* - APPARATUS FOR | ONt OPHORETI C TREATMENT . 2113097 This invention =
r eleate®s ®t.0 an apparatus for effecting an el ectrotherapeutic treatnment on a@
l'i vi ng body, and nore particularly, 5 to the application of an >

i ontophoretic treatnment topically to the skin of a human body. Direct

current el ectrotherapeutic treatnments have been enpl oyed in the past for

their polar effects on ionized nol ecwes, 1causi ng 10 the ionized

| ecul be dri I yosuperficially. 9 4Hisn v
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I ntroduction of nedicantsor even sinply noisture, into the skin of a

patient. More speci gl ! eRiBh 805 £5141C aBRE-GBPRI BBl ndOan

enpl oyed in the treatnent of sonme skin infections, and chlorine rons have
been enpl oyed f opletieobbrrnesibis dreatnsotf erisaliving SodyuenHenorey asvidicuderiyg
drugs cansbe useggighe’ BspiTREE Lo AS1cRBEEHYr ¥ fS AtbaEnddtf 8651 A3y @Ndnekin
anet hesi a can be produced by ionto- phoresis of |ocal anesthetic drugs. It
has been suggest 84N R4t 2 Jwman bodyey) j cation of direct current to carefully
sel ected areas of a living body can produce anesthetic effects (see Linoge, *
An Introduction to El ectroanesthesja., 1975. Unjiversity Park Press). . _
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1968, reports onimtheSptstS@drtiteipr piiact eDfectt @D ionized mbledulem, acdisdngsi S
by iontophgretic at ne fget _or _hands, i e resul
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by undesirable effects such as the occurrence of i1ontophoretic s in the
treated area as %IPly aRoisfureodmaei the skimmfesi Paldieetvesicl es and bul | a,

and redness of the sighfe ispebiidali®f} admd fihs HECAINE BAd Yoophbielc@nhes existed
a need for_a conveni ent and . - _
1 employed in the treatment of some skin infections, and chlorine ions
-have been employed for the loosening of superficial scérs. Further,
vasodilating dfugs can be used in rheumatic and péripheral
vascular infections, and skin anethesia can be produced by ionto=-
phoresis of local anesthetic drugs. It has been suggested that
20 application of direct current to carefully selected areas of a
living body can produce anesthetic effects (see Limoge, An
" Introduction to Electroanesthesia, 1975, Uniugrsity Park Press),

Further, F, Levitt in "Archives of Dermatology", Vol. 98,
No. 5, November 1368, reports on pp. 505-507 the production of

25 long term anhidrosis by iontophoretic treatment of the feet or
hands. His test results indicate that tﬁe treatment inhibits
perspiration where the electric current is appliede

Although the above-mentioned iontophoretic treatments have
been found to be.effective, they are also known to be accompahied

30 by undesirable sffects such.as the occurrence of iontophoretic
burns in the treated area as well as the formation of undesirable
vesicles and bulla, and redness of the skin in the treated area.

. Accordingly, there has existed a need for a conueniant and
effective apparatus for preventing the formation of vesicles,bulla

35 and redness of the skin ih an area subjected to an iontophorstic
treatment, = As will becumé apparent from the following, the

present invention satisfies that need.



and/rs8dness of the skin in an area subjected to an iont ophoretic treat nent.
As | beconme apparent fromi me—f ol lowing, the present invention satjsfi®se g

t hat " need. - 2- B SNTI ON According -to the
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The present mventlon res:Ldes J.n a means for apply:.ng elec-
trlcal energy toplcally to the skin of a human body, and by which
undesired side effects are greatly minimized and may be eliminated.
20 Moreover, the device of the present invention is relatively inexpen-

eff@i ve apparatus for preventing the formation of vesicles,bulla 35
Z

sive to manufacture, is trbuble free and reliable in use, and is .
arranged to be safely operated for.self-treatment by an average
person in normal home use.
_ It has been dlscover°d that by intermittently lncludlng
25 relatively short pulses of current in a direction opposite the
direction of the nbrma; direct current treatment, the undesirable
formation of vesicles, bulla and reddening of the skin in the
treated area is greatly reduced or even eliminated.
Electronic circuitry is provided to automatically impose'the
30 reverse pulse of current'at regular intervals of time, and the
. device can be adjusted to conduct the iontophoretic treatment at
any desired direct current level. The apparatus is arranged to
impose the treatment current gradually at the beglnnlng of each
treatment. period so that the invention can be safely employed for
35 self-treatment by an average person in the home.
Other features and advanuages of the present invention
will become apparent from the follow1ng detailed description,
taken in conjunction with the aecompanylng drawings, which
illustrate, by way of exehple, the_principles of the invention.



direction of "'the normal direct current treatment, the undesirable fornmatio A
of gvasi &l.es;” bul)a and reddening of the skin in the treated area is greatlQiZEé/
reduced or even elimnated. Electronic circuitry i's provided to - o
automatically inpose the 30 reverse pulse of current at regular intervals
of time, and the device can be adjusted to conduct the iontophoretic
treatnent -at any desired direct currefi~l evel . The apparatus is arranged to
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schemati c di agram of -
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for applying iqnto- phoretic treatnment.to.a |ivi.ng bQdy..l.n this treatnent
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desired resul tog Ligciohophos et §E106R0TRA! adauehiklat ;NI s Yrd 2.
constant flow of unidirectional current between-the el ectrodes. 1
Dependi ng upon this kiFd e¥deBntPopREPBPLEShr sRendesiFecdhgesults, the’
iontophoretic treatment generally consists of a constant
..flow of unidirectional current between the electrodes.

15 Depending upon this kind of iqntrophoretic treatment being
apploed, this current can be applied to the body at a rate.
of between a small fraction of a milliampere (ma) and
about fifty ma. In an iontophoretic treatment for the
production of anhidrosis, for example, a treatment current

20 of between ébout_four and fifteen ma is preferred.

A current versus time waveform, indicated generally
by reference numeral 12 in FIG.1l, is illustrated as having
a treatment portion 14 which, in this instance is a relat-
ively long steady current of about eight ma, in the posi-

25 tive or forward direction. Heretofore, iontophoretic
treatments have been effected by application of a pure
direct current to a user. :

The ionotophoretic treatment portion 14 of the
waveform 12 is periodically interrupted by a'relatively

30 short pulse 16 of current in the opposite direction in
order to prevent the formation of undesirable vesicles,
bulla or redness of the user's skin in the treated area.

It should be understood that the reference to a'sho:t
reverse pulse 16 is not to be construed as referring to a

35 conventional alternatihg current waveform. Rather, the
waveform 12 représents a substantially direct current treat-
ment interrupted at regular intervals of time by the reverse
pulse 16, thereby forming the asymmetrical waveform 12.



- “apml oed, this current can be applied to the body at a rate of '‘between a

’ 'nylll fraction of a mllianpere (ma) and about fifty ma. In an_ . s

“\dytjophoretic treatment for the production of anhidrosis, for exanple, a
oAt ment current 20 of between aboutsfour and fifteen ma is: preferred. A
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referring to a 35 Convent |_onaf.gl ternating current waveform Rather, the
wavef or m 12 ¥epeéatinsdyairanpenaind 4P| Jeruifeee¥roupPrénts tregle feee /
i nterrupted g4 ceoidae imtgeyal s of tine by the reverse pul se 16, thereby
formng the asynpetrical wayeform 12, 4 As wl | be described jn greater
det ai 10 her ei naf t &F ,"aehBeeih sRSPYRT5r thdte thP RS FRRASN T PETR5AOP: OF t her
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treatment periQd. p&% {;hi % _arﬁan enent, ina \ﬁertent el ectric shocks to the
5 userdh BT HIREPERT S “EE Y AR Hoh PERT I T BAFBeCE a8y enpl oyed for
sel f -t r eat meliiminatdie bhoperiogian dvelwgjenpef siwe oévarsdi pakse 16 into the
waveform 12, More specifically, it has been found that these

15 undesirable phenomena are completely eliminatsd when the waveform
12 is adjusted so that the energy indicated by the waveform above
the zéro'current'referénbe-line 18 is substantially edual to the
snergy indicatéd.by'the waveform below the reference line 18,

' The portion of the waveform 12 above or below the reference

20 " 1line 18 is indicative of the amount of energy applied in the

' forward or reverse directinn respectively,
Unfortunately,_when'the”reversé energy is érranged to be
substantially equal to the forward energy, thereby eliminating
the above-mentioned undesirable effects, it has been found
25 that the desirable iontophoretic treatment is also eliminated. As
| a corollary to this'discovéry, it has been determined that when-
ever the waveform 12 is éddefed so that the forward energy aexceeds
the reverse energy,:some deéirable treatmént'uccurs. '
With the Porward energy only slightly greater than the
30 reverse energ9;'the"Undesirable vesicles and redness of the skin
. are eliminated, but the period required to achieve the desired
fesults of the iontdphqreﬁic treatment becomes so long that the
‘apparatus would not be donsiﬁered practical by many. Accordingly,
it has been fﬁuhd'thét a;satisfactory comproﬁisé is achieved

35 between forward energy for treatment and reverse energy for

prevehticn of undesi#able'ef?ects when the ratio of Fbrwafd energy

to reverse energy.is between about 2:1 and 7:1,



intelligence. Further, the apparatus of the present invention is relatively
i nexpensi ve to manufacture, and is trouble free and reliable in use. 10 -
It has been di.scovered that the undesirable formation of vesicles, bulla
and redness of the skin in an area subjected to an iontophoretic treatnent
can be greatly reduced or even elininated by periodic I nclusion of the
reverse pulse 16 into the waveform 12:3Mre specifically, it has been found
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15 time. The circuit represented by the diagram of FIG. 2 is

an example of such an electronic means, and is the presently
preferred embodiment of this invention.
' For providing a steady flow of unidirectional curr-
‘ent across the electrodes 10, in a forward direction indica-
20 ted diaérammatically by an arrow 19, a source of direct
current, herein illustrated as a battery 20, is connected
to a transformer 22 having a primary winding 24 and secon-
dary winding 26. The battery is connected to one terminal
of the primary winding 24, and a diode 28 is coupled between
25 the other terminal of the primary winding and one terminal
- of the secondary winding with the anode connected to the
primary terminal and the cathode connected to the secondary
terminal. A storage capacitor 36, and a resistor 38 are
coupled in parallel between the cathode of the diode and
30 ground, whereby a direct current path is formed from the
battery 20 to the capacitor 36, via the primary winding
24 and the diode 28. _
When a load 30 is imposed across the electrodes 10,
a steady flow of direct current is permitted to flow from
35 the storage capacitor 36 through the secondary winding 26,
the load 30, and to ground through a variable resistor 32.
The variable resistor 32 is used to control the amount of
current which is permitted to flow across the load 30.



2 specifically, when operating at a treatnent current of about fourteen
a ratio of forward energy to reverse energy of about 2.3:1 has beem + 4
d to achieve the desired results. Naturally, other ratiaos can be 5

efnpl oyed in this invention, but ratios within the above- nmentioned range
have been found to be satlsfactory |n reduci ng or preventing vesicle
formati on and r.eddeni ng of the user'’ sEskln In order to inpose the waveform
12 on the el ectrodespyd o} ?medu%cmcsa%eswlqsuhtﬁémsswf% gthg 85
illustrated in the schena i c di agram of 2. || _be appreciated tha¥
various el ect FReRaSsHeR RS TAYPTFE PHTRFNEPPLSSSi PR dieuprads 38t ea&&e switch

uni di r ect i onajedded Wnefudedr l%lttr&héfbxﬂefeé’@,t k¥elatoabozd ah&Ves'h%Qtpl“ se of
‘current at regul ar |ntervals of 15 .. The circuit Eresented by the

di agram of FI&ansigton 3dxaths shept §€Eﬁs’aﬁ$°€l ReimeL RPRRSed iRt §%8 t he
present |y pr eberinedpeinzath ﬁmmngfzzt Rippositechhé Qﬁa.ttEﬂy‘ amr.owwhengtm; st eady
fl ow of unldlrectlonal urr- acr ss th g % é?m a forward
direction indifEEsisEet d’trﬁlﬁ’?m% 3?@/ §§7 rpeé?'? W % foﬁ?f‘% of

di rect currenof dwrent willustrated as a battery 20, 'is connected to a
transfornmer 22 having a primary w nding 24 and secon- dary w nding 26. The
battery is connected to one termnal of the primary w nding 24, and a di ode
28 is coupl ed between 25 the other terminal of the primary w nding and one
term nal of the secondary winding with the anode connected to the prinary
term nal and the cathode connected to the secondary terminal. A storage
capacitor 36, and a resistor 38 are coupled in parallel between the cathode
of the diode and 30 ground, whereby a direct current path is fornmed from
the battery 20 to the capaC|tor 36, via the primary winding 24 and the

di ode 28.




curer et % s permtted to flow from 35 the storage capacitor 36 through the
secondary wi nding 26, the load 30, and to ground through a variable
resi.stor 32. The variable resistor 32 is used to control the amunt of

Wien a load 30 is inposed across the el ectrodes 10, a steady flow of di rec

current which is pernmitted to flow across the | oad 30. 6 The apparat us
I ncludes switch neans for inposing a stccessiog of reverse current pul ses
on t/he | oad 30. The switch neans:-inciudes the transforner 22, the di ode

28 ard shunt traHspsthrougBathe peinanmwingding 24t Hdusénne dRhkanr dacrersehén

end 5 of the quri-g®E YhebOsH the2deiPBasy Wl nbRg B8 bed Yac2lss thdNeBad MWD,
transistor 34 is turned on for a short period of tinme, a surge of current

will f1 ow t hr SHGANETRENGr FRRSRPEFHATNGC 24 URBTIABTYPELYs (EHEDLERS ither EransisteT
current through t3aeoseL aheansgrisitndi fMgx2gemerdtad rns 2he hurgeads Hurrent through

of 1. the ragneti &P CAAHERBPER 3 By h RE-EETagh. BHOTHIP, & ACRPRY g oksresl of

of f, the gnetic
t he transfornmer Zarmeni thoblgipibe ssmepdary aindimmr2s, yto ehergalthef capgaiént 36.

through the secondary,isg) 0gR8n 1P HALARAS GARAFLLPT25E AR, 1, when

illustrated in the éexenplary waveform he shunt
transi stor 34 is thershuhtofirdnaistsr Fac igsturnedson fogel$ ticopsegrndeasz period

current 40 appeargy if.AQedoURIrBhE &P appedtt $nlthe wavetdir §25€d ThioW
continues while the shunt transistor 34 is on, and aecays slightly due to a

gradual det® ease InArearedr flew EPNEIRHRFUBLT FhPestuntntEAIBLEF? 1% 9Mvi AGY 24
of the transfor nBfecdys adghely2 dikaghial gfadilabgtisaf id hBeCAPRLC ol OEhatRe
of current in the primary winding 24 of the transformer 22 and
' to a gradual discharging of the capacitor 36.
The above-mentioned reverse flow of current through the
15 secondary winding 26 appears in the waveform 12 as the reverse
pulse 16, The amplitude of this reverse pulse is also shoun
as decaying because of a gradual decrease in thé rate of change
of current in the primary winding 24 as the magneﬁic flux in the
transformer collapses, and because the load 30, which is ordinarily
20 human skih, is known to have some capacitance. An electronic
model of human skih shouing this capacitance can be found in
an article by Erich A, Pfeiffer entitled : "Electrical
Stimulation of Sensory Nerves with Skin Electrodes For Research,
Diagnosis, Communication and Behavorial Conditioning: A
25 Survey", Medical and Biological Engisering; Vol., 6, pp 637=651;
1968. | |
The shunt transistor 34 is turned on by a one-=shot 42

" which is arranged to turn the transistor on for a short period of

time, and as mentioned above, in this example the transistor is
30 - turned on for 15 microseconds and then abruptly turned off,.

. The one-=shat 42 is further arranged, by connection with an |
external timing capacitor 44, to wait for an additional period of
time after-the transistor.34 has been turned off bhefore the one-shot
can again be triggered to tucn the transistor on. The value

35 of the_timing capaditor 44 can be chosen to impose any desired
waiting period on the one-shot 42, and in the example illustrated
in FIG. 1, a 45 microsecond waiting period is shoun. This waiting

period consists of the reverse pulse 16, having a width of about



.above-nentioned reverse flow of current through the 15 * secondary
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the voltage a
-always be trlggered lmmediately after the waiting period.

/

15  Conversely, when the_device is operated at a relatively low
treatment current 14;'the_above-mentioned inhereﬁt capacitance
in the load 30 will cause the voltage at the terminal 48 to drop
more sldwly, and the comparator 46 will trigger the one-shot at
some time after the waiting period has elapsed.

20 Accordingly,rit will be appreciated that the period of
time between triggering the one-shot 42 to turn on the transistor

- 34 will vary according.to the level of treatment current chosen
by the user and the actqal capacitanee of the skin represented
by the load 30. This variable period of time is illustrated

25 in the waveformilZ by a broken time scale and the legend
"variable". |
Further, it will be appreciated that this arrangement
provides for relatlvely frequent occurrences of reverse pulses
16 when a hlgh treatment current 14 is employed, and
30 relatively infrequent occurrence of reverse pulses 16 when a
' lower treatment.eurrent 14 is.empioyed. This variance in
frequency of reverse pulses 16 results in a varying ratio of
forward energy %o reverse energy at dlfferent treatment currents
14, ‘but the value of the timing capacltor 44 is chosen to

35 maintain thls ratzo within a range that has been found to be

satlsfactory, as descrlbed above.



termnal 48 on the variable resistor 32 to a prescribed internal reference

vol tath Yai nt ai ned by a source 50. The conparator 46 triggers the one-shot o
42 whenever the voltage at the termnal 48 drops below the voltage supplied
by the source 50. 10 .~ By this arrangenent, when the device is

being operated at a relatively high treaffnent current 14, the voltage at

the termnal 48 will dro oA refe vol t.age_before.the waitjng
peri od has el apsed, and %hote}?lé?o% egb%ttﬁ'g;o%eg%%%t&wtgg BISRVE BV eighet 2d
i mediat el y af t er itsh€aobl itiyngopbe i sadfelg SemploPediar $bé yhomehby dhevdesgee i S

operated at a relatiyel Yo | QW: ts rent il - .. oned
igherent capacita cllesxlﬁné&; ﬁg.wﬁgéﬁﬁii‘g&\%i}f (?ggée t é‘svo%%%gvg? E‘%élr Qf“m nal

48 to drop nore stesahge ifhdhehtreatment adunrens I |ils  impagpdr oh hkheomses himio at’
some tine after t ARt | h : . pa . ordingly,
9 {hgtﬂg? e Qﬁéf: qg.lyl g%p%!lrl%ﬁégqhbs%gmort in the f%% {:ﬁea.ng y .

it will be appreci _’that t he pe trme between triggering
one-shot 42 to twLecEniq ibockansifecord 3l | they prgsent @pdangtus ofhéhé evel

of treatment curr r : i dan he
skin represented %&E?Eg&fgggﬁ%%é.éﬁ#ﬁfsm%gi abl e %gtl?éod'&ggégiérr}% i(égeggms'ltE
illustrated 25 cyrreRh@rrdvaibr mbepevsr 2 beeke® denklasedl ecxans the | egend

"variable". Furthakctidaed hb D61 amRr e&valedst Nativhhes, ar FaRARIEN, ¢ PLHQYi des
for relatively freqguent occurrences of reverse pul ses 16 when a hi %[‘1
e

treat nent curtPentlogd 1% nemgres dFomthe R ectrodas, Apying apsFR Biref

occurrence of rewry3se RHASESLIE UMDY Ard iRiBEed BRLEBN]! tBd 48Ny kdah§ of
enpl oyed. This variance in frequency_ of reverse pulses 16 results in a

varying ratio of ¥8r3RRaFadRarif) AE2ReTe 8B Yy Y at nToRrEr B i ER brent
currents 14, but ntel VileUareitddit blfiéid; 33Pa€ids@indderiisveipsen to 35

mintain this ratio within a,rgnag that, has beenyfound 4o.bs, satbalasigty
15 activated with a load 30 across the electrodes 10, the source
50, which is connected to the battery 20, slowly charges a delay
capacitor 52 up to the reference voltage. Consequently, the
current flowing from the battery 20 through the load 30 will
rise slowly as the capacitor 52 charges. The charge on capacitor
20 36 is pumped up by the action of one~shot 42 repeatedly
firing transistor 34. Preferably, the value of the delay
capacitor 52 is chosen so that the current through the load 30
will rise to the treatment level in about two seconds. When
the delay capacitor has fully charged, the prescribed reference
25 voltage will be applied to the control comparator 46, and
normal operation of the present invention can proceed as
described above. ' | |
If the load 30 is removed during operation of the
apparatus thereby creating an_open circuit between the
30 electrodes 10, a window comparator 54 will detect the open
circuit and rapidly discharge the delay capacitor 52 through a
transistor 56. The discharge of the delay capacitor 52 will
bring-the reference voltage on the control comparator 46 to zero
and inhibit the one-~shot 42 from being triggered. When the load
- 35 is reimposed across the electrodes 10, the delay capacitor 52
will once again be charged gradually to the prescribed

reference voltage, thereby causing the current across the load

to gradually rise correspondingly.



her inportant feature of the present invention is its facility to be
fely enployed in the hone by an average person of ordinary intelligemca, ,
This feature-is desirable because if the treatment current 14 i s inposed on

. t‘he user too 5 rapi dly, the user nmay experience disconfort- in the form of

.an electric shock. Accordingly, the present apparatus of the invention
i ncl udes del ay.neans arranged to |rrpose the treatnment current gradually
whenever a load 30 is placed across!fhe el ectrodes 10 and the device is ..

activated. = Furthekoni$nd &rgr;%in@agt|ﬁ1uea@vg§rg5mgdhehg£eﬁ{erodes dur ised)
operation of the devi ce.and-subsequent Iq)i_fr ei nposed t hereon, "t he del ay neans

of the appaP&Esen} énﬁF?@?&ear?UdGFaﬂﬁaﬁ °'th'6? SPPRTE NS EAFraPRLYERE| |t he

t reat ment Clé!hr%Ktobﬁot&tﬁgétb@aﬁfelﬂte’wdtheT@waﬂ Re1{pr@oebag wviids, when the
device is Ol‘lgl naII activated with a_load 30 a ross t he _el ectrodes

10, the soufZe2 F%fﬁl& ST CRRRTERE 178 tie; fermriiea, §f 2@desi e char ges a
SF' ay CQ]PaCivbeicﬁ% ,Upulla bberéd}fe%l’sﬁﬁﬂﬁthe;ﬂskg@&n thief)&seeﬁuerﬁuava. t he Cﬁrrent
ow ng fro e batiery 20 ough,the, |-0ad 30 W ris o] as. t he

capaci t or 5?"5&& I‘e ﬁ/rﬁgn%hé} 53*6%&%&6?%‘&%6 o by Fgefﬁb é ¥ by the -
action of for semerei\menézby epgarsest \off bi‘d:m‘;utyl‘ aﬁﬁemfgéné’él, andPr ef erabl y,
t he val ue. of_, t he del C tor 52.1s chos n SO t he current through
the | oad 30 \}RAEITPWE%XT o°aft0%§£§ EAFPREH °&0ePe 3’% I“"F@m seconds. When
the del ay capaeedientbpsaddlkebynadiaaliyl, a;ddemrmublbeﬁaee&aderﬂ&aﬂﬁe

vol tage W | | be appl ied to the control .conparator 46, and nornmal operation

of the %resé’ﬁ Fivention can proceed as described above. If the load 30 is
removed during Ubb}%tq saTbiculias Sppmrodt Elbetiremalhyonrmt bBgn AL 1QREPaKdd CUi t

bet ween t hegnl des®d I o C arator 54 et ect the open
circuit and rapidl y%?scﬁgﬁuﬂq Re %ﬁ;qgwgagg% 'er %% tmﬁ\ﬁ%t’q'f‘? 2°PPansi st or

56. The 3¢ ar'g@eomtwfdéleayrtiam@rpmt@ sebpé of the invention,



bring the refererice voltage on the control conparator 46 to zero and (g%i
I nhi Gmt.st he ‘'one-shot 42 from being triggered. When the | oad 35 S -
rei nposed across the electrodes 10, the delay capacitor 52 WiIT once again :
be :charged gradually to the prescribed reference volt [

the current across the load to gradually rise corresmHMjlﬂﬂﬂllmthe
foregoing, it wll be appreciated that the present inventdion provedes

ef fective apparatus for applying an iontophoretic treatnment to the skin of

a |liwing body while greatly reducing or prementing the formation of
undesirable 5 vesicles, bulla or redness of the skin in the treated

area. Further, the present invention is arranged to be safely enpl oyed for

sel f-treat nentLAGYSa person of ordinary intelligence, and the apparatus of

this invention can be manufactured conveniently and economically, and is
trouble free and relibble 10 An pppasatughifios appdvinauladr iosvtarifondteic

i nvention has been illustrated and described, it will be apparent that

vari ous nodi fF%2RFBRRE P %elhﬁaéngPﬁMutC&@ﬁ&#ﬁ%ﬂ?flﬁMHQHRBQ§xﬂﬂ?Q#rqqﬁ§

i nventi on. payatus for a an iontophoretic
treatnent to aad"‘fl??ﬁl\g t‘Bo‘d?/nt%‘éﬁpFﬁg' a%“‘ Ofait F’ E’ g‘lno&é’?c/edadapt ed to
contact the Skl{%(ﬁ t

d I hi h t.h
st orage capaC|?or tr?gg |ean%§§§ﬁga [% %h|%§%§LP%&§§§ (%ﬁﬁ%ﬁiﬁ?ﬂ}ly
direct el ec%ré&ﬁh&&"{c?”éhé0&1889988&59@0&“%8&&%*1;&%% *?ﬂ%ctf AW cal

el ectrode

current for conauction through the body, from one electrode
to the other, means for intermitﬁently charging the storage
capacitor, a delay éapacitor electrically coupled to the
_stérage capacitor, thé direct current supplied by the storage
lOcapacitorlva:yiﬁg in accordaﬁce with the voltage on the delay
capacitor, and reference voltage means for slowly charging
the delay capacitor to a prescribed reference voltage, the
storage capacitor thereby supplying a full treatment current
for-conduction through the bédy 6nly afier a prescribed time
lSdelay.following initial contact between the skin énd the paif
oflelectrodes. | |
2. An apparatus as ciaimed in c¢laim 1, further
inéluding means for detecting an open circuit ¢ondition
between said two eleétrodes and for controlling said
20reference voltage means to begin slowly charglng the delay
capac1tor upon detectlng a termlnatlon of sald open circuit
condition.
'3.. An apparatus as defined in claim 1, wherein
the ?eference voltage means chargeé the delay cépacitor to be
25 prescribed referencg voltage in about two.seconds.

4. An apparatus as defined in claim 1, wherein



8.t hé other, neans for intermttently charging the storage capacitor, a
ay C ﬂmu“n)mnmnal l'y coupled to the storage capacitor, the direcyy ,
&Yl rent ﬁmm storage | O capacitor varying in accordance with
the vol tageton*tHe del &y capacitqr, and reference voltage neans for slowy
chargi ng the del ay capacitor tol prescribed reference vol tage, 'the storage
capaci t athe heraaby Sempplytegmattahklyr eatmgihgc uncdnidefsora corahscfarmer hr ough
the body only after a prescribed tinme 15delay followng initial contact __
bet ween hahwirskipr tmaryY heindingoénd| acerododary?. windingn dfysarstamndsry e
claimed in claiml, further including nmeans for detecting an open circuit
condi t i ofinsHingedre ey dcenpeet edt betiwsennhPostegageo dapa§ idaind 320t efhe ence

vol tage nmeans to begin slowy charging the del'ay capacitor upon detecting a
t er ni natdiBrtoiodes d dpeFrRFLELPY €ORAPELBA. tQ. the primagypatindindueHefi ned

in clapm1, wherein the reference vgl'tage means charges the del %%/ capaci tor
to be 25H%eddA IS er oM UOPREQECF n1BLGIMIERE SIS RINg tle A
apparatuys as defined in claim 1, . wherein t.he ans for intermttently
char gi ng SR R 0 (31 OF her CRSTERY BPPRERISWIR! RS ORRTS ATy ¥

wi ndi ng, e Seco wi ndi ng bei ng connected between the storage

capaci tcc):roggneﬂcﬁie&gﬁ%@ﬁ odes, a transistor connected to the primry w ndi ng

of 5the transforgrer, andIgEQHsa%Bgrgghgrgbgtggbh&ihgrghng the transistor on
and off, thereby charging the storage capacitor correspondingly. 5. In

an appa@%ﬂ%&éﬁﬂoﬁgﬁﬂdi@Qe@ﬂméﬁﬂtEQDQOinEQgtb%@&ﬁeﬁhet%pﬁéﬂdﬂdglbOdy, t he
apparatus 10including a pair of electrodes adapted to contact the skin of

10 including a pair of electrodes adapted to contact the skin of
.the body in spaced relationship ﬁo each other, and ﬁreatment.
current meané for conducting a direct curreﬁt through the
body, from one electrode to the other, and.improvement
comprising:; a delay capacitbr electrically'coupled to the

lStreatment current means, the curfent conducted by the
ﬁreatmeﬁt mean varYihg iﬁ accordance with the voltage on the
delay éapaéitor, reference voltage means for slowly charging
the delay capacitor to é prescribed reference voltage,
whéreby the treaﬁment current heans coﬁducts a full tréatment

20current through the body only after a prescribed time delay,
comparator means for detecting an open éircuit condition
befwéen tﬁe tw6 electrodes and for generating a corresponding
control éignal, and transistor means responsivé to.the
control signa; for fapidly"discharging the delay capaéitor

25 following initial contact between the skin and the pair of
electrodes. |

6.  An improvemedt aé'defiﬁed in claim 5, wherein

the réferénce vdltage meéns charges the delay capacitor to

the prescribed reference voltage in about two seconds .



the body in $paced rel ationship to each other, and treatnent current means é/’%
fors €¢8nBucti,ng a. direct current through the body, fromone electrode to the
ot her, and i nprovenent conprising; a delay capacitor etectrically coupled
to the 15 treatnent current neans, the current conducte

mean varying in accor dance with the vol tage on the del aj “mmm“l‘mm‘m“
reference voltage neans for slowy charging the delay capacmt or t® as
prescribed reference voltage, whereby - tfBe treatnment current neans conducts
a fORF treatment 20current through the body only after a prescribed tinme
del ay, conparator means for deﬂécﬁ“ngz‘anwopé%rgwt condition between the
two el ectrodes dhd forAngepmaratusyfon mlweegmmdmrgtoobmert@p bregitment &ada
transi stor mean r g I [

t he del ay capac%'t %@@g g\tfs\neng |n| :gasl 8%%%%?%%%%%;%9{1%&2%%%2%95&%
pair of el ect rocPésSh@m, in thana¢qpppeNEifentra&ng®fi ned in clai m5; wherein
the reference vol tage means charges the del ay caeyam tor to the prescri bed

ref erence vol t g¥fete dnt%%@“’f‘%ﬁ"%‘é‘cépﬁ?’“ r‘g:):“::;‘ch ngh" atg JRB““E;E?r °’-‘13”“1
appl yi Ng an i ORJpeddbidk GhrtEinins D oAttt Biceritd beibde)batias osice

herein described with ref erence to, and as shown, in the acconpanying

drawi ngs. The text of the specification has been reproduced by photocopying
t he applicants original typescript. It may contain a few amendnents which
are difficult to read. The original typescript containing these
amendnents may be inspected on the prem ses of the Patent O fice



