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I n $aum, | aces, the level of static charge on
mofﬁ%rs I'S %%ntrolled As an exanple, in the field of
el ectronics, a 100 V charge may cause damage to

el ezthmﬁmmrmongﬁsARrpuch as the erasure of data on
30 magnetic data nmedium even though the worker does

not feel themischargenof csucbha ahasge. bbﬁn@pesnﬁéhngus/her
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an accumulation of a static charge on the human being.
Humans typically wear non-conductive clothing (e.g.,
rubber-sole shoes which are an efficient insulator),

which enhances the accumulation of a static charge by the

human. More specifically, clothing is often the
interface between the human and the ground. When the
interface has insulating properties (e.g., shoes with
rubber soles), the human accumulates a static charge. As

such, when an object representing a ground is contacted,
the human feels an unpleasant static shock as the charge
is discharged to the ground.

In some workplaces, the level of static charge
on workers is controlled. As an example, in the field of
electronics, a 100 V charge may cause damage to
electronic components, such as the erasure of data on
magnetic data medium, even though the worker does not
feel the discharge of such a charge. In operating with

hydrocarbons (petroleum and gas industries), a 50 V
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charge may spark flammabl e vapors. In the plastics
i ndustry, static charges may be of such nagnitudes
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conductivity in the conductive path as a function of

an increase in potential difference between the
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through the f%ifg thereforeqanpaim of the present invention

to provide electric-charge protective equipment that
addresses issues associated with the prior art.
Therefore, in accordance with the preferred

embodiment, there 1is provided protective equipment for

25 safely discharging electrical potential comprising: an

interface adapted to be in contact with a wearer; a
conductive path in the interface contacting the wearer,
the conductive path reaching a ground; and a first

circuit device in the conductive path, the first circuit

30 device having at least one variable resistance so as to

35

oppose a first level of variable resistance to decrease a
conductivity in the conductive path as a function of an
increase in potential difference between the wearer and
the ground, to allow static discharge through the
protective equipment.
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accordance with the preferred enbodi nent, the first
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first pair of transistors, with the first pair of
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mosfets, with the transistors arranged on opposed sides
of the first resistance so as to operate in depletion
mode when current flows from the wearer to the ground.

Still further in accordance with the preferred
embodiment, the transistors of the first pair and of the
second pair are mosfets, with the transistors of the
first pair and of the second pair respectively arranged
on opposed sides of the first resistance and of the
second resistance so as to operate in depletion mode when
current flows from the wearer to the ground.

Still further in accordance with the preferred
embodiment, the interface is a shoe, the shoe having an
insole, an insulating midsole, and an outsole, with the
circuit device being accommodated in the midsole and in

contact with the insole and the outsole.



circuit device being acconmodated in the mdsole and

in 35 contact with the insole and the outsole. -3 WO
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accordance with the preferred enbodi nent, the insole
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bot tom expl odgd v eﬁ’\’ng{h%__{‘gine' %%Itog‘ PHRAIE Y the preferred

protective shoe sol'e ll;a I's a Schenat
10 vi embedimend].edihrd cinedmfee ptot aoyi waewdfsta bvatet epand and

| N a2CGRKARNERANM T Ryi t20 tanothare eRedigleitg ofrdibigied.

present invention; Fig. 4 is a schematic Vview of an

el ectric- charge protective ankle bracelet in
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invention; and Fig. 5is a circuit used by the

el ectric-chafgg. 25 s otedtdpveexgebrded Figw. df tandelectric-
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Fig. 3 is a schematic view of an electric-
charge protective wrist bracelet 1in accordance with

20 another embodiment of the present invention;

Fig. 4 is a schematic view of an electric-
charge protective ankle Dbracelet in accordance with
another embodiment of the present invention; and

Fig. 5 is a circuit used by the electric-charge

25 protective gear of Figs. 1 to 4.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings, and more
particularly to Figs. 1 and 2, an electric-charge
protective shoe sole constructed in accordance with an

30 embodiment 1s generally shown at 10. The shoe sole 10
has from top to bottom a conductive layer 12, an insole
14, an assembly base 16 for upper, a middle sole 18 and

an outsole 20. Other 1layers can also be found in the



14, an assenbly base 16 for upper, a mddle sole 18
and an outsole 20. Ot her |layers can also be found in
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10, or sone of the above described |ayers may be
optional. The conductive layer 12 is the interface
bet ween the foot of the wearer and the shoe sole 10. 5

Th@hb@SQJcﬁLeMws bhe sthekand nege havkle, @Bbitived layers may
|call)éa> ge of an absorbent material so as to

8r FPt and hum dity. The insole 14 is made of
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el edbmtmiit:ytryn&misaﬂartgngamem@ahalThe out sol e 20 is the

| nterface of jhe 500880 B0 WhEh Lhe gy Sddlece che

referring to ,an electric-
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el ectro |c C onent that s accommpdated in the_shoe
soPESEH" ?’he%fcnérp ectfve devife FFIL sock?%t‘t’eéd frgpures an

copgectinge 16rkenents so as to be part of the

dissipation 123 PALAGIOr SLECUhC PHALOES)OlclNSne assembly

wearer. Mre Specifrlca prot éctive device
ha®asg tlép tel écts dﬁéis.ﬂ]@a'ﬁh a %@@t‘bh@@l@cﬁ@bﬁelngS made of

Thent @gecelxq@tlrt@dqr%macmmgaeﬁas;eafﬂaqp conductive
ri bbon 32A. The S%gnductlve ri bbon 32A cont acts

the conducti Vi eI a?‘é €125 15l thoy PHEGTRES hPbudhe shoe
a paile oo opem nge igrcaumel. i nsole 14. As the insole 14

preferably C%@¥f¥f%é¥ef¥3ng to Figs. 1 and 2, an electric-
charge protective device as used with the shoe sole 10 is
generally shown at 30. The protective device 30 is an
electronic component that 1s accommodated in the shoe
sole 10. The protective device 30 1is associated with
conductive elements so as to be part of the dissipation
path for electric charges of the wearer.
More specifically, the protective device 30 has
a top electrode 31A and a bottom electrode 31B. The top
electrode 31A contacts a top conductive ribbon 32A. The
top conductive ribbon 32A contacts the conductive layer
12 as well by passing through a pair of openings in the
insole 14. As the insole 14 preferably consists of an
insulating material, the conductive ribbon 32A forms the
conductive path between the wearer and the protective
device 30.
A bottom conductive ribbon 32B contacts the

bottom electrode 31B of the protective device 30, and
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insul ating material, the conductive ribbon 32A forns

the conductive path between the wearer and the
wee@sectisee device 30. 35 A bottom conducti veP€T/0lh2007/001409

32B contacts the bottomelectrode 31B of the

protective device 30, and -5 WO 2008/017166

PCT/ CA2007/ 001409 contacts both conductive tab
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| art .deyvjces
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fr Q@sﬁ@%a‘?ﬁ% e ft Ocll% e %lé@q.’vet h#évf r.om el ecgrﬁoged in the

enings in the
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42 B/-AZBA{wecene CalSHhhrgdeMbCelariBEs levels of electric
charge potentials. Referring to Fig. 5, a circuit of the
protective device 30 is generally shown at 40, and has
the top electrode 31A and the bottom electrode 31B.

25 When discharge occurs from the wearer to the
ground, thus from electrode 31A to electrode 31B, current
must pass through transistors 41AB/41BA (first circuit
device) and 42AB/42BA (second circuit device). The

transistors are in an embodiment depletion-type mosfets

30 (i.e., metal-oxide-semiconductor field-effect
transistor), although  other types of field-effect
transistors can be used as well. The transistors

41AB/41BA and 42AB/42BA are selected so as to vary in
resistance according to the discharge potential at one of
35 the electrodes, their transistor threshold voltages and

the voltages present at their gate (g), source (s) and
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transi stors are in an enbodi nent depl etion-type
nosfets 30 (i.e., netal -oxide-sem conductor
w0 p@Bata6d ect transistor), although other typeGI/0A2007/001409
field-effect transistors can be used as well. The
transi stors 41AB/41BA and 42AB/ 42BA are sel ected so
as to vary in resistance according to the discharge
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Resistances 43 and 44 are respectively down-
stream of the transistors 41AB and 42AB and provide more
resistance to the discharge path, as well as means to
detect whether or not each transistor shall operate in

25 the depletion mode.

If the voltage present at the electrode 31A,
for example, 1is Dbelow a minimum threshold wvalue, the
transistors operate such that current does not flow from
drain to source (or from source to drain) of transistors

30 41AB/41BA and 42AB/42BA equally, and thus offer a
resistive path with a lower resistance than in the case
where the voltage present at the electrode 31A is greater
than a threshold wvalue.

If the voltage 1is above a maximum threshold

35 value, the transistors 41AB/BA and 42AB/BA oppose

resistances 43 and 44 to the current, along with their



If the voltage present at the el ectrode 31A, for

exanple, is below a mninmumthreshold val ue, the
WO e@B®1IAEbOr s operate such that current does noeCT/ALAa007/001409
from drain to source (or fromsource to drain) of
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entoditnent pr \Hedear? FFVﬁstC:i%YJr% 3F5ﬁr88§8§,esth%n average
pr oi@eﬁcitswemmvl@eeBOtbppOQe@2ame@\aeroag$ ﬁ‘c&Si&thQEage up to
| owery; t % e, u an
av\eyl;aV er%}gs&%]cegg?gbgﬁaﬁgé gfnékéﬁghnsabh%\% O\ATBS é)etween
By asnd’gloéulg, aﬁoﬁvélwageafles@‘t'%ﬁ%@eof mpoistance negyla about

ohnus dheismerohld) Yeane3001¥o andh@p avwey a/ge and an  average
sr stla ce abou ga ohns above 30 her

thres (fm\ﬁ'ﬁ ué g)o&gul aébel <ot g alb(?"’tehe:%oo V.  Other
comfmq@ifmleﬂ uselofst hecpubtiectbeve deti ceacEFhedahgve to the

20 e I al yes o5 9 aI lo )
st gﬁﬁﬂgﬁ%‘gﬁ 2?% g)ef/méggerp%roetebe 5a e V' arssi p;VF%% above
20t o TGESFFEA ahrﬁﬁhﬁilét SR TURF t REewestrakabrai ist atbowc static

shetlarige®@Mof the wearer to be safely dissipated to ground,

(¥,

while protecting the wearer against static shock from
ground.
It 1is noted that the protective device 30

25 offers protection in the case a greater potential is
found at electrode 31B (or ground) compared to electrode
31A (wearer) since transistor 42BA (or transistor 41BA in
case a single set of transistor is provided) blocks any
discharge to the wearer.

30 The above-described protective device 30 can be
adapted to offer similar variable resistance protection
in the case a discharge path is required to flow from
electrode 31B to electrode 31A (second direction) by
inversing the n-type for p-type transistors, and the

35 p-type for n-type in illustration of Fig. 5. Various
other configurations are considered as well.
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ground. It is noted that the protective device 30 25
offers protection in the case a greater potential is

w0 sl Abs el ect rode 31B (or ground) conpared tBCT/CA2007/001409
el ectrode 31A (wearer) since transistor 42BA (or
transi stor 41BA in case a single set of transistor is
provi ded) bl ocks any discharge to the wearer. 30 The

above-descri hetcbediectinge dawisa 3040anibe sRIgRt €8s having
to of fer S|mla var.i ab) e resi st ance Erotectlon in

t hdTHse ] du?@ﬁ’a?ﬁgget eSS TR r 88EFo I oRE¥iewn in either
el etireodei 1B {0 ébecbnedecltA (ts:ednfmhtdltleett:mﬁ):uby 40 to a
LDMRLS N BPalls LRG| PLoPutURES | LARS 30065 5 30 d Mirection.

type for n-type in stratirron o
5Varpf]oifsf Gt heFinohf | e it e Sorisinies eosea:s wet | numerous

-8 ﬁ&@m&aﬂﬁ&ﬁlﬂgﬁ@z%gﬁé)m&@ldNﬂ@omxﬁﬂfed for the
circuit O/4é sSnown as avl n
S

tr AnSiSt ?%t%ﬁctéosﬁﬁt?ﬁ g%rFB@ Protechdye device 30 to

di rJe:cqlmntQMplast_erbnmeder ed to limt the Ci r_cwt 40 to

i rhotion 5 ea? acoREERBIANEs SEo0 biafideiaute (ypriable-
10or HAFIEtARCe tPﬁﬁE?@té@ﬁr g e fermateul d e an example,

pf R fad- fry tEJS‘eF1§| rguli tarf‘%f@c@lslé—ocﬁ%éjémbi'gtggglve wrist
%chtlve devi ce 30 tO Its Contegg at ed” use.

Hed§ SPPOA L t FROVAr R Eb @hFeW%;éné’é”acelet 50
pr oisectpnducnmeﬂlyr datimetised Atcanwexagplet thef endahgr, and
to &g ap,.el g r.otf ec vevvr st
br af(':ele eutr%lss g%ﬁefﬁ’ﬁé&%‘% aeQ%é:e T%]b V#5 sFOBPEEEFE: to the

1550 grl%lrtdon(@ucbbfveW9Ycoﬁﬁec@ edwire wilkt din t keomdmrer example,
an&effe&&hufg%té helgr opectinve daviCf f@nﬁsgéog%egsglbe ankle
15 glrotlrmd Gb of awre 51. In_anot
E-c 35 al Figpown ah ePect F18- eRkhgebracelet 60

pr aisectonéuankifelybrcaﬂ&ie&ttéds g&netﬁél yarﬁﬂcé/mo@t ﬁQe wearer,
Th Kkl r nduct.i ve con
Wit tﬁﬂ.i@ §£§$t§\9e dgvggfeh%eﬁngpr%qrgﬁ rk/eeé dtégl Ege ground

t he ankl e of e Wwearer 2]
20 beibb(gW@dn@éctaeGVJ{r@ tHe ground



20 by way of a wire 61. -9 WO 2008/ 017166
PCT/ CA2007/ 001409 CLAIMS: 1. Protective equipnment for
w@ 2do8loy716é schargi ng el ectrical potential conpPCEHCAZN07/001409
an interface adapted to be in contact with a 5
wearer; a conductive path in the interface contacting
the wearer, the conductive path reaching a ground; and
a fampstmed rcuit device in the conductive path, the
first circuit device having at |east one variable 10
resi stance so as to oppose a first level of variable
resli.st ance td?nctetmfcetaisxeea equiipmenyi t foirn tshdely discharging
conduetd v, p iaajg s phigan i ncrease in
dal]ffer ence et

potenti a en the  wearer and the _
ground, to al3®wistgkifecediadarlee tRr RQYhipheontact with a
5pr giegtdve equi pnent. 15 2. The pr ot ective equi pnment
accordlngto claim.1, the first c [

er e cui t _
v e tommr iSO EEar e AT L Ao ¢ HeqiBE PP Fabe pgqntact ing
of theansistear s, tive tdpdect ive spapai reathinansi gtousd; and

arranged wth, respe tc&?ch?% ddvfidle ﬁﬁz S$HaNEBNIAR9ve path,

to offer,the irst leve vari a resi stance
acddrdi AGTES aChotehti Alevdider e‘f'léﬁéég ¥ 03§3Fle PRestvariable

101 edesd idNGthdd godi asctuconogbo@ecuar efitrst | Q\%’ve& Jf'e variable
pr ot ectlve equgg t accor di ng g clta m 2, urpher o o
Corfia HFARH 1° dEeraEGE] i b Ehe” conductive
cormau;dt iase apatthnq:msnrbésam uhctbasﬁal ist poitequiital difference

de\ﬂect%veérheaﬁ‘%:o%ﬂéxcu'éncfje\g t%&tﬂ’ﬂia St%c\?mrga. lovh static

resl stance a second pair o si st'ors t
corFhpige ohraudnsiig @@W%V%rfF%ﬁg@ﬁleWt h

respect to the second resistance so as to offer a

second | evel qf vari bI e, 30 resi,stance accor dj

ng to a ,
15potent i al - di {1 CRERCSEFGEE FRE i PR N AT ST SBRcEo) rlaim 1,

a Ohlreactiiron e a Cirsentcitowit- 18evice comprises a first
resistance and a first pair of transistors, with the
first pair of transistors arranged with respect to the
first resistance so as to offer the first 1level of

20 variable resistance according to a potential difference
across the first resistance in a direction of a current
flow.

3. The protective equipment according to claim 2,
further comprising a second circuit device 1in the
25 conductive path in series with the first circuit device,
the second circuit device having a second resistance and
a second pair of transistors, with the second pair of
transistors being arranged with respect to the second
resistance so as to offer a second level of variable
30 resistance according to a potential difference across the

second resistance in a direction of a current flow.
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WD 2008/ 017166 PCT/ CA2007/ 001409 4. The protective
equi pnent according to claim?2, wherein the

wo e@sdiabOrs of the first pair are nosfets, wWaTICAR®7/001409
transi stors arranged on opposed sides of the first
resi stance so as to operate in depletion node when 5
current flows fromthe wearer to the ground. 5. The

pratective eCﬂﬂié’“’?Bbté@E_@{f@i RGP Mdcorahgg ek claim 2,
t he translstgés of the first pair an?,of the , second
t

pai'P e ho5PEt ST N t Pandiig of $T6F T £ RF§t moStets,
paiwit@ndtaok tteasecondrpaiarmaesEet buelgp@rsamgedde® of the

on ﬁ&?éepeéigi?én@é Lheall iy Jfé&a?ﬁé‘”? ﬁ@@l%i&ﬁemode when
second resistance so as to operate 1 n depletion node
SWhehr gl entovs ofieCT righe tWRavRBare? tleet Hecynrdund. 6.

The protective equi pnent according to claiml,

wherein the iq%erface is.a shoe,. the shoe hayi ng an ,
153 nsol e, arm +nsBF8EFRGIHFASAE P A0t SHre, T tHaim 3.
t hevicnredin t tihevi teabeisgoascanhodakedfinst hepanidsanel of the

a”%é&n&"%‘a"ﬂf wiLh M?eféﬂ‘éf" Aand the °H£§§E&°st3rs of the
The protective equipnent according to clarmb,
wherigist thaitrn FasthecseePad 2 ¥¥ bbeAPEAtéFRlLEctarranged

1020 oM t bpposeadust ke | gyerciand pairdt t BesGisk@rice and of the
device, the conductive |layer contacting a fqot of the
WeHTOn TR TP VES et BRERE Ccadr AeRY 43 81 Bkl when
6, cuetel nfidwes ofitsol ehe omparsestat theagtoone. of a
conductive heel portion and a conductive tab portion
in 25 contact with the circuit device. 9. The
prétecti ve editpnbrPtacEsrei SEUiePmMEnd macorghey etp claim 1,
t heHduteard aedid Siap¥reaeeof 13 Wi ghdandcaRd gRceaNkd®ing an

15banc%i th the . interface behﬂg roundgd. -11 ,

ilnsole, an 1insulating midsoTe, and an outsole, with the
circuit device being accommodated in the midsole and in

contact with the insole and the outsole.

7. The protective equipment according to claim 6,
wherein the insole has a conductive ribbon in contact
200 with a conductive layer and with the circuit device, the

conductive layer contacting a foot of the wearer.

8. The protective equipment according to claim 6,
wherein the outsole comprises at least one of a
conductive heel portion and a conductive tab portion in

25 contact with the circuit device.

9. The protective equipment according to claim 1,
wherein the interface is any one of a wrist band and an

ankle band, with the interface being grounded.
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