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1

BODY WORN PHYSIOLOGICAL SENSOR
DEVICE HAVING A DISPOSABLE

ELE('TRODE MODULE

CROSS REFERENCE TO RELATED
APPI.I('A1'IONS

'Ibis patent application is a continuation application of,
and claims priority and benefit to co-pending U.S. patent
applmatlon Ser. No. 15/237,719, filed Aug. 16, 2016 and
entitled: "Body Worn Physinlogical Sensor Device Having
a Disposable Electrode Module", wluch ls a conunuation of
U.S. patent application Ser. No 14/880,413, filed Oct. 12,
2015 and entitled '*Body Wom Physiological Sensor Device
Having a Disposable Iilectrode Module", now issued U S.
Pat. No. 9„433.366 BZ, wlfich is a continuation of U.S.
patent application Ser. No 14/595,815. filed .Ian. 13. 2015
and entiti&; "Body Worn Physiological Sensor Device
Havulg a Disposable Electrode Module", now issued U.S.
Pat. No. 9„155.484 BZ, wlfich is a continuation of U.S.
patent application Scr. No. 14'2G8,66G. filial May 2. 2014,
and entitled "13ody Worn Pbysiokigical Sensor Device
Havulg a Disposable Electrode Module", now issued U.S.
Pat. No. 8.965.492 132, which is a continuation application
ol'U.S. patent application Scr. No. 141103.219. filed Dcc. 11,
2013, and ant«lcd "Body Worn Physiological Sensor Device
Havulg a Disposablc Electrode Module", nov, issued U.S.
Pat. No. 8.750.974 132. which is a divisional application of,
and claims priority and benefit to. U 8 patent application
Ser. No. 13/488.520. filed Jun. 5, 2012, and entitled "Body
Worn Physiological Sensor Device Having a Disposable
Electrode Module". and now issued I J.S. Pat. No. 8.(i30,699,
wluch ls a contuluatiou application ol U.S. patent applica-
uon Ser. No. 11/591,619. fiiixl Nov. I, 200G. and mltitled
*'13ody Worn Physiological Sensor l)evice I laving a l)ispos-
able I:lectrode Module" and now issued IJ S Pat No.
8.214,007. All of the aforementioned patent/a) and patent
applicationfs) are herein incorporated by reference in their
entiretv.

I'IEI,I) Oli '11 IE INVEN'I'ION

This invention relates enerally to a physiological moni-
tor and morc particularly to a body worn physiological
llxuu Ior.

BACKCiROUND OF THE INVENTION

Mcasurmncnts of venous physlolo ncal parmnetcrs are
import;mt to thc study of thc human condluon. Physiological
nleasurements can be particularly important in a health care
settina. such as in a hospital One of the more important
physiological measurements performed on a patient is the
electrocardiogmm (ECCJ), showing the condition of the
huluiul hearn

Portable patwnt monitors have cvolvcd thai allow patients
to cnloy at least some moblbty. Typically a battery operated
monitor can be lnulg on a belt, shoulder strap, or carried by
,'I p;ltlellt Ilsillg Soilm Othei Sliuilai'allglilg BITBIIBCiuc'ut.

Sensors. such as ECCi electrndes, are affixed to the patient*s
body. such as with tape. and connected to the battery
opemnxf monitor by wires. After a fixed ultcrval of umc, or
at a low be«cry uldicatiou, the batiencs can bc replaced or
rcmhargixf. One cxumple ol' portable patwnt momtor is the
Micropaq v ireless patient monitor, mamifactured by Welch
Allyn, Inc . that pe«nits ntuiti-pamnteter monitoring and

sc SUMMARY Ol'111. INVI:N'I ION

According to one aspect. a body worn patient monitorin
dcvicc comprises at least onc disposablc module includm a

plurabty ol electrical coiulections to thc body. Thc elcctncal
si conniotions are coupled to a skin surface of thc patient to

measure physiological sianals of the patient 1'he at least one
disposable module inchides a disposable module connector

pa(lani alarm capabilities built in a small, ruggixl, kgb(-
weight, patient-lv earable device.

Another version o f a po«able physiological moiutor is the
heart rate monitor typically used by individuals engaged in
all athlclic activity. I 1m Ir«llli«11 Iflcludcs a scilsol', ivhlcb
generally makes direct or indirect contact with an individu-
al*s chest to monitor heart beats and then by wires. or by
wireless teclmiques, the sensor transmits the sensed heart
beat to a nearby microcomputer based monitor and display.
Such units gcncrally measure only heart beat mid are not
capnblc of doulg mly of the uaditional ECCi analysis fimc-
tions.

A recurrent problem with the portable monitors typically
used in healthcare applications is the need for wires from
sensors situated on the patient's body to the portable lulit.
These v,ires can become tan led and cause discomfort or
bioomc unplugged when inadl crtently pulled or tuggixl on.
In addition. mire motion can increase ECCi noise due to Ihc
tnboelectric etfect Muscle movement can also increase

IC I:(XJ noise, due to the typical placement of I:('(i electrodes
over major muscles. Moreover, portable momtor battery
maintenance fe.g. battery recharging or replacement) can be
time consuming and costly.

Another problem ls related Io thc rcquircment Ihat a
medical grade momtor sutv ivc multiple delibrillatlon cycles
of at least 360 joules. ( onventionally, this requirement has
been met by one or more polver resistors situated in series
v ith the lvire leads of a fixed or portable physiolo ical
monitor. The problem is tlmt the physical volume of con-

ic ventional power resistors is too large for use in a compact
monitor appbcauon.

Allolhcl shortcolulug of sluall sensor ik:vices B thai thcsc
devices lack the intelligence to vary the amount and type of
data tmnsmitted, depending on patient condition. Iixercise

11 heart nlonitors do not transnlit a full patient waveform tbr
clinical analysis lvhile medical monitors measure and trans-
mit the full patient lvavefonn. even when the patient is
healthy. Wlulc Iransmitung Ihc full patient wavefonn ls thc
prcfcircd sohlltoil Irolu II pi«el)'lluu al slaudpoult, slick

So transnlission requires signihcant power to tmnsmit lar e
amounts of data and restricts the design from being small
'llld illexpeilSIVC

Yet another problem is that arri)nfmtia analysis is a
computationally intensive opemtion not well-suited to exist-
iug snudl portable momtors that presently have no ability to
pcrlonn arrhythmia mlalysls.

I'herefore, there is a need for a body worn combined
physiological sensor and monitor having a disposable sen-
sor. but used and lvonl by a patient as a single lulit directly

so and non-permanently afiixed to a patient's body. Also, what
is needed is a physically compact resistive element for
protecting a body worn device Ibom damage caused by
multiple dcfibnllation cycles. Also, what I ~ nimded is a
medical-gmde monitor that can intelligently measure and

ss transnlit data only as required to alert clinicians that the
patient needs additional attention Wlmt is also needed is a
body-worn device capable of «inning arrhytlunia analysis
through computationally efficient algontluus.
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Thc body worn patmn& molutorin device includes al least
one internal or external power source to power the body
worn pa&ient monitoruig device. The body worn patwut
monitoring device also includes at least one cnmmunication-
conlpinallon nlodUlc, havulg &I conuuunlcauon-conlpU&dllon
nlodule connector to receive physiological signals front the
at least one disposable module via said disposable module
connector lite con&munication-computation module also
includes at least one microprocessor to actively monitor the
palieni and lo pcrlonu a real-tune phys&ologlcal mlalysis of
the physiological sig&gals nnd a radio circuit to conmtunicate

raw physiological sigoal or B resul& of the physlolo ical
analYsis at a predetern&ined time or on the nccurrence ot a
predelcrmuu:d even&, v&a a rad&o lrmlsmission lo a renuite
radio receiver. wherein the at least one disposable module is
mechanically and electrically coupled directly to the at least
one communication-conlputation module. 'I'he body wnrn
patient monitonng device. includin the at least one dispos-
dblc module and thc nl least onc communicalion-computa-
tion module, is directly non-pemlanently nff&xed to the skin
sU&h&cc ol lhc pB&lcnl.

Accordin to another aspect, a method of providing high
&ollngt: circuu protection for a body morn momtor com-
pnscs lhe steps of. provnhng a substrate lhdl supports onc or
more electrical connections to a patient's body; determining
a print pattern and thickness of a first material having a hrst
resistivity to be punted on the substmte; detemtining a print
pattern and thickness of a second material having a second
resistivity to be printed on the substrate: printing the first
ma&anal onto thc substrate, and printing &he second matcnal
onto the substrate wherein at least part of thc scwond matcnal
overlays the hrst matenal.

BRIEF DESCRIPTION OF THE DRAWINGS

For a lhrthcr uudcrstauduig of ihesc and obtcwts of the
invention, reference will be made to the folln&Sing l)etailed
l)escription which is to be read in connection with the
accompanying draw in s. in which:

FIG, IA shows an exemplary body won& physiolo ical
monitor havulg a disposablc chwtrodc module.

FIG. IB shows a partially unassembled s&dc view of thc
body worn physiolog&cal monitor of FIG. IA,

11(i I('hows an assembled side view of the body worn
physiolo ical monitor of I'l(i IA:

FIG. ID shows a bottom view of the body worn physi-
olo ical monitor of FICi. IA;

FIG. 2 shows an exploded pcrspectivc view of an exem-
plary body worn physlolog&cal monitor.

FIG. 3 shows an exploded pcrspectivc view of an exem-
plary computation and communication module;

FIG 4A shows an exemplary disposable unit fiexible
circuit board:

FIG, 4B sho&vs n partial enlarged view of a portion of the
ilcx&blc circui& board of FICi. 4A. further showul an cxcm-
plary rcsislivc trace havuig a lillel.

FIG. 4C shows B part&al side clevatcd view 01 a port&on oi
the fiexible circuit board of 1&1(i. 4A. further shnwiag an
exemplary conductive surface overlaying a resistive mate-
riah

FIG. 4D shows a partial side elevational view of the
c&rmii& board of FIG. 4A, fuuhcr showing ml exemplary
condUctlt t: sU&fBCO havulg B sndp lecc'placlc;

FIG. 5 six&ws a block diagram ol'ne emboduncnt of a

body worn physiological monitor having a pov er snurce in
a disposable unit;

FICi 6 shows a block diagram of ouc cmboduuenl ol'

body &vorn physiological nulnitor having a power source in
or councctcd to thc compulauon and conununtcduon mud-
l.l IC,

l&I(i 7A shows a schematic diagram of a direct connected
reference electrode used in conjunction with a body worn
physiological monitor;

FICi 7B shov,s a schenlntic dia~am of a virtual reference
electrode as used in conjunction with a body wnrn physi-

I n Clog&Cd 1 nlonltor,
FICi 8 shows a schematic diagram dcp&ctulg onc embodi-

ment of an analog switching arrangement provided on a
body wnnl physiological monitor to select a reference
electrode configuration:

FICi. SA sho&vs an exemplary driven lead circuit topolo y
for use with eiectrodes of a body worn physiological moni-
&01;

FICi 9 shows an cxcmplary ESIS liltcr circuit topology
with circuit protection;

10 l&I(i IU shn&vs an alternative circuit protection to that
depicted in FICi. 9;

FICi 11 shov, s a flow chart for an algorithm utilized by a
body worn physiological monitor to detect whether a patient
haS &I p&&CC nldkcl,

FICi 12 shows a circu&& topology of a lugh pass liltcr
useh&1 for baseline restoration:

lil(i 13 shows seven graphs of amplitudes plotted versus
frequency to iliustmte exemplary operation of the circuit of
FICT. 12,

&0 FICi. 14 shov,s two exenlpLsry positions for a body worn
EGG monitor lo be non-permanently Idlixcd diriwtly to a
patient's body,

l&I(i 15 sho&vs a block diagram of a setup for sinn&Lsting
the effect of patient defibriliation on resistive traces.

li lil(i 16A symbolically shows resistive dots silk screened
on a tray;

FICi 16B shov,s a histogram of an exemplary resistive
dlstnbutlon ol'aked resistive dots: mid

FICi 17 shows an cxmuplary EGG wavclbmi
dn Package styling varies slightly between the dra&vings

Such minor ditferences. e g the case styling of computation
and cnmnn&nicatinn module IU2, illustrate minor variations
in mechanical packaging suitable for use ns body worn
monitors. Dra&sings are not necessauly shown to scale.

Dl 1'I'A Ii .ill ) 1 )1&S('RIP 11ON

A "body v,om" device is descnbed herein v ith regard to
certain cxcmplary embodiments A "body worn" device ls

o dclincd herein as a dcvicc tluil is directly, but non-pcnnd-
ncntly, aliixcd to a pat&cut*a body. A "body worn mon&tor" ls
a device that can be directly "v 0m" on the patient's body as
a single unit, including one nr more physiological sensors
and a communications and computation module to perform

&1 at least initial processing of one or more physiological
a&casu&ca&cuts nu&dc Usnlg ont: or ulol'c phvslologlcal sc'n-

sors. Unhkc prior au patien&-w carablc dcv&ccs, at least onc
sensor can be incorpomttxl ullo thc dcv&cc lhal makes a
direct or indirect fsuch as by capacitive couphng I electrical

io connection with the patient's body without the use of
external v,ires from sensors to the device. In addition and
unlike athletic heart monitors. a "body worn'* monitor can be
d fU11 f&ulctlonlng nlcdlcdl glddc alon&kin c.g. Blcclulg lhc
requircmcnls of European Unions'edical Dcv&cc Direc-

si tive and other apphcablc uldustry srdntb&rds, such as EC-13
for an electrocardio raph 'I'he body &vora medical-grade
nxmitor can include a device, for example, such as a pulse
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oxunetcr, CO, monitor, respiration monitor. or can function
as an ll( (i nlonitor, incorporating physioloaical seilsors,
fmnt end analog electronic signal conditioning, circuits. and
a niicrocomputer based coniputation unit with wireless
reporting of measured physiological data. ail contained
within in a "body v om** peel age that can be non-pemia-
nently aflixixl directly to a paucni's body. A body-worn
medical-grade monitor cdn also uiclude addiuonal mcasurc-
nient capabilities beyond those mentioned here

FI(ig IA-III depict various views of an exemplary body
wont physiolo ical monitor 100 having a communication
and coniputation module 102 and a disposable electmde
module 110. In this exemplary embodiment. physiological
monitor 100 is designed for usc as dn clectrocdrihogrmn
(ECG) momtor for obtauung and recording and/or transmit-
ting ii('(i information, including I'.(Xi wavefiinns and
alarms for a person. such as a patient. wearing body worn
physiolo ical monitor 100

FIG. 1A shows an exemplary top view of body worn
physiological monitor 100. A crescent slmpe allows the body

worn

physiological moiutor 100 to be placed on thc chest of
a pdiicnt. and more specilically around thc pcxtorahs ma)or,
to afloiv measurenient of lead configuration I„ II, or III, or to
be placed on the patient's side allowing measurement using
a V-lead configuration 11tough not shown„multiple body
ivom physiological monitor 100 units can be used to effec-
tively provide multiple leads. By placin. electrodes around
Ilic bodv'ii tllat tlicv Brc riot sltiiatix! directly Bi(op IIIIIJor
muscles. both mouon noise artilhcts and muscle noise arti-
facts can be prevented Moreover, by eliminating cables,
noise due to cable motion or compression (i e. triboelectric
effect) can be eliminated

FIG. 1B shows a side elevated view of physiological
monitor 100 having an exemplary attaclunent mechanism,
such as d rctenuon clip 104, to mechanically auach com-
muiucations and computauon module 102 to thc top surface
ol'hc disposable clectrodc module 110. Flexible printed
circuit layer IU I can be made from a thin insulating matenal,
such as according to this embodiment. a 75 micron thick
layer of Myksrit Typically electrical tmsces (not shown in
FR)S. 1A-ID) on flexible printed circuit layer 101 can be
further prolix(cd by an insulating covering. Bmilogous to a
collforlllal coatlllg. A forlllcd plBstic lavcr ol II clofli wlfll
ddhcsn c on one side Ihcreol'can bc used to cover mid protect
flexible printed circuit layer 101. as well as to provide an
aesthetic outer layer to make the body v;orn nxmitor 100
visually appealing.

FIG. IC shows a side view of physiolo ical monitor 100
in which thc conmturucattons and cumputation module 102
has bcmi aflixcd to disposable electrode module 110. FIG.
1D depicts a vww ol'he undcrsidc of cxcmplary physiologi-
cal monitor IUU showing one embodiinent of disposable
electrode module 110 having electnides 109 In this embodi-
ment, each electrode 109 comprises electrode gel 103 and
conductive surface 404 (FICi. 4). Together, electrode gel 103
dnd conductive surface 404 create a lialf cell. such as, for
example. a Silver/Silver Chlondc half cell. Also and accord-
lllg 10 IISIS Clllbodllllcllu collduCIISC SullhCC 404 CBii illlcCtlv
accept the electrode gel 103.

11(r 2 shows an exploded assembly view of the exeni-
plary body worn physiological monitor 100. As noted with
re ard to FlfiS. IA-ID. the body worn physiolo ical moni-
tor 100 uicludcs a removable and reusable commuiucations
and computation module 102 mid a disposable electrode
module 110, thc later includuig clecirodc gals 103 for ECG
nionitoring and batteries 204 to power commuilicatioils aild
compmation module 102 A flat planar insulating/adhesive

member 105 uicludcs a plurality of opm»ngs tlrdt are each
sized to receive electmde gels 103. 'I he insulating member
IU5 provides a bottoni side cover for the flexible printed
circuit layer 101 and augtnents adhesion to the hunian body
Electrode gel 103. ivhen attached to an appropnate substrate
such as silver-siiver-chloride or other substmte, can be used
to establish a relauvcly low unpixlance elcctncal coiuicction
bctwixn conductive surface 404 (FIG. 4) and thc patient's
Skill

Ia lilectrode gels 103 can adhere to a patient's skin JVhile
electrode gel 103 is typically an adhesive electrode gel, the
adhesion offered by electmde gels 103 alone might not ive
a sufflcient holding force for non-permanently aihxing body
worn physiological momtor 100 to a patient. To achicvc a
bcuer adhesion ol'body worn monitor 100 to a patmnt's skin.
insulating/adhesive member 105 can be used to non-perma-
nently atfix body worn physiolo ical nionitor 100 to a
patient. I'hus, body worn monitor 100 can be applied to a
patient in the same way an adhesive strip is applied, such as

io for example. those adhesive strips sold under the brand name
'*BAND-AID,(r'1 Onc cxcmplary type of foam adhesive
suitable lor afflxuig a flcxiblc circuit board to a paucnt is 1.6
nun adhesive foam from Scape Medical of I3edfordshire,
I)K As shown in I'I(ig 113 and I(: (although not to scale),
each of the electrode gels 103 extend sufliciently beloiv
adhesive layer 105 in order to ensure good electrical con-
nection ivith a patient's skin surface (not shown). Tab 106,
FIG. JA, allows for easy rmnoval ol'a protccuvc backing 111
from adhcsivc layer 105.

io lilexible printed circuit layer 101 can include contacts,
such as battery clips (not shoivn). to receive and connect to
batteries 2U4 (It is contemplated tint in some future
embodiments. a sin le battery can provide sufhcient elec-
tncal power.) ln the exenipLsry embodiment, as shown in

is FIG. 2, battcrics 204 can be mounted under rcspixtivc
battery tlaps 205 arranged on opposite sales of thc flcxiblc
punted circuit layer 101. Altenrdtivcly, baucry clips (not
shown) or battery holders (not shoivn) can be used to
pmvide both inechanical support and electrical connections

do for each of the batteries 204. One type of battery holder
suitable for such use. for example„ is the model 2990 battery
holder, manul'ectured by the Keystone Elcctroiucs Corp. of
Astona, N.Y. Baucry cover 107 provides protection Ibr
batteries 204 as well as a surface to press upon when
applying electrodes l(B to conductive surface 404. Reten-
tion clips 104 can comprise, for exaniple, a plurality of
spring fingers v, ith latching clips. Retention clip 104. Bffixcd
to disposabie electrode module 110. can be used to secure
reusable communications and computauon module 102 to

o disposablc package 110. Reusable conununicduons and
computation module 102 is herein illustratixl in a wmpldicxl
representation, includina cover 201, commumcations and
cmnputation printed circuit board assembly 202, and base
203

i. FICi 3 shows a mechanical view of an exemplary reusable
conunuiucations and computation module 102, as well as a
prcfcrrcd method for making an clcctncd1 connection
bctwixn flcxiblc pruitcd circuit layer 101 ui disposablc
electrical module 110 mid comniunications and computation

io printed circuit board assembly 202 situated in reusable
conununications and computation module 102 In this exem-
plary embodiment, communications and computation
punted circuit board assembly 202 can include a plurahiy of
press Iit and/or soldercxl conductive sockets 301 for rccciv-

ss ing electrical plug 302, the plug havuig a corresponduig
plumlity of conductive pins. I:sch conductive pin shown in

plug 302 can correspond to an electncal connection pad on
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flcxiblc pruited circuit layer 101. A row ol mccharucal
sockets 303 can receive the multi-pin row ofplug 302 finis,
an electrical connection can be made between each pad of
flexible printed circuit layer 101 having a conductive post on
plu 302 and each corresponding conductive socket 301 on
communications and computation printed circuit board
assembly 202 Posts 304 can align mid siwurc each of the
cover 201. Conmturucanons mid computauon printed circuit
board assembly 202. and hase 203. Note that in I&I(i. 3, a
simplilied drawmg of cover 201 omits slots to receive
retention clip IU4 to aflix comnninications and computation
module 102 to disposable package 110. A body worn moni-
tor 100 would typically also include retention clip 104 FICI.
2. or other suitable type of mechrmical chp(s). m order to
provide a sixure mechanical connccuon between commu-
nications and computation module 102 and disposable el&x-

trode module I I U.

lqCi 4A shows one embodiment of flexible circuit bnard
101 in an expanded (e.g unassembled) view. Flexible circuit
board 101 is formed on a substrate 406. Subsuate 406 can
be cut. for example. from a Iviylar sheet of suitable thick-
ness. In (his embodiment, onc baucry 204 can be mounted
adjacent to a conductive surface 404. 1 onductive gel 103
(uot slioivit in I&lli 4) can be mounted on the exposed
conductive side of a conductive surface 404

Conductive surface 404 can also be viewed as the elec-
trode portion of a half cell and electrode el 103 can be
consider&xi lo bc lhe clcctrolylc portion of a lrili'eil. In
Coils cillliiiral tCIIIIS Ol Brt, lllc Coillbiilaiioil Of CICCtio&10 Biid
electrolyte and Ii('Ci electrode is typically referred to as a
half cell. I'or exantple, the combination of a conductive
surface 404 and an electnilyte layer (e g, electrode gel 103)
fonna a half cell. For convenient quick reference to a half
cell structure, the tenn "electrode'* (assigned reference des-
ignator **109") is used interchangeably with "la&if ccfl"
llcrciil. It is understood that in tvpical embodimcnls, ch:c-
trodc 109 comprises conducuvc surl'ace 404 mid electrode

el 103.
Typicafly. electrodes ntake use of a circular or square

conductive surface Increasing the ratio of the perimerer of
the surface to the area of the surface affects current density
distubuuon and dclibnllation rccovcry.

For convemcncc, we dclinc thc tenn "aiuiulus" herein and
tluoughoul as the region between iwo snnplc curves. A
simple curve is a closed curve that does not cross itself.
Under this definition, an annulus can include substantially
square shapes. substantially rectangular shape~. substmt-
tially circular shapes, substantially oval shapes. as well as
substantially rectangular shapes with rounded comers. Fur-
ther wc include in the dclirulion of annulus. Ihe case of a
substantially '*U" shaped surface as described by a single
closed curve

One exemplar) electrode gel 103 suitable fiir such use on
a body worn monitor is type LT00063 hydro el supplied by
Tyco Iqeaithcare of Pmsgue, C:zech Republic. Typically, a
conducuie surfuce 404 creates thc electrode portion of thc
luill coil. By increasing Ihc ratio of pernncler to Br&Bi of thc
cucliliii clcclriiilc pot(toil ol lllc IIBII c&'ll, fllc si Iisd to iiiiisc
ratio of the input Ii('(i signal can be increased.

As depicted herein on the exemplary circuit layout, tv 0
batteries 304 can be connected in series, with one polarity
being ntade available at connection pad 407 from battery
conncmlion 402, baucry connection 401 cr&uituig the sauce
COBIICCUOII bCu&C& It flic lw0 ballCI1&'S, Bill COIIII& Ctiiiii pail
410 providing the second polarity of thc sencs connected
batteries. Note that in some embodiinents, a sinale battery
alternatively ntay be used in lieu of the exemplary arrange-

ment or two bancncs can bc also wired ui parallel, dcpcnd-
ing on the voltage requirements of a particular communica-
tions and coinputation module 102.

1'onnection pads 408 and 409 electrically couple the
signals from electrode gels 103 (not show n in FICIS. 4A-4D)
via conductive surface 404 and resistive tmsces 412 to
elcctncal plug 302 (nol shown in FICiS 4A-4D). Electrode
contact pad 405 can bc coiuicctcd iuu resistive trace 413 lo
cmtnection pad 411 to provide a direct-connected reference

Ia electrode (not shoivn in l&ICiS. 4A-4D) Tmsces 412 extend-
ing benveen conductive surface 404 and connection pads
408 and 409 and trace 413 extending between conductive
surface 405 and connection pad 411 can be made from
rcsistivc malcnals uicluduig resistive meuils, carbon, silver
ink, powders, paints, or other matcnal ol'etcrnunablc
electrical resistance

Resistive traces on flexible circuit hoard layer 101 replace
the hulky pov,er resistor: needed bv prior art monitors,
having electrodes or sensors connected by wires or leads.

IC These resistive traces should survive multiple defibrillation
cycles such that body worn momtor 100 remains functional
even after one or morc allmnpls lo rc-skirt a patient's hearn
In order to survive defibrillation, the resistive traces should
dissipate that portion of Ihe potentially damaging defibril-
lation energy that is coupled into the monitor This fractional
portion of the defibrilhstion energq typically enters body
worn monitor 100 from electrodes 109„FICi 1D (electrodes
109 including conductive surface 404 and clectmdc gel
103).

10 It is desirable that the resistances of the protective resis-
tive traces be in a ran e benveen about I kilo ohm to about
10 kilo ohms. I)elow I kilo ohni. depending on the resistive
material used. it can be more likely that the resistance of the
resistive traces 412 and 413 &vill increase with each succes-

s& sivc dclibrillation pulse. Above 10 kilo olmis, a lugh rcsis-
tancc impairs thc signal lo noise ratio, specilically due lo
IIIC&illal IIOISC. v IIIC11 h;IS B Ill& Bit SUUBIC valUC Ol
4sks'I'sl(s)3)V, ivhere "k" is 130ltzmann's constant. "'I"* is
temperature measured in degrees Kelvin, "R" is resistance in

so ohms, and "BVV" is bandwidth, in Hz, which becomes
sigtuficant relative to the EC-13 requirement that the noise
rcfcrrcd lo input bc less fluin 30 PV peak-lo-valley.

Power dissipation ui thc herein descnbed traces can bc
calm&lated by E /R, in wluch E refers to lhc potcnlml across
the trace and R is the resistance of the trace R can be
calculated by p" I,/A, ivhere p is the resistivity of the
material used to form the trace. L is the length of the trace,
and A is the cross-sectional area of the trace

In developing rcsisni c traces Ibr usc on a flcxiblc punt&xi
0 circuit layer 101, typically fortncd on a Mylar substrate 406,

such as shown in FIG. 4A. venous matcnals werc tcstcd.
Silver, mcluding silver inks. while useable. was found to be
less desirable. because it ives dimcult to achieve sufficiently
thin silver traces on Mylar to achieve high enough resis-

ss tances. Carbon. including carbon pastes and carbon inks,
was also tncd and found to be suitable In order lo usc
carbon howcvcr, scvcral additional problems had lo bc
solved Al I kilo olun, Ihc power dissipated by Ihe resistors
caused them to degrade across multiple defibrillation cycles

&0 'I'he solution ives to make carbon traces in the mange of about
8 to 10 kilo oluns. 10 kilo ohm resistances proved to be a
good compromise between noise levels. power dissipation
by lhc resistors. Imd manuiaclunng loleranccs lor deposiluig
carbon ink on a IVIylar substrate to dissipate the power from

ss multiple delibnllation cycles. To achicvc thc dcsircd resis-
tance of about 10 kilo ohms (interchangeably represented
herein as "10 k" or "10 k(2"), for a given resistivity of the
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carbon paste. and given trace width tmd thicloiess (height),
the length of the trace is then defined ln sicaie cases, such
as ti&r tmces 412, the length needed fi&r a trace run. as
bet&veen conductive surface 404 and connection point 409,
might be longer than the len th defined for a particular tmce
resistance (typically 10 k) In this case. tmces can be
cxt end&xi by lengths of a&)vcr conducuvc traces. There cmi be
a shor& oicrlay distance, on &hc order of 5 to 10 nun, in
which a silver tn&ce overlaps the carbon trace to provide a
niore robust connection between the resistive and conduc-
tive portions of the traces Where overlap is used. the ovensll
length of the resistive portion can be adjusted sfijttty to
maintain the desired ovemsll resistance.

Another problem associated w 1th carbon traces w as arcing
dt the in&crface between &hc carbon and conductive traces.
Arcing v as particularly problematic at the abnipt connection
bet&veen the carbon trace and conductive surface 404 Arcing
was also observed to occur between the end section of the
carbon trace and conductive surface 404. (Electrode els 103
create the conductive path to the patient through conductive
sU& I&ice 404 Slid B )Bvi:I ol collducllvc cl.)

According to oue solution to thc above no&ed arcing
pmbleni. as shown in 11(i 413, a rounded (fillet) section 430
of carbon trace can be added at the interface to conductive
surface 4U4 A fillet or "tear drop" shape causes the carbon
trace to become gmsdually wider as it connects to conductive
surface 404 and relieves the electrical potential stress at the
lll&C&fdCIX

All dl&C&llat&VI: So)U&loil lo 11&C &&I CI&lg pli&bli:Ill IS SIIOW&1 ill
ill(i. 4C, ivherein carbon can be laid down beyond the trace
(412) to include a pattern of conductive surface 404 formed
fmm carbon. A carbon annulus pattern can be deposited
before the conductive surface 404 is deposited. Conductive
surface 404 can then be deposited as an overLay over the
earlier for&nod carbon annulus shape. Fuially, conductive gel
103 cmi bc attaches) to the conductive surface layer (the
carbon layer rcsi&hng be&ween conductive surface 404 and
the Mylar substrate used as flexible circuit board 101) 13oth

of the atiirementioned arcing solutions can be used together.
It slu&uld also be noted that conductive surface 404 can be
formed from suitable materials other than silver, including,
for example, ma&coals such as silver chloride.

Arcing cmi also occur between Ihe rcsisuvc traces and
other (typically silver) conductive traces on the tlexiblc
circuit board 10) Tmsce to trace arcing, can be suppressed by
allowing sufficlent spacing between the traces Generally a
minimum spacing of about 3 mnFkV, as required by ASNI/
AAMI DF SO:2003 57.10 BB, has been ti&und to be sutficient
to pre&ant trace to trace arcuig from a delibullalion cvmit.
Closer trace spacuig, as close as 0.01 nm&/kM can be
cmploycd successfully by lira& applying an msulatuig dielec-
tric layer, similar to a confi&rmal coating, over the surface of
flexible circuit board 101 that covers most of the substnste
and traces. The insuLating dielectric layer can be prevented
from forniing or adherin to conductive surface 404, such as
by use of a mask duruig apphcation of (he uisulating layer.

In dn altenrdtc embodiment. as depicted ui FIG. 4D, a

a&lap de&ice can be added to conductive surfime 404 to
accept a mamifacture snap-on electrode (not shoivn). such
as. for exiunPI. the ('onMed ( leartrace line of I 1('(i el&x-

trodes incluihng the model 1700 ( 'leartrace elecuode mami-
factured by the ConMed Corp. ofUtica, N.Y or similar type
c)ccxrodcs made by thc 3M Corp. Ol't. Pm&1, Muui. When
designed to Bccct&t a snap-on electrode. Ihe conductive
surface 404 is typically smaller than m thc previous mnbudi-
nient. A receptacle snap 432 for receiving the conunercial
snap-on electrode can be inserted by any suitable met)a&d,

such as by press lining or other I'astening method, mto
conductive surface 4U4, typically also penetratuig through
substrate 406. In this embodiment, arcing can be similarly
suppressed in this enibodiment by adding a fillet to the
carbon-conductive surface interface and/or deposing a con-
ductive surface 404 over a carbon layer as previously
described.

Example. Rcsistivc traces dnd au annulus werc tested on
a substrate formed from ('T3 heat stabilized treated poly-

&a ester (75 micmns thick). such as manufactured by the
MacDermid Autotype ('orp of Schauniburg, Ill. Resistive
traces were silk screened onto the substrate usin 7102
carbon paste conductor from the DuPont Corpomstion of
Wilmington. Del. Thc carbon paste conduc&or was deposited
tluough a 43T silk scrixn mesh. Thc substrate con&aiiung thc
paste deposit was then cured inside a fan assisted air
circulated oven at 120" ('or a period of 5 minutes 'lhe
traces formed v,ere about 55 mm long and 2 mm wide,
having an overall tlfickness of about 7.5 microns. The initial

lo measured resistance of each trace ivas about 14 kilo ohms.
After each trace was subjcc&cd to 3 dclibnllation cycles, the
measured resistance mcrensed &o about 15 kilo oluns. Over
a 3 nim length, the tmce widens to about 5 mm, terminating
into a carbon annulus ivith an outer diameter of about 20 nun
and an inner diameter of about 10 mni A silver layer of
PF-410 silver ink from the Norcote Corp of Eastleigh
Hampshire. UK ives then deposited over the carbon annulus,
also to an overall tluckncss of about 7 5 microns. Thc
dc3&osit&on of thc sih er layer was via Ihc silk scrixn pruituig

ic method, in vhich a 901'ilk screen mesh was used 'lhe
substrate containing the deposited silver ink was then cured
inside a fan assisted air circulated oven at 120'2 ti&r a
period of 15 minutes. A tlurd dielectric insulating layer
comprising SD2460, components A & B (dielectric and

is hardener), manufactured by Lackwerke Pctcrs GmbH+Co
KG of Kmnpcn, Germany. and having a tlucloiess of
approximately 13 microns was then dcpositcd over the
traces and substnste, but not over the annulus (The elec-
trodes were formed by attaching a conductive gel to the

do annulus The conductive gel used was LT00063 hydro el
from Tyco Healthcare of Prague. Czech Republic.) Again,
thc silk scrccn pruiung process was uses) to dcposi& thc
dielectric layer through a 90T scrccu mesh. The substrate
WdS pli&CCd dbillll i&&to d In&1 dSS&S&Cd dlr Cl&CUldtiXI OVC&l dl
120" C. fiir a period of 30 minutes

I ixample Silver tnsces for use as conductive (not resis-
tive) traces on a body worn monitor circuit substrate were
formed from a silver paste that was silk screened onto a
Mylar substrate. 45 mm long tmces had a measured res&s-

o tancc in a range of 3.5 to 6 olmis, 75 nun traces had d

measured resistance ui a r;mgc of 6.5 to 13 olmis, mid 105
nun traces had a measured resistance in a range of 10 to 16

olmis. 1)ie deposition of the silver layer was performed via
the sill screen printing metlu&d in wlfich a 90T silk screen

&s mesh v as used. The substrate containing the deposited silver
&ilk w&IS 11&C&1 Ci&ICd ll&S&dC d ldll Bssis&IXI Blr Cl&CUIB&IX! Ovi:ll
at )20'. Ibr a pcnod of 15 minutes.

FICi 15 diagranuuatically depicts an exemplary &cs& sciup
used to sinndate the etfect of a patient dehbrillation on

ii! resistive traces Defibrillator 1501 was used to apply nud-
tiple defibriilation shocks of 3(ifl Ioules each to the 100 ohm
resistor 1502. The 100 ohm resistor according to this setup
sunulatcd a patient*s body. Note that illus) of thc dclibul-
lation cncrgy goes uito &he patn:nt's body by design, &o

ss restart the patient's hear&. Rcsistivc traces 1503 and 1504
were wired across resistor 1502. also as shown in lii(i. 15,
in order to simulate the electrical circuit that would be
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fornax) between thc res&st&vc traces m a body v,orn moiulor
situated on a patient undergoing defibrillation Neon bulbs
)506 were used as part of the protection circuitry that can be
used &vith res&stive traces in a body worn monitor. 400 ohnt
safety resistor 1505 was present as a precaution to limit short
circuit current in the event of a test setup failure. Both the
100 olun resistor (snuulating human skin rcsistm&ce) and the
400 olun safety res&stor were used in accordm&ce w&th

n&edical specification AAMI I IC-)3 l&of)owing 3 detibrilla-
tion shocks of 360 Ioules each, the ineasured resistance of
the 10 k carbon tnsck changed from I 0 k to 11 k ti&llov iag
the first shock, to 13.1 k followin the second shock. and to
13.2 k following the tlfird shock. The measured resisrnnce of
the 9.7 k udcc changed from 9.7 k io 11.6 k Iollowu&g thc
Iirsl shocl, to 13 0 k follow &ng the second shock, imd Iinally
to )3 2 k. following the third shock In a subsequent related
test, the )00 ohm resistor was replaced by a closer s&mula-
tion in the form of a fresh (dead) chicken 'I'he setup
otherwise remained the same as shown in Fl(f. 15. In tlus
case, the resistance as measured on each of the test resistive
traces chm&gcd I'rom 10.7 k lo 10.25 h, and Ibom 8.5 k to 9 4
k, Ibllow &ng multiple delibrillations. Dunng lcstmg, &t was
also noted that the change in measured resistance of the
resistive traces was generally consistent lt was also noted
that as a g&ven resistive trace &vas increased, the (delta R
(caused by defibrillat&on&/R (net trace resistance)) can be
minimized.

lllc sc&ccn p&&ning lcchn&ip&c for Idvulg ilown ics1sfivc
traces wds further u&vest&gated by prmtu&g a plurahly of
sn&all carbon resistive dots 1601 of alx&ut 20 mm in diameter
using a 7)02 carbon ink applied by a screen printer (nnt
sho&vn) I'he carbon dots )601 were laid out on a tray 1602
as shown in FICi 16A. for baking in an oven. A manually
operated squee ee (not shown) was used to apply the
&cslsl&vc dots 1601 to lhc lrdv'602 lhtough » &uask (nol
shown). Il v:ds dctcruuncd thai control ol lh&ckncss dining
applmdt&on was onc unportant lector for conlrollu&g the
distribution of res&stance. It w:as noted that during ntanual
application. the variation of resistance depended upon the
distance between the plurality of dots 1601 and the person
applying the resistive paste, and that the pressure applied
using thc squcegcc could also alii:ct ihe Iinal resistance by

factor of lwo. It wns further noled lhal *'even" healing
across the tray 1602 wns advantageous during oven drying,
although this factor was found to have less efi'ect on the final
dot resistance distribution. A resistance distribution of the
baked and measured dots 1601 is shown in the lfistogram of
FIG. 16B. Tins testin indicated that production traces laid
down on a substrate. such as Mylar. Ibr usc u& a body worn
momtor should preferably be pru&led usm a scnu-automatic
screen print process, such as by a screen pru&lu&g mcchiuucal
roller process. A digital n&ultimeter ("DMM") with probes
placed at each edge of a dot 1601 was used to measure the
resistance from one ed e of the dot to the other. Ir was found
that uniform application of ink was important to keep&ng a
ughl d&slnbuuou of rcs&stance, with cvm& heating ha»n a
smaller influcncc on lhc distribution of thc resistance Of thc
lest dots. Su&cc a &race w&th too low a res&stance 1&as a grwiter
A Ib&R. and h&gher probability of failing and very high
resistance traces result &n worse 8/N ratio, it is important to
have a reasonably tlat tolerance on the trace resistance

FIG. 5 shows a block din@am representarive of one
cmbodimcnt of thc body worn physiologmal mon&tor 100.
Phys&ologicdl sensors 501 (such as clectrodcs 109 u& FIG.
1D) can be clcctncally coupled to clectmmcchanical con-
nector 502 (as by the resistive traces 412 shown in I&I(i. 4).
( onnecu1r 502 serves to electrically couple comnninications

and computation module 102 lo a dwposable clectrodc
module 110 (FI(i 2) Secondary connector 503 can also
electrically couple one or more additional sensors, which
can be situated both on and off of disposable electrode
module 110. to electromechanical connector 502 for elec-
tncal coupiing along with physiolo ical sensor signals 501
to conuuun&ci&1&ons and con&piuanon nlodulc 102 (shown in
FIG. 1) via clectromixlrd&ucal connixlor 505 Signals
received by the communications and computat&on module

ln 102 can be electrically coupled into con&munications and
cmnputation &nodule 102 via electronic protection circuits
506 and/or filters, such as ESIS filters 507

Signals can be limited or clipped in amplitude, as needed,
by protection c&rcu&1 506. m&d Iiltercd by filler 507. Onc or
morc m&slog ampliliers 508 can bc used lo ampl&fy thc
amplitude limited and filtered signals. In the exempLsry
body worn I I('(I monitor, amplifiers 508 can advantageously
be differential amplifiers to an&plify the ditference signal
(e g. the ECG "vector") bet&veen two ECCI electrodes. The

10 electncal output of amplifiers 508 can be electrically
coupled to both PACER circu&ts 509 m&d ECG circu&ls 510.
PACER c&rcu&ls 509 are dcscribcd further below. ECG
c&rcuits 510 perform several functions, including "trace
restore", low pass filtering (anti-aliasingj, high pass filtering„
and amplificatinn (gain) I.ow pass filtering filters signals
according to the Nyquist criterion to avoid aliasing later
when the signals are digitized by analog to dig&tal converter
(ADC) 516. Thc lugh pass lifter causes thc u&put lo be AC
coupled from a roll ofi'rcqucncy ol'bout 0.05 Hz, as

&c specified by industry li((i standards (iam is required to
cause the small pre-amplified potentials from physiological
sensnrs (such as electrodes )09) to more closely match the
available dynamic range of the digitizin ADC 516. Note
that ADC 516 can be a dedicated ADC clap or can be

&s included in a microcomputer u&lcgralcd c&rcu&L such as a
nucrocomputcr scrvu&g as microprocessor 512.

A nucropmccssor, such as nucroproccssor 512, &s dcf&ncxf

herein as synnnymous and interchangeable with the terins
"micmcomputer*k "microcontroller", and "micmprocessor"

do Such m&croprocessors are also interchangeably represented
herein as xg P" or "0 C". Further. any microprocessor
d&scloscd here&n can bc replaced by any u&tcgralcd device
thin can pc&foful lhc linc&&on of d &uicmpioccssor. such i&s,

but not linutcd to. a Iield pro rammablc gate array
("I'P(IA'*j programn&ed to perform the functions of a micro-
pmcessnr

Typ&cally. one or nu&re difi'erential amplifiers can be
dedicated to particuLsr difference voltages assoc&ated with
phys&ologicdl sensors 501 or 504, but &t should bc noted that

0 Ouc Or morc amplifiers 508 can also bc mult&plcxcd by
tcclm&ques as known in thc arl, to serve mult&pie physiologi-
cal sensors using a lesser munber of ampl&tiers Similarly,
one or n&ore AD( s 516 can serve two or &nore signals trom
phys&ological sensors 501 or 504 using teclmiques such as

&s multiplexing in time that is digitizing one physiological
sensor d&fii:rance s&gnal at d lime sending a d&g&tal result to
a next stage onc aficr lhc other. ECG c&rcu&ts 510 and
PACER c&rcuils 509 arc refc&rex) lo &n thc plural, s&ncc there
can be individual circuits ti&r each measured physiological

ic signal, such as for each n&easured I:(Xi vector
Electrical power from power source 515 can be regulated

by re ulator 514 and distributed as regulated voltage 517 to
most fiu&ct&on blocks (as represcnud herc&n by the label
'*POWER" ). Each of these fu oct&on blocks also has a control

ss ('*CTRL") input 511 Ibom microprocessor 512, allowu&g
these c&rcuits to be disabled. when not needed, &n order to
save butte&3 power When vie&ved over time. most of the
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ECG waveform does noi contain uscl'ul uifonnaiion suicc
there is sigoihcant "dead time" between heart beats 'Iliere-
fiire, for exmnple, from the end of a "I'ave" at the mid of
one heart beat to the beginning of a "P wave" at the
beginning of the next heartbeat, circuits can be powered
down (in a device "sleep mode'*) to save on the order of 60%
ol illc cllixgv stored 111 illc powcl soilrce illa) v oilki llilvc
othcrwisc been used dunng tlus dead time.

FIG 17 shows an exemplary Ii('(i wavefonn In brief, the
P wave can be related to the electrical current causing atnal
contraction. I'he QRS complex can be related to ventncular
contraction of the left and right ventricles. The Q wave can
be related to electrical current tmsveling tluough the in)m-
s cnincular septum. while the R and S waves can bc related
io ihc vcniriclcs contracting. Thc T-wave is due io thc
re-polarization of the ventncles Usually. atrial re-polariza-
tion occurs atop the QRS complex. and being much snialler
than the QRS complex. is not seen 'I'he Sl'egment con-
nects the QRS complex to the T-wave. Irregular or missing
waves may be indicators of cardiac issues including: isch-
cnnc ussuc. c.g. due to myocardml infarction. bundle branch
block. atnal problcnw (spccilically P-wave abnonnalitics),
pericarditis, and electrolyte disturbance

Cienerally, power source 515 can include one or niore
"bmton" cells typically disposed on disposable electrode
module 110: hov, ever, the block diagram of FICi. 6 shows an
enibodiment of a body worn physiological monitor 100
where power is supplied by a power source located on, or
coiuuxied to communtcauons mid compuiauon module 102
instead of residing withm disposable electmde module 110.

I)eyond power saving considerations, it can also be desir-
able in sonic embodiments of body worn physiological
monitor 100 to put the microcontroller and/or other circuits,
including particularly digital circuits, into a sleep mode
dullllg dli ADC CoilVcrsloll Cy'CIC io IllllllllliLC plckilp Ol self
generated clcctncal noise and io nunimizc power use Prcf-
crably, ihe A/D circuit can acquirc multiple samples and
buffer the samples, before mvakening the micmprocessor,
which then can batch-pmcess the data Butfering can be set
to match the patient*s heart rate, as there is no significant
clinical benefit to analyzing every sample as it is taken

Turning back to thc input circuits, iypically mnphliers 508
dre ddlerential or instrumeniauon amplflicrs uselul io selm-
ui ely mnplify dcsircd difli:rcncc sigiials between coiuiimior
terminals (such as an I i('(I vector). Vvhile rejecting coninxm
mode signals (such as interfenng signals that appear simul-
taneously on both connector terminals). Beyond using a
difl'erentiai amplifier„other teclmiques can be advanta-
geously used to further rixiuce conunon mode pickup
(CMR) and thus to improve the cummon mode rejection
ratio (CMRR) of ihc input amphlier stages of body worn
physioloaical monitor 100 ( MR is of particular concern
with regard to body worn physiological monitor 100 because
of the proliferation ofpotentially interfering elecuoma netic
fields, such as from 50 Hz or 60 Hz AC power line
distnbuuon throughout a hospital. For example. many fluo-
rcscmii cciluig lamp Iixturcs gcncraie strong 60 Hz alicmai-
ing current (AC) clectromagnciic fields thai can appear as
common mode signals on physiological sensors 501. such as
I:('Ci electrodes 109

FIG. 7A shows one embodiment in which body worn
physiological sensor 501 comprises a plurality of ECCI
clccxrodes 109 and 701. Two chmtrodcs 109 generate an
ECG difibrencc potential for paucni 705. A tlnrd electrode,
rel'crcncc ehxtrode 701 can bc clectncally coupled to elec-
tronics common 704 (or other potential level) and can be
used to in)prove ('R In this embodiment, the electronics

conunon 704 (shown ds the negative temnnal of thc baucry
in I i I(i 7A) can be directly tied to the patient in the vicinity
of electmdes 109. 'I'lnis, the electronics conimon of the
electronic circuits in communications and computation
module 102 can be made to more closely follow any change
in potential in the vicinity of electrodes 109. Reference
electrode 701 can bc partmularly lmlpl'ul to ensure thai
inputs 109 rcmaui within a reasonably narrow common
nxide range. such as by reducing a (i0 I IV potential that

io would otherivise appear to niove the electronics common
704 at 60 I lz with respect to electmdes 109

In another embodiment as shown in FICI. 7B, virtual
electrode 702 perfomis asiniilar hniction as previously
dcscribcd with regard to rclhrcnce clcctrode 701. In ilus
mnboduneni, instead ol'rcaiuig a DC-coupled refhrencc
electrode, electrode 701 is replaced by the capacitive cou-
pling between flexible printed circuit layer 101 and the
patient 7(B, resulting in a virtual electrode 702 with anA('oupledconunon. Such AC coupling increases with

zo decreased distance between flexible printed circuit layer 101
and thc patient and cmi adiantagcously rixluce 60 Hz
conunon mode sigiials (AC signals)

In yet another version of a directly connected electrode
701, as shovui in Iii(i 8A. electrode 7UI can be actively
driven by an electrical output from communications and
computation module 102. Typically„an operational amplifier
(OpAmp) or other type of amplifier can be used to create a
"dnvcn lcaifh Drncn lead circuits can bc used io further
improve CMR over passive clecirodcs 701 as shown in FIG.

so 7A An exemplary circuit suitable for use to drive an
electrode 701 is shown in I'ICi 8A Amplihers (OpAmps)
8IU and 811 buffer the high inipedance signals fmm elec-
trode 1 and 2 (exempfisry electrodes 109) Diff'erence ampli-
fier 508 conveys the difference signal (such as an ECCI

)s vimtor) as previously described. The two 10 kilo ohm
remstors provide an avcragc of the common mode signals
appearing simultaneously ai ihc uiputs ol'ufli:r amphlicrs
810 mid gll. I'he inverting low pass filter built around
OpAmp 812 inverts the averaaed common mode pickup

do signal (at electrodes I and 2) and applies that signal out of
phase (180" phase shified) to a directly connected driven
clectrodc (such as clcctrodc 701) By applyuig the avera c
conunon mode signal to the drivmi clcmtrodc, atnpltftcr 812
clfbctivcly supprcsses common mode sigrmls ai clcctrodcs I
and 2 within the effective bandwidth of the negative feed-
back loop by active noise cancellation In theory, a virtual
electrode 702 could be similarly driven„but the voltage
requirements to drive a capacitively coupled conunon elec-
trode arc lugh miough io make a "dnven virtual electrode"

o a less practical option. Thus, it can bc scen that a rcfcrcnce
electrode cali bc d passlv c coliilcitloll or all acilvclv disvcll
coll)lection

It can also be desimble to have more than one ( MR
teclmique available. For example, in a low noise environ-

s. ment, a lower power reference electrode nught be used for
CMR Then if thc noise uicrcascs to a lcvcl where thc
rcfcrcncc elccimde pros ides uwuflicicnt CMR, the body
worn monitor can switch to d dnven Iced more suitable for('R in a high noise environment In this enibodiment. a

io particular CMR configuration can be selected by electronic
switchui . FICI. 8 shows one such exemplary switchin
block represented as reference electrode switch 801. Micro-
processor )t P) 512 can control rcfcrcnce clcctrodc switch
801 io select direct connected clcctrodc 701, virtual elcc-

ss trode 702, or directly connccicd electrode 701 additionally
driven by a driven lead circuit 802. It should also be noted
that in the embodiment of I'l(i. 8, when virtual electrode 702
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provides sullicimit CMR, electrode 701 cmi bc used as a
third electrode. thus allowing Ixidy worn monitor 100 to
simultaneously measure tw:o different heart vectors

lq(i 9 shows one enibodunent of an exemplary detibril-
lation protection circuit (506) and ESIS filter 507. As shov n
in FIG. 9. electrodes 109 can be connected via input resistors
R91 dnd R92. Gas ihschargc tubes, such as neon bulbs Ll
and L2. can bc used for over voltage prouwtlon by Iinng at
a designed voltage to prevent large potentials from appear-
ing at the input leads to amplifier 508 I'he aas discharge
tubes can be disposed on either disposable electrode module
110 or on the cotmnunication and computation module 102.
Detibrillation protection resistors R91 and R92 can further
rcsnlc ui disposablc clcctrode module 110, such as in thc
form ol'ile resistance of traces 412.

I ISIS filters 507 can be used to satisfy AAMI standard
I:('13 on lilectrosurgical Interference Suppression (I1SIS).
Standard Ii( 13 addresses the ability of an I'.C(i nxmitor to
dispLay and pmcess ECG signals in a satisfactory manner
while connected to a patient on whom an electrosurgical
device ls bcuig used. Without such suppression, thc high RF
output of an clectrosurgical device can render ECG moiu-
toring inipossible and or render the inonitor unusable. Resis-
tors R93 to R98 and capacitors ('91 to ( 96 form cascaded
low pass filter sections fe g. R93-( I) 'I hree cascaded single
pole filters are shown on each input leg of amplifier 508 as
an example; more or less stages can also be used. It is also
not necessary for each ace(ion ol tlm cascaded Iiller lo lmvc
identical 1 elues or roll ofi'pouits in the frcxtucncy domain to
create a specific response. e 0, Bessel, ('hebychev, or other
filter response known to those skilled in the art. Also. I1SIS
filters are not liniited to cascaded single pole filters and can
take other forms as known m the art.

Test circuit 906 can provide a relatively sharp transient
signal for tcsung the PACER circuit dcscrtbcxI below as pan
ol'a body worn monitor 100 '*power on self test". Resistors
R99 mid R100 can pull the output ol thc difii:rcntial ampli-
fier 508 allowing the micmcontroller (512) to detect which
electrode. if any, has detached, much as a "lead failed"
detection is accomphshed by E('Ci monitors having leads.
Body ivom monitor 100 does not use leads. but it is still
possible for one or both of thc physiological smisors to move
frcc of a patient's body. Such ibsconnccts can occur in
situations in wluch body worn moiuior 100 parlially moves
alvay fmm the body to which it is non-perinanently atfixed.
'I'he input impedance at one or both of the electrodes 109
changes in a sensor oif (sensor disconnect) event. When a
patient is attached„amplifie 508 typically hns an output
1 oltagc of near zero volts. How cvcr. lf one of thc electrodes
109 comes oil: resistors R99 or R100 cause thc output of
ampliiicr 508 to move to a most positive output ('*positive
rail" ) or to a most negative output ("negative rail"). Note
that the ne ative rail can be a small voltage near zero, in the
case of sin le supply circuit operation, and tlmt both inputs
could be pulled to the same rail. Lead-fail detection can also
bc analyzed to dctem»nc when the device is atlached lo thc
paiicnt and lhcn to automaucally cnlcr lull operational
mode. Such analysis can bc done at d low frcqumicy

'lite I!SIS filter 507 also can cause a stretching in the time
domain of a pacer pulse so that the event is recorded by at
least one sample. even though the pacer pulse itself is of
small dumtion compared to the ADL sample rate and the
pacer pulse is hkcly to occur betwemi smnples.

FIG. 10 shows an altcruatlvc circuit to accomplish over
loltagc protection, such as is rcqutrcxI during delibnllation.
In Ill(i. 10. diodes 1(gll prevent the electrode potentials
fmm going much more than one diode voltage drop above

16
tree or below ground and resistors R91 and R92 lumt
current. (Ising circuit pmtection. such as gas discharge tubes
1.1 and 1.2 (lq(i 9) ancUor diodes 1001 1lq(i 10) combined
v ith resistances R91 and R92, typically in the form of
resistive traces 412, a body wont device can survive nndtiple
dehbrillation cycles of at least 360 joules.

PACER circuit 509 dctccts pacemaker pulscs Onc reason
to detect a pacemaker is to prcvmit thc ECG circuitry from
inadvertently registering the regular pulses fnim a pace-

lo maker as an actual heart rhythm Separation of a pacemaker
sigaal fmm signals generated by the heart is important Ixith
to generate accurate EC(i analysis results as weil as to
correctly detect the absence of an actual heart rhythm. For
cxiunplc, a pacemaker continues to function even whcrc a
human heart has completely Ihiled

A pacer event (pacemaker signal) is typically a namiw
pulse typically less than 100 microseconds wide. Because of
the capacitance between the pacer in a patient and an I i(XI
circuit, an othenvise relatively square pacer pulse as admin-

lo istered at the patient's heart by a pacemaker, can appear to
an ECG monitor as n pulse with a ncgauvc undershoot and
an cxponcntial return lo zero ihat could inadvcrtentlv munlc
a QRS signal A pacer digital. however. can be recognized by
an analog differentiator and alert microprocessor 512 to the
presence of a pacer and to disregard the refractory period of
the corresponding R-C recovery due to the pacer signal. The
pacer detection circuit or PACER circuit can generate a
ullcropruccssilr ultcITUpt to luloml thc uucroproccssol lhtit ii

pacer cvcnt occurred and to mark a corrcsponduig physi-
io ological signal in time as related to a pacer event PA('I!R

circuit 509 can also cmise one or niore pacer related circuits
to automatically power down for power saving, where it is
determined that a patient is not using a pacemaker.

FICi. 11 shows an algoritlun useful to determine if the
li pacer circuit should bc cnabhxl. A typical PACER detection

circuit uses a slgmiicmit perccntagc ol the micrgy available
from a power source suCh ds batteries 204. If a PACER
sigaal is not detected, such as at power up of body worn
nxmitor 100, the pacer circuit can be autoniatically disabled

do allowuig for a longer battery life. Since typical PACER
circuits can use several anlplitiers (OpAmps), they can
consume up to one tlnrd ol'he analog power, thcrcforc
securing thc PACER circuits wlx:n they are not needed (i.e.
thc piltlcllt docs not hale d pdcc ulakcr) can cdUsc a
significant improiement in battery life qhe algoritlnn also
can also pmvide checks to determine if a demand type pace
maker begins operation (which nught be inactive at power
up of body worn monitor 100) by analyzing beat variability.
While it can bc advmitagcous to have thc body worn device

o automatically scnsc thc prcsencc ol a pacemaker and to
enable thc PACER dc(ection circuit, thc choice as to whether
to enable or disable the PA('I:R circuit can also be done by
externally configuring the body worn device Such external
configuration can be done througrha hardwired conununi-

i. cation connection cable or via communications and compu-
tation module 102, in wluch conununicauons and compu-
tation module 102 is a two-way radio trmisceivcr
connniunciltlon dcvtcc cdpdblc of rccclvlug a configUrdtloll
command sent for a remote radio tmsnsceiver. 'I'he radio

io could be 802 ll compliant, but generally would use a
lighter-weight (simpler) protocol that can be more ener y
efficien. A suitable lighter weight protocol could be propri-
etary, or standards-based. such as ZigBcc or Bluetooth. A
body worn physiological monitor 100 is particularly well

Si suited for use in hospital enviromnent as part of an inle-
grated wireless monitorin network I'he details of such
nxmitoring nenvorks are disclosed in I.J 8 patent application
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Scr. No. H/031.736 cnt&&lcd, '*Personal Stanis Phys&olo ical
Monitor System and A&ch&tecture and Related Monitoring
Methods", which is incorporated by reference herein in its
entirety.

FIG. 12 shov, s a high pass filter (HPF) suitable for use in
EC(i circuits block 510. An advantage of a 0.5 Hz HPF &s

fasicr recovery Irom DC oilscts due Io patim&1 movmncnt,
defibrillauon, electrocautery, etc. However ST se ment
analysis is negatively impacted if I lpl'utotT is greater than
about 0.05 Hz. I'hus, it is preferable to have the abihty to
change between a 0.5 and 0.05 lit cutoff frequency 1he
high pass filter ofFICi. 12 is nnplemented by a low pass liter
configured as an inverting amplifier in a negative feedback
c &rcu it to give a nct cfli c1& ve lugh pass &ra Baler lunc non from
c&rcuit input Io output. Thc comer frequency of Ihc com-
posite filter can be ad)usted by switching in resistor R21

Alternatively, Si can be switched at a periodic mate to place
a duty cycle on C Note that the frequency of switclung of
SI should be fast with respect to the corner frequency of the
anti-aliasing low pass filter. The raphs A-D of FICI 13
IUrtllcr &11USUBIC Illc pizfor&lla&icc ol illc cxc&&&platy f&lier of
FIG. 12. These graphs show normal&zed amplitude on the
vertical axis plotted against frequency on the horizontal ax&s.

l&ICi. 13, graph A represents a raiv input signal l&ICi. 13,
raphs l3 and ('re l3ode Plots representing the high and

low-pass filter sections. After applyi&tg filter responses B &('o input Data A. filtered data D is the result. The HPF
cutoil'dn be 0 5 Hz or some lower value dependm on
whether R2's sw&tching in or &f C &s duiy cycled.

Another method to achieve this frequency change is to use
digital fliers impleniented on Microprocessor 512 to reverse
the efl'ects of the 0 5 I lz I lpl( then implement a digital I lpl&

at a lo&ver cutoff frequency. 0.05 Hz. for example. The
response of the 0.5 Hz filter should be to&own ro implement
thc inverse lilter. Th&s rcsponsc cdn be measured using
nncroproccssor 512 to Inggcr Ihc Ies& circu&t 906 Io create an
impulse. H(s) Thc uivcrsc response is thc [I-H(s)] (FIG 13,

raph I i) and this inverse niter can be dioitally impleniented
by methocls famihar to those skilled in the art I f(s) is the
frequency response of the new HPF with lower cutofl'requency,nominally 0.05 Hz. The di ital filter for H'(s) &s

d&gitally gencratcd (F) and applied slung w&th [I-H(s)] (FIG.
13. graph E), result&ng u& Ihc frcqucncy rcsponsc d&splayed
in FIG. 13. graph Ci A h&gh pass filier su&table fi&r use &n

I:('Ci circuits block 510 can be implemented in full or in part
by sofnvare tlmt can &Un on micmprocessor 512.

FIG. 14 shows how a body worn monitor 100 configured
as an ECG nionitor can be situated on a patient in at least tv o
d&fli:rmii orientauons Io measure dilibren1 heart vcmlors. A
pnmary heart vector is measured by oncntat&on from the
patieni's nght shoulder to Ihe left lup, as shown by pos&&ion

1401. An alternative pos&tion 1402 can be nx&re suitable
where there is i&t]u&y or where patient anatomy is such that
it causes the preferred position 1401 to be less desirable.
Also. body &corn monitor 100 can be afTixed to the side of
pat&cnt 703 (sun&lar to a measuremcnt made by a conven-
uonal ECG '*V" Iced) or back of a patwnt 703 (such as w herc

paucnt mmds to slccp on their stomach) Io mon&tor still
other I:('Cr vectors (not shown). In etTect. a body worn
monitor 100 can be placed to pick a particular vector that can
be traversed by the electrodes 109. For example ar least the
first three pnmary heart vectors. i.e. I, II. and HI, can be
&lit&dc co&ivc&i&cntly'ivi&&ldbkc ul 11&&s &i&a&&&&en

Wh&lc &llustratcd with an uitemal batIcry. &t &s miportanI Io
note that a body worn phys&ological morutor 100 can be
po&vered by either an internal power source only. an external
po&ver source only, or by an mternal or an external power

source An intcmal power source can bc a rcncwablc power
source, such as a rechargeable battery.

Another t)T&e of internal poiver source is a Pelt&er device
opemted in reverse, also called a Seebeck dev&ce. Seebeck
discovered that a conductor generates a voltage when sub-
jected to a temperature ~vadient. Thermoelectric couples are
sohd-state dcv&ces capable of gmicrat&ng electrical power
fto&ii &I Ic&llpcrauuc g&ild&c&&L k&iow&i as thc Sccbcck cfli:ct.
(13y contrast, the Peltier etTect refers to the s&tuat&on where

&o electncal energy is converted into a temperature gradient ) A
Seebeck device "couple" consists of one N-type and one
P-type semiconductor pellet. The tempemture diff'erential
causes electron flow from hot to cold in the N-type couple
and hole flow from Ix&t to cold in thc P-type couple. To crcatc
an clcctromot&vc force (EMF). the lhl lowing connections arc
made On the cold side (i e. the side that is exposed to room
temperature) the pellets are joined and on the hot side (i.e
the patient side). the pellets are connected to a load, such as
the computation and conununication module 102. The open

zo c&rcuit voltage of a Seebeck device &s given by V=SAT, in
wh&ch S &s thc Sccbcmk coeflicmnt in volts/' and AT is Ihe
tcmpcrature d&fli:rcnce bc&ween the hot and cold sides. II &s

a challenge today to completely power the con&putation and
cmnniunication module 102 from a Seebeck device that is of
thc sa&iic s&zc Bs thc con&pilta1&on;if&cl coital&Ufl&cat&on niod-
ule 102. Presently. a Seebeck device may only provide
supplementary power. but as electronics migrate toward
lower power and Seebcck cocilic&cnts and Ihermocouplc
dcnsit&cs &mprovc, d Sccbccl device can bc a v&able long-

so term power solution for a pat&ent-worn mon&tor. Other
methods of generatin energy. such as n&echanical (as is
used in some ivrist watches) and solar. can also be viable
methods for providin a renewable self-contained power
source for a body worn nionitor.

is Turning to iumlys&s rouuncs su&table for use on a body
worn mo&utor. typically. ECG beat p&ck&ng, such as by usuig
wavclct or Founcr translbrms and/or n&atchcxf lifter mialys&s
&u tile t&n&c clo&ria&i& cao bc'o&lip&it'It&o&tally'xpo&1s&vc
Modeling the QICS pulse as three triangles w&th alternating

do polmnt&es creates a rough niatched filter for the QRS pulse.
Tak&n the second derivative results in impulse functions at
thc pciiks of flic nld&lglcs (where Ihc f&tst dcnvdt&vc &s

d&scontuuious), mid dll other points arc zero. Thc a&mond

dcnvat&vc method also males the convoluuon w&th uicom-
ing data extra&nely eflicient as most of the multiplies have a
0 as the multiplicand and requires m&nimal computation. 'I he
result can then be integrated twice to produce a matched-
filter output. which can be fed into the beat-p&cking algo-
ritlun that provides fiduc&al marks. Using a second n&atchcxf

o lifter that is sinusoidal ui sluipc and w&th appropriate d&s-

cnnnnators. Ihc systmn can prov&dc &nd&canons of L&fb

1'hreatening Arrhythmias (11A): that is. Asystole, Vfib. and
Vtach VVhile the accuracy of this syste&li is less conipetitive
with a high-end Arrhythmia solutions such as those pro-

ss vided. for example, by Mortars. the filters can be tuned to err
toward false pos&&ives and upon a pos&tive LTA response.
act&vale transm&ss&on of lull wavefonns.

Research has also shown Ilrdt analys&s ol'hc R-R port&on
of the li('(i &vavefonn internal statistics can provide a

io method to predict atrial flutter. Applying this and other
low-computational cost methods can allov a body worn
monitor device to begin transniitt&ng full Uaveforms for
either clirucal or algoritlun&c analys&s by a more powerful
engine, when Ihc probab&1&ty of other arrhytlmiias &s lugh.

ss Transnutting only thc R-R u&tet& als of ECCi wavclhrms is an
exaniple of a lossy data compress&on method. R-R intervals
cmnprise a string of data and the string of data can also be
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comprcsscd. Lossless or lossy data compress&on of Ihe enlirc
wavefornl can be inlplenlented to save battery life, including
not transmitting (or perhaps not even sampling) data
bet&veen the 1 and the P wave. Iiecause data compression
results in less data to transmit. the power saved may ofl'set
the computation cost of the data compression.

While wc luivc reli:rrcd ofien to EOG applications herc&n,
thc dppllcallon of low-uln nally'onlpUIBI&onal nu lhods Bs &I

po&ver saving measure apply equally well to other types of
low power-sensors, including, but not limited to 1&l'.(i. RPO„
temperature. and invasive or non-invasive blood pressure
measurenlents. Whether the body-worn medical-grade
monitor performs complex analysis or simply compares a
single numeric value lo a su&glc numcnc limil, Ihc device
can function iu a low-power radio stale until a predeter-
mined threshold is exceeded A body worn numitor can also
periodically send data or send data upon external request.
Additionally. external devices can send commands to
modi0 the opemst&ng pamsmeters and fl&reshoids.

Tunling to other conununlcation matters. it may be tlmt
dive&ac cicnm occUI'l wh&ch no uplink &s ava&lablc. In a
case of no uplink (fa&led communicdlions), Ihe body worn
nlonitor can buffer time-stamped wavefonns correspondiag
to any adverse events 'I'he buifers can also store waveforms
for later analysis in which this storage is triggered by the
patient &shen the patient recognizes a condirion, such as
chest pain. In the case of an alarm that occurs when there &s

no uplulk. alarnm can bc conligurcd to bc lalchml until
coniinned by a cl&n&cim&. Prel'crably, non-connnuous data
are marked (t&me stamp, sample nuinber) to allow correla-
tion of non-continuous data w&th contim&ous data and data
are also marked to &nd&cate when an alarm ives initiated for
later data analys&s„ including algoritlm& perfonnance analy-
SIS.

In those instances &n wluch mm&y body worn morutor
devices arc used &n close proxinuly to one mlother, fllerc can
be concern llrdt thc reports from one body worn morulor
nlight be interchanged w&th reports from another body worn
nlonitor. I'he body worn monitor presented herein. can be
configured with a patient context (i.e. name. room number,
patient ILL age. etc) and can maintain that context for as long
ds Ihe monitor &s conn&gled to Ihe palienl lo avoid such
problems. Thc body worn monitor cm& dctenuulc the status
of Im connection to lhc pal&cut via B conlhli&ous vlusl signs
monitor, pressure, ten&perature. galvanic response. or sim&lar
input lipon detect&on of a loss of connection v ith a patient,
the device can, depending upon different variable settings,
either erase the patient context or when re-connected ro the
palieni, requ&rc the care g&ver to coniinn Ihe panmll conlcxl.
When thc body worn mon&tor &s milially powcrcd up or
conncmled to a patient, &t can have a t&me holdofi'br alarnm
to prevent false alarms (e g low heart rate, lead-fail detec-
tion) while the systen& stabflizcs.

Regarding firmw are updates. where there are large num-
bers of body worn monitors in a hospital, it can be prob-
lematic to keep them all updated w&th thc latest version of
Iinnware. Onc solution to flus problem &s to prov&de a
wireless update Bb&l&ty for downloadulg and ulstallmg new
fimnvare and&or configurations into all of the body worn
010&IIIOI'S

While the present inventinn has been particularly shov n
and described with reference to the preferred mode as
illustrated u& the drdwu&gs, &t will be understood by oue
skilled in Ihc arl that venous chan cs in dclml may be
cfii:cxcd therein w&&bout dcparl&ng from thc spin& m&d scope
of the invention as dehned by the following claims it &s

further understood that several aspects of the invention,

including, bul not fimilcd to, deiibnllauou protection resis-
tors, pacer detect circuit disablin, methods for I I( (i signal
high pass filtering, mid various other lolv power modes are
not lmlited to body &Corn monitors. and can be used in I i(Xi
monitors of any type.

Wlmt &s cia&med &s.

I A method for manufacturing B body

worn

physiologmd1
sensor, the method conlprisin:

Ia providing a disposable substrate made fmm an insuLsting
material, said substrate comprising
a flexible printed circuit board Layer made from the

insulatin material,
at least Iwo ehmnodes disposed on thc disposablc

I substrate, and
conductive traces defined between the at least two

electrodes;
providing a conlputation-communication module. said

module comprising:
a housing:
a processor d&sposcd in the hous&ng, nnd

atlaching Ihe compulanon-commun&cal&on module lo Ihe
disposable substrate

2 111e inethod of clainl I, further compris&ng
providing conductive traces in the flexible circu&t layer
3 The method of claim 2. in winch the conductive traces

are configured on the flexible circuit layer to electrically
couple w&lh thc attached computers&ou-conunuuicdtion mod-
ule.

IC 4 I he method of claim I, further comprising
providing a plurality of openulgs in the flexible printed

circuit board layer. the openulgs being sized for receiv-
ing electrode gels.

5 The method of claim 1, in which the computation-
&i conumuucat&on module &s rclcasably attached lo thc dispos-

ablc substrate.
6 Thc method ol'ldun 1, further compnsu&g
providing a radio circuit in the computat&on-conm&unica-

tion module
do 7 The method of cLsim 3„ further compris&ng:

at least partially covering the conductive traces with an
ulsUIanng covcnng.

8 Thc method ofclaim 7, u& w hich thc nmulat&ng covcnng
ls a lab&le.

9 I he method of claim I, further comprising
integrafing at least I&vo electrodes into the flexible printed

circuit board layer of the disposable substmste.
113. The method of claim 3. h&rther comprisin:
scrccning Ihc conduci&vc &races onto thc flcx&blc pnnlcxI

0 circuit board layer.
11. The method of claim 9, u& wluch each electrode

includes an electrode gel and a conductive surface defining
a half cell.

12. The method of clainl 11, in which the disposable
11 substrate is crescent shaped and in which the body-worn

phy'Biological scnsoi Is %0&11 on lhc choax of &I pin&cut.
13. Thc method of claun 3. further compnsu&g.
providing a pacer circuit in tlu: flex&blc pnnlcd circu&t

hoard layer of the disposable substmste
ic 14 A body-worn physiolo ical sensor made by the pro-

cess of:
providing a disposable substrate made from an insulatin

material. said substrate compns&ng.
a flcx&blc printed circuit board layer made from an

Ss lnsultltulg nlalcnal.
at least nvo electmdes disposed on the d&sposable

substrate; and
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conductive traces dclincd between Ihe al least twn
electrodes;

providing a conlputation-communication mndule, said
nlodule comprismg
a housing:
a processor disposed in the housing; and

atlaclung the compulauon-conununicalion module lo the
dlsposablc substrate.

15. The bndy-worn physiological sensnr of clainl 14,
wherein the process further conlprises 1 I l

providing the conductive traces in the flexible printed
circuit board layer

16. The

body-worn

physiological sensor of claim 15, in
wluch Ihc process lurthcr compnscs:

configuring thc conductive traces ul the flexlble printed
circuit hoard layer to electrically couple v ith the
attached computation-comnnlnication module.

17. I'he body-morn physiological sensor of claim 14, in
which the computation-communication module is releasably
attached to the disposable substrate. ln

18. Thc body-worn physiological sensor of claim 14,
Ahclcnl lhc process fllrthcl cnnlplwcs.

providing the computation-comnntnication mndule with a
radin circuit

19. The bndy-worn physiological sensor of claim 16, in
lvhich the process further comprises:

at least partially covering the conductive traces with an
hlsulalhlg cnvcnng.

20. Thc body-st om physiological sensor ol'laim 14, ln
which the pnlcess further comprises: so

integrating at least two electrodes into the flexible printed
circuit bnard layer of the disposable substrate

s s ~ s s
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