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b) Induce \loh'rci in the Iud dllt dam.,e the pul,e fencrator:

c) IDduce volta," in \be lead thai the pacemaker confule. witb tbe iatriulic
heart ,ipal and lum ott the pulle Icnerator. .

AdditioDaU)' implantable pulle leneratotl incorporate reed Iwitcbel wbicb arc
lind for coutroJUn, the bauery chlrlc and may be activated by ItfOll,
1DIIDItiCI fieldl.

112e .at.ty of implantablc pacemakers and their protection .,ainlt EM! (EJectro
Malnetic IJnerrenmce) is the .ubject of the CENELEC Europeln Stlndard 56001.

A drafl U1eDdmenl prepared by Ihe Technical Commincc 62 [1] sUi.elU borb lbe
ma~hnum ratin'l or inter(crencr: Ind the melluremenl method. to whicb
pacemakera should comply.

Surely claule. a) and b) do not concern lhe OSM Iystem bee.ulr: the power of I
clinel radialion caciled in the lead which cln damlie the heart or the pulse:
lenerator is very much hi,her than the power or the OSM Cl:\ecl or mobile
equipmentl. Moreover the transmission frequencies or the OSM IYltem are 10
bj.b tha. the by-pa.. clpacitor which protects the plcemaker jftPUI filtr.lel
DOUP the r1.iduII components. For inslance h bal been verified tha, AM radio
broldca'l trlft.miliioD. UII", very hi,h power,' (kilowatt. or me"watll) till
iutroduce I stroDI buard. .

1altud, clause c) I'll. needed .ome invelti,ltion. becauK an int,rferinl .lpal
with low trequenc)' components Ipproldmltinl the hurt beal could caule
poteutial hazlrd, even if their power il relatively low.

In ca.. of OSM .i,nall, while the nonnll burst transmillion hu I repetition rat'
of 216 Hz lad rilks cannot Irile (conaider lhat I '0 Hz compoDent il alreldy
Ilronll)' filtend by the poJt·delector filter of lhe patemlker detector input), the
panicular cue of DTX (Dilconiinuoul Trlnlmillion) mode hid 10 be care~lJ)'

iDYlltl,lled.

ID fact DTX mode hu .I.nll componentl .1 rrequenciel much lower than iu lb.
CIR of Dormal GSM trlnlmillion. (lee n.. 2): there i. a .ub·component with a
repetition rate of t.08 Hz. which correllpondl to the lranlmillion of the •
timCilotl of the SID (Silence Descriptor) melSl,e blotk frlme and anolber
low frequent)' component reprClcnled by thc SACCH re~etition rite (8.33 Hz).
The amplitude .nd dUly cycle (one limeliot out or 26) of this component Ire much
lower than thOle of the previous one. Since elCClritat I~anals with a periodicit)'
below 6-8 Hz inhibit lhe pulse .eneraUH while interferin. li.nal. with a
periodicity Ibove 6·1 Hl wlll reven lhe pacemaker operation into lhe 10 cilled
Ily,,(:brOJJOUI mode II the bin' "",,II,,"ned rare-.. tt w"· ,,,M~M..
imponlnce 10 identify pOllible dlnaer thresholds.

1D flCl. if lhe power ucited by these lilnal, in an aClive pacemaker were bilb
elloulb, tbe pullt .enerator could be turned off Ind the perlon could b.vc I
b,art r,HUR.

3 • Experlmlntal Telts

Compatibility .eats hive been conducte' ~th with unipolar aad bipolar
.p.cemakeR manufactured by SORJN ulin& t. "., ICt·Up IhOWD in Ii,. 3.
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An .rbill.ry w.veform ,enerllor jointly with In RF ,CJlCTlIOr simulated the
900 Mill one uansmillion. The li,nl' was Implintd b) a power .mplifier.

Pac:em.kln were pl.c&ld in • ph.ntom. an imitation of the human body nu~

with • pby.lolo.ieil .olution (Wiler and N.CI whosI coneentratton ,omlpoaded
10 I .petjfjc conductivity of 0.' S/m It 20·C room temperalure:) accordin, 10 tie
IllIIdard valu-•.

Tbe pbID10lD WU • Plcloill•• cylinder 1.7 m t.l1, with a lSilmcter of 0.3 m. Tbe
pKia. 1.ld WI' plac8d in • loop limn., to the one rt'Uy dODe iD ebe hvmu
unl cd bi. dllllDce from the pJeli,Ju win wu DOl Jlrler ahu I em. AD
OICillOKOPC CODD"lCd to two Itlel platel plun,ed hno the lolutlon wu Vied to
deeecl the repl.r oparatioD of the leDeralofs.

EKp.rimeat. wert conduct&ld In I controlled (.nechoic) environmezn witll tile
lim of mluurinl the field .tren,tb neXI to lhe phantom chelt by aD ilotroplc
eletector avoidiuJ any unw.nted eomponenl.

The m.a.urement relulu Ihow lh.t no risk or hu.rds existl .g.inst pacem.kErI
from GSM equipment.

lD flCt it hu beaI verified \h.1 it 11 aecc'Slr) In electric field of It least ~ VIrA
(comlpoDcliuJ to 8 W tranlmit peak power or" I O$M equipment at 0.5 m
dilWlce) for illhlbllfJlI an unipolar plcemaker when the device i. lelved ill the
air wid! lbe p.CiD, Iud lo.ded with • 500 ohm resistor .imulltin, the lillue
iDledace.

OIl the other band. when the deyice wu PUI Into the physiological 101ution, It WI'
aot pouible to inhibit hb ~Jul.r operation even with electric fields of 200 VIm
(~poDdial to 201 W uln.mlt pelk power al D.' m di.llnce).

For bipollr pac:emaiell the r&llutu are even more r&lISIUrinl: witb the device ill
die opca lir Ibe electrical field could inhibit the pulse lenerator Daly if it wu
above 7' Vim (correlpondln, to • tranlmit pea" power of 28 W at 0.' III
dllllJlce). Obviou.ly no ~nblbitiDnl have been detected witb the plcemake,
phzDJId iDto the .olulion.

4 • Conclusions

DTX uaDlmi"ion. of • OSM equipment produc&l waveform. whitb could Jnbibit
c:.rdiac Itimuillors but fonn.1 experiment5 carried OUI with modem unipolar and
bipollr pacemaken manuf.ctured by SORIN h.ve demonstrated lh.t no real
uaal'd uilta.

Ihferiacil,

[1] "Safet)' or impl.nt.bl~ tardiac pacemakerl". D,art CENELEC pr EN 50 061
(1989)

(2)"lmmuull)' to disturbance of cardiac p'~lmaker. in RF filld. of powcrf1l1
radio transmluers". Jnlthln fur luntunk,cchnlk OMBH. Munchen. 1987.
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Annex E: Summery document on OSM·TDMA interference

,aotDC'1'. &D
SUPPCl~t to a /XT12

3uly 2.1'1

a'l"L rLl. MaOl ,"

Project Manager

Project Technician.

F Mellish. I.Bng. MIEIE

Approveci ):)1 .........,."..........,.....,..
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1. S\UI'CI&ry of Requirement.

3. tmmuDity Daea.

3.1 Sourc.' of Data
3.2 Rormali••tion of Data.
3.3 AnalY8i. of ~at••

4. Ob.ervae1on8 •

5. Conclu.ionl.
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1. 8=-a1y of ••qu.:!.:r__t.

In the courle ot a meeting to dilcu., the potential 1nterfe~enee

[1) prObl~ alloci.te~ with the 1Dtr04uction of GSM and other
t~an.mi••ion Iy.t~ .mploy1ng T.DMl techniques, Mr William. Of
the Radio Technology Laboratory WI tasked with proc!ucing a
.ummary cSocumant covering all of the work carried out to cSate.

The minute. of that .eting are reproc1uceCS in annex 5, it .hould
be noted that the chainan It.ted that tbe lumnary report .bould
aim to concern it,elf with the direct breakthrough problem only,
and =t. the TV iNge preble which may affect the OX only.

[1} Interference to TV, radio, audio and information technology
equipment, including perlonal Itereo equipment anc2 hearing aid•.

."
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3••~ of P1D4!u;••

2.1 n~tlc lqui~t••

Televi.ioD rec.iver. aDd portable r.dio./c••••tte players .tc.
prov.d to be the molt ,ulcepti!;)le 4C11111,tic equipment. with mean
iJmmmiti•• of 4.0 and 5.6 Vim reapectively. Igppr 1:as ,11 "Sliyer
.puriQU' ::e'p9;"', tbe.. equipment. would only .uffer
interference fram • 20 W QIM mobile at di.tance. of le.. than
about 8 metre. (wor.e cale , ••uming lOOt efficiency and free
spac. path 10••).

Thi, me&n8 that in practice, due to building .ttenuation ete.,
interference will not occur unl.s. tbe transmitter and victim
equipment are very clole, and within the .ame roam.

• t cIA thlr,:grl b, sOPs1u41d that GIM int.;f,r'nc, i. unlikely
tg SIU" any .,rieu, ;;*1.' 1:.0 rSgmeltiS ,qu1;gment. being u.ed
in , 4gmaltiS .nyit0Pmlnt.

"

Hearing aidl .1.0 provec1 fairly' IUlceptible, having a Dlean
tmmunity of 4.1 Vim. Interf.rence to hearing .id8 (and portable
cassette pl.yer. etc.) outside the daDe.tic enviromnent i, likely
to prove more problematic ,inc. the interfering GSM transmission
il unlikely to be under the control of the user of the victim
equipment.

Work conducted by tbe RTL &Dc1 Iacal R••••rch Ltd. luggest. that
the imIrI\mity of Rl&ll beh1D4 the ..r huring aid. can be improvec!
at re••onable Co.t (by about 10 cD) by applying conc!uctive paint
to the illlic1e of tbe h.aring aid. pla.tic ca••. Thi8 would rec1\.lce
the interf.ring' rang. of • 5 " portlble GSM tranac.iver to al)out
0.5 metr•• which il cOX1llider.CS acceptable.

:It hap thlreto;, btl c:ons1u41 '" that Mlln pC cu;;ant hUri;; lid
1;y1pmen, art 1ik'1X to experie;ce .gmt !pt.;f,rtpcI trom glM
mAbilel in slOl' prRl1 mity. It il ditfi;Ult ,; pr.Qict whlthlr
thi, will be I II::igul PtghlD" but 11nci ,hI imu;i,y of hl,ri;g
119 sap tl. ;tmproytl! at r'I,AP,hle c:glt, ap4 bll::";; in mips! that
thl HI' gf p,rlgpa1 cgmmupih'tigp, 'guigment will 1;;;'''', ~t
wgy11! b, "1m Prudl;t for h,ari;; ais! mapufacture;. tg
inYl.tiqat,. eM. cgu;,. st· m*cmi
It i. unlikely tbtt 'hi uI'r' gf heir!;; aiO ';Y~Dt will b,
&hl,tg UI' Iny TRIA ;gmmnpi;ltigpa IYltlml thlml'ly'l ('!'p if
'be lqw COlt imprOVBmlnl:.' dl.crtped hAY. b.1P inc:g;pprltldl.

'!'hI hl,riM ,ie. telte" prpytt4 .tII IUleeptihl' tg 1'00 ., thap
9PO MHz 'IIIIIA immup,i ty 7 c!I xgr.ll· 'n11, ra. cbviou. implication.
reSJa~ing the introductio~ 0' PICT etc.
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3. Tmmw11ty nata.

3.1 8~C.' of Pata.

R.eport. from t.he tollcwiDg laboratori•• were alaly••d to protSuee
t.h1••ummary doc~nt;

Raclio T.r:bnology Laboratory Report. gl09, S132, ltJ'132a, ~181
partl, KJ1B1 Part2.

Britilh Telecom R.•••arch Laborator1e•••port R.T4123

Netherl~ Prt (hootdd1r.cti. telecommun1catie en po.t) Report

Radio Frequency IDveltigationi Report RPI\TR.2\2294

The above laboratori•• pr••eDtet1 their fiDdtDgI in a variet.y of
fOn18. In proc1uciug this suanary report it ..e u.ce....ry to unify
the varioul aDltract r••ultl aDd t1J1ding., 1)y calculation and
extrapolation, to a COD'IZ\011 form -,"tb. :i,14 iPt'n1ity at which
the impairmePt WI' on the ltmit of acclptability.

CCla gra~. 3.5 impairment was c~i~ere~ an appropriate limit ot
acceptability for GSM interf.rence .ince it falls halfway between
the tmp&irment that il cOnl1d.re~ acceptable, by the CCll, for
continuous interf.rence (CCIR g~. 4), and that whiCh i. only
cODIidered acceptable for a V8ry -mall percentage ot the time
(Cell grac!. 3).

The approx1m&te field. inten.itie. that woul~ r ••ult in CCIR. grac!e
3 or 4. 1q)aiJ:ll\Gtl CD be obtained ~ ac!d.ing or IUberaet1ng 5 dB
audio im,pair.ment reepectiv.ly (.ince a 1 ~ change in the fielt1
inteDiity reeult. in approximately a 2 c1B change in the audio
impairment (Iquare law), multiplying or c!ividing the grac1e 3. S
field inteJlllty l:>y 1.33 will pro~uce the approximate Siradt 3 and
4 tiel~ inten.itie. re.pectively).

A c!••cription ot the iqJ&irment a••ociated with each of the
Itan4ard CCIR impairment grade. i. given in Annex 1.

J.J Analy.i. of ~ »ata.

The original labg;-atorie. data Gd it. conver.ion to field
inteDl1ty fo;- ira4. 3.5 1mpa1rment i. given in Annex 2.

The Hem~ StaaCSarcS Dev~at101S f)f the extrapolated data i. given
in Annex 3, aneS Summari,.« i~ ADnex 4..
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4. Ob.uvaU.OD.••

4.1 larlier work at the JlTL hU .h~ that the magnitude of AM
or pulle[2] interference i. relateC to the peak euvelope pgwer
of the tr~mi••ion. i .•. A victim equ1p1MDt dell'lOZ1.trating
iDl:ll1m1ty to 3 vIm (c.rrier) with lJcJ1z, 80t Ui'litu.de modulation,
1. al'o demon.trat:l.n9 iDrnLm:l.ty to 5.4 V1m peak i. e. a '1't'MA
iJDlmmity of 5.4 VIm. Thi. i. IUpporteCS ~ the recent te.t.
conducted on hearing aid. ~ UI.

[2] 1:34c duty cycle c24:1

•• 2 The recent talt. condu.cteCS 1:)y UI .how. that the maj or1ty ot
the b.aring a1eu el.tees (the aaller onl') were more IUIceptible
at 1900 MHz than at gOO MHz (the mean 11111lUn1ty ft, 7 9 worle) .
This finding hal Obvioul tmplicati0D8 regarding the introduction
of DICT etc., and il lupported ~ lome (limited) earlier work
conducted by the RTL (XJ132a).

4.) I:zt.at:Lcaa.lly bluJc ten: ftJ'C'%"t. d1••_.tAat~ Qut• .icse t.be ApDey.

,,
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5. CCCC1U.t01l'.

5.1 The extrapolated mean/mediaD peale 'I'2:lMA field intemriti.1 at
~b1ch var1ou. equipment. would Butter vi.ible/audibl., but not
aancying interference (approximately CeIl grade 3.5) are listee
below.

Type o! ~~t
HeariDi Ail1ll
Tel~i.iOD aeceiver.
Video ca.,ette leeor4er,
Satellite Tel~i.ion R.ceiver.
Tuner./amplifiere
ca,.ette Deck.
CD Player.
portable Radioe & ca•••tte Players etc.
Telephone.
Computer.
Computer. (Hame/Gamel)
General Ilectrical/Ilectronic Bquipment.

Field 1at..ity
4.1
4.0

>13.9
9.5

>8.3
>2.9

>13.9
S.,

>7.6
>8.5

>13 .5
>7.8

(VI.)

Prcm tbe above geerali,ation it caD be ••en that tbe mo.t
.u,ceptible equipment. are hearing aid., televi.iea receiver.,
ca•••tte CICO I.D4 portable radio./ea••ette player. etc. Iangring
.11 rec.iver lpu:iou, r.,pop'.' r4J, the.e would only .uffer
interference fram a 20 Wmobile at di.tancl' of le.. tban about
8 metre. (vor.e ca.e a••umin; loot efficiency and free lpaee path
10"). Tbi. 11\8&111 that in practice, due to building attenuation
etc., interference will not occur W1le.' the enJ1llft1tter and
victim equipment are very clo••• &Dt1 within the .ame rocm.

It can therefore be concluded that GSM interference i. unlikely
to cau'e any .erieu. prcblem8 to dame'tic equipment, being u.ed
in a c!c:IDa.tic enviromnent. Interference to h.aring' aic18 llDl!
portable ca••etta player, etc. ~e1ng Uled out,ide the dame.tic
envir=ment i. more likely. larlier work concSuctec1 by the ITt. ancS
Racal ae.earch Ltd••ugg••e. that the ~nity ot .mall behind
the eU' hearing aide can be improv.d at rea.oZ1ahle COlt (by abeut
10 ciB) by applying eonductiv. paint to the imtide of the hearing
aids pl••tic c•••. Thi. woul~ reduce the interfering range of •
5 W portable GSM to about 0.5 metre' lItbleh i. cOl1llidered
acceptabl•.

[61 Although it wa. rlqu••t.d that chi••ummary report .hould· aim
to concern it••lf lItith the ~inret:bJ:aJtthZou9b'·p:'Obl.. OD1y, .."
not tbe TV image p~oblam wh~l;~ xaay affect the OX only. the
following backgroun~ ~ntormatio~ is included tor completen••••

The imai' (lpurloul) r••po~e or television receiver. i.
potentia 1y quitl problemat~c ~cau.e, for .ome of the higher
Ban4 V ehaDDel., thil r••po~. ,all. within tb' banal allocated
to TACS &DeS GSH. However, int,~,.r.nce via thi, mechanilm ie no
wor.e for GSM (or otber ~!f'teme) than ~t i. for analogue
IYlt....i. TACS. AI no cae.'. TV .il interference fran TACS
have been recorde~ duri,pg .evet, ",,1:, of oper.tion, major image
interference prob18ml 'rom GSK ,~e QDt ant~ctpated.
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5.2 The following pertinent informaticm ha. been extract.CS from
R7I'. te.e report RPI\TR2\2494;

5.:2.1 Ouuics :r.await7 .tudU4l.
The draft generic ~ty .t&D4a~ (prlN 50082-1) require. the
10'1' to ):)e e••teCS Ilt 3 VIm frc::a 27 MHz to 500 MHz, but lince there
i. no requirsment to modulate the field it i' unlikely that any
hearing aid equipment would fail thi. telt.

The fizal ver.ion will llllfto.t certaiDly require that two further
te.t. lilted in the informative .n~ex to be carried out:

1. BlectrOlDagnetic: fielCS at a .everity level of J VIm 80t
amplitude modulated with 1 ltH. tone .wept from BO MHz to 1 GHz.

4. electrcmagnetic fielc1 at a leverit:y level of 3 Vim pulle
modulated with a 100 Hz .quare wave at a frequency of 1.89 GRz.

5.2.2 rie14 It.:'cgth 'Z'04~ce4 by PortUle ~mge.!vu••

B•••" on SQ!JIPliapse with th. ;Ip.ric; Itlp4trd JUl'X have calculated
how clo••ly the u.er of a piece of hearing aid equipment ~y
approach a portable traneceiver before the level of unwanted
interference become. unacceptable, and produced the fOll~ing

table;

DICT

'eMU' (W)
0.01
2.00
5.00
8.00

20.00
0.45

1U.Am- Z)!.taI1ae (Il)
0.1
1.4
2.2
2.8
.... 5
0.5

RFI .taee that;

The.e figure. only pravit1e a rough guide a. they make no
allowance tor the type of lIlOC!ulation employed or for the
di.turbaDce o! tbe electromagnetio field cauleO ~ tbe periOD
u.1n; the bearing aid.

and that:

The value. cal~late~ above would IUiie.t that ~Ier. of heariD;
aid equipment are likely to apft'ieDetr.aa.' tnterlereec:.f:roca;a,
mobile. in clole proximity and that they will not be able to u••
any of the above 'Yltem. th.meelve••
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Anne. F: Interference to h••rlng lid. by the new dlgtt.1 mobil. telephone Iyltem.
Globl,8ytt.m for MDbll' (GIM) cDmmuniCltlon, mnd.reI

ZDt~'e~De to ••ari., A!dl
~ ~.... Di,ita1 ~11. 'el."o.. '7.t..,

11.&1 It-t.- for .oat11. (Gill)
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and

Eric lurwooc:5
Derek Alli.on

Ro.' IA Stranie
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.'ZOJIAJ, &COO.TIC loUODtoau8
• nivilion of~ HDllDQ IEIlVICI!

SYDNEY, 30 March, 1993.
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This report gives ~h. c1.otails of soa. ..asure••nts on the
in~erf.rence cau••d ~o he.rinq aide by mobil. telephones u.in;
~he new "Global SYlt.. for Mobile" (eSK) communication.
stan~ard. The wide.pread u.e of thil .Y.~.m .ay caue_
coneiderabl. interterence to Ulere ot h.aring aida. It ia not
laaown at pre.ent if he.ring ai~ can be deaiqned to be
completely immune frena thie interference. Thie report haa been
written to alert all hearing aid uaera and tho•• concerned with
the u.e of hearing aid. to the po.eible dilruption to the us.
of hearing aids that may b. caused by the new GSK eyst•••
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1 IDtl'0411c:tioa
Th. new lIobile telephone .y.tu, u.in; ~. "I;;lobal Sy.to for
Mobil." (GSM) coamunications .tlndard, 1. due for intr04uet10n in
April th1. y.ar. It u.e. di;ital t.Chnology and operate. at
radio fr.qu.nci.. CRY) in the 900 MHz reiion. The portable h.nd
held and tr.n.portable telephon•• are capable of interfering with
commonly u••d electronic equipm.nt .nd can degrade the
p.rformanoe or even prevent the oper.tion of hearinq aid••
NAL wa. approach.d by Tel.cOll Re••arch Laborator!es
Electromaqnet1c COZIIpat1billty section about the poss1b;Uity of
checking it the systa interfere. with h.arinq aid.. Telecom wa.
undert.kinCJ .n investiq.tion into interference cau.ed by the
diq1t.l t.lephone.. As. ra.ult HAL and Telecoll .t.ff undertook
a ••rie. ot ....ur...nt. CSe.iptICI to e.tablish the nature and
extent of interterenc. to h••rin; .id••
The followinq i. a report of the.e mea.urements, together with
.0118 reccmaend.tion••

a AcDcnrl.lIqautl
Dr. ~.n Joyner, H.ad of th. Il.qtromagn.tlc Compatibility
s.ction, Tel.coa a••••rch LaQor.tori•• , first approaChed NAL
tbrouqh Mr. Bric Burwood .1'4 vi.it.d NAL on 18th anc! 19th
February, 1"3 when it wa•••tablishe4 that interf.rence Ilay b. a
problu. Sub.equently, lI.a.ur...nt. w.r. carr1ed out on 4th and
5th March 1"3 to quantifY the ext.nt of the int.rference likely
to be expertenced by h••rin; .1d u••r.. Dr. Joyner and Mike Wood
of T.lec01l •••••t-ch Labor.torie. Elec:tromaqnetic COIlpatibllity
Section .et up the .quipment to qener.te the radio frequency
field to .iaulat. the t.lephon. ..is.ions and a180 provided
Tabl.. 3 and 4 of ti.ld .tren¢h...lotted by the eSM mobil.
telephon... Me••ra. Iric BurwoOd, nerek Alli80n anc! Ro•• Ll8
Strang. of N.tional Acou.tic Labor.torie. carried out the hearin;
aid ••••urem.nt••

;, 'atv. of '1'~D..1••ioD t~o. GIK lIo~ile "elepboza••
ror the GSM .yatell the rac!io apectrwa available for
Dlobile-to-ba.e (i.e. mobile t.elephone) tran..i ••ion i. t>.tween
no and 915 MHz, .nd for ba.e-to-llobile it is 935 to '60 MHz.
The modul.tion produce. 0.6 1U bur.t. ot JtJ' energ-y from each
t..lephone t:-analllitter at a pul.e rat. of 217 HZ. A numb.r of
peak pow.r level. am2' .qa±p...nt corrri9='~iOM.I".fi.UUla. t=
GBM mobile tel.phone. for us. within Australia. The•• includ. a
2 watt hand beleS unit .nd In • w.tt tr.n.portable unit. When du.
account is taken ot the pul.ed n.tur. of the otran.mi••ion., the
corr••pondinq aver.qe power level. are 0.25 watt and 1 watt
re.pectively.
Th. peak RF field .tr.nqths clos. to the ant..nna of the mobile
telephons c.n b. quit.. hig-h. At 10 c:m trom an 8W transportable
unit a peak RF tieleS of 70-80 VIII ha. been ••••ur.d.
The eSM .y.t.1I i. a pulsed .y.t.. with • hi9her peak power th.n
the present .nalog mobile telephone .ysta=. Thi. ..~e8 the GSM
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IYltUl much more likely to c.u.e interference into electronic:
equipment which ia apparently .not affecteet by analog RF f1elet•.
ObViously the potential for interference depend. on the number 01'
aSH mobile tel.phon.. 1n u.. in the community an4 this is
unlik.ly to be very hi'b in th. next few year••

.. Izat.~C.~..a. to ••ula; ai".
Interf.rence to • h••ring aid 1. con.id.rabl., the amount
dep.ndin9 on the d.tail. of it. ~.Ii;n. Con.1ei.rebl. concern 1.
felt by the European Hearin; %nltruaent Manufactur.rl AI.ociation
a. the n.w .y.t.. i. bein, impl..ent.4 in all European countrie••
The Auatrallan T.l.communication. Authority, Auat.l i. embarking
on an inv••ti,ation into "...rqing technologies for the delivery
of wir.le•• per.onal communications".
Th_ int.rference from one tranemitter 1e heard in the hearin, aid
aa a constant, dilt1nctive buzzin, .ound While the telephone i.
transmitting nearby. Fi~. 1 ahow. a typical frequency apectru=
of the output of • b••rin, aid with int.rt.r.nce, which occura
aero•• the u••abl. r.n,e trom 200 to ov.r 5000 Kz.
H.arin; aid. from all manufacturer. w111 be similarly prone to
tbi. interf.rence.

, ZNIsor1ptioli of Xe••ur_uta - ••zas1tivit,. of the .eui.; aiea
to t~e laterreri., ar li,.a1

• Aim: '1'0 ••••ur. how the effect of the interference vari••
with the peak R7 field Itrentth, 10 that uaeful predictiona
could be ..de about the eff.ct on he.ring ailSa in proxaity
to th••e t.lepbone tran••itt.r.. Thi. w•• lSone by:-
i ••a.urin, the output of the aida aubject.ed to varying R7

field .trenqth., and
ii Subj.ctively comparing the int.8rf.rin, output with a .ound

of known intenaity.
b M.thod:

i The h.aring .id8 were plac.d in a known variable RF fi.ld
,eneratld by the ayata provided by TelecOll .hewn in
Figure 4. Th. .ound output of the b.aring aid wa.
me.aureCS in a :I cc coupler with a .flX 2120 Fr.qu.ncy
AnalYler .et for wide b.nd with a 100 HZ high p... tilter
~., 9"'= ,I;' i n_t low tr.~.ncx ambi.nt noi•• , reter to
Fiqure 3,

ii The noia. floor ot .ach aid w.s m••eure~ with the
.ic~ophone blocked to aJDlJient noi.. • Th. h.ar1n9 .i4
output wa. then .eal~red und,r a 8uitable rang. ot fiellS
atrengtha, includ1nCJ th.t "'~cb produced an output 10 ISB
.bov. the noie. tl~o,.

c Prtcautlgns ;
i The ••••urin; micropon. ,... ,c=oultic Z cc coupler are

large .etallic objecta "".... ,1ter the fi.llS .tr.nqth
around the hearing' ai4a. 1ft or~.r to o~tain r •••onably
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accurate f1.1d .tr.n;th It the 114, the 2 cc coupler and
microphon. w.r. aov.d a"ly trom the vicinity of the aid.
A 410 .. length ot Z .. diam.ter Ty90n tubinq wa.
n.c••••ry to coupl' the aida to the 2cc coupler. 'rhi,
chanc;.d the aeou.tic frequency r••pon.. of the aid, an
uapl. ot which i ••bewn in rl;ure 4. 'rbi. Ch.h;. at
re.pon.e do•• not invalid.t. the ....ur...nt. for the
purpo.. of thi. inv••tiq.tion, .ine. the b.ndwidth waa not
r.duced alqnificantly. Th. peak R7 field .trenqth. were
ua.ur.d uainc; the .ppar.tUII .bown in 11;ur. z. '!'h.
output ot the 9.n.r.ter wa. v.ried with it••ttenuator in
ord.r to adju.t the U' ti.ld incident on the hearinq aid
und.r te.t.

ii On rotatinq the ai41 tn the R1 tield the r.ceived
interter.nc. chanc;.d. However, tor the pU%'po•• of thi.
inve.tic;ation, it wa. decid.d that the orientation which
pro4uc.d the mo.t int.rt.renc. in the majority ot aid.
would b. u.ed, .inc. tiae v•• in.utticient for a more
.xtenlive exploration and it i. unlik.ly that
.i;nific.ntly more u••ful information would h.v. been
obtained.

iii Th. fr.qu.ncy r ••pon.e of .•ach .id waa 9raphed with
normal acou.tic t.nainatio·n and allo with the extra
tUbin; uain; • HAL 8500 ay.t.. Who•• calibration wa.
ch.cJced with • Bilt calibrator. Tbia Ihow. that the
aid. were operatin; correctly.

d AlP' Ilpprding,;
i '!'h. outputl ot each .id w.. r.corded with and without

int.rfer.nc. for .ub••quent .ubj.et1v. ev.luation.
ii Recordin,. w.r. .ade ot the output ot .om. of the hearin;

aid. with t ••t .pe.ch p••••;.. of known av.ra,. SPL with
and without int.rf.renc. to ••c.rt.in what may be d••••d •
•u1tabl. thre,hold tor charact.ri.1n; the .ttect of
interf.rence. It wa. confiraad tbat a ua.tul "annoyanc."
threlhold i. the R7 tield Itr.n;th th.t caU8•• an output
10 ~ aboVe the noi•• floor of the b.arin, .id, i .•. tha
output without int.rterenc••nd when the microphon. va.
blocked to Ulb1ent .ounc!. Inar.a.inq levela of
interf.rence rap14ly incr..... the l.vel of di.comfort,
e. 9. when the int.rf.renc. w.. incr••••4 to 20 dB .bov.
the noi,. floor, the eff.ct b.came unacceptable, .ven
tboU;~ the accomp.nyinq .p.ech w.. .till 1ntelliqible.

iii It i. intended to prepare a c••••tte t.pe recordinq
with .ampl•• ot • he.;1n, aid output ~ith and without

'. int.rterence to ,peech,
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, luten»Z'etatietza of the .eAlt.
a :nt.rlenne. :rhmlhpld: 'l'al:)le 1 .bow. the thr••hold value.

ol:>tain.d vi1:h the h••rin; .id. i ••u.d by US. Interference
wh.n tn. tel.coil i. u.ed i. .1i,btlY diff.rent to th.t with
the microphon•.

b B.n;. pf Intlr:.:.n;.: Tabl. 2 giv.. .n approximate
incUc.tion of the r.l.tiv. di.t.nc.. .t which the 10 dB
thr••hold i. r ••cbed froll a Z watt C;SX hanl!-b.ld mobil.
telephon., and fra an 8 watt GSJ! '!'ran.port.bl. 1I0bil.
t.l.phone. Th... .r. ..till.t.d from the hearing aid
thr••holdl 1n TUll. 1, anc! by extr.polatinq trom the peak RF
tield .tr.nqth ••a.ura.nt. over gra•• in Tabl•• 3 and 4. Aa
indicated in Tabla. 3 .nd 4, .1qn1ficant v.riations occur in
t1.ld .trenqth. d.pending on the immedi.t. environment,
howev.r the ••timat.d valu•• r.nk the aid. correctly and giv•
• realiatic 1nc!ioat10n of the r.nge where int.rterence will
occur.

c Cgnditign. unO.r which Interf.r,nc. oQgur.:
i Th. tel.phon.. int.rt.re with .11 the hearing aid. teated.

A u••r of on. ot th••• bear1ng .id. will not b. Gl. to
u.e th••• t.l.phon•• , anc! • b.aring .1d will oft.n b.com.
u••l... or c.u.. the w••r.r di.eomtort clo.. to •
t.l.phone wh.n it i. bein9 u••d. Thi. .itu.tion i.
Aprl.ent.tiv. of currently .vailable b.arln; ald.. It
will be notio.d that the I'1'312 hal the laa.t int.rt.renc•.
An expl.nation 1. giv.n b.low.

ii Behind-the-!.r he.rinq .id. exp.rience more int.rfer,nce
than In-th.-Ear aids.

111 He.ring a1d. .uch a. the VHK are lik.ly to b. unu.abl.
even ••v.r.l m.tre. aw.y troll either the hand-held or
the tran.portabl. tel.phone•.

7 Il1terreJ:1D; .eG!iui..
a From the experim.ntal work we can say that the interference

occur. at the mo.t .enaitlv. p.rt ot the h.arinw aid
up11tier, wh.re the U field inc!uce. a1qnal. in the wire.
connect.d to the microphone or the telecoil and detected
(rectified) by the tran.i.tor input, and po••ibly by the
output of the miorophon. Which hal • aimple buffer .mp11fi.r.
Thia mechani.m applies 1n hi;h 9ain aUdio amplifiers 8uch a
tho.. u••d in pUblic addn•• ·.,.t_·· t:bft. ~. ...;_"' ot....
r.dio and t.levi.ion tr.n••i ••ion.. The.. .re normally
shielded from this int.rfer.nc, anc! the input .horte" by •
•mal1 .capacitor to eliminate the probl.m.

b The hi;h.r p.ak pula.. ot RF p!!.r r.diat.d .nc! the clo••
proximity to the h.aring .id. wh.r, tb'r ",ill normally b.
ua.d, combin. to maxe thl. 1at,rterenc. mor, .ever. than the
above ca••a.

c Som.tim.. a .mall capac::ltol:' 41 ....cs 'hunting the amplifier
input to prevent R1" si9l\a18 ...~'" 4etected and h.ard by the
wearer. Th. Calaid Sonata _" ••••11 capa~i~or, but 1s not
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clo.. to eith.r the uplifier chip or the microphone. The
Serenade, ~ and VBJVU do not. 'l'hil explain, the 10li.r
threahold RF fi.ld atr.nqt:h. ot the V a14.. The neW' 1'1'312
hal much &hort.r microphone le.d. than the previou. IrE
hea;1n9 aid, sonata and Serenade, ,ince the microphone i.
&olidly JDounted next to the uplifier board. 'l'he lower
,enlitivity to int.rf.rence i. con.i.tent with the Gove
..chanin.

a PQ,.ibl. Appr;ach"
i rilt..rin9: Th••hunt capacitor 1. a .imple tilter. It

.hou14 be placed pby.ical1y v.ry n.ar the amplifier
inte9t'at.d circuit chip with very .hort liire.. It may
alIa b. n.c••••ry to place on. aero.. the microphone
output at the micropbone. Th. capacitor, are r••tric::teCS
by their atfect on the circuit operation a. w.ll a. taking
up valuable .pace. By ulin9 • .mall ferrite inductor 1n
leri•• with 'the microphone lead. in conjunction lilth the
ahunt capacitor, it ..y be po••1l:>le to eliminate
interference. "

ii Shi.141n9: Cc=plete .hie141n; ot the whole hearin9 aid
with a con4uctive .h.ath w111 eliain.t. the interf.r.nce,
but i. likely to b. impr.ctical. suitable a.thod. include
thin met.llic coati", on the in.1d. of the ca.. parts,
impr.9nat1on of the pla.tic with fine conductin; particle'
and ulinq a ·met.llic~ paint. It may reduce the
.en.itivity of a telecoil if fitted. It i5 likely to be
iapo••ibl. to cOllplet.ly Ihi.14 the aid, and conn.etinlJ
leada tor audio input and induction piCkUp coil (telecoil)
that ar. not .hieldees WOUl4 pre.ent problem••

iii ,.•••ibility: It i. not known now it the•• or other
r..e4ie. will work and to What extent they may wor~.

iv Re.trictin; the u•• or the new GSM mobile telephon•• will
prevent !nterferenee, but would probably .ake the C;SM
Iystem u••l •••.

b :'£11;10; Hltring A1e11: Chan;e. to the lat118 numl)er ot
existing hearin; aid8 hal the following proble.l:
i It ••y b. logisticallY difficult, if not impractical.
ii ;r'.·Ual•. JDod i tication. are 11kely to be of mini.al

.ffectivene.. beeau.. ot the difficul1;y in applYlnq
ettectiv. r.me4ial treatment, to an exi.tiolJ product.

iii· M04if1cationa to .x1,t109 a1d8 .ay b. very expen.ive.
c NIW Hlaring Aida: It .ffective meanl to prevent interference

are d.v.loped, they c::ou14 be 4.'iqned into new h••rinq a1"s.

• cOllolu.i.a
a It 1. likely tha1; he.rin9 .i' U"r, w1ll be inconvenienced to

.ome extent very loon .,t" the new tel.phone. are
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:1.ntroducel1.
b Wil1e.pr.ad u.e of the n.w GSK mgbil. telephon.s .ay maxe

exi.tin; h.arin; a:1.d. u••l ••• for much ot the ti••.
c Unle.. there i. a r.ali.tie CS••i;n rem.CSy, new hearin; aiCS.

will b. aff.ct.lS, but po••1bly to a l ••••r .xtent, since
partial ru.CSi.. ..em to b. po••ibl••

d co-operative work to inv••ti,.t. errectiv. d••iqn 1501ution.
i. n.c••••ry, to ••takllillh it they c.n be developed.

e Monitor1n, the uptake of the GSK ••rvic. and report. of
interference to h.arin; aid u.ers to ,.u,. the extent at the
probl.. 1n the .hort tem .nd in the lonqer t.rm und.rtake a
co-oper.tiv. protr... to tinlS practical and cost etfectiv•
• olution••

10 aeooaeaslatioas
a Malee thi. probl.m known through:

1 Au.tel,
ii Hearin; Aid user Groups,
iii Searinv Aid ..nutacturers,
iv Rel.vant qovernaent departments,

l) Initiate co-operative worJc to look for a suitable desiqn
solution,

c X.ep th. above m.ntion.d bodies intorm.d about the ext.nt of
the CSH .y.t.. and inform CSM lIobile telephone u.ers about
the interterence that .ay be cau.ed to hearin; aid u••rs.

11 ..fe~easDe.
a European H.arin; Instrument Manutacturers ASBociation,

"Implication. ot GSM tor the h.arin; handicappeCS", ao••traat
135, 11780 Wemm.l, lelqlum, Tel 32-2-460 2284, rac. 32-2-460
42449.

b AUSTEL, "Di.cu••ion Paper: Wirel... Per.onal C0JlUl1un1catlon
services", MobUe Equip.ent standard- section, AUSTEL, P.O.
Box 7443, St X11da ~oad, Melbourne. Victoria, 3004
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Table 1 ., r1el' .tre.,t. fo~ .otio.able :aterf.re.o. to
.eut.; Mila (r~ •••8V.e.t. of aJg •••rill; ~4.'

Kio~,.... ewit.~.. I. '.1••oi1 IWit•••• I.

••uia; l1:t l'iald HICUq dB ...~ JiIIlI%'inJ d8~

Mel ' (Volta! Aid ~ (Valb/ Aid No~
Q1t:pJt (1m Rr, Qltp.rt:

(no RF)-aw) (cD SPL) ..c:.) (c!B SPL)

!IIIbird-t!as.. AidI
:PJlEn 3.1 '5.5 '.5 3.1 67.0 5.0
l'fSC 2.8 ".5 9.5 4.' 87.0 10.0
VHK 0.7 89.5 '.5 0.4 77.D 12.0
VIA 1.1 12.0 U.O 2.0 $9.0 12.0

Ha.4 3.1 85.0 11.0 3.1 74.5 9.5
IJtootia Be Aida

JU'R 9.4 61.5 10.0

scnrt:.a ,
S 4.' ".0 10.5

.elllde
mu 32.3 78.0 9.5

IWI-ItDc
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T~••'ola Di.taao.. to~ .ot10.'-1. IDt.rf.~.ao. to
••ariD, Aie. (Calcul.ted froa ••••ur.d aid ••naitivity
.nd .pprDximat. fi.ld .tr.nqth. n••r the telephones)

AID AID AID AID
Mrnms MIC METRES T-COIL MmEl MIC MmEl T-CO'~

50.0
INPUT'

50.0
INPUT

50.0
INPUT

50.0
INPUT-20.0 20.0 Me 2o.D \lHIC 20.0

10.0 \IHlC 10.0 10.0 10.0
~ \U

5.0 5.0 5.0 R.MeL 5.0
~

VIA \U
lIfISCL. P'IISC2.0 =.. ..-:a. 2.0 ""C:u Z.O Z.O

1.0 1.0 ~'ICL 1.0
_T~

1.0

a~
III*fAIEJBWlE o.s 0.6 0.5

Ir3l•

D.2
1r311

C.2 ..0.2 0.2

0.1 0.1 D.' 0.1

... I *TT MIIlND MII.D ... .--r TIW. om'AllZ
IIICIIU "/UlItaI: ...u: 1I:I.DIDlr

NaTE - MAXIMUM ERROA IN DISTANCES IS APPRO. 33.

m HIMINO .. ITE .......

VlA - b'I"" IDNATA - ~IT£
\INC - N 'OWIJI IQtJ - alEIJIM IrE
"II: - ..~~ -*DE • NU. lit
~ -M*",.,.
~-H"~
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Tabl. 3 ••••U%.a ri.14 .tr.Dftle ••az gIX • ..tt Tr&D.por~&bl.

XO~il. '.l.p'o•• , (SourC. T.lecom R••••rCh
Labor.tori.. per.on.l communication)

Tm1' 1 • 'lDT 2 •
'1'fS1' 3 -
Imideazt:aida n-* ~. with

~ OUE on. lAb.
~

(m)
Field Field Field

stz:_1Jth IlLa4th Suafith
(VIrAl (VIII) ~jI\)

0.1 81.1 715.3
0.2 53.4 51.1
0.3 34.9 36.9
0.4 27.4 30.7
0.5 21.1 23.3 25.0
1.0 12.0 12.0 12.4
1.5 10.1
z.O 5.7 ".z 5.9
2.5 '.6
3.0 4.0 7.5 4.1
3.5 3.4
4.0 3.8 5.1
4.5
5.0 2.6


