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2010/ 089564PCT/ gggcpucgéeo r%% erlals are used to attach wires leading to measuring instruments,

e.g. an electrocardiograph, to the skin. However, such materials are putty-like and do

not function as an ink.

20 There are several patents that describe technologies using the body to transfer
information. For example, a body antenna system developed at Queen's University
Belfast, Northern Ireland. “ANTENNAS” (W02009010724 (A1), Appendix II)
comprises a type of antenna that can be used on the human body. This technology uses
the boundary layer of air around the body to transmit signals between portable devices.

25 By using a special low profile antenna, a “creeping wave” is generated. This wave is
more efficient and thus requires less power than a comparable technology (such as

Bluetooth) would.

An invention called “Firmo,” developed by Nippon Telegraph & Telephone
Corp. (NTT), uses a small device placed in the pocket to transfer specific signals across
30 the surface of the body. There are a number of patents that refer to this technology, for
example JP10229357 (A), “Information Transmitter Via Human Body”, and
US6223018 (B1), “Intra-Body Information Transfer Device”. This technology allows
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20  dry, is electrically conductive.

The invention further consists in an electrical circuit comprising an electrical
power source, and a device utilising electrical power, said source and said device being
connected by electrically conductive means, at least part of said means comprising an
ink applied to the human or animal body and comprising a particulate conductive

25  material, a binder and a humectant.

It will be appreciated that the whole or part of the circuit may be on the human
or animal body. Where only part of the circuit is on the body, the circuit may be broken
by the body or part of the body moving away from the remainder of the circuit, thus
forming a switch. The circuit may also be manipulated (in an analogue fashion, as

30  opposed to the binary action of a switch) by stretching the ink (by stretching the
underlying skin that the ink has been applied to), thus changing the resistance value of

the ink, which changes when it is attenuated.
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carbon nanotubes or powdered charcoal. Because, unlike the metallic material, it is

non-toxic, carbon powder or flakes are preferred.

In principle, it is desirous to include as much of the conductive material as

20  possible, in order to maximise the conductivity of the applied composition. However,
the composition must also contain at least a humectant and a binder. Accordingly, we
prefer to include at least 30% by weight of the conductive material, based on the wet
weight of the composition. More preferably, the composition contains at least 35%,
still more preferably from 35 to 70% by weight of the conductive composition. Most

25  preferably, the composition contains from 45 to 63%, especially from 50 to 63%, by 4
weight of the conductive material, particularly carbon. We prefer that the average
diameter of the conductive material, e.g. carbon or graphite powder particles, should be

from 40 to 150 pm.

A second crucial component of the composition of the present invention is a
30 binder. Sufficient binder should be present to hold the conductive material together,
while allowing it to flex, for example, as the body moves. Examples of suitable binders

include: gum arabic, guar gum, xanthan gum, hypromellose, agar, an alginate (e.g.



30 binder. Sufficient binder should be present to hold the conductive
material together, while allowing it to flex, for exanple, as the body
noves. BExsiopbewsede4sui t abl e bi nders include: gum arabi c pCgGB20gumep21Xxant han
gum hypronel | ose, agar, an alginate ¢e.g. WO 2010/ 089564PCT/ GB2010/ 000211
4 nmetal alginate, such as sodium al gi nate), carageenan, nethylcell ul ose,

hydr oxynmet hyl. cel | ul , ti . '
b1 nder” ( aryerkgRes ks SRErRgig FR0 rea bl RORAGR: Rugrbepm L o
of the corDglotd, PBetinlBER ) 0e ERMaRgica 0T drfobfof Bindentsy weighflas ably from

4.01%to 5.18% 5The binder will normally be used as a sqlution in water,
and the wareferably from 396 triete by Weighiciiikg Wit weighhel the POMBRTEN™ FEled in t he

COMPOSI | ekl SRS Ao o NBMELE LGRS0t eCompasi tion w1 | be from

10%to 42 e prefera e conposition contains at |east

2006 et pr of oiaimoddrign BsRREky B eS Reaflibh tn BRIE ARASHER R GEOT P00 1
36% 49% byhined: WRIngRhalef bd e ohiyndger s@ted indhe compositidielnt deineid], esseatet al

conponent of the conposition of the present invention is a hunmectant. A
hunect ant dosteat pihe sewppsition wilbafer 10xhiche- AP byeveldhie §"IP’€9 Pé%’éa&?g’r the

subst ance to _keep i i tanb | .St | 4 agent s
dsed . rorusaRpebnRRH i ag Sl B L SRE PRI BhA Wibge 1Y
desi gned tgrefeedblie fomBUaces0%. Muss prferalindhd dunspaitibnt doataaminirort GB%-of

ot herw se | nconpatible materjals. Ex s, of. hunectants that may be used
in thelOr eg%{éspm@htiﬁ%-@?@ws’f ﬁF‘ﬁgg‘%J&ﬁ? bGP o opyl ene gl ycol
sorbitol, mannitol and glycerin triacetate, of. which glycerol is preferred.

The amount of histhirdessengalsnoatnengiof ter @mresionf thaMeseofETVGREOR 158 e

pret /Oe[);‘b' Yidth @R A thnebta?sWnyted Bhic sAOMTEBSHhRh Sl dMed foPRothet 5 1O

substance to keep it moist. It is distinguished from the wetting agents used in, for
example, CN 101240133, which are surface active agents, designed to reduce surface
15  tension, and thus aid the admixture of otherwise incompatible materials. Examples of
humectants that may be used in the present invention include glycerol, glycerin,
propylene glycol, sorbitol, mannitol and glycerin triacetate, of which glycerol is
preferred. The amount of humectant is preferably from 0.05 to 2% by weight, more
preferably from 0.1 to 1.5% by weight, and most preferably from 0.15 to 1.3% by

20  weight, based on the wet weight of the composition.

Other components may be added, if desired, to achieve specific results or
mixture properties, as is well known to those skilled in the art. Examples of such
additional components include: plasticizers, such as acetyl tributyl citrate, tributyl
citrate, acetyl trioctyl citrate, trioctyl citrate, acetyl trihexyl citrate, trihexyl citrate,

25  butyryl trihexyl citrate, or trimethyl citrate, preferably in an amount of from 1% to 20%
by weight; and emulsifiers, such as lecithin, carboxymethyl cellulose, polyglycerol
polyricinoleate, calcium stearoyl lactate, sodium stearoyl lactate, sodium

carboxymethyl cellulose, preferably in an amount of from 1% to 20% by weight.

The composition of the present invention is preferably such that at least 90% of
30 it will evaporate from a layer less than 1mm in thickness, at the body temperature of

37.0°C, within 10 minutes at STP.
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i nput Signals to a conputér or croc Vres are used to extend from
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The wires interface.with the skin via adhesiye back can tive.fabric
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extended from the fabric patches to desired locations. This is repeated for the required
number of inputs, such that a circuit diagram is built up on the palm of hand or other
part of the skin. Resistance switches are operated by the flexing of particular digits or
25  other dynamic interactions. An example is a switch that is bridged by touching an ink
terminal on the forefinger to an ink terminal on the palm of the hand. This allows the
user to create a variety of interactions via a computer. Some examples include dialling
a telephone number or playing MIDI (Musical Instrument Digital Interface) notes by
closing circuits on the body or between more than one body or between the body and an

30 external object.

The invention is further illustrated by the following non-limiting Examples.
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Change in Electrical Resistance in Order to Infer Body Position

15 1. The aim of this application is to infer the relative position of a body part
through a change in electrical resistance. The ink was painted onto an area of the body
which stretched through movement (such as the outer elbow) and a range of electrical
resistance values were read. Based upon these values the position of the body part can

be inferred.

20 2. The uniform ink mixture was applied to the skin using a paintbrush either
freehand or through a stencil onto an area of skin that stretches significantly during
movement such as the elbow, wrist, fingers, knees, face, or neck. The ink was applied
over the areas whose movement is to be detected (the affected area) at a depth of
approximately Imm. Since this application depends on relative values, the shape and

25  amount of ink used is unimportant as long as the ink covers the affected areain a

continuous patch. The ink was allowed to dry.

3. Two separate wires were attached to the area of ink. These wires should
make separate contact with the ink at the maximum available distance on the applied

area of ink (they need to be as far away from each other as possible).

30 4. Without moving the affected area from the rest position, the electrical
resistance between the two wires was measured either using a resistometry-enabled

computer, or another device capable of measuring electrical resistance. The painted
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dry. 3. Two separate wires were attached to the area of ink. These

w res shoul d make separ.ate conta ith the ink a he I il abl e

di stance S PReS g‘ﬁﬁ Ia%eeg%(é%oé’ ) o ﬁﬁ?&%@%ﬂﬁo& 0 tol%sbrén%eséﬁéér)@mr%@ﬁ re|om each

other as RREShAABAched 4 poidt bhLkintRY FlBgioh hehatlegicaldesisancd waymtdsaradest

position, the electri caF resi stance between the two w reses\évtsstcgﬁlcsured
f

ei t her usiaggina Thest Bromeasienesniintigasistangaastablislyp rangs ohgslu abl e of
measuring el ectrical xSt an i
2010/ 0895&Bﬁ§eg%f§§%5%1%0 %eél}sggtr%ﬁ?alsfﬁ%ﬁgﬁréaé?ked to nove the affected

area throughout_its range ion yntil .the skin h I ed i oi nt of
maxi nur f | exi ore: fﬁﬁé’oélflgﬁf’ﬁh@%%a}[ &4t @’Fﬁhgé“ﬁ%ﬂggﬁg%%%ﬁg%a@ggﬁengs#t%gg t wo
neasur emenffieRhefeh Sheneantst A miimand REGEnE valadsusmblitirt abbvd. Ae
generated throughout the novenent of the affected area. 55. The position of

the body chmamiereadiagiofthernostiontef iehedydepessite bhwatchiiedherrsistapss ues
bet ween thve néaxhrmorg %ngﬁﬁieni mum r esi st ance val ues establi shed above. A
dynam c re(f&f 56 St he position of the body is possible by watching the

resi stance valu ch e oyer. . tinme. 6. ,This da e used to
read a person’ sgﬁ%mg%%gﬂ' 5 0 8&5&&?@ aapeﬁ?oélpse?()d% Orsglgfaggg?tte%oa%rg At in an
exercige r@Htd femeVerhdht GO E@ciddroanad Sgtdohitplin dnalogue aipatined compiaér, as t he
pitch of a nusical sanple during a dramatic performance. Using the Body to

Send El ectsuck a$ theingtiehlo$ a musical samplefwing #fikgmatigipstfanpanceat i on is to paint a
person with ink in such a way that their entire body becones a "wire"

al | owi ng tWUsinyitle Bode éo Seryd Elewirical Signalyy t ouchi ng two 15 painted parts of

their body between two el ectrodes. The ink nust forma continuous strip
bet ween t he par1.SThefaimbof thigdyplicatioh isdo painea persometithtiel eswh kiveytthet

el ectrodes, This %ffe t can be .used to al erson 1o gg}g\%oru%i?%r%%ﬂ
: e

; 4 | ow a
trigger el®El by OREUNE FCHVES Wh‘&%thﬁﬁl\é¥0|°|l i CHgUt Jus

uni forg i gé%iﬁ%efgb&ft ot@Sir BOR} b&FelPivid @esHddRs UShOkanRAKsiDA bsdtindbtider 20
freehand through a stencil. The ink was applied in a continuous area
from f oot gtdp betvwen drvEarisng thehewdy eised totthekd enggact bevsen thedwarckestrodese i nk was
allowed to_dry 3. The.ink was then used.tq cl i i ween
two el ect r busSTeeheaB e HEFd RALEWHE RESBIY O glaa@fltt%%geé%gelsggﬁfe:é\&\%&rsnel?]?gél’hi s
circuit mayyhes gddsadingy touching two ends of a continuous area of ink to
two different el ectrodes connected to a conputer,

2. The uniform ink mixture was applied to the skin using a paintbrush either
20 freehand or through a stencil. The ink was applied in a continuous area from foot to

hand, covering the feet, the legs, torso and arms. The ink was allowed to dry.

3. The ink was then used to close a circuit between two electrodes, enabling the
entire body to act as a single “wire.” This circuit may be closed by touching two ends
of a continuous area of ink to two different electrodes connected to a computer,

25  emitting a low voltage signal (less than 9V DC). With a continuous area of ink
connecting both of their feet and hands, this person could then close a circuit between
two electrodes in three basic ways. By touching one hand to each electrode, one foot

and one hand to each electrode or both feet.

4. Any area of contact can be used to create a circuit between the electrodes as
30 long as a continuous area of ink exists on the body between the two points making
contact with the electrodes. The person becomes a “switch” opening the channel for an

electrical signal.



25 emtting a | ow voltage signal (less than 9V DC). Wth a continuous area
of ink connecting both of their feet and hands, this person could then

cl ose a cwpcoivoshwstiween two el ectrodes in three basic wa¢3/GHy1m@oxhi ng one
hand to each el ectrode, one foot and ®ne hand to each el ectrode or both
feet. 4. Any area of contact can be used to create a circuit between
t he el ectrodes 30 1 ong. as _a,conti nuqus area e body
bet ween t he tvvog? gt}tsrﬁpgﬁﬁ%t?ﬂlﬁan?%fec a@not’vﬁlt’eﬁe e ec’?éﬂ)ldgf éC?ﬁ(%}tgglﬁéelrgson
becones a gusihd @ibin mafc %&ﬁorﬁ{bﬁﬂé‘ allofvilg @k Riwatd trigler Siagy alectric¥iO

2010/ 089564PCT/ B2010/ 00021 5. This application capn be used to

al | ow a peavensn (ights saends) just ecmovig|their W@@QE‘P@%&P%& r% 1 dramatic
perfornance IIo t (lights,
sounds) juegt §1§Zm%w ng ?ﬁpelf%?iﬁ%ggan%%%& ouc ?%M 1@ ?t%én%/a?lr onnent .
Thi's agpl i ¢ékicaBuitaukigd S batids EWidnthlﬂgld ividkee" per sons so that t hey can
5close circuits using two bodies as one single "wre." EXAMPLE 2 Materi al
Composition: 37.3pts Gum Arabi c (\WXSNIPISE Mewt on, Whitefriars Avenue
Harrow M ddl esex 11A3 5RH Engl and),” and 1. 13pts dycerin (Food G ade, Boots

UK, PO Boxmghqpaléo%%gﬁdﬂqgham N&O | AA), were conbined and stirred until a

uni form m The m xture was then heated to a tenperature

around 100C ang3 4t 65 %i# ﬂt@oﬁ&’ﬁé%t@ DBEeR0rRA AQAME HALLS Middlesex

approxi mat el y nutes, stirring continuously at 100C, the foam
col | apsed EAad SIRFBEEﬁglmhd)r endvh$3pte Gibweedn {(Food Gedle, Bddte UK, PQuBex ¥380,t hen

Car borOporIERnEFoh b HOA ) PR B e 02 FalTas BTG BbH
Kasi nostr. créa%?c? 1The41%}y9§re\%u%rtﬁéﬂ Ratdd tPRYEBpGhRREIrowRE g0cdred saﬁ@d shiir r ed

until it was y 1 ncorporated. Creating a Crcuit to Light a Light
Eri tting DhodexiitedBgan to foam. Aftdr apPreximpielsod mines, @Mﬁlsﬁﬁtﬁg@@nﬁgumﬁl}’cr eat e

cireut i sobdSee Tt BreaeBogt BBl abd de RATRLE v F,
and the LERen allowed to cool at room temperature 21°C. Once cooled, 61.56pts Actwated
15 Carbon Powder (Toho Tenax, Tenax-A Type 385, Toho Tenax Europe GmbH
Kasinostr. 19-21, 42103 Wuppertal / Deutschland) were added and stirred until it was
fully incorporated.

Creating a Circuit to Light a Light Emitting Diode (LED)

1. The aim of this application is to create a circuit on the surface of the skin
20 usingink. In this example, the circuit is used to light an LED by connecting between a

small power source and the LED.

2. The uniform ink mixture was applied to the skin using a paintbrush either
freehand or through a stencil. The ink was applied so that there were two distinct areas
of ink that were not touching but were close enough together so that the wires from the

25  power source and LED can reach the areas of ink. The ink was allowed to dry.

3. The positive electrode (anode) of a small power source (four 1.5 V DC
batteries, total of 6 V DC) was connected to one area of ink, while the negative

electrode (cathode) of the power source was connected to the second area of ink.

4. The anode of the LED was then connected to the same area of ink that the
30  anode of the power source was connected to. The cathode of the LED was then

connected to the same area of ink that the cathode of the power source is connected to,



2. The uniformink mxture was applied to the skin using a paintbrush
either freehand or through a stencil. The ink was applied so that there
wer e two wobiospsear eas of ink that were not touching beCTws2e10al0e:3¢ enough
together so that the wires fromthe 2% power source and LED can reach the
areas of ink. The ink was allowed to dry. 3. The positive el ectrode

(anode) of : . f 1 V DC batteries, total of V DC)
was connec%}glg%?%lng ggﬁlrg&elggé(}weféﬁ%(e%F@dﬁ‘r‘?@oﬁ‘%ﬁﬂr% TS Jece dithode) of
the power $EIXce either momheridad tHeoskih®ith @eRNAGkaH fMedile (O%o-bond Skin 4. The

0

anode of t%e ED s then copnected to the sane area ink that the 30
anode of tR&™ megl; Mentigal Osloptye Mangrealo Quibrs, Candtioder e hetheld GiDtheas t hen

connect ed LanthheaSRE BhtibnKs > . e of the power source is
connected to, 5}V\D 201%%@%%645&5(%%%%8%%0%& hus creating a circuit
bet weeng t he LED and the power sour cWr source and LED can either
be adhered to the skin with a skin ive (Osto-bond Skin Bondi ng
Cenment, MoRtIeal tony,. Montreal, Quebec, Canada) or can be held on the
skin by oo CoBIMEonD " 8k e i S conductivity. SEXAMPLE 3

Mat eri al Conposi{ion: 38, 25pts_Gum Arabic (Wnsor & Newton,
Wiitefriars Aveh%gg%pwbé‘ﬂq\éﬁﬁr fASeRM Whirhisey Avenvg Haroyt s G ycerin

(Food GradmiiaBieaksrAKsrAG: G300, 198 HRINAM:NEPG:d b/ e0BiE pepiBl ned and

stirred until a uniformm xturé was create Ure was tH&h heat ed
to a tenpesHi0iNotiingbamdNGID CAANdwet icombihed mhil Istitrbdumi et wii forh egiafire vak oam

After r oxl mat 3 .mnute ile stirring continuqQusly at 100C, the
f oam o Pa‘%)é%[g& aﬁhglﬁ%t 'Wx?SJﬁ%n %ﬁ%éeft@m’@aer@ frrrouad 106 eand strigdamiihs t hen

al | oned t othe agktudé béganmd FRRPEAREM R &HARBIAXE FRLGL st ]
61. 56pts Activated C%g?bon Powder (I?'rl'oho %ax, Te%gél}%s'tllﬁ%c%gg,ﬁgﬁﬂ’o Tenax

Eur ope 15 ¥HIA Getls fras gollapsedend thompguiymasarmated frdeateat Htendjxtwe veasadded

d sti il f ' t ed, i Crcuit Li ght
o o ey SRR b B e BEGERLELEL i GEE AT, B3 Kfhe ef S d™ @
denonst r at &ctiraitdd Cirbore Bowtdat (ToHoyTx} Tehak K Type 38 AMShb MenassuBhe t Ne i nk on

surfaces oé%%%han skiﬂg. This application uses ink to create a 20 circuit
bet ween? a Fupsholese L st 98 YW upnertal pPewschisd) sises added endsSivradaurdil col our

it was fully incorporated.

Creating a Circuit to Light a Light Emitting Diode (LED)

1. The aim of this application is to demonstrate both the conductivity of the ink
and the use of the ink on surfaces other than skin. This application uses ink to create a
20 circuit between a LED and a power supply, on a piece of paper (300 GSM watercolour

paper).

2. The uniform ink mixture was applied to the paper in order to create a simple
circuit between an LED and a small power source (four 1.5 V DC batteries, total of 6 V

DC) using either a paintbrush or a stencil.

25 3. The circuit was designed so that there were two separate areaé of ink
connecting the anode of the power source to the anode of the LED and the cathode of
the power source to the cathode of the LED. A stencil was cut from a material such as
adhesive-backed vinyl so that the stencil can be temporarily adhered to the paper. The
ink was then painted over the stencil and allowed to dry. Once dry, the stencil was

30 removed, leaving the circuit formed in ink.



paper). 2. The uniformink mxture was applied to the paper in order
to create a sinple circuit between an LED and a snmall power source (four
1.5 V DC watzvsvisexs total of 6 V DC) using either a pai rCraEh10d00A1
stencil. 253. The circuit was designed so that there were two separate
areas of ink connecting the anode of the power source to the anode of the

dth h
stencil was cut APehe F i par e HHbE Rkl R brd I e

stenci | cajgi@e\Vﬁ@grggﬁtQ{githyLijer ed to the paper. The ink was then painted
over the stencil and allowed to dry. Once dry, the stencil was 30 renoved,

| eavi ng t her&kine U dirb @t FRAcl & PoéntialBvaREQPORIEEARET) GB2010/ 000211 10

4. The LED?HT]L‘ I Supply Were en connected to the ends of the
circuit using wr L i fehRatki s bbteh@alAgid@s
Potential Divi érﬁ%be%%%@%%ﬁo{[% 1.Eﬂr£rﬁé&ali@r(n5%?bt ﬁi s ap 1I ication is
to demsnst$petidictlhe thinipplisationpwileweithils pipeitsiéo cha@p i frighandsy of #LED by
application will use this, property to ch e the brightnes LED by

al | owi ng arﬂ]l.?%]ilg%l%s%?ﬂnﬁﬁllpg{aéy 3 volinge sop %%%Serbﬁi’%%rnﬁgp@oa\?éraq;%%pl y and a
LED. 2. The circuit required by this appli.cati.on was painted in ink
and can be pai m-ddesirerbreatired Ry Hys applisetiat g'ggpqlpﬁeﬂér}lqk aéﬁ%rcgﬁ:b? pgated

desi gned s Leal, resist leQecBiical RRisEnEE Ui t
remai ned cegﬁltse{g%?ﬁaagg?{éfg%{éétlﬂ%% 5%?1% (ﬁ%ﬁpgsfde?%%g%?? gﬁf {Hehac? 163 .valtsi abl e

el ect ri cal off@sipsttimoe. thdcircuitxampined chiestznt oderaxinogher pedioned teotiriéitiad to t he

anode of a s | power suppl four 1.5 .V DC batteries, total_ af VvV DO
througl® a ¥} {er?&‘g’ﬁfécaﬁ F%@Pa&f’g'i ﬁ‘i%r ?W%%&?Oﬁ%@ﬁ%e‘r%‘ﬁ&’aéﬁa %%%&%g% with
constant rg3lisbaRSHall power sup%} Fhe sevand tasdiesolotdl be 607 DOYithrouglgyi red two
lines of ink, each attached g Separately to the cathode of the power

suppl y andcantisuestlinedd gk (Sthe WidD 15Tmen oagihoddmst degpe Withsoasgnk he cat hode
of the power. éggq?ly were attached via wires, to the ends of two separate
paral | el |58 ink (5 nmwi de, 150 nmlong, 1 nmdeep, and 3 nm spaci ng

in between). The effect of this was.to extend ,both.cathode it h
sufficient |eng 'rﬁ’(eose‘é‘?qdcﬁﬁrﬂf‘gjrtﬁ%c%cf’r‘étrfﬁ%mﬁﬁieqwé)slfnsef SEB’Z(’ 3%(:?10&?3&0 deir | engt h.
204. Quce thgrtdMK NS coth¥de SF the BbivBr supPBi dndSBE titReieadt the KEWasTHR@kthodel on

either a
of the LED and the cathode of the power supply were attached via wires, to the ends of

two separate parallel lines of ink (5 mm wide, 150 mm long, 1 mm deep, and 3 mm
spacing in between). The effect of this was to extend both cathodes, with sufficient

length to allow for a change in resistance across their length.

20 4. Once the ink was dry, a fourth, small section of ink was painted on either a
separate substrate or on a person’s finger. This fourth area of ink needed to be large
enough to bridge the gap between the two parallel lines of ink attached to the battery
and LED (in this example, larger than the 3mm spacing between the parallel lines, so

5mm wide, Smm long and 1mm deep would be sufficient).

25 5. This fourth area of ink was then used to connect between the two parallel
lines. Tf the connection is made between the two lines of ink at the end furthest from
the cathode’s attachment points then the resistance of the circuit will be greater than the
resistance established by making a connection between the lines of ink at the closest
point to the cathode’s attachment points. The fourth area of ink was effectively used to

30  change the circuitry distance (total amount of ink which the electrical charge will flow

through) between the LED cathode and the battery cathode. The resistance in the



separate substrate or on a person's finger. This fourth area of ink needed

to be large enough to bridge the gap between the two parallel |lines of ink
attached wo 2otvashstit ery and LED (in this exanpl e, | argePCricBrotodm®oamm
spaci ng between the parallel lines, sd 5mm w de, 5mm | ong and | nm deep

woul d be sufficient). 255. This fourth area of ink was then used to connect

bet ween t he; | I he .connecti.on i de be en the two
| i nes of i nﬁgl\g?c#ﬁgeea\tea&n%hfi (%%}ﬁ%% yh %Png%lﬂ‘% %i@ﬁ%ﬁ%t@%gmﬁﬁﬁ@tw?ﬁ s then
t he resi st émrclength of te teiorpatille] Whdslofdgk.gr eat er than the resistance

establ i shed by maki ng a connection between the lines of ink at the cl osest

point to the ca%hmle'cﬁag%?tiammiceB@iﬁétércuﬂiaﬁtﬂe%ﬁﬁﬂaéa%?i@é igkvméea‘@ﬁ

effectively, used to 30 ange the circuitry distance (tota unt of ink
whi ch t he 8if&sentipats obthapgealial ink linkooveatas @ alpnge e thedeightrses &fFbe EFThode and
the batger T ' nece.in the 2010/ 089564PCT/ (B2010/ 000211
11 circui tw(}:lgsra]etf g{j&\;délrkll g%“%?rs]‘ééﬁq&%&q |o§}1e59nagpg%§gﬁa:eaﬁ%w§ i i HEOY ourth

area of i nknabgrgdighal iherfgid) thefsoth@ vémenanablmphtet i€ & Nhyihekusic. 6. The
change in resistance of the circuit as the fourth area of ink is placed on

different |reAtingh ColloRast @b hilastiP& RaiPPrealeA RIeAtifEARAPDEict ICFID

bri ght ness of the LED. IS effect cou €

anal ogue devi cespasvielidio 8 <0l Lnte ..t he
sound volune in a C(\)]rrpptmer ?Iﬁél%ﬂds%ﬂg %@@R?g%ggggIgsg%%%%é%E@ ﬁget%oaSAct as
a passi ve Rediotomaljwbiects, eurbling ideatificaionDesdkins, oREtMntication of arficlePassi ve

radi o eq identifjcation devices (RFIDs) are.increasjngly used as
neans ﬁ) n%fle: Eﬁgarﬁsgg?b? pgﬁﬁci)?l? ﬂﬁo‘fsd%ﬁflﬁlgvc?étlo%’rﬁag]fargéﬁpﬁg?y gematheretiti cati on
of articl emay bl nBidsBry 20 leaafy, REcID bAGRAHA RS ts (23 PE Phe Afrt YESHECK,

packagi ng, _or any itemwhere it may be necessary to rdentifty, track, or

aut hent i caRETBpisenadesian: apedunes matching appiFizREdIcting tavhaiques Pyhlistiedpedance

mat chi ng a IAZ, s t kaues, Rublished i EE Ant ennas.and

Pr opagati on églgelllﬁ%dé{@oprggaéaﬁl&?m Y é’.ﬁ'ﬁn‘g@hggdggpgfﬁ“&%ﬁﬁp&‘ﬁ?uqrhe ai m
i's to creathe aimfusirste RphddivedFIONat b thobbdy. Tie DR 3encR0sf $t&1 of a
coil 15 and hi p_whose nenory contains the uni que nunber of the specific

tag. Trme cBiq? PUP ¥est BEmOrprigRtthenmiaeinybsnel thaspeshiiptags Taesodimlar d
i ndustry pgehted %ﬁf‘co%‘dﬁbt?\pe_t iﬁg ah® gﬁ?ﬁlpteﬂﬁ ga%}:%l:aﬁ%%gﬁén‘“y Jahel\ghg{ §f ﬁ‘jecc e% tgy an

RFID reader, a current Is induce
the electromagnetic field produced by an RFID reader, a current is induced in the coil,

causing the chip to transmit its unique identification number, which is read by the

reader.

20 2. To create the coil, the uniform ink mixture is applied to the skin using a
stencil. The ink is applied in the form of an antenna coil so that a continuous line of ink
coils around itself without touching. A chip containing the unique identification number
is adhered to the inner section of the coil through the ink, or with a skin safe adhesive

(Osto-bond Skin Bonding Cement, Montreal Ostomy, Montreal, Quebec, Canada). The
25  ink is allowed to dry.

3. When placed in the electromagnetic field produced by the RFID reader, the
RFID tag broadcasts its unique identification number, allowing for the specific

identification of individual tags.



causing the chip to transmt its unique identification nunber, which is
read by the reader. 202. To create the coil, the uniformink mxture is
appl i ed twothw/shion using a stencil. The ink is appliedpcm/grelofoamof an
antenna coil so that a continuous lin@ of ink coils around itself w thout
touching. A chip containing the unique identification nunber is adhered to
the inner section of the coil through the ink, or with a skin safe adhesive
(OCsto-bond Skin Bondi ng Cenent, Montreal Ostony, Mntreal, Quebec, Canada).
The 25ink is allowed to dry. EXAMPIE gl aced in the el ectromagnetic
field produced by the RFID reader, the RFID tag broadcasts its unique

identifi C@I{[h&i‘iaﬂ‘@%asitﬂiﬂ:ow ng for the specific identification of

i ndi vi dual” tags. 089564PCT/ GB2010/ 000211 12 EXAMPLE 4 Materi al
Conposi tion: 4% 2Lpl§ m%aﬁfcé(wlﬁs&\& F@%or&\wew&fﬁ&ts AMehtefmiraws Avenue
Harrow 5 M ddl esex "HA3 5RH Engl and), and 1.13pts % erin (Food G ade,

Boot s BK, NddBssx BREG0RHdnglanghand N@Qtslﬁiwerwéoé %&Oﬁﬂéﬁ{&@ﬁo@‘d unti |
f Th t t
2t ovet op aaaostplindiin N fhe N il o PRl e Rt Siddtadll 2,

m nut es, Waédt&l. Stid hixtére GRRttheLIRdedY0 aoo@@&a stoketop aadsintd apdele Once t he
f oam had col | apsed, the m xture was renoved 10 from heat. The &%ture was

then al | oviekktire begas totfearn o dvfier apRyeximatili 3 Caippies Ve SIno4RinueyRiv at ool ed,
51. 66pt s n ho Tenax
Eur ope Gnﬁ@o Iggt?i%g%&(:&%& g@\,\gﬁgf 8%?%Eerta ﬁﬁt@gﬁggggﬁ%@dded and
stirrem unfdh heatx tTheeninage was ﬂmnrailoﬁzqutq amﬂta)mon'f templerattluet(dtr@r@mmatql]’\ O der
to Adhere El ectrode m of .t |s t use nducti ve
ink as bot4 & QHFFe%‘?O\%‘“éil élluégﬁts ‘dﬁ@flcgéb‘}%éfﬁg} c‘%ﬁ&ﬁ? of
medi cal elgg t‘TBﬂ@?ena}@ @m?JLFKﬁﬁH&% @9@'1}/421@3@%5@&1 ﬁD@@ﬁsé}QﬂﬁE Wi ch

read ionic currents he body, stinulate tissue through voltage, or any
ot her el ectddediend stixted erid sistrewatienibiect r i cal si gnal s through the skin.

Application of Ink to the Skin in Order to Adhere Electrode

15 1. The aim of this application is to use conductive ink as both an adhesive and a
conductive membrane for the attachment of medical electrodes. This example could
apply to medical electrodes which read ionic currents from the body, stimulate tissue
through voltage, or any other electrode that reads or sends electrical signals through the

skin.

20 2. The uniform ink mixture is applied to the skin in a shape mimicking the shape

of the electrode to be adhered, using a stencil or a brush.

3. The Electrode is placed on top of the ink and is held temporarily in place (by
medical tape, or another means of temporary location of the electrode) until the ink has
dried. Once the ink is dry, the ink will remain conductive and will adhere the electrode

25  to the skin for up to 10 hours.

4. Once the electrode is successfully adhered to the skin it is then connected to

whatever monitoring device that is to be used.
EXAMPLE 5

Material Composition:

30 41.36pts Gum Arabic (Winsor & Newton, Whitefriars Avenue Harrow
Middlesex HA3 SRH England), and 0.19pts Glycerin (Food Grade, Boots UK, PO Box



202. The uniformink mxture is applied to the skin in a shape m m cki ng
the shape of the electrode to be adhered, using a stencil or a brush.
3. The Elwotnwds9ies pl aced on top of the ink and is hel #Cragroreznobity i n
pl ace (by nedical tape, or another nmeldns of tenporary |ocation of the
el ectrode) until the ink has dried. Once the ink is dry, the ink wll

remai n con i : 1 legtrode 25 tq the.skin for up to 10
hour s. @99(23-1\‘?'%1}'0 the gloglg{:'ﬁxgeer%?gmgﬂ%:@&gg#ﬁwémgaﬁm@@%ﬁge g"l??n it
i s then correttedheminhat emve thembieitt®td MW dDH £8VARM adBstir@di@tivgRd. EXAMPLE

5 Material Conposition; WD _ 2010/ 089564PCT/ GB2010/ 000211 13 5300,

Not t i nghanf‘ﬁég“ge ’5%&31?%@3@1 cofte awrrximatclt 3 mirtes, while stirring dootinvarsktair e was
creat ed. Theow, ¥hdfoRmANTabRan and stigred
until the m xture began ta% fogﬁ@i%%gﬁé%gg@%ﬁ?’et%%ﬁrjnpegvﬁ%sergfmmﬂiI e
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compositional analysis of sweat fluid”). The electrical prosperities of the ink change

predictably when the ink makes contact with water. Thereby allowing the correlation

15  between change in electrical resistance and change in perspiration.

2. The uniform ink mixture is applied to the skin using a stencil in the area that

is to be measured.

3. Once the ink has dried, two wires are attached to the ink surface at the
furthest possible point from each other, maximizing the ink area between the

20  attachments of the wires. The wires can be attached using a skin safe adhesive (Osto-

bond Skin Bonding Cement, Montreal Ostomy, Montreal, Quebec, Canada) or a
medical tape (Blenderm Surgical Tape, 3M, Minnesota, USA).

4. The resistance between the wires is then measured to establish a base
reading, which can be correlated with other bio descriptors such as heart rate. During

25  the observation process the change in electrical resistance of the ink can be read and

used to monitor the perspiration of the skin.
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non- net al , elpetatahadsingdudiveboetal, piferablyiskerageldoacppet-o G aim 4, in which the
carbon is in the formof graphite, carbon black, activated carbon powder,
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i nk according to any one of the precedjn aims, in which the conposition
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wet wei ght of the conposition. 7. An ink accordi 0 aim6, in which
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of the congowdiéredclmmteali al. 9. An ink according to any one of the preceding

G ainms, in which the average dianmeter of the conductive material is from 40
to 150 pm 6. An ink according to any one of the preceding Claims, in which the composition

comprises at least 30% by weight of the conductive material, based on the wet weight

of the composition.

7. An ink according to Claim 6, in which the composition contains at least 35%,

preferably from 35 to 70% by weight of the conductive composition.

8. An ink according to Claim 6, in which the composition contains from 45 to 63%,

preferably from 50 to 63%, by weight of the conductive material.

9. An ink according to any one of the preceding Claims, in which the average diameter

of the conductive material is from 40 to 150 pm.

10. An ink according to any one of the preceding Claims, in which the binder is gum
arabic, guar gum, xanthan gum, hypromellose, agar, an alginate, preferably sodium

alginate, carageenan, methylcellulose, hydroxymethyl cellulose, pectin, acacia, or gum
tragacanth.

11. An ink according to any one of the preceding Claims, in which the amount of
binder (dry weight) is from 3% to 7% by weight of the wet weight of the composition,

preferably from 4 to 6%.



10. An ink according to any one of the preceding Clains, in which the
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propyl ene glycol, sorbitol, mannitol ‘or glycCerin triacetate.
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electrical power, said source and said device being connected by electrically conductive
means, at least part of said means comprising an ink applied to the human or animal

body and comprising a particulate conductive material, a binder and a humectant.

17. A circuit according to Claim 16, in which the ink is as claimed in any one of

Claims 1 to 15.



