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{57) Abstract: An apparatus and method for generating an electrical signal for use in biomedical applications, including two timing

~~~ blocks for generating timing intervals T 1~ T  an interconnection block for combining these intervals into an output signal having

" amsy, predetermined relationships among the intervals, an output block for transmitting the output signat to a Ioad, and, optionally, a filter

forremoving unwanted frequency components from the output signal and an adjustment block for selecting from among a plurality of

output signals with predetermined characteristics. The output is a repeating succession of a burst of rectangular waves, an equalizing

3 pulse (if needed) to cancel net DC bias in applications for which it is not desired, and a rest period of no signal. In applications where
net DC bias is desired, the equalizing pulse may be omitted and the remaining signal features superimposed on a DC potential.
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/ healthy patient, nmany fractures need to be imobilized in a cast for six

weeks or nore. Even after the cast is renoved, the patient's activities
are frequently restricted until the healed bone regains its full strength

In the elderly, in persons with poor health or malnutrition, in atients
with multiple fractures, ofWi(» 03015866 A2h d:lHiIinlﬂﬁlIIlllllItﬂlﬂﬁﬂlllllllﬂlﬂltlllllllllltiﬂltﬂtﬂlﬁIIIIIllﬂlh' ' ' N9
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signals as a result |n?ury}’stre§%g%n5w8?ﬁ e SR e PRliCA¥ e hese 5 July
2005 WO 03/015566 PCT/U802/26590 2 signals play a necessary part in
heal i ng and di sease-recovery processes; and that such processes can be
accelerated by providing artificially-generated signals which mmc the
body's own in frequency, waveform and strength. Such "m mc" signals have
been shown to have many effects in the body, including helping to direct
nobile cells such as fibroblasts 5 and nmacrophages to sites where they are
needed (gal vanotaxis) and causing the rel ease of cell growh factors such
as transformng growth factor beta (TG (3) and insulin-like growh factor
(IGF). The results can include nore rapid healing of skin and nuscle
wounds, including chronic ulcers such as those resulting from di abet es;

t he mendi ng of broken bones, including nost nonunion fractures; the
regrowt h of injured or severed nerves; and the repair 10 of tissues danmaged
by repetitive notion, as in tendonitis and osteoarthritis; and the '
reduction of swelling, inflammtion, and pain, including chronic pain for
whi ch the usual drug-based treatnents do not bring satisfactory relief.
Some of the body's signals, such as the "injury potential™ or "current of
injury" measured in wounds, are DC (direct current) only, changing slowy
with tine. It has been 15 found that bone fracture repair and nerve
regrowh are typically faster than usual in the vicinity of a negative

el ectrode but slower near a positive one, where in sonme cases tissue
atrophy or necrosis may occur. For this reason, nost recent research has
focused on higher- frequency, nore conplex signals often with no net DC
conponent. Wil e nost conpl ex-signal studies to date have been perforned on
bone fracture '




20 healing, the commonality of basic physiological processes in all tissues
suggests that the appropriate signals will be effective i® Juycl0érating
many ot her healing and di sease-recovery processes: |ndeed, specific
frequency awe opa1s8ésor m conbi nati ons have been observed t ecTasedhsso
osteoarthritis and insomia, stimulatel hair growh, reduce swelling and
inflammation, fight localized infection, speed the healing of injured soft
ti ssues including skin, nerves, 25 liganents and tendons, and relieve pain
wi t hout the substituted disconfort of TENS (transcutaneous electric nerve
stimulation), Fi I n _ C t] Lew vef orm 20 which
has been found AE?%%@?PSQQNh gFﬁ%gﬁ%?pﬁgggﬁﬁék%?§€ﬁﬂggﬁﬂgngHg, where a
line 22 (Fig. |A) reptEdiNS AREELERAEIMY ANID RAIShRELIEF ne scale, a line 24
(Fig. EB) represents the same waveformon a 30 longer tine scale, |levels 26

current, and intervals J6CHIcAB ARG 8k P TMVEMTONS i ng'bet vieen
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factors, 1nc necessarfly limted to its type, size and
m neral densi t\yh“e ijsdliffiult trastimate g tefalrasetsof aweh iconditions e leaving ggifle dairi on.

Hence, osipakbaglgitasraifbeibe @t dutly zﬁﬂmﬂ@'t@mag@ billesp ontolfafy Rr fy@dﬂ Q@th@f

naI what. i,n. wavef or n coni.e
onever , P skéslthe "R Abe BRI Rilipd I GE et BPUFRE pvluenci s
and vﬁavetfr@‘wmwwewaafpwh mmeofméwwrwwﬂvmz glgluPﬁeAra@ures & paotiize in

speedi ng Heﬁlﬁlyhﬁﬁédt rmnywnfaczarebﬁéha 16 beAGIMObRIzALh a'046Tol 88 WeBIQ drindib.0%eRY t he

const <t o ERARIT PG st o b T B o

350- 400 sreg;iuéasé‘a‘hfu atreegthatin nkp elderly, iimtpersvad with4poof hpadthagri mgln@Btiat, in

frequencypatients with multiple fractures, or in patients with conditions that impact healing processes,

30 fractures heal more slowly. In some cases, the fractures do not heal at all, resulting in the
conditions known as "nonunion" or "nonunion fracture" which sometimes persists for a
lifetime.

As a result, an estimated quarter-million person-years of productivity are lost in the
United States due to bone fractures alone. Similar statistics can be generated not only for

35 . other classes of traumatic injury, but also for chronic conditions such as osteoarthritis,
osteoporosis, diabetic and decubitus ulcers, damaged ligaments, tendonitis, and repetitive
stress injuries (including the conditions commonly known as "tennis elbow" and carpal tunnel
syndrome).

Since the 1960s, it has been increasingly recognized that the human body generates a

40  host of low-level electric signals as a result of injury, stress and other factors; that these




15 of approximately 60-75 Hz, can slow or even reverse osteoporosis but has
little effect on fracture repair. Again, the exact wavef oronduynzDOBr equency
for each application may vary. The signal intensity may al so vary; indeed,
nore power feb esigeml s often give no nore. benefit than weakeienes, and
sonetimes | ess. This paradoxical relathonship is shown schematically in
Fig. 3, where a line 60 represents the nagnitude of the healing effect at
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(transcutaneous electric nerve stimulation).

Figs. 1A and 1B show a schematic view of a waveform 20 which has been found
effective in stimulating bone fracture healing, where a line 22 (Fig. 1A) represents the
waveform on a short time scale, a line 24 (Fig. 1B) represents the same waveform on a

30 longer time scale, levels 26 and 28 represent two different characteristic values of voltage or
current, and intervals 30, 32, 34 and 36 represent the timing between specific transitions.
Levels 26 and 28 are uswally selected so that, when averaged over a full cycle of the
waveform, there is no net DC component. In real-world applicat}ons, waveform 20 is

_ typically modified in that all voltages or currents decay exponentially toward some

_ 35  intermediate level between levels 26 and 28, with a decay time constan{ usually on the order
of interval 34. The result is represented by a line 38 (Fig. IC).

In a typical commercially-available device for treating fracture nonunions, interval 30
is about 200 psec, interval 32 about 30 psec, interval 34 about 5 msec, and interval 36 about
60 msec. Alternate repetition of intervals 30 and 32 generates pulse bursts 40, each of the




Pilla, et al. (U S. No. 5,6723,001) disclose an apparatus for

therapeutically treating human body - tissue with pul sed radiJJulf2@§uency

el ectromagnetic radi ati on. The apparatus 15 generates bursts of pul ses

havi ng- a f rogwemsgséof 1- 100 MHz, with 100- 100, 000 pul ses pegfushitssdy, and a

burst repetition rate of 0.01-1000 Hz. 3The pul se envel ope can be regul ar,

irregular, or random Bartelt, et al. (U S 5,6117,826) discloses an
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25  synthesis, gene expression, and intrgceliular second-messenger concentrations. For example,
while conventional TENS can block pain perception with a relatively strong signal, much as a
Jamming signal blocks radio communication, it can also lead to progressively worsening
injury since the pain's warning function has also been defeated.
The important factors for most healing applications appears to be that the high-
30  frequency signal appears in bursts, separated by intervals of quiet or no signal, and that the
waveform within these bursts is itself asymmetric. Results appear to be better when
- frequency components above about 50 KHz are filtered out, giving fransition times on the
order of five usec. Tests using sine waves, square waves, frequencies above about 50 KHz,
or waveforms generally resembling that in Fig. I but with duty cycles approaching 50% or

35  with excessively fast or slow rise times, have shown much lower effectiveness at otherwise-

comparable power levels.




10 froma fundanmental clock frequency generation circuit, plus a pair of
paral l el sets of frequency division circuits connected to tShiady 20065cui t. The
time periods, sub-intervals, and output waveforns are vari abl e.

Hsi ang- Lai WOtG3IBd5866(U S. No. 3,946, 745) provide an appar atygséPssogener ati ng
positive and negative electric pul sesqfor therapeutic purposes. The
apparatus generates a signal 15 consisting of successive pairs of pulses,
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25  switches on the front panef of the device.
Gu, etal. (U.S. No. 5,018,525) show an apparatus that generates a pulse train made
up of bursts having the same width, where each burst is made up of a plurality of pulses of a
specific frequency. The number of pulses varies from one burst to the next; the frequency of
the pulses in each burst varies from one burst to the next corresponding to the variation in the
30 number of pulses in each burst. The pulses have a frequency of‘ 230-280 KHz; the duty
' cycle of the bursts is between 0.33% and 5.0%.

Liss, et al. (U.S. No. 5,109,847) relates to a portable, non-invasive electronic
apparatus which generates a specifically contoured constant current and current-limited
- waveform including a camier frequency with at least two low—frequeﬁcy modulations. The
35  carrier frequency is between 1-100,000 KHz; square-wave or rectangular-wave modulating
frequencies are 0.01-199 KHz and 0.1-100 KHz. Duty cycles may vary, but are typically

50%, 50%, and 75% ftor the three waveforms,




Bartelt, et a]. (U S. No. 5,6063,929) describe a m croprocessor-controlled
devi ce that generates biphasic constant-current output pulsshdy 2005e
stinmulus intensity can be varied by the wuser. Charters, et a]. (U S. No.
4,938, 223) woawhesa device with an output signal 10 coRgifishimsdaf bursts

of stimuli w th waxing and wani ng anpl igtudes, where the anplitude of each

stinmulus is a fixed percentage of the anplitude of the burst. The signal is

anpl i tude- nod t el e t a i,on.r onse. | ients.
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Butler, etygdlodel %%m&p. 4,431, 000) show a transcutaneous nerve stimul ator
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system (U/S. No. 4, 3%%‘“[ ,] 5y dgatnly JPaerya Bdeesnde plseoof gebPaih and thr dance
Wi th the. i79rval Getweenryygeessive paims of Bibee o iddepredeitlyyvandble.he f1uct uation varies
inversely w tRicbbgild (ESUERNEY 3,580,875 alowdt hiMdldenGfit SRiskld\EmahRF %&fﬂ c

fluctuatiqgn gverned by .t hi.s rule. . The system produces an 1rregul ar. pul se
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gener 8Por ¥agsfesmgl-so used in hearing prostheses. For exanple, MDernott's
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current pylses.. wth betwee “pul se terya zero current having a
dur ati on F‘bfh"aé_rf"& MCUNRIT LS sl BRSPIYIFiSelF AU P HEOT A FEPHPEFBIARE
st i mul us - awrmigirizing tie delewtion Jerbebnof Theheplitugp et thelowpit sigsalofs vauablds Jul'y
20?5 7 polari K%n%ﬁlg I(gmm§y5,@ﬁ,m,uﬂo_ PEKT@S%PR{QD%?%,OW%&?EU%{ rﬁ})@fﬁSl te
polarhiy e§,9g§i‘§; ﬁgg.igq%‘gﬁ?ﬁg%%%f K Cos3 60 SRusd B85 1 50015 Gt oot gt e

_ herein by reference) describes signal generators for biomedical applications. The generators

'produce pulsed signals having fixed and variable amplitude, fixed, variable, and swept
frequencies, and (in some cases) optional DC biasing.
Units designed for use in transcutaneous electroneural stimulation ("TENS") for pain
30  relief are widely available. For example, Bastyr, et al. (U.S. No. 5,487.759) disclose a
battery-powered device that can be used with different types of support devices that hold the
electrode pads in position. Keyed connectors provide a binary code that is used to determine
what type of support device is being used for impedance matching and carrier frequency
adjustment. The carrier frequency is about 2.5-3.0 KHz; the therapeutic frequency is
35  typically on the order of 2-100 Hz. ‘
Kolen (U.S. No. 5,350,414) provides a device where the carrier pulse frequency,
modulation pulse frequency, intensity. and frequency/amplitude modulation are controlled by
a microprocessor. The device inclydes 2 pulse modulation scheme where the carrier




Al loca (U 'S. No. 4,754,7590 describes a neural conduction accelerator for
generating a train of "staircase-shaped" pul ses whose peals Jubg2adsve
anplitude is two-thirds of the peak 5 positive anplitude. The accel erator
desi gn i s bweadossssFouri er anal ysis of nerve action pot egihRbSiesdphe out put
frequency can be varied between 1-100044z. Gal braith (U. S. No. 4,592, 359)
describes a nulti-channel inplantable neural stimulator wherein each data
channel i sfreqiapdyedmitched & thy eledtfode iidub RAAd htthd RAGRA! BE 1o PIRRE Rlore SficiedNal 09
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T4, and apiilbd widitl #vg a durveddefine@ by Rhepertiic Tfengh@iiioh -curve4OTHiald sid 3 t he

range bet Y@lﬁpm"pro;%%n!ﬁgly' Jpe(.:‘:lke? %éc}(lﬁtmeut of nerve fibers due to the nonlinear relationship
between pulse width and threshold.

30 The Kosugi, et al. system (U.S. No. 4,338,945) generates pulses that fluctuate in
accordance with the 1/f rule. That is, the spectral density of the fluctuation varies inversely
with the frequency: pleasant stimuli often have stochastic fluctuations governed by this rule.
The system produces an irregular pulse train said o promote patlent comfort during the
stimulation.

35 Signal generators are also used in hearing prostheses. For example, McDermott's
receiver/stimulator (U.S. No. 4,947,844) generates a series of short spaced current pufses,
with between-pulse intervals of zero current having a duration longer than that of each spaced
pulse. The waveform of the stimulus current includes a series of these spaced pulses of one




5 July 2005 7a According to a first aspect of the invention, there is
provided an apparatus for generating an electrical signal 5|JW2IIH)5ng at

| east four timng intervals T1-T4, said7 apparatus conprising: neans for
generating a set of at least fdur timng intervals TI-T4, said timng
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15  effective. Most electrotherapeutic apparatus now available relies either on direct lmplantatlon
of electrodes or entire electronic packages, or on inductive coupling through the skin. The
need for surgery and biocompatible materials in the one case, and excessive circuit complexity
-and input power in the other, has kept the price of most such apparatus (apart from TENS
* devices) relatively high, and has also restricted its application to higllly trained personnél.
20 There remains a need for a versatile, cost-effective apparatus that can be used to provide
 bioelectsic stimulation in a wide range of applications, including healing acceleration and pain
relief.

: DISCLOSURE OF THE INVENTION
2 - According to #s major aspects and broadly stated, the present invention is an
apparatus and method for generating an electrical signal for use in biomedical applications.

- The signal includes an asymmetrical, biphasic wave form consisting of intermittent bursts of

. quasi-rectangular waves, based on at least four timing intervals T,—T,: more preferably, the

30  signal is based on seven timing intervals T,—T,. The apparatus includes a first timing block

for generafing timing intervals T, and T,; a second timing block for generating timing intervals
T, and T, (the timing blocks also generate intervals T,; Ts, and T, if present); an
. interconnection block” for combining these intervals into anh outpht signal having
predetermined relationships among the intervals; an output block for transmitting the outjaut
35 = signal to a load (such as tissue being treated with the apparatus); a battery pack; and,
optionally, a filter for removing unwanted frequency components from the output signal; and
an adjustment block for selecting from among a plurality of output signals with predetermined
- characteristics. The signal has a first amplitude level L, during intervals T,, Ts, and T, a
second levet L, during intervals T, and T,, and a third leve[ L during mterval T.,, where L,
a0 . falls in the range between L. and L, mcluswe '




(c) T3 _: (10 x TI), and (d) 0<T4< 500 nsec; and using said timng
intervals to generate an el ectrical signal having an anpl i ©ully.200Accor di ng
to a fourth aspect of the invention, there is provided a system for
treating tissue by application of an electrical signal, conprising:. neans
for generating and applying an electrical signal to tissue, said signal
based on at least four . timng intervals having approximately the
relationships (a) (2 x T2)<_T:5 (20 x T2), (b) 50 sec <_ (Ti + T2) <_ 5000
sec, (c) T3 (10 x TI), and (d) 0 T4 & 500 nsec, said timng intervals
being used to generate said electrical signal. 5 July 2005 WD 03/015866
PCT/ US02/ 26590 8 The apparatus is |ightweight, conpact, self-contained,
cost - ef f ect | vAceasding i faalitst pepeckhpfitherinvention, theralisceravided entapperatisrfoy or
wear for e [ u use hout
t he needg%%é)ﬁ (Eg e%ll% ﬁbgrrﬁ%j , H?Cl%ﬁfl% %Olte%Stggbﬁlgrptgﬂﬁfg ﬁﬁd @m-?deiggl bed
out put s#paedtusaedipdigingver it efficiently through conducti ve pads maki ng
direct 5 cont S are
used. the ap 121?% s"\fo} geﬁé}ﬁmggtoédset ok 3F T’eagtf‘%o}g: ﬁgégggghégg\gags TR aéazﬁ hﬁﬂﬁ
nmal functmtawalsPhnmg apprcﬁ:umatd;;hﬁ:d rdﬂyuammpact and inexpensive batteries,
needi ng repl acene eral weeks of use. The apparatus may be
used to provide |rTQ/%%¥Z)Q3§t (lmﬂfslg ’e el ectrotherapeutic treatnent for
human and ani nal p(bp E@ma:,<(”nc4+"ﬂgls}@0bmtse¢]ot necessarily limted to healing
10 acceleration, r ﬁi etc e or chronic pain, and relief of swelling
and/or inflammati rg |é ed cells or tissue cultures can al so be
af fected by el ect r(ﬁp b@'ﬂp@ﬂ@ﬂﬁasd@uﬁﬂ or s (appropri ate eI ectrical stinmuli
have been observedfto nodi fy.the rates of cell bol i secretl on, and
replication), e 1§ B%lF‘&tsﬁr’éi tl"FH}lga‘P?B" tou%%ﬁf%ﬁn. cfriqa Blga a\"&:‘ﬁ?‘bns I n
cont r astadiflitddNS- t ype devices, which are ainmed at bl ocking pain inpulses in
t he nervous 15 system the apparatus operates at a signal |evel which is
bel ow t he normal human threshold |evel: nobst users do not experience any
sensati on dur Aggrdih8a Hﬁéﬁonal%@ﬁéct Bf 2iAvetiBAANeredS pERARA dn”apBéx%Vds%§| y
exi sting pain. The a ratus 1I's believed to operate directl t he
t r eat mengensiatiBg éh’ﬁgwd signeh dndledieg b loast clour tramsf atervels EluEh spid
cyt okin nvolved in cellular responses to various
physi ol o |\§%:hﬁrcb8ﬁ{ ﬁsm ns. This results in increased 20 bl ood fl ow and
i nhi bits furthérst ‘tmﬂnahimhfomgmerattm at fingtatiming insdrval, Titdndreessgondi amieg ng. t he
body' s in Pﬁ:{ Qt heal i ng processes. The output signal is an inportant
feature of {he? ‘present invention. The output signal is

a second timing block for generating a third timing interval T3 and a fourth timing

interval Ty, said intervals T;-Ts having approximately the relationships
(@) 2 xT<Ti<(20x Ty),
(b) 50 psec < (T + T) < 5000 psec,
(c) T3=(10x Ty), and
(d) 0 < T4 < 500 msec; and
an interconnection block operably connected between said first and second timing
blocks, said interconnection block combining said intervals T;-Ty; and
means operably connected to said intercomnection block for using said timing
~ intervals to generate an output signal with said intervals T;-Ts, said output signal having

an amplitude.




a waveform based on at least four timng intervals Ti T4 having the
following relationships: 25 (a) (2 x:T2) < Tl < (20 x T2) GQjuy2dds) : 5
5000 psec (c) T3 Z (10 x T) (d) T4 <_ 500 nsec 30 where the signal has a
first anplitude level Li during interval Tl and a second anplitude.level -
LZ during intervals T. and T4, where intervals Tl and T2 alternate through
interval T3, and where . intervals T. and T4 also alternate. Mre
preferably, the waveformis based on seven timng intervals Ti T" with
three different anplitude |evels as #scribed above. The tining intervals
have, approximately, the 35 follow ng relationships: (a) (2xT2)sTi s(20xT2)
(b) T2 ) : 5 5000 psec (_g} T3z(10xTO 40 (d) O s T4 < 500 nmsec 5 July 2005
WD 03/ 015866 £eprdisgap 26490l aspectept theTByFation, ftherg5i¥geovided @) methed Tor s 500
nmsec (h) : . VAR . 51n a preferred enbodi nent
of the i%e\?g{lgp:ﬁgﬁﬁefegglgglv%élarr’flﬁdn%?ﬁ%ﬁggcq? espﬁ?%l | owm ng sequence: an interval
T5, foll owed geperatingealstleashefopmitimiog interwalsalls- Ty ThavidR) appnakimhiely he an

i nt ervalreilégmsﬁnﬁs timng intervals and anplitude |levels are variabl e,

provi di ng an out put signal that can be adjusted for a w de range of

t herapeuti c appli c@) {(Dn32)<1) <TB6 xdhjpar at us for generating the signal is
anot her i nportant ure t R nt invention. The apparatus includes
timng bl ocks (suc(ﬁ??gé HESCT {Tf‘éhthg%)ssr%]r?)%élgF%bl e multivibrators) for
generating the tinfch@; Bftex Ta), snd preferably connected so that the first
timng bl ock cont r@ia< hg @qecond t(im' ng bl ock through the interconnection
bl ock. The appar at na’gh/‘"r?-‘u TR 40C swi t chi ng bl ock that enables the user
to sel ect fromim@nbti@ing ilfedlaldty geherpRiahibcidalisigndhalibg aft@plialde. (T1, T2),
a plurality of paired values of intervals (T3, T4), and a plurality of
anplitude output levels L1-L3. More preferably, the transition between any

two of | evel satdordihftOUdfoukB HpsctBfa@e aivdntidR, BRASIAPloviiRIH SRk&h hhan
approximately 1/2 T2. | f desired, the _apparatus nay produce a waveform

. he .
wher ei n BEafingHpTebyderlicaion of aeelssiricd wigngh campEilg L4 i ntermedi ate between
L1 and L2. | inédis o @tRrating al@¥pslyingah dMbridde s@AMAb tistuel-shid plall BiRed

on at least four timing intervals having approximately the relationships

@ CxT<T<(20x Ty),

(b) 50 psec < (T + To) <5000 usec,

(¢) T3 2 (10 x T}), and

(d) 0 £ T4 < 500 msec, said timing intervals being used to generate said
electrical signal.




. 20 decay takesilpl ace with a tine constant no | ess than approxi mately 10
times T1. Thus, the output signal is adjustable in both wswedyzodsand
anplitude to suit the needs, of the individual -user and the particular
appl icati onygaf)ekhgr feature of the present invention isphigsiigwysi on of
interval T" during which internediate voltage or current level |., is
presented to the |load rather than | ow 1®vel I... This 25 feature nininizes
t he amount of resented tqg. the | oad (such as tissue being
treated with tﬁg © %é%rmg‘f ﬁqigh?f'{'f{’) LN e F%% riiner st Rt s P iBamd asiyres e
bursts. Stand mginfimesnd eenvenientdb dalrg qr esanfori exwaddd pevidds, t heisfdafd €6r, Whi ch
bl ocks freqmpm&j hoamﬁ@wﬁh&ﬁt@%mo} ekt &Almﬁ% anfifa agkbega%&étgé%%&@r than

t he hlghesd ntl nalla g r b esire nsition
profile or 9¢6H Stenpledndefeliverett G%tcé‘% %FWanmPgﬁuW%cfa@nwk@g direginal
sour ces? antaek‘anﬂpﬂheloaﬂ h8infé érlplowmeftagas ahd derrantssdrel nied Cthp appat-AmCdes ot
resistor ?&sw:l‘hocl@haiéﬂ é\%ﬂ‘?u R SO biRthefM 1 %Reﬁ?suf sheg;byt r&'rﬁjg oSt abl e

device thal sinult eou:q% controls erate o |t|ons
at t enuat es "GEREpRIYC “%f?\lg:%??ﬁ@ﬂ‘toé’ 955 i sg¥eseltvesks afmpe. (or ot her
sel ected fr eque’Fhey:)p,paxamd payebentsed itotpegvide &N vbroy cidtorfiizdbidl efecttoditedpe@izi ng by

t I Shdl 5; t t
| fﬁvg[]i(?n ﬁ%ﬁ?ﬁé ?tgs%ﬁﬁﬁo f %}j&g hid ?lﬁhja%:enémnl(l‘ﬁgmg%i *ﬁS{ nécé Lﬁd{/ %mﬁ&g tQ%eB Zf”can

be conbl neffeHiEraiimots ?:fé’féﬂ't%‘lftﬁ@{‘i‘m\%‘?e?‘@rr eﬁafﬁ%mg@n@e& ’@ﬂam‘@#mﬂacscl%qﬁl stics.
In a pref esoleted enfisodi tissue adtuteh ean nisen b cififectod by blettwhetapsitio gwhVebeiks | S
cont rolle Eclﬁf“c'él t o] on"
ort depaciiioits, BLREL il 1ah® bein B nir) UE AEE DLl bl
"high," r &8&6‘?‘% aq yep "ﬂﬁog)’ rﬂéesftHPﬂrétuﬁ Anay alsor bey ugedsfoy in yitmoepplicationy3/1015866
PCT/ US02/ 28588t ol TEN$ratpe gjene&sabvhﬁ:hal’b e @t bR»blgﬁlg’albam\hﬂplﬂses in the nervous

ch ar acfseri @'Eﬂeﬁs fhter Ega!r:'?:lﬁkcc%(ﬁem% LY 6 :Jl ‘feveﬂ?ﬁikﬁ Esutgs?o“? e no%nal Hghs Ioa I fLggq0ver a

w de rangﬁ ar se |on (0} circuits
with out put¥esi g é"l wersdn AY %‘Bﬁﬂeﬁ‘i&r It ﬁRWU@@I(@@PéerlﬂtaﬁP@%rfroﬂ iacgead®n be
combi ned, tdserpasedu peevidubly edisting pain.o (Thp iippatexve fsObalievedi th lophtdi di@ctynhemyal s T1

t hrough T7trea€ﬁ1e¥1ps1 tﬁruélﬂl'éﬂc?ﬁ glgyreléés fechelﬁlcﬁvfaﬁ%}sl su%ilr & Cé’onsgﬂ : xxr aLion.

Anot her feature 0 he present 1 nven
“readi | y- aRY¥ed i celiutsp responsesyie "B’é?‘tsé?hﬁf@@l’”&@&oﬁbw géwrfé%ﬂtﬁ by ingieesed

appar @0us . blodi ﬂltﬁv ik inhibite firthen inflayimaor 8ethe tWatilenA\Gte( Merddy NekhhrdthgCHE T ent )

power sour n of any suitable adapter), battery power
not only rbg ces tﬁlﬂe&ﬁ?g’q@%ﬁeg ght of the apparatus, but also adds to its

safety 10 and SAseutpi sigaal !ermaor@at fieatriee OﬁﬂGﬂngtmgfemtloeaﬂ‘hemtputﬁgpaloal ly,

the bat t erivesefore tasedoler leasEphrakEfl Atervalt T, CHURRNg KRS A Srelall6RSipal [y noO
‘nmore than once every few vveeks dependi ng on thé out put signal and he

parti eyl ar appli catﬂaj)@ I4 g nlg) patient conpliance and reducing
operating costs. & poss? b iV 26l ectrical i njuries is greatly reduced,
since the gener at or® 0 ps6ts Tomrfelt S§0@ BseaC | i ne current during use, does

not produce high vaok} agegioamg does not
| (d) T, < 500 msec

30  where the signal has a first amplitude level L, during interval T, and a second amplitude level
L, during intervals T, and T,, where intervals T, and T, altemate through interval T,, and
where intervals T, and T, also alternate,

More preferably, the waveform is based on seven timing intervals T,~T,, with three
different amplitude levels as described above. The timing intervals have, approximately, the

35 following relationships:

(@ CxT,)<T =< (20xT,
(b) 50 psec =< (T, + T,) = 5000 psec
(© T,=(10xT)

40 (d) 0=T, <500 msec




15 generate frequencies likely to induce ventricular fibrillation. Only | ow
power l-evels, such as are required to produce therapeuti c sefily2dos, are
applied to the body. Thus, the generator cannot produce an el ectrical
shock hazangogy@Rsdsn the event of a malfunction: as a re%&%hsuzh?@o
invention is suitable for unsupervised honme use. Still another Teature of
the present invention is its versati Ii?y. The conponents of the 20
apparatus are sel ec{ ?%n?f aﬁ to produce an out put waveformw th sel ectabl e
timng intervals TI'®t @U‘é 1 T7 and out put voltage (or current) levels Li
t hrough 4. As not edfaBevB,=Tj ssues may respond in different ways to
different signal fr l@g\@_lir_,ggﬂohgeca pure AC signal, or to an AC signal wth
a superi nposed posiggv or negatlve DC conponent. Simlarly, as shown in
Fig. 3, different fSee‘ETegs y*érjpiﬁja)rsgqorg?@ferent current densities. 25 An
apparatus with an adjustable output signal is useful for a greater variety
of appl i daeipesfesred lgahodiment (of Wierigveation, imierva (f; pudlydes thetfhidovdnhequdnemdan medi cal
pr of essi orlacbﬁalrrgﬂonwéﬂhﬁrat ﬁaﬁ%ﬂ@fﬁ&ﬁm&?ﬂé (19, B) hid‘@eh B hiPthbervaPT,. 2pP Ut put

n

vte

that is adjustable . only in i ude, f outpatient use by their
patients. TH Ol er‘?hc‘b%'gi ar%ll‘f“r&gge Ca HV@ﬁ{el A r}geanuglgputcstg\gpagmgqn % signal
for a gi vedjusipplor 8 wideaangopf therapéutig appliditihs.or  usi ng a keypad to sel ect one

of a plpural i tyTRd appaRnlshier suRldiabliR ﬁﬂnﬁlaﬁoﬁ% RihoRRR teaturd 6F tRNALREY

feature of, the present inventjon js e ability to turn off the output
St gnal . arpipior JBEaeErRer taire hlarks it pritlates Srastole ulv e ar i ¢y
of the si dondencraiing thedioning imdenal, pieferablyvahsected so that the fikh timpigibboek kcottttald ng

i v doal e S HEE IO drORHERY SR LE, -a‘fﬂegﬂg@ﬂ%ﬁ?&ygﬁta
" invention S\Wﬁ%’“gg@o A eohles; e ppgda Séﬁ‘it Ir}TOQHamP‘H? ¢ %E“aé‘pf 0# PR yalues ef ul

- readi A§ ofintetvids BRs (T, Vod ekurafligr of-asiredi valpeowf intheyals (TgnTj)onng reglenliwdof bel ow
and acco jigdk Jﬂ%uuﬁ RGe16r, a-l‘%.nﬂﬁ)re Oﬁ@eﬁﬁl %@%f@n@n@éﬂ-ﬁﬁfnﬂ PSS July
2005 WD 03/ 015866 PCTI US027 26590 11 Ph.the draw ngs. B gs. (1A and 113 are
schemati ¢ ﬂi‘fP'é&b;ig’Fs ﬁ%rf&%‘f’l?rcﬁﬁl%@éﬁo iBrrater thar pREroxgately & T o If dr858% 88, on a

- short and apparatusgndyi predise alvewvefoes pheteinval ymplitudei lgvelsl décahmmarda amatiief Led form
of the vayeloeiObetvkd: 1, 1d L, i thié ca%@,ol\_’.\fm% gfﬁﬁg%foﬁy% tr ! g eat ment

of osteoparosis; Fig. 31Ss a“schemat|cC Vie . . ect” vs. signal

i nt enéﬁt y d("‘&ﬁfﬁiﬁ R]ﬁg)“,"ﬁ'lj? fime gonsfapgag lesy han QPRKB?V@F‘GWMUEE@% B nghyse the

pr ef er r ed oetphicignadsnidjetablelie bth e@aeeform andeaiplitudnto sht thd gRds SAbdindividusit r at es

specific %E@Ql‘?dtﬂ%cu%}%ﬁ neadigveformof Fig. 4, Fig. 6 is a block diagram
accordi

of an apparatus to a preferred enbodj nent of the )
Another feature of the present invention is the provision of interval T., during which

intermediate voltage or current level 1, is presented to the load rather than fow level L,. This

25  feature minimizes the amount of energy which is presented to the load (such as tissue being
treated with the apparatus) during this resting interval between pulse burss.

Still another feature of the present invention is the filter, which blocks frequencies
above a sclected level (i.e., frequencies greater than the highest ones iﬁtcntionaily generated),
to create a desired transition profile or to prevent interference by external high-frequency

30  signal sources. For example, the filter may include a shunt capacitance, a resistor network, a
voltage-controlled current source, or other suitable device that. simultaneously slows and
controls the rate of transitions, attenuates output frequency components above about 50 KHz
(or other selected freqilency), and prevents interference with circuit functioning by external
radio-frequency signals.

35 Yet another feature of the present invention is the use of dual timing blocks to generate
waveforms that can be combined to produce an output waveform having selected
characteristics. In a preferred embodiment of the invention, one of two timing blocks is
controlled by the other: that is, the output of the second block is "on" or "off" depending on
whether the output of the first block is "low" or "high," respectively. This results in a circuit




present invention; Fig. 7 and 8 show an asymretric oscillator ci rcui't and a
dual asymmetric oscillator «circuit, -respectively, both beisunywassl e with
the apparatus of Fig. 6; 15 Fig. 9 shows a plurality of waveforns output by

a particul awoesbesisment of the apparatus of Fig. 6; FigecrdQeansse and 12
show a power supply, a pair of timng (iocks and a voltage swtching
bl ock and fi |ter with associated circuitry, respectively, all being usable

with the S 20 Fig. 1 a sche ic.vie air of
out put wave %\gﬁ éﬂt&li’m%i]tp E&@%&F a8 & aF%%‘%{‘Saﬁ e@?‘?ﬂ"%ﬁﬂ%’ef’f#% \Af\‘fB‘iet 98 1 evels
are adj ustgletsniged QVGf prisigaange by thepevingargileaion of canponenty. D0Yo sich wituits
conponent ; with Gutput 3ighil9 Wavi @Mpﬁﬁt@l@lsbl\é&ecf Qfaﬂbt@ﬁshﬁ?@ancﬂerdémbln@.&' td)];rogﬂcg 12,
T ust o S ASERECEM: By oy fm, W R BleRl Tuifeni D reva Sinishgy o, 1y at
sel ect &d |Q115@F1\¢§¢U§00¥figyraﬁw illustrates a waveformwi th a DC conponent and
peri 0?' C?' ly rQM?F}h@ﬁﬁatuﬁcﬂf?ﬁd ﬁr?sem&l%ubﬁIsaciléﬁ)setdfrd%ﬁ%nﬁgﬁq[l abd Il -afailable

presel ec eat nen ernative form of
the ci rcwel " 1%[}% f‘lt?egwslafal%%vef@w&? fgﬁﬁl gBPf’é?tasu W 3{91’6 nion Bt sed uch as
t hose of PfrlgsACl@thasun@Bspom&cmn@Am\aMow aRYEuENTEPEN, | n t he
fO:c | owi ng tﬁlg@ry q)bxpérln@fbxﬂ)i reBcek ﬂﬁ@ﬂeﬁnd‘»@a m%fmygflﬁ&t bﬁt*ﬂﬁog&n%ﬁgfsté gopﬁ” ons
referepce . 35 numer {9 areegpg d g{ % u urg}ﬁ

of el ement’s, sur? acedof PAPELd fleﬁgo"i'% ey 1cady clﬁ1 aites rheel

portions, r@da*é@eﬁfeauenamm@m@wewym moreethaxdmgc evdre evo weelax pépandisgloy t he
entire withd Qpub BBl k@b p%culfr% ARG Sstuﬂ ?M:Eﬁephm% andPRudpgreral s

used in different dr .C tes t ortion, surface
or area as Pmél}gcoistf r?’\émR?g%%fh{ylﬁﬁF@E @WWS% ﬁ)ﬁ&?d&‘& “WW%EW&FW Mys are
i ntended tet granectsldo tYdetarremiduting he, d@essypepioflicediighovmitapesd amt doek mobe

consi dsr eGegerfof; @ﬁhe@fhkél ﬁ)lﬁ@&d’.‘. W@nﬁﬁxﬂ&?ﬁﬂﬂﬂﬁﬁc@nﬂ;fn oQJerlieI% gﬂb’é y 2005
WO 03/ 015 66 PCT/,US02/ . vention H?E%re ul 112. As

used her eitfy, TeRErd i P eh W%’HF& eals, Al pRRled, fo the b‘)ﬁiéf t h“S’r F"Qkﬁefmrat%p, "
"down, " asanpet produse a:dg:lgmqal/@bclahazlarddmnm el evelt iof w aalfussion:hes eefult,rtef er to

the relat Ilﬂ@nﬂ{nllgﬁﬁléﬂﬁuggupéﬂgﬁedﬁdnllbﬁ_{séat ed structure as the particular
drawi ng figure The present i nventlon I s-'an appar at us

for use in pr o§?®§$?§‘cb{é%t@eé’? |PEGS§‘Et ‘W{?P%ﬂni ig s versadility; o Fhesgompereny i thec at i ons.
The apPar appmsatgsenresckttedsceasvta pekivreran vatpitngavaiopn et veleaible trniag iradrodd By or
quasi r ect ARGHIHAF, andSHFHTSIASE (BULFE 16RRI2 1R, 2 ASHBRE AndVeCAUGACYaPE! OW

-respond in different ways to different signal frequencies, to a pure AC signal, or to an AC

signal with a superimposed positive or negative DC component. Similarly, as shown in Fig.

3, different effects may appear at different current densities.

25 An apparatus with an adjustabie output signal is useful for a greater variety of
applications than one having a fixed output; on the other hand, medical professionals may
prefer a generator having a fixed output, or an output that is adjustable only in magnitude, for
outpafient use by their patients. In one embodiment of the invention, the user can select a
signal for a given application by turning a dial or using a keypad to select one of a plurality of

30  the available signals noted above. -

Yet another feature of the present invention is the ability to turn off the output signal
after a predetermined treatment duration, to reverse the polarity of the signal at predetermined
intervals, or both. An optional timing device allows the user o thereby customize the
treatment for the individual patient.

35 Other features and advantages of the present invention will be apparent to those skilled
in the art from a careful reading of the Best Modes for Carrying Out the Invention presented
below and accompanied by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS




approximately 50 KHz, with frequenci es above a'pproxi mately 50 KHz filtered
out (however, different cut-off freguencies may al so be usefty2005These
pul ses appear in bursts which 10 thensel ves are repeated at a | ower

frequency. wWbaesmgizggacteristics of the waveformare vari Qék}ﬁséﬁﬁgdlt
differing applications or target tissues to be treated, as wl

described further below Referring n to Fig. 4, there S shown a

wavef orm 70 according to a preferred enbodinent of the present invention.
Wavef orm 70, i pekcat.esh y line 72, has seven timng 15 intervals Ti T"

i ndi cated as |nterv§l 4a 74 respectlvel y, and three | evels of voltage
or current L1-F&s ﬂ*ﬁcﬂ“édtBe@feég‘Bmé%V@W?@ﬁ a7gevefopp ysed e yamulating] fsackkiown as

bei ng abowealinlgon dshoftiagd a Fong tikne SoaRyHespebgveinder stood that L1 is not

nece rily e e ct to L2. Interval 'T'
T2 aredr el at oo e 'i?gﬁﬁ?*s‘éfﬁgdzﬁ%@@%%%%@@&? (b) 50 sec's G + T2)
5 5000 sec ( c¥igr3 shovsigwaveform §2§@°P@951%<T55Tr 25 (f) 0 s T6
s T, (g) 0:5 TFigh3Mhschemic ¢y oﬁh@aaxﬁgsffeét (rsTazgﬁalTxﬁeusuyT(Ehph@deﬁoo nmsec That

is, interval 7 T [ seven times,
as long 30 as 14ﬁl%n Qeli%satfa%‘?% &Q(A%% w alccc?rr CP ;t)oo'ﬁcP r&emtd engbuotd%ne@ygfé}% P&tReen
about 5% #YEn®B9% The sumof T, and T. lies in the approxi mate range of

50-50Q0 | asec. Fig Eltsax-\fallﬁsuztésas exﬂmva;ﬂdﬁsc(f%)waveﬁﬂﬂefﬁﬂgom zeroto T, in

| ength. Interv ) east a te s interval 74a
(T,). The sum gﬁg ‘{lq%)dlag%ﬂhof(a? %t&é)%&rﬁ(n%q I etg r bﬁ‘gmﬂé‘n"d‘g{“‘f romb5
nsee to SDGSWGUE’@K&IOHand is preferably about 70 nsec. (It shoul d be

under st ood t hafigt heae 8rsh6gan a@&:ﬁne%& GHRIMAIOK Liftait Qind \badwdESsyMifnettic obdillgbE Si de

t hese ran sef S constraints, any one or
conb nat i Gy ooty B 8AEE etk wHAThERon R SR Tengthe i mel udi ng

zero. 15nt er val BigT® shaws 'ﬁZlJllﬁrdttynOéWamft)mmthlﬁd‘-’YCycﬂa@cmar emfiwdirent of T and so
forth, I eRFRSARIM . 60PPOsi te phases of a rectangul ar wave whose frequency

I|eS|nther 200 40 ' Hz-20 KHz.. Sim i,nterval s T5, T6
ey o P L T BRI A0 el o2 K S W o Y VAEL S 0T
PCTI US02/ eeding WigckTandafifter swithfassotinted copuitg.eresricniiveln elf dsiop weabishwistbdhd n a :
t hree- pha§ Me&?ge frequency lies between approxi mately 5-50 Hz. Each

]
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Fig. 14 illustrates a waveform wherem the voltage levels are adjusted so as fo produce
a strong direct current (DC) signal component;
Fig. 15 shows an alternative form of the circuitry of Fig. 12, designed for generation
of the signal of Fig. 14;
25 . Fig. 16A and 16B illustrate a waveform with a DC component which is reversed in
polarity at selected intervals;
Fig. 17 illustrates a waveform with a DC component and periodically reversed
polarity which is also turned off after a preselected length of treatment; and
Fig. 18 shows an alternative form of the circuit of Figure 11, designed for generation
30 of waveforms such as those of Figs. 15 and 16.

BEST MODES FOR CARRYING OUT THE INVENTION

In the followilig description of best modes for carrying out the invention, reference

'35 numerals are used to identify structural elements, portions of elements, surfaces or areas in
the drawings, as such elements, portions, surfaces or areas may be further described or
explained by the entire written specification. For consistency, whenever the same numeral is

used in different drawings, it indicates the same element, portion, surface or area as when

first used. Unless otherwise indicated, the drawings are intended to be read together with the

40  specification, and are to be considered a portion of the entire wriften description of this




and T. alternating as described above, and ending with a single interval T.
whose end 5 coincides with that of interval T3, so that a mBepiye@stative
(if atypically short) exanple mght be T5, T' T2, T1, T2, T6. Intervals T4

and T7, 7"29)0913{%%5@&, are not so subdivided. First and '?‘2‘9‘9@8’6%5 (\?/telasi hl

(level L2 (level 76b) of voltage or current a
pol arity and define a range betweenlZhem which, within tissue undergoing
treatment with waveform 70, typically spans a few mv/cm (voltage) or a few

pAl cn? inventienas reeiined B B.G Hi B2r dysgeed hegein, thiviernas "horzeapl.| Oveatidal” a fourth

vol t ﬁg E"1&TE," ﬁgﬁt['?‘ﬂip,‘q 'Ql;é@*nl-fs \Oélﬁageidjectli_@ im;%ia( li&Rlived @Rjeof, afech @F gf t \r/]\h:_g h
ma av, any. val.ue W | range | or. n a |1 C 1 O (0]

an)(; L4 tﬁ%gl%ige 4 ?n%tﬁonlﬁgrt#]enlémgm(tz%r%ﬂ%tfug a@'é@% 8%?%%‘7‘8? &.ﬂlg‘mﬁfta‘feﬁgﬁ%/ol tage or

currentr unmes level L1 (i.e., level 76a) during intervals Tl, T. and T6,

leved L2 (76 pebgéit NFehtiings Y bparhtis F0ust4n priiliinglGiodl&We! simbBré fiCd during

interval .T7. i( ntleri\:lal T3]Eh| S SUbEJI vi ded, as prev ouslh%)ﬂst ated.. transition
bet ween‘&/5Vt SgdPRI- AU ent"®1 BRPEFES ppEPEIALE yw%vﬁtoln(?xi P& SPERAIAS I ent i al
decay redaustldr ohquasioetingulsr, asymmetsic pulses condedint a tchpses Sregiemay dwelowsi xt h of
T2. Nbr@pﬁ&ﬁfga@dlﬁm KHz% mStg er elEleCbaed a%@ioxin%it%?gﬁliﬁﬁ fAIRRY oﬁpalbhta&er{ L equency
. conponept.s ove..abou ar S ressed. ere conveni ent,.. e

oot gt Y G e ol B, SotBY TSR el aviel Do aien
ex péherthémadelvps arpnepentadiat plowdrdesquenssit  Thee bhagastegigtidsaof the wiameformpaee ant t

gr eat eryalifiddto 5BNditfeR®sS applicatibi® of RERY 1ikubE 1 8P HeRd, 14 wilSvdlatdcnsss as the
peri Od\}ﬁﬁfl va/m ch the difference between the indicated quanti.ty and its

final 8ps by a factor of e, or approximtely 2.71828. After a time

equal to on&efarming nondo &ig. 4, tthee éf ghown 2 wevefpini 0 encedingity dmpogfpred t o 25
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wavefornms of Fiq.- 4412[? ﬂfg éfelgs %ﬁ% 30 inclusion of output interval T7

(74g) ,. rﬁsﬁﬁtﬁ%’:nﬁf'@ﬂ’ SnoetRuiate Wt P8&e or current level L3. (76d) is

presented to the output or to the tissue being treated rather than | ow

| evd@ L2 (76b). @Hxgulpdse @ xThHis change is to mninize the amount of

“energy which is '@U)ega)qﬁ,geg('rlopmg 50084864 al being treated during-this
resting interval cgelt\ge@axpiu#se bursts. Reference to line 38 in Fig. 1, for
exanpl e, shows t% t3a 'srgnitti cant anount of charge 35 remains on output

‘capacitors or ot{#®r0£i, £&PPmgeadevi ces, and decays exponentially during
interval 36 betvx@gem)@qr;gq bursts. In Fig. 4, in contrast, interval T4 (74d)

defj.nes a -negatiiﬁa vali zi ng" pul se at voltage or current |level LZ which
F o Tl

subfstantially ne Lany charge left on such devices. Once such

neutralization hé @alfesSpPases transition is made to level L3 (76¢) 5 July
2005  (b) 5 msec= (T, + T, + T,) < 500 msec

That is, interval 74a (T,) is between 2-20 times, preferably about seven times, as long

30 as interval 74b (T,), corresponding to duty cycles between about 5% and 33%. The sum of
T, and T, lies in the approximate range of 50-5000 psec. Intervals 74e-(T.} and 74f (T)
range from zero to T, in length. Interval 74c (T,) is at least approximately ten times interval

74a (T,). The sum of 74¢'(T5), 74d (T,) and 74g (T,) lies in the range from 5 msee to 500
msec, and is preferably about 70 msec. (It sﬁould be understood that these ranges are

35  approximate; values of T,-T, outside these ranges may also be useful.) Subject to these
constraints, any one or combination of _T4,' T,, T,, and T, may each have any length,

' including zero,

Intervals T, and T, form an alternating cycle T,, T,, T}, T, and so forth, representing

opposite phases of a rectangular wave whose frequency lies in the range from about 200

40 “H,-20 KH. Similarly, intervals Ts;Ts and T; form an alternating cycle Ts,Ts,T7,Ts,Ts "
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during interval T7 (74g), which makes up the renmainder of &gy 2005 ng
cycle. Note that waveform 70 as shown in Fig. 4 shows no transition between
interval T.yo@hlsdspe first interval T, within any given 3, since
wavef or m 70 as Fevel L, during 5 bot h T, and T5. Siml b@f‘)%&dé?zkw%
approaches zero within a fraction of thd nornal transition time, there is
no transiti on SI waveform 70 has l.evel, LZ during both interval T2 and
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current | evel an I .nt.erval t| vet?lg, as shown
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pul se burs T3 ;S tlvely short conpared to T" so that t he
pul se burseip hégg?zﬁéﬁhﬂo a:f':dL mﬁg?% srrall portion of the total time. For

conparison, a \%‘0&3 6rcﬁﬁﬂB’@@ e pf VBE? Omﬁpeﬁ@npﬁaaevw Qo assumssdevske L, bur st s
in which T@elj setvaelsatdmlmg MitehAndr cwymn@detepLQTﬁzsbﬁmsrﬁlgaﬁteivm TQHJ](E'F lg%u s;;
occupy; [ ar r 1 g.
SFy T o bR T 060 Yyl Bl T [ ol tfg#%atbidé‘gt‘egnaww“t“wﬁfegé T2, 15,
T. and T7 tempitieppateesatvoliegecdr swkntnlgvelshpreiegblycanpraximyesiaw eponentichdecaime as
w?s sho¥m toﬁﬁtg‘(t)ﬂe(h!dﬁ lierell Wit Gime &ﬁtsta le@s ﬂlaprhlle'sﬁxtﬁ‘éffff NGHY gfeferrm)s wah as ﬁne
Oor waver or s nera V. a con nuo orm suc ’
as wavefor mEBfﬂ"bLﬁ[é g?'b(t"ﬁg; s%aq]%ete St 031' co’gﬂ%fmf’tf "’hﬁ ﬁ% Sﬁ%gtzf Ttive.
The opti masppressed: rr%@repwm@mt, the peltags ODW@nhanB@aclmuChamnmm mighelbadi ng
the coudi tde@djr exPRLRBIY (SRS, an6viddianitisidh R¥R R tnd nsthit@QLRRE thal ¢ Wi | |

be apparent tha speC|f|c 30 enbodi nents of the general waveform 70 in
addi tion t3¥R8de shown in Figs. 5A -F are wthin the spirit of the
- present invent L ben decwh dimgbeppsiantes dy défadd wavtes perindndayinige whishfthe wiffecent® be

" char ge- bajeaneehe mdtdaaa hﬁmcy mensl il N A6 &[%Bs 8§ TfactEFo@QdoMp }oﬁm&?yses the
sunmed cu zg,ﬁrgé 0 ‘gmar ar| i ong petil g} aéeélltjt}ee tmei(;a|s (? Zero or
t her eabout §n E’rt"h % fi erFQ“ Gt RTEROF D TR WFS s 35 of
negat i2be ahbout@i® o qbat & vahet ﬂlb atag,e After Gineegimtectomstants,olie dlfmehcepe downigo of
posi tive GY&It8GL and e decay may be considered substantially complete. For a transition between

voliage or current levels, this decay preferably takes place in about 15 psec or one-half of T,
whichever is shorter. :

A major point of difference between the waveforms of Fig. 4 and Fig. 1 is the

- 30 inclusion of output interval T, (74g), during which intermediate voltage or current level L,

(76d) is presented to the output or to the tissue being treated rather than low level L, (76b).

The purpose of this change is to minimize the amount of energy which is presented to the
material being treated during this resting interval between pulse bursts.

| Reference to line 38 in Fig. 1, for example, shows that a significant amount of charge

35 remains on output capacitors or other filtering devices, and decays exponentially during

interval 36 between pulse bursts. In Fig, 4, in contrast, interval T, (74d) defines a negativé

"equalizing" pulse at voltage or current level L, which substantially neutralizes any charge left

| on such devices. Once such neutralization has taken place, transition is made to level L, (76¢)




such a charge bal anced case, there is no DC conponent and the signal
consists of substantially pure AC. Charge may be bal anceds Jur2085anpl e,
ei ther by placing DC bl ocking capacitors in the output path, or by setting

Lj to zero,wboz@Bghsl2 equal but with opposite 5 July 200pcr/Wéd.833ep15866 -
PCT/ US02/ 26590 15 polarities, and T4 = TS + T6 + all T, s - all T2s so

that equal anpunts of tinme are spent at? L, and L2 in each cycle. For any
waveform 7 O0a-80f . one. or # araneters C s _the sum of

o erval's b B i gein Qi NP EEuBANATE R P S B B g 1
may be varkmaindesef thetimimgicydel ar applications. For exanple, L, and L2 nay be
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optimal cuytrent densities of various tissues.” 10 ndi ti ons“believed to be
treatable With a wavef orm such as 70 or 80a-80f include, but are not

necessarily |i uispedalicase of the dbovd-doatritgd wWaweforni isctbdtim ehich dmtredlp®y, 35 ¥, acute
pain,  chrgAirC AP ipfoactSXR], Inldhe 1l RIS WiVARREL doffnucld fulbd i HGRT-0h

di sorders ,such as.tendonitis I ncl.udi ng, car pal.. tunpel syndrone and ot her
fepet 10 v astiern Bt e¥ulnty Sibiadar R T, bl taretiyes. SR oRE pe
“under st oodn FigafAnn thiseasefl; (M) ofnd wgvdforme®Oaahay bBlooifsideagiidio havevaytlegsl cur r ent
|l evel s L, -“l;gcl{iganjﬂ{e@laﬂl},ulgﬂgomgglﬂéojf-plrangrpza_ati ngI all (or even m)s]'E) of these
condi tions. Accel erated healing o unds, inyolving a varie of tissue
types and resuﬁb‘ldf”ﬁﬁ“ éﬂepiﬁgﬁﬂﬁpfgmc{ltﬁ\ggﬁﬁwgprm Fé'r?f‘ﬁﬂ’é‘ He‘t“aﬁ‘ags\veé%'gndf‘?ﬁ ons
such as dickhiét, €8 timeinytersdisamdlveltze develd i eaaly watef@at siowh invilicke Figures aenmt 72 or
80a- 8Q5. _Hilia9lapbeh wgv&gnpﬂ?bb@ﬁg?gmw?#&e&g ¥ sinkfe pufte bRS! inS¥iRch That
appropriate val tage/current .(evels and timng.intervals may.be used to
treat a 265w ygas?%wwgfm ot 5 s coBAGRS T YEY ¥ H wﬁiﬁsoper
rates or. iHobabrapaisen, arwaveiotm 80e (i cdiC)smepresatsresingie polse baysi incebiclo, ior whi ch
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under st oo e _opt i mum waveform characterjstic each . particul ar
application ar & wasformPadrig ) donregats (e sRBIPisk Pt ByrstopR arljeht lods and
exper 2entrelitvely.sh@beotnpard ef Dt 50 thatxhe plilsedutsts dchepypnBserdativedy emill poatiorsuch as

f - it
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i nterval s whdiforin WOEH 2 @n® lof Clidvefotins SSOLL80 95 pelthrdlly @gRARIbH, €6 caftimuliput
waveform such ag waveform 80f using the same values of T, and T, may also be effective.
The optimum treatment protocol depends on a number of factors, including the condition
being treated and the time available for treatment. Tt will be apparent that specific
30 embodiments of the general waveform 70 in addition to those shown in Figs. 5A-F are
within the spirit of the present invention. ' '
The above-described waveform may be configured to be "charge-balanced,” that is,
the interaction of T,~T, and L,;-L,, canses the summed current over an arbitrarily long period
of treatment to be zero or thereabouts, since the charge leaving an electrode during all periods
35  of negative current equals the charge which enters it over all periods of positive current. In
such a charge balanced case, there is no DC component and the signal consists of
substantially pure AC. Charge may be balanced, for example, either by placing DC-blocking
- capacitors in the output path, or by setting I, to zero, L, and L, equal but with opposite




signal at usable intensity; an optional adjustnent block 100 for nodifying
the signal timng and intensity (i.e., anplitude); a filt&rJuhO20shi ch
renoves unwant ed signal conponents and preferably also sets transition and
decay time wgRghaslsS: a connection block 104 which passegcpRsdigsof| gnal out
to a load 106 (cell culture, tissue, oyganismor part thereo? etc.); and a
power supply 108 which provi des energy as needed to enabl e the ot her
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- signal so | e | ude a
shunt capét‘c PRt ScLiflon 8 sGRONER, i Fac B TR ) iy #%%gﬁg%ate@%
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the. rate %k LAdsliions, to attenuate output frequency conponents above
about 50 35K and to prevent interference with circuit functioning by
any r i o- f r eqhrr¥gfosmgeeording todhe Present igwention. Bigh &5 waveforms 70 or 80a—80f,

- can be generated with an apparatus such as apparatus 90, shown in block diagram form in

Fig. 6. Apparatus 90 includes a first timing block 92 which generates a succession of
intervals T, and T,, and optionally also T, and T; a second timing block 94 which generates a
succession of intervals T, and optiopally also T, and T.; an interconnection block 96 which
30  combines the signals from blocks 92 and 94 so that the succession of intervals T, and T,
appears only during intervais T,; a voltage or current switch 98 ‘which generates an output
signal at usable intensity; an optional adjustment block 100 for modifying the signal timing
and intensity (i.e., amplitude); a filter 102 which removes unwanted signal components and
_ preferably also sets transition and decay time constants; a connection block 104 which passes
35  the signal out to a load 106 (cell culture, tissue, organism or part thereof, etc.); and a power
supply 108 which provides energy as needed to enable the other components of apparatus 90

to perform their functions.
When present, adjustment block 100 may provide the capability of selecting from
among a plurality of alternative, paired values of intervals T, and T,, of intervals T, and T,,




Filter 102 may al so include any Sui tabl e type of rectifier for converting
an otherw se biphasic output with no net DC content into & July 2005
quasi - nonophasi ¢ output with controlled DC content (as may be desirable

for. some wowpdsheedsi Ng applications). If rectification i $CHiREh62030 SW tch
may al so be provided by which rectificgtion nmay be turned on or off as may

be needed for a specific case or phase of treat ment. Wth rectification,

it may be co nt..t.o nat e ter or.; t set ut ut levels I.,
o L3+ o1 R U s BB BlolinRresghl Bt Bureb gl S e ;B AT CL° 11
of Fig. 6 obaygeise crpmranwﬁmtenm of appyratos %whxlw meintziningea yelmmv@mscycw@ or
e A R b""’*@?ﬁf‘ﬁmm D Ty X cAE 3k O S

e or conn R RlsgErroRi S Rty ti e AR RS | ped
in U S5 Pasevveforpd0fs, 217, 009 (i ncorporated herein by reference).
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- Fig. 6. Usbithg?Rnitheoigad| ementary outputs 124a and 124b in di fferenti al
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biphasic output with no net DC content mto a qua51-monopha310 output with controlled DC

content (as may be desirable for some wound-healing applications). If rectification is used, a

30  switch may aiso be provided by which rectification may be turned on or off as majr be needed

for a specific case or phase of treatment. With rectification, it may be convenijent to eliminate

interval T,, or to set output levels L, and L, relatively close together.

Blocks 92, 94, 96, 98, 100, 102, 104, 108 of Fig. 6 may be implemented in any of a

. wide variety of ways. For example, fiming blocks 92 and 94 may both be astable

35 multivibrators whose outputs are further processed by digital logic, constituting
interconnection block 96, in approximately the manner which was described in U.S. Patent -

No. 5,217,009 (incorporated herein by reference). Alternatively, timing block 92 may be an

astable multivibrator with timing block 94 then derived from block 92 digitally, for example,

_ by a frequency-divider chain. Timing blocks 92 and 94 may both be derived digitally from a




supply voltage. Wth a diode 130 connected as shown, and' negl ecting

noni deal behavior of circuit conponents: 25 T1=1.1xR1C, B2rdyl200%
O/(1/Rl+ 1/R2), F= 1/(T,+T2), and D=T,/(T, +T2) 30 where T1 is the

"hi gh" out Rih ofkeed Of waveform 124a, T2 its "I ow' out pPErpehhedy R1 the
val ue of resistor 128a, R2 that of resjstor 128b, C that ? capaci tor 126,
F-the oscillation frequency and D thet’d uty cycl e, pI’OVI ded that R3, the
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_ Such an oscillator can function as either timing block 92 or timing block 94 in Fig. 6. Using
20  the complementary outputs 124a and 124b in differential mode, rather than either of the
outputs against a fixed potential, yields a peak-to-peak output voltage of nearly twice the

supply voltage.
With a diode 130 connected as shown, and’neglecting nonideal behavior of circuit
components:
25
TI=11xR;C,
T,=(1.Ix C)/(1/Ry + 1/Ryp),
F=1/(T, +T,), and
D=T,/(T, +T,)

30 - where Ty is the "high" output period of waveform 124a, T, its "low" output period, Ry the
value of resistor 128a, Ry that of resistor 128b, C that of capacitor 126, F the oscillation
frequency and D the duty cycle, provided that Rz, the value of fesistor 128c, is large

_ compared with R; and Rp. For waveform 124b, T and T, are reversed. Tj and T, are also
'35 reversed in both waveforms if the polarity of diode 130 is reversed.

' Suitable values for these components may be found by first specifying a practical
nonpolarized capacitor value typical}y in the range from about 100 pF to about 1 pF;
calculating Ry and Rp from the equations
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54 = 130156nl@0uiBP a-selBctbd phas of B (6@ -fF@udBy Isdiftion Eiter TH&r AYY thGeby 0 150 -
0 154 159&1&9&2ng 2QvadetbPB similf to that shown in Fig. 1. Such an interconnected pair of
' oscillators 120a, 120b, shown in Fig. _8, can function as timing block 92 and 94 of Fig. 6,

with the connection between the two oscillators serving simultaneously as interconnection

block 96. An advantage of this approach is that, since the power consumption of a CMOS
25  circuit (neglecting output loading) is strongly dependent on the operating frequency, turning
off the higher-frequency oscillator except during that portion of the lower-frequency -
oscillation when it is needed minimizes the power consumption. '
Two such coupled CMOS oscillators can also be used to generate the equalizing pulse
of interval T,, More preferably, the two complementary outputs of the higher-frequency
30 . oscillator are buffered and transformed by an added, mixed analog and digital stage so that
they generate oufput voltage or current level L, when in one set of opposite logic states,
another voltage or current level L, when in the opposite set, and a third level L, when, at the
end of interval T,, both outputs are brought to like logic states.
In a preferred embodiment, apparatus 90 generates a plurality of specific waveforms
35 aimed at various bjomedical applications, including but not necessarily limited to fracture
healing, pain relief, and osteoporosis treatment. For example, a particular embodiment of
apparatus 90 may generate the six waveforms illustrated in Fig, 9, in any of a plurality of
user-selectable intensities. Here, waveforms 150, 152, and 154 are pulse-burst type
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“Timing accuracy for the example of Table 1 is about + 10% or 20 psec, whichever is Iarger.
An apparafus 90 with these timing intervals has been cleared by the U.S. Food and Drug
Administration for use in the relief of chronic pain. Different timing intervals may also be
25  useful for some applications.

When one CMOS oscillator of this fype controls another in the manner shown,
interval T is the starting delay of the higher-frequency oscillator at the start of a pulse burst
and is typically about one-fourth of interval T,, while interval T is simply that portion of the
last interval T, which remains at the end of interval T,. Hence, no attempt is made to define

30 T, beyond what has already been given. Intervals T;, T, and T, have the same values for all
three pulse-burst waveforms; for the continuous waveforms, interval T3 is undefined while T,
and T, are both zero.

Intervals T, and T, are selected so that, for a pulse-burst type waveform, each burst
may be divided either into approximately 6-8 pulses ("low modulation") as in waveform

35 150, approximately 15-32 pulses ("medium modulation”) as in waveform 152, or
approximately 35~72 pulses ("high modulation") as in waveform 154. The same values of
intervals T, and T, are used in the corresponding continuous pulse-train waveforms.

To compensate for variable tissue cross-sections to be treated or differing optimal
current densities of various tissues, preset intensities for each waveform may be provided as

40  shown in Table 2. '
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may al SO éb?rekﬁ)ﬁﬁiﬁé to each of blocks 92-108 of Fig. 6, examples of which will be set forth
below. While specific, preferred through-hole type parts numbers are sometimes given in the
30 following descriptions, it should be understood that different components (including surface-
mount type devices) and components manufactured according to differing technologies may
also be useful. Resistors are typically 1/4-watt, metal or metal-oxide film types with 1%
tolerance unless stated otherwise.
Power supply 108, shown in Fig, 10, includes a replaceabl:a battery 172; a three-
35  position, on/off and function selector switch 174; a steering diode 176 for function selection;
a pair of blocking diodes 178a and 178b to prevent damage should battery 174 be inserted
backwards; and an electrolytic bypass capacitor 180 which provides a charge reservoir for

circuit operation. No adapter, socket or other device for external power input is provided. In
a preferred embodiment of the invention, the battery compartment for battery 172 is designed
40 so that apparatus 90 operates only when the compartment is closed.
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202: type with a capacity of at least approximately 100 uF at 10 volts DC or higher.
o Fig. 11 shows timing blocks 92 and 94 in the same configuration previously shown
in Fig. 8. First timing block 92 includes two CMOS logic gates 190 and 192; three resistors
194a, 194b and 194c; a capacitor 196; and a diode 198. These components form an astable,
-30  asymmetric multivibrator as shown in Fig. 6. Gates 190 and 192 may be two of the four 2-
input NAND gates in a CD4011B quad package, connected with lines 184 and 186 as

positive and negative supply, and preferably with each gate having one input tied "high" so

that it functions as a simple inverter with minimal input and supply currents. Alternatively, an
inverter may be formed by tying both gate inputs together.

35 By way of example, resistors 194a, 194b and 194c may have values of 732 KQ, 212
KQ, and 2.2 MQ, respectively, with tolerances of x1%. Capacitor 196 may be a

polypropylene or polyester film type capacitor with a value of approximately 0.100 pF at
32% tolerance. These components yield a control signal with a relatively low duty cycle, as
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in Fig. 7) with a low duty cycIe on line 210a and 2 correspondingly high duty cycle on line
. 210b. Alternatively, reversing diode 208 reverses this relationship while the outputs remain
complementary.

For example, resistors 204a, 204b and 204¢ may have values of 147 K&, 154 KQ,

30 and 2.2 MQ respectively, with tolerances of +1%. Capacitors 206a, 206b and 206c are

preferably polypropylene or polyester film types with 2% tolerances and values of .0068

uF, .0027 pF and .001 pF, respectively. These components yield pulse trains with high duty

cycles and with approximately frequencies of 600 Hz, 1,600 Hz, and 4,000 Hz, respectively.

Diode 208 is a small general-purpose silicon rectifier, preferably a BAV19 or close functional

35~ equivalent.*The optimum values of any circuit components provided herein as examples may

differ depending on the type of device, manufacturer, lot number, and so forth, and may be
found by a modest amount of experimentation for each particular application

Voltage switching block 98, filter 102, an associated part of adjustment block 100,

and connection block 104 are shown together in Fig. 12. Voltage switching block 98
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When this curve reaches, zero, acltors 240 ({1% chgrge
which both lines are bridged by capacitor 246. The function of resistors 244:1 an

capacitor 246 is to filter out unwanted high-frequency signal components of signals leaving

30 the inverters, while simultaneously blocking the entry of outside high-frequency signals
which might interfere with device functioning. The corner frequernicy of the resulting filter is
preferably about 50 KHz. Dividing the resistance equally between resistors 244a and 244b
also enhances safety, since even if any one component should fail, the current will still be
timited to a safe level.

35 After the end of a given pulse burst, capacitors 240a-240d discharge, as indicated by
line 38 of Fig. 1 over interval 36, with a time constant which is set in part by the component
values in filter 102 and the properties of load 106. When this curve reaches zero, capacitors
2402-240d hold no net charge.
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30  and 226b are small general-purpose silicon rectifiers, preferably BAV19s or similar devices.

Fig. 13 illustrates the approximate waveforms 70 and 80 which are produced by the

above-described circuit under pulsed and continuous operation, respectwely The voltage

 "droop” (that is, decay toward intermediate level L,) is caused by the finite charge capacity of
the DC-blocking capacitors.

35 For some applications, such as stimulation of wound healing, it may be convenient to
superimpose a confrolled amount of DC upon waveform 70 rather than to suppress the DC
content of the output, or to provide the ability to do so as an option. Preferably, the DC bias
of the waveform is shifted without diminishing its amplitude. Diode 250 provides a simple
rectification device by which this can be done, while switch 252 provides the flexibility of
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proportion to the current flowing. This provides an indication simultaneously that the battery

and cond

is providing adequate operating voltage, that all circuit blocks which it powers are functioning
correctly, and that wires 274a and 274b and conductive block 276a and 276b are connected
30  correctly to load 106. _

_ Wires 274a and 274b are multistranded, fatigue-resistant wires, for example, 22
AWG equivalent wires with 30/37 stranding, insulated with a tough but flexible
nonconductive material such as PVC. Their lengths may be chosen as needed for a specific
application. Wires 274a and 274b, or sections thereof, may optionally be made removable

35  from the remainder of the apparatus as shown, for example, by means of appropriate, FDA-
acceptable plugs and sockets. Bach of the wires may terminate in a 2 mm (0.080") diameter
metal pin, miniature alligator clip or other device by which easy connection may be made to
conductive blocks 276a and 276b. ' |
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this case across a resistor 308 plus a small parasitic resistance (typically about 10 £) in the

base-emitter path. The resulting collector current thus equals about 0.65 volt divided by the
value of a resistor 308 plus 10 Q, unless limited by other components in the current path.
30 Transistor 302 therefore sets a maximum limit on the output current.

Similarly, when voltage 210b is high, the current passing through resistor 300b and
diodes 306¢ and 306d sets the base of an NPN transistor 304 two diode drops above negative
supply rail 186. Again, the base-emitter junction cancels one diode drop, while the other
appears between the emitter and rail 186. In this case, a switch 310 allows any one of a

35 plurality of resistors 312a, 312b, . . . to be selected. Alternatively, some combination of one
or more resistors 312a, 312b, . . . might be selected, or a continuously variable resistance
might be substituted. The resuiting collector current is about one diode drop divided by the

selected resistance plus 10 €2, unless limited by other components.
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~ being selected by switch 310. For three resistors 312a, 312b and 312c as shown, whose
values increase in logarithmic steps, the current in load 106 therefore decreases in proportion
30  as indicated by simplified waveform diagrams 322a, 322b and 322c respectively. Should
transistor 304 fail, transistor 302 takes over and majntaiﬁs current limiting at a safe, though’
no longer user-selectable level. Altematively, switch 310 and resistors 312a, 312b, . . .
could be connected instead to transistor 302 in place of resistor 308, or switch 310 might be a
. double-pole type with resistors 312a, 312b, . . . duplicated for both transistors
35 As described above, light-emitting diode 270 monitors the output current and signals,

by its flashing, that all connections are secure, the baitery is good and curmrent is being
delivered fo load 106. However, since current flows in only one direction between the output
terminals (out of the collector of transistor 302, through wire 274a, material 106, wire 274b,
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the AC Wﬁ@@rﬁbw% oft! 2ferda?, thEVEESE 1vDCuring the pulses and the level during the
' intervals between them switch places so that the time-averaged DC component is also
reversed in polarity while remaining roughly constant in amplitude.
Fig. 16B shows waveform 330 for a longer period, including three reversals 342a,
- 30 342b and 342c, illustrating how the voltage level during the pulses and the level in the

intervals between them repeatedly switch places. For purposes of illustration, only five pulse

trains are shown during each period between reversals. In a real application, however, the
number of pulse trains between reversals would more likely be several thousands or tens of
thousands.

35 For some applications, as in treatment during sleep in conditions for which a treatment
petiod of less than eight hours has been found optimal, it may be useful to tum off the
treatment unit after a selected length of time. Fig. 17 illustrates a waveform 332 similar to
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through logic gates 360a and 360b, of the same kind as gate 192 and fed by the same control signal
350, Such gates produce outputs 362a and 362b which are complementary in one state of
signal 350 but equal, yielding a zero output, in the other. For example, using NOR gates as

30  shown, outputs 362a and 362b are complementary so long as signal 350 remains at logic
low, but both drop to zero, yielding zero output, when signal 350 changes to logic high.

Signals 362a and 362b may then be connected to additional filtering and output
components, for example taking the form which was shown in Fig. 18 with the deletions
suggested in the text for DC-biased operation.

35 For charge-balanced operation with antomatic turnoff, gates 362, 358, 360a and 360b
may be eliminated, control line 350 and gate 192 retained as shown in Fig. 18, and signals
210a and 210b taken from the pulse oscillator as shown in Fig. 11 and filtered as shown in
Fig. 12. The simple shutdown of the control oscillator by signal 350, cansing in tumn a
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housing of molded plastic or other suitable material, preferably a housing with a pocket clip
or other means for convenient mounting to a bandage, cast, wrist or other band, or article of

clothing. Most preferably, the housing is no larger than necessary to hold the described

30  devices and the circuit board or boards which bear them. Suitable housings need be no larger
than approximately 5 cm x 6 cm x 2 cm (about 2.0" x 2.5" x 0.75") or thereabouts. Smaller
housings may be useful if some or all of the described functions of apparatus 90 are
implemented using surface-mount components, rather than the through- “hole ones which have
in some cases been identified in the descriptions above.

35 Apparatus 90 is lightweight, compact, self-contained, cost-effective to manufacture
and maintain, and convenient to carry or wear for extended periods. It is safe for
unsupervised home use without the need for special training, and able to generate the signals
Just described and deliver them efficiently through conductive pads making direct contact with

~ the skin. Since only low voltages and currents are used, apparatus 90 does not pose a shock




Simlarly, dividing the preferred control-oscillator frequency by 2" yields
a shutoff signal 350 becom ng active after approxi mately 15 hdw2006nd 13

m nut es, by 218 after 2 hours and 26 m nutes, by 2" after 4 hours and 51
m nutes, anORYOB8E after 9 hours and 43 ninutes. Agai n,porisssssant erval s
will Iikel y suffice for many applicatizgns, although different 15 divider
circuitry (including circuitry that provides different intervals) nay be

used if dasdafdeeven yﬁ%@@%ﬁﬁﬂa&ﬂﬂm@ﬁ Ogwley | i FufnidBe® byt daact bdll RExfehgi@ t he

control o c as.occurred, the control

osci | | at orﬁgtlleglgsglglg% r‘gsrgpl lEént H%’SP?%B?‘““%WF‘%H §f¥%¥kes place. Thus, once
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be confined to use with intact organisns, since isolated cells or tissue
cultures can also be affected by el ectrotherapeutic wavef &rduly Z0pr opri at e
electrical stinmuli have been observed to nodify the rates of cell

nmet abol i smweeswistsson, and replication). Isolated skin cettgsozhesno exanpl e,
m ght be treated with sel ected wavefo??ns in an appropriate nediumto

i ncrease cell 10 proliferation and differentiation in the preparation of

ti ssue- cu f Eg)us skin-graft nmaterial. As another exanple, the
growt h of "bacterra genetically engineered to produce a desirable product,
such as human jnsulin ht be accel erat.e or their secretjon_.of the

desi red produck A%%P@a@@agf Oh§EIPRLE i f g ﬁ’g&a'siﬂc'ﬂlglﬂgé‘tgt‘iﬁegf’%wnﬁvth
respect tmteNm&thveandiemmraﬂptaompnmfg the invention, it is to be realized
that the f the pan

[ nventl on to [ nc?tgélng g??ég%gatllér?fhs%ngg! glt%eé{r'a%; sﬂ" gggﬁn@gﬁe%ﬁf unction
and rranne‘laVH?gaBH@?“&taF wlaliepshipy and use, are deenmed readily apparent and
obvi-ous to one ski I(du)e(tx"ﬂz)tshﬁse(m xTgnd all equivalent relationships to
those illustrated jn @he dr aw Itilgs &g) described in the specification are

i ntended to be encé%‘r)pg g = g 98Ht i nvention. 20 Therefore, the
foregoi ng descri pt |(@r7'[‘;§(mmll)(m&ed as illustrative only of the principles

of the,invention. r , rous nodifications and changes wil |l
r eadi Fy occur to (#oég%éﬁﬂoq%gc; [he art, it is not desired to limt the

i nvention to treenssfefcusies syd rfiming bierealrito pners jap relesistinsignall bawag Mbed, and
accor di ngdnyplingle] suitable nodifications and equivalents nay be resorted
to, falling within the scope of the invention. Thus, it will be apparent to
25 those skilled in the art that many changes and substltutl ons can be nade
to the pref er redTheapproathgasiecitdinglaimde Sertheheemprisingonaantienseably ognactedm t he

spi rits ang sgie eRRraihg hid@nsFoLGRMing dt RYA Bhd mamnte@mwgdu&lghtrpe appended
clainms. 5 July 2005 WD 03/015866 PCT/US02/26590 3 IS CLAIMED |'S: 1.

An apparatus for generating an electrical signal including at |east four
timng intervial EheTapprutus sairesitedisatlaimus wherin isaifl rggrergingungans poducgeaer at i ng

- a set of ﬁraﬁ@%ﬁ anfeﬁlirl’a}ubé Bt il el g lakd qu% fﬁ&her%@ingndiﬂgnh%s Fdtseledtinls S
havi ng app ?,‘iﬁlﬁ? tlgle relationships (a) (2 x T,):5 T1 5 (20 x T2), (b)

50 {. |sec ®5000 psec, (c) T3 ? (10 x T1), and 10 (d) 0 s T4:5
500 n3kc; and neans for using said timng intervals to generate an

electrical si gnalfhefagyarms AtecitBdRlclalnt @ SfurtHer coMPridPAEAL U tAfsthithglseid | N

claim1l, Jielég mgnaltng S5 ng means operabl y connect ed

5. The apparatus as recited in claim 1, further comprising means for reversing a
25  polarity of said electrical signal.

6. The apparatus as recited in claim 1, wherein said elecfrical signal is charge-
balanced so that a total current delivered to a load during freatment is approximately zero,

30 7. The apparatus as recited in claim 1, further compnsmg timing means for shutting
off said electrical signal after a selected period of time.

8. The apparatus as recited in claim 1, wherein said electrical signal further
comprises :
35 a first level L, during said intervals T,, and T,; and
' a second level L, during said intervals T, and T,; , wherein L, and L, have equal
amplitudes and opposite polarities.




15 to said generating nmeans for changing at | east one of said intervals T1
through T4. 3. The apparatus as recited in claim 1, whereiniuba2@0s
generating means produces a plurality of paired values of said intervals
T1 and T2, Wwownsmssssconpri sing neans for selecting one ofpc3Aiseh/1s8vor €d

val ues. 20 4. The apparatus as reci te(r,} inclaim1l, further conprising nmeans
for transmtting said electrical sig 3 to a Ioad 5. The apparatus as '
recited in clajm her s a (o] er.s larity
of “sai d el cot 1y ot PHirs e SR Lol Co RS il SIS o Hp BT LY
sai d el ectiptpreals fl%ﬁhgrr@mnnsesaﬁ éﬁagéhreq)@ddmé@dmgng inkesvalsiT - B1, hid @t lepss ree
delivered aad;maxltﬁﬁﬂgmwwanhgmwngapﬁmhatu tieBlforishps el y zero. 30 7. The
apparatus as reci te@ Qn a.ng further conprising timng nmeans for
shutting off said Gtritayr S|gnal after a selected period of tinme. 8.
The apparatus as r i @edsisil,cl ai m 1, wherein said electrical signal further
conprises : 35 a fl@shgrpv‘esod_lﬁseg%ung said intervals T1, and T5; and a
second |l evel L2 dur,n sal P‘gﬁ and T4; , wherein L1 and L2 have
equal anplitudes afd FOred™®™s July 2005 WO 03/ 015866

PCT/ US02/ 26590 33 9. The apparat us as recited in claim1, wherein said set

of at |east foy 'I‘lierﬁ' hPatug :&H@éﬁé@hﬁd&fﬁ@ Wﬁ[cré&?%& hﬁé?@al &1 fdrﬁ@:séorﬂﬂﬁrséea -
addlti}ﬁnal ti mn rval diti i mng

ee
ot er I < sterch Goab i Aiteare) Ton Py mdmehend BT of e 37 B )"0, 5
T6sT1, (gfolowed By axinte@UTgrsec, and (f) 5 msec <_ (T3 + T4 + T7) < 500
nsec. 10. The apparatus as recited in cI aim 9, wherei n said interval
further conpri a 10 sequenc nt an i.nterv | | oned by at
| east one pai rﬁofﬂfer??%“}r?)tﬁq ‘“‘P%“,’ » F ?T‘S\fé@’(S“BS?Wé]ﬁads {@P{}%{B‘ 1. The
appar at uscaﬁinumlstcpehqemftelpwungﬁaervaﬂséﬁge’m'ISal d intervals T3, T4, and T7 form
a conRki nuous sequence of repeatlng intervals T3, T4, T7. 15 12 The

apparatus as recited in claim e onpri si.ng neans er abl
connected to Yaithegepastut %ﬁ&‘tﬁ%‘&ﬁgﬂ? g’rtr“Etﬁ%{ﬁamﬁﬁs“a% mgan3 Spe C‘B‘Fm‘éeéli d

i.nt er val s tolsaid-gederating meiecfongipagiag atdeastone etsaichdtemalsm -di,m 9, wherein said
generating nmeans produces a

13. The apparatus as recited in claim 9, wherein said generating means produces a
20 plurality of paired values of said intervals T, and T, further comprising means for selecting
one of said paired values.

14. The apparatus as- recited in claiin 9, wherein said amplitude of said electrical
signal further comprises:
25 a first level L, during said intervals T,, T, and T,;
a second level L, during said intervals T, and T,; and
a third level L, during said interval T,, wherein L, is between L, and L,.

15. The apparatus as recited in claim 14, wherein a transition between any two of
30  saidlevels L, through I, has a decay time constant no greater than approximately one-half a
length of said intervai T,. '

16. The apparatus as recited in claim 14, further comprising a fourth level L, said

level L, being intermediate said levels L, and L,, wherein a transition between any of said

35 levels L, through L, and said level L, has a decay time constant no less than approximately 10
times a length of said interval T . |

17. The apparatus as recited in claim 14, furtber comprising means operably
connected to said combining means for changing at least one of said levels L, through L,.




20 plurality of paired values of said intervals T4 and T7, further
conprising neans for selecting one of said paired val ues. Sy J008s
apparatus as recited in claim9, wherein said anplitude of said electrical
signal furtwensmesspri ses: 25 a first level L1 during sai gcrfik@pgabs T1, T5,
and T6; a second |level L2 during said jstervals T2 and T4; and a third

| evel L3 during said interval T7, wherein L3 is between L1 and L2. 15. The
apparatus as recited in claim 14, wherein a transition between any two of

30 said levelssgl ; t4 S . .N0 greater than

appr oxi nmat el c%%e-%%r ?@tﬁﬁgﬁ%@ %gglﬁ%nif#?g}lvae?_é?g{bhilgg r%n S ggiﬁt(ﬁ%t us as
recited i n*oRRegiefiosaid copbining meansior seleching amang@miysalite ofvaluea for gaid dpvels dyel L4
being intehmegilate said |l evels L1 and L2, wherein a transition between any
of saidg 35 levels L1 through L3 and said | evel L4 has a decay tine
constant no Iesa than approxi mately 10 tinmes a length of said interval T.
17. The appar atths Afs apreeatysdlgr igpnegating an electrieal sisndrindleding pisieasty fora divsinpper abl y
connect ed ihtervalaifg-T¢,oiatd apparus®cnGising’ changi ng at | east one of said levels

oparai g as Ak SR o i FIRR e RERRCED o Sntd

connect ed ¥Hvddd conbi ni ng neans for selecting anong a plurality of val ues
ff)r saitd :evel SSTdond tifngUsdtklfor l@erib&tin%\ tﬁﬂpﬁrhﬁigl&ﬁtevaﬂr’rggﬁfdleé &Jukth Gindhl q

el ectrical; ,si j I .east four .tjimng. intervals Ti T4, sai
appar at us 1%@%%5*@%&%% ?%sﬁ%ﬂlﬁga% T #SFCI%@H@HEH ng a first tining
interval Tl and a &8 TisTirg(20ixkbrval T2; 10 a second timing bl ock for

generating a third t{m i r nd a fourth timng interval T4,
said intervals Ti 5%2\9%‘1’9 pﬁ\rﬁgifﬁgg)@ﬁf’ct he rel ationships (a) (2 x T2) s

Tl s (20 x T2), (b)(cp®, psHExS,)(dll + T2) s 5000 psec, (c) T3~- (10xT1), and

15 (d);50:5 T4:5 50 ecr 2 interconnecti on bl ock operably connected
bet ween sai d fi r_stqgjr:g%é‘c'b“ﬁg)rﬁ%?ﬁa%cgl bl ocks, said interconnection bl ock

conbi ni ng sai ¢ Hegtopracyony blogig opeiphly pemapgehpriwed] spidcirshend eetond tigwigd
i nt er connélicks) Baidineedonhe@tionBlodigcofdinihg shidiimervhlaTEMY;3h8 tO0 generate an
Qut Pt S9! kol LA Suid elcbinRB b A B Vsiry U 22"
to generate an output signal with said intervals T,—T,, said output signal having an amplitude.
20
20. The apparatus as recited in claim 19, further coinprising a filter operably
connected to said generating means, said filter selectively transmitting signal components

within a selected frequency range.

25 21. The apparatus as recited in claim 19, further comprising power supply means
operably connected to said first and second timing blocks, said interconnection block, and
said signal-generating means.

22. The apparatus as recited in claim 19, further comprising means operably
30  connected to said generating means for changing said amplitude,

23. The apparatus as recited in claim 19, wherein said first and second timing blocks
further comprise first and second astable multivibrators, respectively.

35 24. The apparatus as recited in claim 19, wherein said interconnection block uses an
output of said first astable multivibrator to control said second astable multivibrator,




20 20 The apparatus as recited in claim19, further conprising a filter
operably connected to said generating neans, said filter <eluc2G0ely
transmtting signal conponents wthin a selected frequency range. 25 21.
The appar atwe oasissesci ted in claim 19, further conprisingppeasiz®sppl y neans
operably connected to said first and s®gcond tim ng bl ocks, said

i nterconnection block, and said signal-generating neans. 22. The appar at us
as recited i n @baiTheldpparhtus hhemtabﬁmdlmi]@gm&hss@d)@étaﬂlayleaa&oﬁo&mggt ed to

sai d gener T as
recited i ﬁﬂ%ivgﬁ AP Sorlsct 108 A%, SR dondl il Wi T RBBRRUERT, T,
conpri se flimpiag Q?H“WGH‘HP%%"?%ﬁ@f?ﬁﬂe@qrﬂﬂnﬂﬁﬁﬂwwﬂf&sﬁﬂé&| vely. 35 24. The
appar atus as r edbieinthaldeadnditimidgblocki@tiR fongRisek eI gaReth oiid k@ek uses
~an  outputpof ssaid first astable nultivibrator to control said second
astabl € mul'tTvibrator. 5 July 2005 WO 03/015566 PCT/US02/ 26590 35 25. The
apparatus as r &8 sqifh & '&Fﬁ‘hfPQT affitional pinseg dntemvels ohavat apecsimatdlputhe t i mi ng
i nterval s rélafidnbigps conprises at |east three additional timng intervals TS
T.,, wherein said fg 3 tigcing bl ock further conprises neans for
generating said int F5and T6 wherein said second tim ng bl ock
further conprises néhf § Yot Tgenerat i ng said interval 5 T7, and wherein
said ap | east four @yldi£TpL800 kdtl @ | Nterval s have approximately the

rel ationships (e) 1" 10 (g) T 7 : 5 nmsec, and (f) 5
cosec 5 (T3 + T4 + P?)S %ﬁ@ﬁ%&l%ﬂéssmﬁ?e%ppar atus as recited in claim
25, wherein said interval T3 further conprises a sequence containing an

interval T5, fgd | oMRgphinabs GRS n PHE 253 fier&h sdid iR&VAMS flrther C(;Flll prises al 2
fol l owed hy an |nterval T6.

wher ei n sg%/qyencﬁtcé’?%mgeﬂ i’%'ﬂv%lr%t E‘ﬁlﬁ’wpgg’é’satqgaéfagn‘; %f(i{étr"édm!eg' algl(ﬁt’ 0 5

sequerée d&llowedpy an infernwabTyal s, sai d sequence consisting of at |east one
interval T5, followed by at |east one pair of intervals (I'" T2), followed

by at |east ong, ifpterval 6...28 . T aratus as recited . in claim25,
further conpri%t n@eﬁgﬂgm%ﬁ%wgdﬁn é'@‘&’r#ed’\fq% 1 E?“gﬁﬁt"d""@&‘?f‘gi’%yioﬂb I¥dshs for
changi ng &aid ingareal Tp ingo e fsequanag df shagtey ditegvals, sdid se@Bn@Xonkimgappoleat use as

recited i puglirmisfowediby et SR BirSE KA (7Y 15 20FovbiRY UERSt Bne interval
20 T,

28. The apparatus as recited in claim 25, further comprising means operably
comnected to said generating means for changing at least one of said intervals T,~T,.

25 29. The apparatus as recited in claim 25, wherein said generating means produces a
plurality of paired values of said intervals T, and T,, further comprising means for selecting
one of said paired values.

30. The apparatus as reclted in claim 25, wherein said amplitude of said output signal
30  further comprises:

a first level L, during said intervals T,, T, and T,;

a second level L, during said intervals T, and T,;

and a third level L, during said interval T,, wherein L; is between L, and L,; and

means operably connected to said combining means for changing at least one of said
35 levelsL, through L.

31. The apparatus as recited in claim 30, wherein a transition between any two of
said levels L, through L; has a decay time constant no greater than approximately one-sixth a
length of said interval T.,.




plurality of paired values of said intervals T4 and T7, further conprising
means for selecting one of said paired values. 30. The appahdit2605as
recited in claim25, wherein said anplitude of said output signal 30
further compoiyessssa first |evel L, during said interval sc¥@so2besesand T6;
'‘a second level L2 during said intervalg T2 and T4; and a third | evel L3
during said interval T7, wherein L3 is between L, and L2; and neans
operably connected to said conbi ni ng neans for changing at | east one of
said 35 level g.L t hrough L3., 31. The apparatus as recited in claim30,
wherein a tran?’?t :'rélﬁ AP ‘?‘?rﬁﬂ‘;‘?gﬂ\ﬂmg’fm’ ggﬁgr Fagrzisig| fopmth sy Hut S2ifas a
-decay ti mdecbhsbanyg inrongiatasast levdiah, apdL,0xn oatpet wltagdnigallytdt & a deppglih of
sai d interyglr hi levelsl dd ?g@éa%l}{go%éﬁjsgiﬁqgvePg‘vwg%%ﬁcﬁg nf ﬁg’ }e@gtHa;[ he

I 0, f gatftfo evel L4,

apparatys as recifed (n c urther conptisin urt
e

said [PevlPPRRTHREN, q‘?ﬁséﬂ%g;oiﬁ%{d%%amével s L1 and L2, an output voltage
initially set atam opelablyicenhected® saifl combidink @vahsfol dhangil 422 I8EBYI Ng t owar ds
said level L4 with a tine constant no less than 5 approximately 10 tines a

l ength of said_jnterval T1, nmeans operably connected to said conbining
means for chandtng &apRParaliers rostiem chpime 39p fwither (pomprsipg cnerry] operally ai m 30,

further coopetisd Rgaideansinhgendahy fivr sootipemicg atplirgRy 6 varedbiopidaglcs@ans f or
sel ectjigng ﬁgg@qﬁg plurality of values for said levels L, 10 through L3.
31. The apparatus as recited in claim219, further conprising neans for

reversing a polarity of said electrical signal. 15 32. The apparatus as

recited in clajm THe apacsias retbdlinall@atio] fdheSdodipaising Snahafod feveRagaanced.

33. The a ! . i L in claim19, further conprising timng nmeans
for shut |né@t8r$m§§fx’rﬁ%%§gﬁ cal signal after a selected tine. 20 34. A

met hod for generating an electrical signal, said method conprising:
gener dti ng at 3EaThe hppararis 45 Rl Nh ka9, Wherlih ARVUQHiAPRERAK "Gy t he
rel ations (a) (2XT2):T,< (20xT2), (b) 50 irsec <_ (' + T2) s 5000
sec, 25 %:]%&T‘% > (10 x T1), and (d) 05T4< _500nsec; and using said timng
intervals to generate an electrical signal having an anplitude.
33. The apparatus as recited in claim 19, further comprising timing means for
shutting off said electrical signal after a selected time.
20
34. A method for generating an electrical signal, said method comprising:
generating at least four timing intervals T,~T, having approximately the relationships
@ @xT,)=T,<(20xT,),
(b) 50 psec = (T, + T,) = 5000 psec,

25 (© T,=(10xT,), and
(d 0=T, =500 msec; and
using said timing infervals to generate an elecirical signal having an amplitude,

35. The method as recited in claim 34, further comprising selecting one of a plurality
30  of predetermined, paired values of said intervals T, and T,.

36. The method as recited in claim 34, further comprising the step of generating at
least three additional timing intervals having approximately the relationships
® 0=sT,=<T,
35 B 0=<T,=<T,,
(&) 0=<T, =500 msec, and
() 5 msec < (T, + T, + T,) < 500 msec; and




|

35. The nethod as recited in claim34, further conprising selecting one of
a plurality 30 of predeterm ned, paired values of said intsehla?2005T1 and
T2. 36. The nmethod as recited in claim34, further conprising the step of
generating at |east three additional timng intervals having approxi mateéely
the relationships (e) 0Os T5 s T1, 35 (f) 05T65T1, (g) 0:5 T7 s 500 nsec,
and (f) 5 nsec s (T3 + T4 + T7) <_ 500 cosec; and 5 July 2005 37 conbining
said additional timng intervals with3gaid intervals T1-T4 to generate said

electrical signal. 37. The nethod as recited in claim36, further

conprising t heombhmgcsﬁimuﬁoﬁdl migniog) Bitedbals Fitlhkaid altérials Of-Tptegtataterdaided,

pai red val, %ﬁ:% gaid intervals T4 and T7. 38. The nethod as recited in
claim36, furt egpconprisingthe steps of: adjusting said anplitude to a
first level LI during said intervals Ti, T6, and T7; adjusting said

anpl i t ude to 87s dhondthbéuelecited ial vlainh 86, Favitidr tdthRisingltte sTé;Jdcméleaiﬂa;g olaéldf

adj usti n i ur i said interval T7,
wher ei n L %gﬁjm%éetér#ﬁ ea’%ﬁge{ ?Jegg%sgiﬁﬁlge@? ﬁ'b%'da "recited in claim 38,
further corrpr|S| ng the step of selecting anobng a plurality of

pr edet er m ned 38alThesmétasd SAi dedlted/eins claimt B6,0 Gigrthet Sconfpising hthe Mele cbfas

recited 1n ol Ay lHLhBRGACOMY il Mal PO aRhEPR 130V OOl 521 d

el ectrical si hod &
recited in cl &fiJFﬁt@H said goppligde d‘ér‘i‘p@%ﬂdﬂ]@v‘t He dyting sad intpryalyd ai*j‘ﬁl'%m@lidng sai d

el-ectrical si gﬂjahtlrfgcnai&mlﬁplitﬁt&: th atthird Gver lenfuridg bdit eitedal D, avhkeadldyr i ng
treat nenty.s ximately zero. 42. The nethod as recited in claim 34,

further corrpr|5| ng he step of reversing a polarity of said electrical
signal after a selected period of tine. 43. A systemfor treating tissue by

app: i cati on ofB9.amhemnehibd asradited iirgélain 38?mim'bxsdoﬂ@nsmgﬂmi%@ﬁegfo@E%@ﬁﬂgﬁrﬂ&fllgng and
appl yi ng . $l gna ased on at | east
four ti m*ﬁ;g}”‘?llr‘]‘?gﬁ%@“ﬁg‘b‘?ﬂgﬁﬁg‘%}%‘ﬁ% rﬁ‘?‘i“gh Fel ati onships (a) (2xT2)5
T<(20xT2), (b) 50 psec 5 (Ti + T2) 5 5000 gsec, ( c ) T3 7 (10 x Ti), and
(d) 0 <T4 < EQOThsmEthocSﬁdrdmfeﬂliﬂﬂgrﬂm&frbhaﬂcﬁmipﬁblﬂgthd%&ﬁ of shugigipestiadail sai d
el ectri Cae'lecﬁlcgl fs’gln?laﬁéra H(l,&e %e?foﬁ%’fﬁﬁ recited in claim43, further

COI’TpI’I S Nng nean eCtI g one O

41. The method as recited in claim 34, further comprising the step of charge-
balancing said electrical signal so that the total current delivered to a load during treatment is
approximately zero.

42. The method as recited in claim 34, further comprising the step of reversing a
polarity of said electrical signal after a selected period of time.

43. A system for treating tissue by application of an electrical signal comprising;
means for generating and applying an electrical signal to tissue, said signal
based on at least four timing intervals having approximately the relationships
' @ (2xT2)< T<(20xT>),

(b) 50 psec < (T;+ T,) < 5000 psec,

(c) T3> (10x T}), and
(d) 0 < T, < 500 msec, said timing intervals being used to generate said
electrical signal.

44. The system as recited in claim 43, further comprising means for selecting one of a
- plurality of predetermined, paired values of said intervals Ty and Ts.




plurality of predeterm ned, paired values of said intervals T, and T2. 5
July 2005 38 45. The systemas recited in claim43, furthdrdulyzi®si si ng
nmeans for generating at |east three additional timng intervals having
approximately the relationships (e) 0T55T1, O0T65T1, (g) O T7 <_ 500 nsec,
and (f) 5 nmsec < (T3 +T4+ T7) 5 500 nsec; and neans for conbining said
additional timng intervals with said intervals Ti-T4 so that said

el ectrical signal is based on said ingervals T, -T4 and said additional
intervals T5- T7. 46. The systemas recited in claim45, further conprising
means for sel et i Fg ystem ofrecited|iniclain 8y, fofthgrroeadptisinginreatt fopaéreeding at ues of

sai d i nt efydksee KadiRbshi i ‘mé% ' L claim45, further
conpri si ngf: n%eaans ?Igd %'H}gﬁ‘gt?'i‘%’gﬁasm E)gﬂgn%iﬁ?%eﬁﬁ@éﬁegﬁghﬁpgst | evel L, during
said intervals T1, @ <dn& TiT7; neans for adjusting said anplitude to a
second | evel L2 durfin@<dard;intervals T2 and T4; and neans for adjusting
said anplitude to i df)6hsek 3y Quring said interval T7, wherein L3 is
bet ween LI and L2. qﬁ% _TH€%ysthhi%]g recited in claim47, further

conpri sing nmeans fd&P @t (Tag Tafdng S08msesidl i ty of predeternined val ues
for said | evelmedns fohrcombpinihg said @ddifiteeal ssihg tatas aksagith edd intelwhBi THH3,
further coMii slif 1Sich At tdn B9 i o ' . after a
sel ected eriao 1091 e@ﬁgleglg@%.ls e Jélfgi'? en(rir)%&g%[§érﬁegll}tagg%%%cﬁﬁn%%htg&% l}? t her
conpri sing”means for charge- balancing said electrical signal so that the
~total current delivered to a load is approxinmately zero. 51. The system as
recited in clagm 4ge st:rrr; BELec QTR Clafih 19, AARADS: Inggisi[l?&%&' BPscectiRPbA 1ty of
sai d el ectgl (ial . Si Igna after a selected peri 08 ne. ,

of a plurality of predetermined, paired values of said intervals T; and T5.

47. The system as recited in claim 45, further comprising :
means for adjusting said amplitude to a first level L, during said intervals T, Ts, and
- Ty ‘
means for adjusting said amplitude to a second level L, during said intervals T and T4§
and

means for adjusting said amplitude to a third level L3 during said interval T,
wherein L; is between L and L,.

48. The system as recited in claim 47, further comprising means for selecting among
a plurality of predetermined values for said levels L; through L;.

49. The system as recited in claim 43, further comprising means for shutting off said
electrical signal after a selected period of time.

50. The system as recited in claim 43, further comprising means for charge-
balancing said electrical signal so that the total current delivered to a load is approximately
Zero. '

51. The system as recited in claim 43, further comprising means for reversing a
- polarity of said electrical signal after a selected period of time.




