —Tthe €116t a‘lig tHe- 3.0

capacrtor may optionalty §ag E#GT ved fromthe+ist—ot

items to be nonitored at step 3. At step
[0031] Figure 9 is a simplified block diagram of an embodiment illustrating certain aspects

of the present invention. A computing device 70 may be provided to initiate measurements, to

receive measured data and to calculate desired results. The computing device 70 can be any

suitable device including a personal computer, an embedded processing system calculator or

microcontroller. In certain embodiments, computing device 70 communicates with a control

processor 72 configured to respond to commands from the computing device 70 and to generate
8



614, the list is checked to determne if any itens are

still to be nonitored or neasured. If itens remain on
woOheo7iossa37 t hen nonitoring continues. |f itenspParas2007/002976

bei ng nonitored individually, then a next device to be

nmeasured i s di sconnected fromthe chargi ng source.

Moni toring continues. [0030] Table 1 provides an

exanpl e potential inprovenent in capacitor |eakage

test tinme of the present invention over that of the

conventional nmethod in an exanpl e where | eakage in one

hundred | OOnF capacitors is neasured. TABLE | [0031]

Figure 9 is a sinFIified bl ock iyza Qanlof an . .
control g5 EAESI O PERENS IS SRS 1000 PletBape Drropida yalipee sensing
75 of ohfpuedlia@es frémGievires under day V8.eCafitroliey 72 Enzg:j aisclid ﬂeﬁhgeémr provide

Initiate asyrenents, to recei ye neasure t an to .
analogterdigifeLing e rtemrog SPrEricmsey ShEtioN it Feelpipess gpd measuring
leakagdd ECAMOIISHTE Rl alsdatdilitatd duehiihiogions bervaen prowssip a0 and test

. an enbedded processing, system cal cul ator or
cauip LRI O PR 5 6 Tt ST RIRBRY I8 Pen Bt o pgauence the
measurdB¥hiCSE vORaRonAE daties ubidbitest T80 HehgdncpipnR@BRekcotAplished by

_.configured to respond to, comuands, fromthe . .conputin
providigg ks 7 eier biEHeR HUCHRE PbW%Ldﬁ%?S&Fe ARG Sfiches should be
opened¥rQtdsd@ ThidigoRgatiimefbe frbviiled td the'dARGRerON 3addicéeand time

ntrva phoiog S e B b SRR S B b comol signas
a switcRmtiggeanal og-to-digital and digital-to-anal og

converters used in controlling the test 0cess d \
100321 o s o h 7418 SRR SE EHGFC R Yol g PoRiog B P TEF 74 ey be provided

to gen&&gﬁgﬂbg Bhdr &S gxbﬁwl@ges ?gﬂﬁf_ﬁ%% sigfala _ﬂd:etve&tﬁ_'cﬁqﬂi;épﬂﬁmﬁl processor
an( evl ces under test . e conputin evice can

7. A BB o8 QR PR EUFEHER BIUPE J5i18E) 650 Sffrpfrom current

and voll§pd BBfce N aonice 1 adto thaBHR Ry ohagestmduaenilio ddvécks under test
by providing timng and, order i nfornatjon Lndicgtin q

78. SegtingRlcgkoniFhEympy &S Ersignalktobiaing lsre ey %ﬁ&&% dfan

transmedHy@S8&h rdddig 76 NEehsiR dledtromies T3eaf peoridieshaldy éMitgital signals
controller 72 as agdress and tinme jnterva . .

TepreseNiAtiyR Qf FcatHrements OS¥eliagh 2ad PV Yalies fentes by, panging slectronics 75.

[0033]di r ectih teRsia Ciibodinddnts; QRtdpl st Bafix 7 @wipreHde switched pathways

perogabming St oht 8 e BB S AL o e

electro@RB g5 A3 WitdNAkRE b e piovideriad YedehvegeBer sigfalits iaue flom the control
si gnal.s recei ved_fromthe control process 72.. A
processaf R in R TPRICRLSy SPEENY SISO HAFES" (6 PIids Rythways to and
pathwARFRYdatdsagder tasd8C Uh tewdis efabodintnts] Switctaundtrikol@ @geomprise more
source el ectronic 4 and t .tnansqﬁ&ﬂhggfe vol t ages

than ong.mateix, Gan b(egtqf eraTangsd n ngngc on as nlecesga.e}y to support the

number items included in devices under test 78. In certain embodiments, switch matrix 76 may be

configured to provide multiple channels, each channel associated with one or more circuits under
test; channels may or may not contain capacitors. In certain embodiments, switch matrix 76 may be

directly controlled by the computing device 70.

Additional Descriptions of Certain Aspects of the Invention
[0034] Certain embodiments of the invention provide methods for measuring capacitor

leakage comprising the steps of providing a charging current to a plurality of capacitors, wherein
9



78. Sensing electronics 75 may receive signals
obtai ned fromthe devices under test 78 and
wonrenTasysted by switch matrix 76. Sensing el ecPCoOISE®7/002976
75 can provide analog or digital signals
representative of neasurenents of voltage and current
val ues sensed by sensing electronics 75. [0033] In
certain enbodi nents, a single switching matrix 76 can
provi de switched pat hways between chargi ng sources 74
and devi ces under test 78 and from devi ces under test
78 to sensing electronics 75. Switch matrix 76 may
the curr@it@Hin@es akoaREMe ‘ﬁﬂu@l‘it?@ff cﬁﬁeﬂﬁ@ifsssetl&uﬁg d ffr&%sxgﬁr from the plurality
control procges n certain enbodinents,” separ
of capaciigfy, ARF PRy ehitRg e egmwgpﬁu&w%orpmwmedt @pawwrp@mmwg a time
required tlei@cﬂ@ﬂgb GRSselRftAcapRior B a pkéﬁe&?ﬁﬁréﬁ%nﬁﬁnp %E@&Eamg a second

g@ gﬁnatrlx 76 can conprise nore than one matri X
capacitog frpmythe phyality of EMCHPrSa?Pfléﬂ&eﬂﬂg theisteps af distonpiectingstridatetermining

for the s8SondGCRIRAHpdchos URRRFthint dA®HJAHTBRE, thd &85 of &k@é&&%@lu{gr}ﬂ performed

devices under test 78, In certaln enbodi nents
simultanggpsly forzgl ofhe plaralisnet epmpeiépre. ohmemhﬁ%nbnﬂlmﬁm,ethe step of
disconnéRRMBRIEHSforRRE erﬁdlﬁlﬁ@&lsl)aﬁf‘ Qﬁs' ﬁ%@&alé@tédtb ggcgtog rénﬁ'ﬂ{eesecond selected
circuits under test; channels or con
capacitog.g pglcqefta}nsemhwue@rtf,ahﬁstméwmmg igpgrfarmedsimultangéusly for the
first seld¥BM dafaddior ! !
ot sl G5 S5O0 i, ST YR8 o
determinipg inefydss cpopmine aameasired witssephibaseledtd cammcitoniomt predetermined
threshol® R@M&é’éewﬁ@xtehpﬁta Obf HR3eIERE ga H@Pﬂs&ﬁéas&é& %9%8nnect1 g the selected
onprising the steps of provi chargi ng”curren At
capacxtog tp %lv%l[tqu SFHSOY @fcegtgwhqglpgent sdlestdtecapacitarng disconnected from
the voltaﬂg@ JELNSP aﬁ&@oﬁgéé‘éf thD Se1d ikl Q'clp'fagl}t’orqg H'I%QB.?gd t rc%i'tamf embodiments,
selectin fitst capacitor e plura
voltages.omsaeh 06 ﬁrﬁ.a@é servadsklegfed h@ashansgtrmgewerdavﬁnoﬂwaﬁy until a
correspobﬁﬁxg%ﬁﬁ@feﬁﬁﬁie@t% %@g’théjﬁlts?m &'cgﬁ?d ?eléc'téggpealpgg%rs .'%s #en

di scharge 'the sel ec capacl tor ermn
determingdy, dp certaim gmbedimenisnipe étei?étf dn@nnaqmg;us lpel’foflnﬁﬂ‘mmhﬁaneously for each

of the plﬁfaﬁ%f dapadfor @@%ﬁ:‘axg 951§a g e'éa? gé}ta#nﬁ A ik % 5 agg( of qapacitors is

di sconnecti n ter ni ng secC
sequentialiinand pesiodicp Ry mepsuredamchésonparehtos prbdimemtmq:d thireshold voltage In

certain ef{bRRRNRS M GerdsDf B?s'é&‘ﬂ{egﬁﬁj% %Wtéﬁﬁ?ﬁ# Sk rr?% ée&l k0 tl%e second

the plurality of capacitor cer
selected Pﬁ@cﬁf"é%fteé thedire tordiediargethe Srgp eelectedreapasitonib tlatesninsd.y Certain

embodmflé?fts 515@0&!1}51’?& {RELES B@&l&ﬁ:ﬁﬁ% lgﬂaﬁg Oglu%r%%tr ghe C@ﬁg anc% secbond capacitors

sel ected capacitor. In cert
based ongthe grspegtivie himeg reqpissd ite displeatzs thafirstamd sewingd stlertetl vepacitors by the
predetermidedtan®hect ed capacitor and the second sel ected

capacitor. In certain enbodi ments, the step of
[0035] {et oGArtainrbodiments of &@nap‘egnhmg pepvnrbawauems fm)inbmyengﬁ:apamtor

leakage é&ﬁpxﬁ%ge&ﬁlﬁﬁlﬁfm# E\%t?h : re?agﬁtcﬁa{rgft g rcgg Lng connection of

t age, wherein vo he se ca acl
one of a glusality @gcqy)am@(yp] freg plpqqgmg lseurse| agrxatity of sensing sw1tches each sensing

switch controlling connection of one of the plurality of capacitors to a voltage sensing device, a

controller operative to control the plurality of charging switches and the plurality of sensing
switches wherein the controller is configured to cause all of the plurality of capacitors to be charged
and soaked simultaneously, connect selected ones of the plurality of capacitors to the voltage

sensing device according to a programmed sequence, and for each step in the programmed
10



capacitor to a voltage sensor. In certain enbodinents,
the sel ected capacitor is disconnected fromthe
woabiragem3sensor after voltage of the sel ected eapas2ian02976

is nmeasured. In certain enbodi nents, voltages on each

of the first and second sel ected capacitors are

measured periodically until a corresponding tine

required to discharge the first and second sel ected

capacitors has been determined. In certain

enbodi nents, the step of determining is perforned

simul taneously for each of the plurality of

r [ e .

sequencE B eidh AubensaRlehl 1 VoRab O OF o S RGBT chfioldd B sonsing.
device, gt 3 erfhpiting deviss prosremmed te detprmind ldabage yalesforeavh of the plurality of
capacitdrl'b2208h 4 HOIhRARn: 4k ehdRlibs ?Jli‘?f?é%&?ag% S0 A Each BE R or to reach a

sconnect | ng an ning are r eate

threshold welmedfise theceeticapagitariis discarineeted filoen the whargingdioswea iy eertain

: f . i I ] m n r.t ain ,
embodi s ¢ Sl BELALGERBARA T b ARNE 3 o bl
embodithenth.the plusdlity of $epsing lswitthesss pervideddgonsvichpaatiik o s certain

. i . 1 L,eaui r t0 di.schar.qge .
cmboc R38O RBL 81 Sh VY L 3 B e v
by a switthadetrizy i gexthin embodimen ) 86 dap@eitdmaiof tierdindlityesftcapaditors are

. ' ' ihde e f or. neasuri capaci.t or )
oty DB WS T TR BB oot s
further conéigurch 4o gomgcissach ofithe phtralityl df egpacitorseo theosensifig dadicoperiodically.

. rial | citars to char gi source .
In cortai ittt LR ABAS i Pl 8o 3] R Bt it e pluratiey of
capacitogpiiemgh¢ sengingaiemiee sequenddllyone of the plurality of

capacd . vol t age. .sensi ng device ontrol l.er .
[0036] oper gdt:_%r\%é £ %lgg‘gmeglgIO%tglheemﬁ naﬁrogﬁ)lr?vg%fneg}?g? E‘?’ﬁﬁeﬁs‘mg capacitor
leakage sownprising praviding e cirginglcutrgntab agduralitypfeapdcitbas whieieihs charging

' j qured to cau all of.the )
ourront AR L0lks e BB A BpBYR oo i on of hepluraliy of
capacitoss t#l vdiago sising deevienguoniseingotobtdgookihe efcht dapagitor t@liéttymine time
. ' olta ensi devi ce .accoy dj n

g S SARBEHITEA 16, XL L DS PGS B s
values foyrthephmatsy o€ caperites bapsed vindke tmeebapsedfoe ichofapycitdr AgRerein

“ it I nnect ed to t.he. sensi .
oo 6P SHLLEELI OGS i ol 05 SERY o e g
current. |In gkrigjo evdlodsenty pll efithe phiratityofwhpacitotst are dfscaaieaiet s the

harei d¢ [ r t. of tine reguired. for the . _ .

c argm%‘gﬂ%t%aggemglztal?'%gélg aagﬁ'%‘glglbea% e célrca acior Is engd{Cﬁp% g}%llltared in isolation

from the\athereapdaiters. tCratagnerhbasiipants btso comptiss aidease oheothbr wiltage sensing
rLaLn, enbodi ment s -t he

devi ' G

cvice, WG (hiRe SRS B bR o BT BRI Sy o1
[0037] pat r iGertam enabediinnnte ob theiimesmtion prdvédepd urethod tyr basuring capacitor
1 i it ' OV .a.Sswtch matrix. In .
ko S8 SP3BT Yl B, i B o o
source frop the loas onmyre ¢apagitars, ahortitpriof tixevidiage of thietonh ©8 mai€capacitors, and
calculatiRg Qé/ﬂaQRQr leakage.

[0038} Certain embodiments of the invention provide a computer readable medium encoded

with data and instructions for calculating capacitor leakage, the data and instructions causing an
apparatus executing the instructions to utilize a charging source to charge one or more capacitors,

remove the charging source from the one or more capacitors, monitor voltage of the one of more
11



by a swwtch matrix. In certain enbodi nents, al
capacitors of the plurality of capacitors are
weioriosgaseous| y di sconnected from the char gi ngPeomISe®7/002976

In certain enbodi nents, the controller is further

configured to connect each of the plurality of

capacitors to the sensing device periodically. In

certain enbodi ments, the controller is further

configured to disconnect each of the plurality of

capacitors fromthe sensing device sequentially.

[ 0036] Certain enbodi nents of the invention provide

a C sing. . .
capamtoé@; tgefli) g?lﬁ\glgfg égﬁgcr?g):} %%H%%Ser ?:g)ﬁr% (?{) th%\ Q%F%?g}e ﬂ{%y@rgf?er coglpnsc soaking the
capacitorh paertain pﬁthemémmmwmawcgmm@echangbm onelom mgns canditors with a
0 sequent

voltage AR arld nibutlythé bl oGRRE oGS op® BT eBpatery Gorain of the
embodiments figthes eomprise d@vgmgwmm@@ rmang:ltmtsl witly @ cofrerttiseureaaid removing

' il .
e L L U M———
monitoring] theyol@e(uﬁ Itleet oneepr In@erk aqmcmais aéer lfeﬁrovirfgetha bhﬂrgingtsym@é Certain of
the embgcgigx%‘ﬁ tfﬁf'tﬁexs&%%fp%sg ogqu?ﬁog {he g gc?ge f gxréep%rcrp?{grcapacltors before and

el n noni
after repovimge thicebaafiingsoutdee Geaain cd‘abaemb@dlmeﬁtsdhﬁmmbﬁ@heﬂchargmg one or

mers oS G 80 L EDRSE S e

comprise navad pgm@hmmwlumﬂgtmmhs IC;ertamobf\meeembasﬂmﬁth further

comprsfFIAEIS BF L REEEALR o TOAARL SR et SR THLARD o swichos.
Certain ofithp einbe dmerxlteﬁmhemmmpntsh etlculatinggapasitordalgge by nemjtoring the

X L

capacltOt’Iséealmg@umn@themquwaild—ﬁldmelt hod for neasuring capacitor

Ieak r _nore.capacitors. .
00391 A P e SR BB e g o B Ripab i, Cotin of
the embédlmmtsrfertbn@ompm@ impugmgabe tapasitance bf oy tblﬁgoﬁchﬁpacitors. Certain of

t he one e caoa.CLto cal uI atin
the embdlis Bafher AR bl TRYS eEPRRMPIhE sulanEE o puf pifidre
capacitorsn \eertaino of the@mbdémaenm:ﬂmhtl&fomlﬂad afthsuringdealtige BE68OSE a plurality of
capac1to¥g \;vﬁllg ﬁélﬁiﬂ%‘}ﬁl %rt' éa#gctulo%sg Sr UC Cg{llgg gzl ﬁt | ”Qbeéﬁﬁ’n Cf‘ t]ile embodiments
further capmausasweetxaétylmcasgnnm Eakapstaf umi:mdna;l dapaanbrd withina plurality of
r ak.de.one or mor

capacltog1 %&{aﬂgﬁf’@lg eﬁl%ozi?])be%gso urthier comprise ﬁlénugtn Qeaus Py ré) Fconhectmg a plurality
ofcapacda{sé‘mm erchargmgyoume, sl meayaring theh®ltegreofidach capacitor until it reaches a

det rH{i’ﬁ GRR and cal cul ate capacitor |eakage. Sone
precete eGah gfn%lhgl ments further conprise soaking the
[0040] capacFartaisemieditgity of thetiveengiob pdividma systam fdveneasuring capacitor
leakage & banL with a

eakage &F?ﬂageggg gur s {al%gg&?co%&o%lj’o %sggxp g %ﬁgrge Ssgllﬁrrcge ?CP%IR% electronic

compongritca eapeciter arpluralitypd capaoiters fiGen which capaditoe leakage measurements are

desired, and a switch matrix operable to substantially simultaneously connect to a plurality of

capacitors. Certain of the embodiments further comprise a personal computer operatively
connected to the communications/control processor.
[0041] Although the present invention has been described with reference to specific

exemplary embodiments, it will be evident to one of ordinary skill in the art that various
12



enbodi nents further conprise charging one or nore

capacitors with a current source and renoving the
weoabd7agem3szour ce fromthe one or nore capacitor BCT/US2007/002976

Certain of the enbodi ments further conprise nonitoring

the voltage of the one or nore capacitors after

renovi ng the chargi ng source. Certain of the

enbodi ments further conprise nonitoring the voltage of

the one or nore capacitors before and after renoving

the charging source. Certain of the enbodi nents

further conprise charging one or nore capacitors

modificititng 'dﬂthcl@an‘ggﬁﬂa%/ v Rl 1 ﬁ{ekéénﬁcﬁﬁ}ng:ﬁ@g,fithtgﬁg &é}%girng%%nq Ghe broader

.. nbpdi nents further conprise renov
spint angéﬁﬂﬂ?é’fﬂ%ﬁ Hyeniany Acerrdigglytthe spegification anrbdrdivingstase to be regarded in
an illustfadikt RRker GRS [3RiKiGEBYAL. Of the charging source froma
plurality of capacitors using a plurality of swtches.
Certain of the enbodinents further conprise
cal cul ati ng capacitor |eakage by nonitoring the
capacitor's discharge tinme, nonitoring the capacitor's
change in voltage, and cal culating the capacitor's
| eakage using the equation I=Cdv/dt. [0039] Certain of
the enbodi ments further conprise receiving a capacitor
list. Certain of the enbodi nents further conprise
i nputting the capacitance of one or nore capacitors.
Certain of the enbodinents further conprise
anal ytically determ ning the capacitance of one or
nore capacitors. Certain of the enbodi nents further
conpri se nmeasuring | eakage of one of a plurality of
capacitors while holding the other capacitors at the
charging voltage. Certain of the enbodi nents further
conprise sequentially neasuring | eakage of individua
capacitors within a plurality of capacitors. Certain
of the enbodi nents further conprise sinmultaneously
di sconnecting a plurality of capacitors froma
chargi ng source, and neasuring the voltage of each
capacitor until it reaches a predeterm ned threshold
| evel . [0040] Certain enbodi ments of the invention
provi de a system for neasuring capacitor |eakage
conprising a communi cations/control processor, a
chargi ng source, a sensing el ectronic conponent, a
capacitor or plurality of capacitors from which
capaci tor | eakage neasurenents are desired, and a
swtch matri x operable to substantially sinultaneously
connect to a plurality of capacitors. Certain of the
enbodi nents further conprise a personal conputer
operatively connected to the conmuni cati ons/contr ol
processor.
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[0041] Although the present invention has been
described with reference to specific exenplary
wentrdsysnt s, it will be evident to one of or dPa&aUg2007/002976

skill in the art that variousnodifications and changes
may be made to these enbodi nents w thout departing
fromthe broader spirit and scope of the invention.
Accordingly, the specification and drawi ngs are to be
regarded in an illustrative rather than a restrictive
sense. WHAT IS CLAIMED I'S: 1. A nethod for measuring
capacitor | eakage conprising: providing a charging

current tg a plurality of capacitors, wherein the
WHAT Ig (LAMERIST ges and soaks the plurality of capacitors;
selecting a first capacitor fromthe plurality of

1. Acxﬁaﬁﬁd'l F&frﬁéagﬁﬁ@w@aﬁedriléuécagaeorﬁﬂs}adi@: ng current fro [jn
t he sel ected capacitor; termning atine required,to
PRRVALIRG 7 GRATERE CURPRICP é@l%fé’g%(a ﬁ&?a%@fsaWbFféabtﬁls PHirFRpharges and
soaks thegsTRMlity; ofsafacielsgCti Nng a second capacitor fromthe
plurality of capacitors and repeating the steps of
SP RS et SRR 0&{%‘8%&?@&1"6?“{%%’ second sel ect ed
dEaRaRtEsY the SharfingRiufiet: R6mAkdidlgtddcaphdiion 1|, wher ei In
t anequs

the step of disconnegting i rformed si . i
ApigrmBIE Tme FRASHE Pty (e SUSHF RETor bYA Rigiisigapitied amount
and according to claim1, wherein the step of
di sconnecting is, perfornmed sj.nultaneogusly.for the
selp g erend Dao ik Jort B AHAUDIRS <SRBT BerGiepligs the stes of
disconneS@fo&id dterndnin A forhe Sstond s€leddedigaphcit@l ai m 3, wherein

the step of determining is perfornmed sinultaneously
2. Af methbl acdordiag techint 1 eethaaipaheé stop ofididcdnnectizeris performed

) I itor. 5. A nethod di t lai m 3,

smutansBOhE o FERSEA Sl FeBeTBh oG mocrcsen oot iy 5
d valt f .t I ' .

5. AREREN B ok SRR Ao PEeGE BEHED of ARGk g B pihtorgped

simultanéduslysfel detfost selepwdichpaciios amdkts seaodisylected nagscitog t he

sel ected capacitor to a voltage sensor. 6. A nethod
4. Aametbod pogrdiog ¢¢ daim 5, whtreinghe steh of detbmaining is perferinedr
. is i n r ] ol t age
smtaniof] ST Sl A Yo RSB AATEREBLRLAD, |20
5. @%@&5@ L 06hrdiflg ¢ Sl §; wHBRIAHE 5P b 8EEHiRMe8RANd&, cobfParing a

Irst and second sel ected capacitors are neasured

measureoliagdiof i splegiedicppasiionta apjsdeaimiged thigshpldqialtage swhyrein voltage of
the selecldapRiBLisiiGshich By BRRkecting the selected capacitor to a voltage sensor.

6. A method according to claim 5, wherein the selected capacitor is disconnected from the

voltage sensor after voltage of the selected capacitor is measured.

7. A method according to claim 6, wherein voltages on each of the first and second selected
capacitors are measured periodically until a corresponding time required to discharge the first and

second selected capacitors has been determined.

8. A method according to claim 2, wherein the step of determining is performed
simultaneously for each of the plurality of capacitors, wherein voltage on each capacitor in the
plurality of capacitors is sequentially and periodically measured and compared to a predetermined
threshold voltage.
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second sel ected capacitors has been determned. 8. A

nmet hod according to claim?2, wherein the step of
wdebtm@rosyasrng i s perfornmed simultaneously for eachust007/002976

the plurality of capacitors, wherein voltage on each

capacitor in the plurality of capacitors is

sequentially and periodically nmeasured and conpared to

a predeterm ned threshold voltage.9. A nethod

according to claim1, wherein the steps of

di sconnecting and determ ning are repeated for the

second sel ected capacitor after the tine to discharge

9. A BRttodlastor8RIg6 tREn qaﬁ/ﬂ@l‘elrpihe 'sfepg 8F &f"s&hﬁ&@éh rﬁljagld d%temumng are
to cla|n1 , and further corfprisin

thd ac
repeatedgg‘i fiSeRom QC‘FE‘S&S cifoy aftes ﬂ?“o‘n‘m? tredisehasge the dirst sc,l@ctdd capacitor is
determineé@paci tors based on the respective tinmes required to

di scharge the first and second sel ected capacitors by

10. A ethod ededreingitd elind DAY Furthdr cﬁnﬁﬁﬁ§£§léﬂﬁn@@#ﬁgé leues for the
aplurality o gl

i tor | eakage conpri sing:
first and §%E’P§ faRacitg s P AgPediedimessnavisnd todischaogn ot ﬁnshand second

selected Odpabiiéys Bl the pretiétainiihdd ho&d@paci tors to a charging
source; a plurality of sensing swtches, each sensing

1. Asyisteihfor aidab@idg dagaditn MkhidEbrisde of the pl urality
vol t age sensi devi ce;

t
aé’g‘ﬁf“?‘gﬂ i lafréﬁ’&sgﬁc%}%% ERFNATBS SYRG ﬁﬂrxt,rpamgtopnmctwn of one of a

plurality o edpgiciters $0vh thdigmgaberckne plurality of sensing
srﬁtfh%§ mherein(%?e c ntroller is configured to cause
2Ry of RERSHIa T EIohesy eath eapRg SWHFk conjralling ¢ramngetibngf@ne of the

phudﬁyﬁﬁa#ﬁﬂﬁ@%ﬁMhbﬁMﬁ&H@ﬁﬁhg&Qﬂ@ﬁct sel ected ones of the
[ t he vol t age sensi

luralit ,_capacitors evi ce
» Bontlt plerptv o5 aisp e Bl s bR o s a8 ahe mhumpiy of
sensing sivitchétewlkroigrthcediroblefidRBARgured @Y1 de a neasurenment of

voltag 18 %E ﬂg;ﬁatgr currently connected to the
send@rgalfeliee CERATHOSI th §° gareedanst sgkedhsimaitarcously,
det @mibdigeleCRd 8865 dfahé! BRardlRY of8dAcRdrs iR RoHAR deh¥ ng fevice

capaC|tors based on neasurenent of tinme require
t he* g Bding; qeessA™dor to reach a threshold

val fige ea’tﬂltsﬁd’p ihhﬂe ﬁ%@fhﬂﬁﬂ&ﬂé‘éqh@ﬂce' odid%%%%ﬁxteﬁg:n{ 58{Blitage on a
t he cha(g gg urce. The systemof claim1
whePBRH" i r%ﬂnP?‘i}e fo g é?’tjiqﬁgd%’wet s is pr ovi ded

a bymputing devite programmed to determine leakage values for each of the plurality of

capacitors based on a measurement of time required for the voltage on the each capacitor to reach a

threshold value after the each capacitor is disconnected from the charging source.

12. The system of claim 11, wherein the plurality of charging switches is provided by a switch

matrix.

1

13. The system of claim 11, wherein the plurality of sensing switches is provided by a switch

matrix.

14.  The system of claim 11, wherein the plurality of charging switches and the plurality of

sensing switches are provided by a switch matrix.
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matrix. 13. The system of claim1l, wherein the
plurality of sensing switches is provided by a switch
worbo7i0899314. The system of claim 11, wherein tReT/US2007/002976
plurality of charging switches and the plurality of
sensing swtches are provided by a switch matrix. 15.
The system of claim 11, wherein all capacitors of the
plurality of capacitors are simultaneously
di sconnected fromthe chargi ng source. 16. The system
of claim 15, wherein the controller is further
configured to connect each of the plurality of
: ] h . . oy } The
B e U G b S B R bbb iy
simultanegysly dispennesisd diose hewbangingsolresf the plurality of
capacitors fromthe sensing device sequentially. 18. A
16.  Thetsyeigmseficlaimaky, mherpin the sentrelfer jixficthgecandigpradgp nganect each of the

pluralityRSrRYbALitBEs 8 thd\&nbinDdetidk f)&mdﬂaﬁ’l&/a plurality of

capacitors, wherein the charging current charges and

17. BRSS! BT dMidt Bl héredf the 3BAFH IR ESHur el ! ¥ disconnect edch of
onnecting each of the plurality of capacitors to a

the plurafity pheppacitons from thesensing deyiseseqienjallnl t age of the each
! capacitor to determne tine elapsed until the
8. ‘?‘rBF?F drigpmgaiuring capacienleakage soEmEs®Eni ned t hr eshol d

préfitiag aGhbipih@éirnat teakasity sf s acitdRs, WilkgeiR ltﬁgéJaféhyg Qfrrent
h C acH&rﬁslbased fon the ti me el apsed for ea_ch
charges i’:‘%&?@ Plytly St CapasHPTSor i ng of each capacitor
seQUERRAIE okt fig $0R o ALIPLEaRGUtlclpaditerdb ice;
from.t h)Z char gljggg curr enli)t, . ?lgcd Tglcs.e et hogq%?Q%%ae?%nﬁg,evme’
RFicEPs valtecst thherchicapasttpt {p dsterpupsidme slepsesruntil the monitored
voltage 1€hche® B pesdefeimided thichiblg hangi ng current simul taneously

af;[d whe;ﬁgi(n each capacitor 'is periodically nonitored
cplqulatipg laakegs Yalesnionbe pluselity of parapiters basetn trp imeesddpset for each

capacitoR fieteh FohRoriAg8 &ddh CBCitE MRS aftlr the @R PR} Mlisconnected
fmmthe‘ég t age sensing device, wherein the voltage of two or

P EENtor s are nmeasured simul taneously.

19.  The method of claim 18, wherein all of the plurality of capacitors are disconnected from the
charging current simultaneously and wherein each capacitor is periodically monitored in isolation

from the other capacitors.

20. The method of claim 18, and further comprising at least one other voltage sensing device,

wherein the voltage of two or more capacitors are measured simultaneously.
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