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APPARATUS AND METHOD FOR PRODUCTI ON TESTI NG OF THE RF PERFORMANCE OF

W RELESS COMMUNI CATI ONS DEVI CES 5 FI ELD OF THE | NVENTI ON Thi s invention
relates generally to the field of radio frequency radiation testing for
wirel ess coWeB¥3k i ons devices and, nore particularly, PETEAPWOSHMSti ng
appar atus and net hod suitable for high spggd testing and anal ysis of RF
performance of wreless devices during nass production thereof. BACKGROUND
OF THE | NVENTI ON 15 Numerous types of w rel ess conmunications devices are
bei ng used for various purposes and the nunber of such devices being
devel oped and produced for publff e TREINOENTIDNAPI dly worl dwi de. These
devi ces operate over a wi de range of radlio Trequenci es and out put power

| evel s. The cellul ar tel ephone devices which are now conmon, for exanple,

operate in the 80§pphaa%mo2ﬁewﬁ@gﬁén;b§éggz@ﬁbulﬁ/ﬁm@bpaﬁwt 600mN

whi |l e blue tooth devices operate in range at significantly

| ower power | evel BF RERFOBMANGE RFAMIRELESS HOMMENMEATIPHBIDEVICEShe case of
cellular tgl ephones, there are technical standards (e.g. the Federal
Conmmuni cat1ons Comm ssion (FCC) in the U S.A or the Radio 0 Standards

Speci fications (RSS) of the dep F DHE| NCanada of the 25

Canadi an Governnent) and safety regulations (e.g. the Safety Code of Health

This invention relates generally to the field of radio frequency
-radiation testing for wireless communications devices and, more particularly, to a
10 testing apparatus and method suitable for high speed testing and analysis of RF

performance of wireless devices during mass production thereof.

BACKGROUND OF THE INVENTION

15 Numerous types of wireless communications devices are being used
for various purposes and the numbel; of such devices being developed and
produced for public use is growing rapidly worldwide. These d_evices operate cver
a wide range of radio freqﬁencies and output power levels. The cellulartelephone
devices which are now common, for example, operate in the 800 or 900 MHz

20  range and at power levels of about 600mW while blue tooth devices operate in the
2.4 GHz range at significantly lower power levels. For most such devices, and
particularly in the case of cellular telephones, there are technical standards (e.g.
the Federal Communications Commission (FCC) in the U.S.A. or the Radio
Stan;iards Specifications (RSS) 6f the department of Industry Canada of the

s Canadian Government) and safety regulations (e.g. the Safety Code of Health



25 Cct ober 2004 WD 01/81932 PCT/ CAO1 /00554 .2 Canada, a28epasigrenbsof the
Canadi an governnent) which nmust be conplied with by the manufacturers and
carriers thereof in order to obtain government approval and avoid
sanctions. Increasingly, these standards are providing narrower w ndows of
accept abl e WeOL8PAANce | evel s which nust be net by manuf RETGABK®SS45 t he
reason being that nore and nore of the frgguency spectrumis being carved
up and allocated forwireless applications and an increasing nunber of
geographic <cells are being allocated for w reless comuni cations.
Consequently, a trend is underway whereby reduced power |evels are being

mandat ed for QupRddeydsRItmentbf the CandarapigRvemRAeURIBIMUS LR gREH With

i mportant to the useful ness of such devices 10 that they utilize the full
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geographi cal coverage. This trend poses a challenge to"the manufacturers

of wireless denicawid Osarnﬁﬁhf%e tlr‘ilﬁéémﬁ@ﬁ“fh%%é%téﬁﬂhr&@'aﬁ ?\ﬁémgoﬁaﬁdﬁfér
that for
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to SAR testing e
It is, therefore, becoming increasingly important to the usefulness of such devices

10 that they utilize the full power level permitted to them in order to achieve their
designated geographical coverage. This trend poses a challenge to the
manufacturers of wireless devices to reduce their manufacturing tolerances for the
operational power output levels of these devices so that for any given device one
may be certain that, in operation, it will not exceed the maximum permitted power

15 levels but will also not fall significantly below such maximum.

In addition to regulations imposihg a more rigorous budgeting of
power for purposes of allocating limited frequency resources, there is also a
growing climate of concern for the health and safety issues relating to RF
traﬁsmissions and the associated human radiation absorption levels. Regulatory

20  standards, such as the Canadian Health Code, now exist to limit such absorption
levels and these are referred to as SAR (Specific Absorption Rate) limitations.
Manyﬂ publications directed to SAR testing exist in the art and, as examples of

these, reference is made to Health Canada Safety Code SC6 and the various



these, reference is nade to Health Canada Safety Code S@8 Gdisbdrizeodari ous
25 Cctober 2004 WO 01/81932 PCT/ CA01100554 - 3 reports and conference
papers which are available through the Internet at the Wbsite

wwwv. aprel . com of Aprel Laboratories of Nepean, Canada. The purpose of SAR
testing is WOUWBA&re the electric field inside of sinuPET/E40HIREN ti SSue
(i.e. sinulated head and hand or body tissue) to determne 5 the anmount of
RF energy which the tissue is absorbing vihen exposed to radiation from an
RF source. SAR is calculated fromthe E-field (E2) neasured in a vol unme
grid of test points within the tissue and is expressed as RF power per

ki | ogram of rn@p%?ts E&Q‘@Hznb@ ,Qép@'%?'cﬁ% L BilRle tbud ﬂfeaimerﬂgt Li ggue for

head tissue or |c centl ers grans) for and or ti ssue.
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ti ssue S|rrulat|on so to sinu ate frssue and a sinlar
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under test (DUT), for exa 'S positione ose
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cubic centimeters (or 10 grams) for hand or body tissue. A human-like manikin or
10 Unihead "phantﬁrﬁ" containeris used to hold a tissue simulation solution designe'd
to simulate head tissue and a similar solution is used to simulate hand or body
tissue. The wireless device under test (DUT), for example a cell phone, is
positioned close to the phantom (usually directly below the reference center of the
cohtainer) and an isotropic E-field probe (a dipole probe) is successively, precisely
15 located within the tissue simulation solution, over a stepped series of positions
covering the volume of the solution, by means of a robotic probe positioner. The
complete SAR testing is, of course, completed in an electromagnetic controlied
environment. The stepped re-positioning of the probe is done very slowly because
the tissue simulating solution must be uniformly stili and stable for all of the
20 position tests in order to achieve useful results. . Typically the E-field
measurements are taken over a grid comprising a total of over 100 target test
positigns during standardized SAR testing. Therefore, the time required fo
complete such SAR testing is typically hpurs and such lengthy tests are unsuitable

for production line testing.



positions during standardi zed SAR testing. Therefore, the tine required to
conplete such SAR testing is typically hours and such lengthy tests are
unsuitable for production line testing. 25 Cctober 2004 - V. he
devel oped SAR testing standards are not uniform around thésggﬁﬁﬁ$ﬁo%$nuch
debat e exists over various aspects of the,esting tools and nethodol ogy
used to neasure SAR performance. Moreover, because the objective of such
standardi zed testing nethodologies is to produce absolute neasurenents the

test procedures which haH@ué@brﬁﬁfeedéxmbeéPSAhqe%dgaéﬁndmmrsm LaRsHhy and
| abor at ory- based. Consequently, the existing standardi zed tests are useful

only for generauadeONad ArRPiLEIY dehats RRIGISTBRRBE valis GRPEAS oPPetSstlg todid hi n
t he manufacturing process itself to test individual production units. There

is, however, agsd Frfith 44 1B BadFe TAR patformishcal MFbdueR, t%daﬁgﬁtmé)n

testing to ensure not only the conpliance of production units wt

regul atory staggaefle Suduch Saf@adiRdESthd hitheRfiddiéd &d prbdued %{b%Bﬁl(;&ge

limts (which may be specific to particular carriers) are net by t
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present invention, there is provided a radio frequency (RF ) testing

apparatus for é&ﬁblex,tlazqth?ﬁg@f?bér%Wa%éa. C6 ehﬁﬁmé)%asrt@g\et%afr&&ed

oper ati onal adherence evice'to a pre- determ ne erence
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testing, the apparatus conprisrng, a plurality of neahs for neasuring

el ectric- is, however, a strong need for a means of fast and effective production testing to
ensure not only the compliance of production units with regulatory standards but
to ensure also that specification tolerance limits (which may be specific to

particular carriers) are met by those units.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, there is
provided a radio frequency (RF) testing apparatus for rapid testing of a wireless
communications device for operational adherence of the device to a pre-
determined reference specification defining specific absorption rate (SAR)
parameters correlated to the device. The device is positioned within an RF
shielded enclosure (chamber) and is operated at a test transmit power during the
testing, the apparatus comprising, a plurality of means for measuring electric-
field, said measuring means being configured for positioning at a pre-determined
location within human tissue simulation matter, for taking a measurement of
an electric-field at the location and for transmitting a signal corresponding to

the measurement, and, means for receiving the signals corresponding the



field, said nmeasuring neans being configured for positioning at a
pre-determned |ocation within human tissue sinulation matter, for taking
a measurenent of an electric-field at the location and foéskﬁﬁﬁépb§%4“9 a
signal corresponding to the neasurenent, and, nmeans for recerving e
signal s corresponding the 25 Cctober 200455 neasurements, for comparing the
nmeasurenents to the SAR reference specification and for determ ning

t her efrom whet her the device adheres to the specification. In an exanple

enbodi ment, t heefB@eHcPNE o} SSrBp&MP ARG tnehireiRnBDItY ¥ SARPYbRTence
processing neans) to the SAR reference specification and a determ nation

I's made whet hegpddfieatiely b€ faRERsinihg thévefrofPRRAGtHEE Hd @dvicd@IaLald the thi s
al so determ nes a neasure of the nmetallic systemintegrity of the device.

Preferably, a dgoedatigi.ray of uniformy spaced E-field probes are
provi ded. The enclosure is of a sufficiently small size to permt the

apparatus to be incor porigtgflekathplelebedivtdrt Ofhel inB8siramemid afebband
wi rel ess comuni cati on devices and has reflective surfaces therein. In

accor dance W t {ralRiter bRSESRbURST HhEcRIAENIndaRKENd e SAIRT FefbRerpiedi ded

a radio frequency ( testing apparatus for rapid testing of the body
loss of a W redRssHcRBNING 3 dABrRANIGEisRASES WRABRR: td &é\nc@adr%etsigpfé ded

encl osure having reflective surfaces therein and operating at a te

Lransmi t power sybéfficafior NPreféably his! A8 SRBRIAINGS SAMBARSHENSS tfe Ahbtld [V of

power neasuring neans (e.g. ‘isotropic probes) tor spatia Istribution

wi thin the encipsetanifit) 6f thealdvi. TRERVARATER lifed artdiFoRMiRANES spasRi Ved
E-field probes are provided.

The enclosure is of a sufficiently small size to pemmit the
apparatus to be incorporated into a production line for manufacturing wireless
communication devices and has reflective surfaces therein.

In accordance with another aspect of the present invention,
there is provided a radio frequency (RF) testing apparatus for rapid testing
of the body loss of a wireless communication device positioned within an RF
shielded enclosure having reflective surfaces therein and operating at a test
transmit power during the testing, the apparatus comprising, a plurality of
RF power measuring means (e.g. isotropic probes) for spatial distribution
within the enclosure and for taking measurements of the RF power received
thereby, and, means for combining the measurements and producing a value
representing the averaged integrated body loss of the device.

In an example embodiment, those measurements are
combined, preferably by computer processing means, and a value
representing the averaged integrated body loss of the device is produced.

One of the RF power measuring probes is preferably located within the

enclosure at a hot spot for the RF power for producing signal value



t her eby, and, nmeans for conbining the nmeasurenments and produci ng a val ue
representing the averaged i ntegrated body | oss of the device. In an exanple
enbodi ment, those neasurenents are conbined, preferably b!s%ﬁﬂEMF§54
processi ng nmeans, and a value representing the averaged integrate %ody

| oss of the device is produced. One of tge RF power neasuring probes is
preferably located within the enclosure at a hot spot for the RF power for
produci ng signal value 25 Cctober 2004 6 representing the operating

effective radirepessqrtivey theropdvatingr effestive aadmied cpswvenJoflani Caireldss
accordance wth yet another aspect of the present invention, there is

provi ded a radignmuaidatoeydées. nulti-testing apparatus for rapid .
si mul t aneous testing of the body | oss of a wireless conmunication device

and operational adherends aetcérdanegvine tyetaapsefchgidatned fiRf efe8est
specification defining specific absorption rate (SAR) paraneters correl ated

to the devi canvértonnhdre- kasbiagddeYadie friidhtd i(REF) mmtiREstily apsfetus
encl osure having reflective surfaces therein, an array of neans for

measuring el edbr rdpid sthdtandbes eestingedftha baly 1bss oPaf wiskiess chbRimiasatidnoni ng
at a pre-determned location in the enclosure, each the neans for

neasuring el ecddice anebPeRtioRdl s@dreass ofl tHedevideah idSrediciBAMER RN an
electric-field within human tissue sinulation matter at the | ocation and

for transm ttigpacificationtrlinifig %F@émpétsﬂoﬁﬁioh PafeTSARS PRHIrRERA cdtfelated to the
electric-field, a plurality of RF power neasuring neans for spati al

di stribution duvidel thd ReulthRRIRY Blice f@mdrBlgNanRRSIHEIRN bAcIBdurk NRaviRg_Pover

received thereby and for transmtting signals corresponding to the gF

pover measur erfgfiédiive 88léHaces therein, an array of means for measuring electric-field
wherein said array is configured for positioning at a pre-determined location in
the enclosure, each the means for measuring electric-field being configured for
taking a measurement of an electric-field within human tissue simulation matter
at the location and for transmitting a signal corresponding to the measurement of
electric-field, a plurality of RF power measuring means for spatial distribution
within the container, for taking measurements of the RF power received thereby
and for transmitting signals corresponding to the RF power measurements, and,
means for receiving the signals corresponding to the RF power and electric-field
measurements, for comparing the electric-field measurements to the SAR
reference specification and for determining therefrom whether the device
adheres to the specification, and for combining the RF power measurements
and producing a value representing the averaged integrated body loss of the
device.

In accordance with yet another aspect of the present invention,

there is provided a method for rapid radio frequency (RF) testing of a wireless

communications device in production line environment for the manufacture of

the device, the device being positioned with an RF shielded enclosure and



means for receiving the signals corresponding to the RF power and
electric-field neasurenents, for conparing the electric-field nmeasurenents
to the SAR reference speC|f|cat|on and for determning thfgﬁ%&@gl t her
the device adheres to the specification, and for conbining power
measurenents and producing a value repregenting the averaged integrated
body |l oss of the device. In accordance wth yet another aspect of the
present invention, there is provided a nethod for rapid radio frequency

(RF) testing o e’#aﬁMgrﬁt' &965t HSASIHHowelr i Rififg 48 tdsling Nafd BRUGEVGNhAVIRG a
envi r onnent for t he manuf acture of the deV|ce t he devi ce being poSitioned

with an RF Sh';ﬁb@@erﬁﬂ%@ﬁéfé@né@@p@éf@bﬁw n@@oé’peclﬁﬁaabsgﬂﬁlbﬂtrbfég(@ima test

transmt power during the testing, and the device having a pre-determ ned

reference spechdrbfidr® rbdﬁ'r%idt@d BereRE Cth ﬁleﬁ%%@:hbﬁéln@ h€ ét%) proQ@ir@”Et ers
correlated thereto, the nethod conprising the steps, providing human

tissue sinmul alh@RaiH5$@ sithdiaidh Fﬂb‘&e?Qﬁthﬁﬁﬂfeeencﬂéﬁ)/rédbﬂﬂno?nét)b%lalldllfyyopf

means for measuring electric-field at a pre-determ ned | ocation within the

human tissue ShBHhRiHOMEREISY -elédific- ﬁél@cétr bCE)Fé-@éthﬁ’ﬁé&%bét%n”ﬁrﬁHﬁ frki ng
measurenent of an electric-tfield at the location and transmtting signals

correspondi Ng {iniM QisEBASHERBS, SmafidiC 8h¥ | d18cti@fei Hié% t§n Mh&HROBKIMYY the

measur enents, conparing the neasurements to the SAR nce
speci fication rﬁ@Qs&Sﬁw%hf”d?' é‘rg él@@cﬁ@?éﬁ”‘a’!"f}ﬁé h%baﬁd?ﬁ‘ dﬁﬁvtrﬁﬁsaﬁﬁ\?@' %Tgnfa% the
specification. DESCRI P e present invent

described in d@dr@sboﬂﬁh@% ‘fhé %éa%ﬁ?érﬁé}?t@, Fééelvmg the signals corresponding the

measurements, comparing the measurements to the SAR reference
specification and determining therefrom whether the device adheres to the

specification.

DESCRIPTION OF THE DRAWINGS

The present invention is described in detail below with reference to
the following drawings in which like reference numerals refer throughout to like
elements.

Figure 1 is a block diagram of a general overview of the production
testing method of the invention and, for comparative purposes, shows in doited
lines the prior art "quiet box" power output test which is sometimes carried out in
the prior art;

Figures 2(a), (b} and (d) depict test data for an SAR Signature
mapping for a chosen representative ("golden™} device for a given Device Under
Test (OUT) and Figure 2(c) illustrates a representative placement of the DUT
relative to the phantom during Signature testing;

Figure 3(a) is an operational block diagram showing a wireless



the followng drawings in which Iike reference nunerals refer throughout to
like elenents. Figure 1 is a block diagramof a general overview of the
production testing nmethod of the invention and, for conpargyshePuhEPSES,
shows in dotted lines the prior art "quiet box" power output test Ichis
sonetimes carried out in the prior art;.gigures 2(a), (b) and (d) depict
test data for an SAR Signature napping for a chosen representative

("gol den") device for a given Device Under Test (OUT) and Figure 2(c)
illustrates a corpmasieations ideeice uadertestt(DUIT) imacdtdBnce elitatinventidbroand Eigakant om
during Signature testing; Figure 3(a) is an operational block diagram

showi ng a wi r e3(b¥ sh@bs Gajraplsic d&plHly of Sdmple@mRMSlatsiorsultiefor feurudifierent est
(DUD in accordance with invention and Figure 3(b) shows a graphic display
of sanple SAReMBH degieks (pdu;ts for four different tested devices
(i1)-(iv); 25 COctober 2004 WO 01/81932 PCTI CAOL /00554 - 7 Figure 4(a) is a
pl an view of the probe array of the testing apparatus in position within
the tissue simulator (the "phantom') and showi ng the device under test
(DUT) in position for testing and Figure 4(b) is a top view thereof; Figure
5 is schematic diagramof a test chanber used for device 5 testing in
accordance with the invention and a conputer in communication with the

test measuring RF probes internal to the chanber;



Figure 6 is a series of schematic diagrans illustrating, 28 cicpRt 20ty 1 ",
the Specific Absorption Rate (SAR)/Metallic SystemiIntegrity (MSI) testing
conponents within the test chanber, as "Set-up 2", the Average |ntegrated
Body 10 Loss (AIBL) and Operating Effective Radi ated Power (OERP) testing
conponent s WOOL$I932 t he chanber and, as "Set-up 3" the coRGI'GaN08¥4 of t he
foregoing conponents within the chanber; and, Figure 7 illustrates a

sanpl e conputer screen display of test Tésalts obtained during the testing
of a device in accordance with the invention. 15 DETAI LED DESCRI PTI ON OF A
PREFERRED EMBODI MENT The inventor has devel oped a sinplified nethod of SAR
and AIBL testing for wireless devices which is fast and effective for

ot her Lypes of wi r el ood GuEA@Hs Bpedfty ke RPN e et REARY . 2
Crat i St cal - alfab9RiRn Wikiadhe s Bruleo [P T S s o SEVee  CTC
Che di Scover yuetertee (PRUSI pesitardpr isingnnd Fiours 4@ 4 BRVBRIGPOL 1 or ont
SAR mabpi ng for Lhe parTBE Sie BOPTAFSREREIP ¢ PP BRCE Rl B bt nat
Coml oxi {Bes. GRIT FBRBHANCE AR Ealor 8ed 2 oRPHBHEVRMMUBEH DS ( ho

- absol ute nature of those tests may, adv%nt %ge usly, be avoided by using
test measuring RF probes internal to the chamber,

Figure 6 is a series of schematic diagrams illustrating, as “Set-up 1",
the Specific Absorption Rate (SAR)/Metallic System Integrity (MS!) testing
components within the test chamber, as “Set-up 2", the Average Integrated Body

10  Loss (AIBL) and Operating Effective Radiated Power (OERP) testing components
within the chamber and, as “Set-up 3" the combination. of the foregoing
components within the chamber; and,

Figure 7 illustrates a sample computer screen display of test results
obtained during the testing of a device in accordance with the invention.

15

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The inventor has developed a simplified method of SAR and AIBL

testing for wireless devices which is fast and effective for usage in the mass

20  production o_f such devices and can be combined with other types of wireless
device tests; done simultaneously, to produce a per unit test/pass result, per unit
SARMSYAIBL/OERP measurements and statistical analyses based on selected

production periods or unit numbers.



a fixed reference SAR mappi ng produced for each parti cul as dogrer @bo4gr oduct
to be tested and based on an appropriate representative device of the type
to be tested. Specifically, the inventor has found that for any given
product design 10 a reference "SAR Signature” map for that product can be
produced usWa@gr@lIs? gol den" sanple device (i.e. a non-pro8QECABNISANDI e
device which is known to have no produc%lon def ects and .whose radi ation
performance neets all desired design specifications) as the device under
test (DUT). The resultant Signature mapping is then used as a reference
agai nst which other unit devices of that type 15 are tested during the nass

production of those unitis dByelBirdht liods’ fePHRAGRry RISHR. FRBARY that 2

eval uating the DUT the I nvent oun I ns ead of requiring SAR

testing at ”W@étﬂ@r 05 hlmBEy BP&uﬂé'r%PPb‘rtobE rEJ%sft‘Bh F’Tﬁe! g e é&ﬁre%@ﬂé 830 be

solution it is clent to test I hear positions at a

sel ected and ggﬂdo %ﬁlﬁﬁé G:h@fhe?'ﬂ?e? g@é@?nga%?'iﬁé’iéﬁncuigﬁ G Fich & | near

testing can b Si mul Tt aneous rray prooes, a. Wlnlﬁa

di sturbance t Pef&l%ﬂ a?éingrhall that tf’/{} f cﬁé‘n@é‘%&ﬁ% Ré@lv?éste#e%ﬂét% Bjﬁﬁ e ence

achieved within a by aCHi eV ng e use a
R b GRS B RO
oo, e R B R SR ARET,
uni mpor tant C?'@ 156 B Ao bRl e Bl iape vt noo
seeks rel atl VFes?en dot}as% %R an appropnate representative device of the type to be tested.
Specifically, the inventor has found that for any given product design
10 a reference “SAR Signature” map for that product can be produced using a
“golden” sample device (i.e. a non-production sample device which is known to
have no production defects and Whose radiation performance meets all desired
design specifications) as the device under test (DUT). The resultant Signature
mapping is then used as a referen.ce against which other unit devices of that type
15 are tested during the mass production of those units. By using this reference-
based means of evaluating the DUT the inventor has found that, instead of
requiring SAR testing at numerous positions throughout the volume of the phantom
solution it is sufficient to test a linear set of spaced positions at a selected and
uniform depth of the solution. Moreover, because such linear testing can be done
20 simultaneously by an array of probes, a.minimal disturbance to the solution is
created and the complete testing can be achieved within a few seconds.
. Further, by achieving the use a reference SAR Signature map to test

wireless devices during their production the inventor has advantageously

eliminated numerous problems associated with the known standardized test



test results it is, within reasonable limts, i mmterial 258@ddRseod£st
results whether s the phantom specifications are true. In addition, the

i nventor has discovered that the foregoing SAR test results correlate
directly to the netallic systemintegrity for the device under test (DUT)
and can be W8&H8W¥I X ectively to identify production devi cBETHAPIENSHr e
defective due to assenbly errors in wiring, |oose materials or other
default 10 conditions affecting the RF aspect of the electronic design.
Such default conditions cause the radiation characteristics of the device
to change because at the high frequency |evel of the transmtted signals

of the DUT t hendtRsiAtORsudrRRahfge®ihat tiathteghify ANt sh bR NRoRMesYdsded on
such device but, rather, from the nmetallic conponents of the device as a

whol e. Ther ef gfifiaal ge.é.umfo%tti; af_théQ%ﬂﬁsi@i@n)id?_rél}é‘l‘ﬁ/em%tkgbﬁaﬁt%.§9|5lilélﬁorﬂf the

device will cause correspondi ng deviation in the test results and a

devi ce show ngosiffRrhtis! Sir_%ltﬁévnﬂ,leaf&s?gégg-aghg@geen@ @im@ahsvaggggghtbher eby

be identified as a production failure evice discar

Accordingly, e réﬁ'ﬁsﬁtg%t'\?ﬁiﬁﬂ'l teheBhatie ﬁﬁ:it@,ﬁn%éﬂﬂ@%\%ﬁift%ﬂ'ré%lﬂ HetherWhi Ch

exceed the regulatory lTmtations but so those are shown to 20

have an asse bel ow pre-determ ned m ni num SAR
53 ”‘B%é’?ﬁfﬁt&ﬁtspléé@vﬁ%‘?tb?ﬁ%ré b,

| evel s. A general overv e testing nethod of the invention is shown

in solidline in Figure | | P | "qui et
" box" is shown in dottedlnhdgg{anﬁﬁg%\%&?oéih%gg)%rpbgéf%ﬁaémsé)%p%lﬁlsémgﬁ box
in which a si o

ity measur SR Sl Actg 87 e PR E Bby R i Aeripr,

(DUT) and can be used effectively to identify production devices which are

defective due to assembly errors in wiring, loose materials or other default

10 conditions affecting the RF aspect of the electronic design. Such defauit

conditions cause the radiation characteristics of the device to change because at

the high frequency level of the transmitted signals of the DUT the radiation

emanates not simply from the antenna provided on such device but, rather, from

the metallic comppnents ofthe device as awhole. Therefore, a substantial change

15 in the metallic integrity of the device will cause a corresponding deviation in the

SAR test results and a device showing SAR levels below a pre-determined

minimum level can thereby be identified as a production' failure (and the device

discarded). Accordingly, the SAR testing identifies not only those faulty units

which exceed the regulatory SAR limitations but also those which are shown to

20 have an assembly defect when they fall below pre-determined minimum SAR
levels.

) A general overview of the testing method of the invention is shown

in solid line in Figure 1. In Figure 1 the prior art production line “quiet box" is

shown in dotted line, the “quiet box” being a simple shielded box in which a single



maj or out put power defect that may have occurred. As shopp i¥olerguo€ 1, the
w reless device (WD) is assenbled at point Ain the production |ine. That
same device (nowreferred to as the device under test) is tested at point
B for SAR, Msl, 5 AIBL and OERP using conputer processing to process RF
radi ati on d¥0#18¥eAi ned in accordance with the inventi oRCEGACH0554
pre-determ ned reference specification defining specific absorption rate
(SAR) paraneters correlated to the device under test (DUT) (that is by
referring to data defining a SAR Signature map of a golden device for that
DUT). If the device passes the testing (i.e. if it matches the 10 Signature

meppi ng Wi t hi iygbdsiRpaheadtirashelrdt BoWECSUplitiofiife WiEBsd ADGLERD ddtbht oA
i

uni que test nunber at ‘point C and the test results are-stored for later

usage in stalhgbi SGRbuRtitbertted MhatiRly ﬁﬁ?@é&u\‘r@?Piﬁ{%WrPWﬁ@umq,hthéeSpeCt

to that particular device. During the testing o DUT It I's set to its

ful | transn t Jioets il D) i BBERME ot St AR HeesoBlQlinife! it S8k Ng as

a manual 'y sele e optio _ some’ nust be programed to prOV|%e this
e R e L D
L7, e, S NN CR APl ORS) R BTERE P e
ot o MR W oo IPNTS R Al B
pLacerent of, LaRAgs AR 4B GNE bl sRATBRERL e TS AR e,
S gnat e TPl IBUTFURICH of 8 o B8 SRR SR8 1 B
Cctober 2004 \éle)vi%/fcsarl 81%% Eﬁﬁ]i/ C@%é %%é%é passes the testing (i.e. if it matches the
10 Signature mapping within a pre-determined tolerance) it is then labeled with a
unique test number at point C and the test results are stored for later usage in
statistical analyses .and for record keeping purposes with respect to that particular
device. During the testing of the DUT it is set fo its full transmit pbwer setting
(many wireless devices provide this setting as a manually selectable option but
15 some must be programmed to provide this test setting). Accordingly, while being
tested the device is operated at a test transmit power.
Figures 2(a)-(d} depict sample test data/conditions for the SAR
Signature mapping for a chosen representative ("golden”) device for the DUT.
Figure 2(a) shows a two dimensional graphical depiction of the SAR Signature
20  mapping and Figure 2(b) shows the same Signature but as a three dimensional
diagram. Figure 2(c) shows the placement of the golden device relative to the
phan}om for the signature testing of the golden device which resulted in the

production of the sample Signature map. Figure 2(d) is a graph showing SAR

readings for the Signature testing taken at the stated Y-axis positions over a fixed



- 11 X-axis position (selected to be the X-axis positionslaydyag 20te

hi ghest relative reading, referred to in the trade as the "hot spot"), the
four graph lines representing the test readi ngs obtained for four
different distances "a" of the DUT fromthe phantom (i.e. Omm 4nm 8mm
and 12m) .WQON8198hown in the exanpl e drawi ngs of Fi gur ePQI/CAHOIFH| ust r at ed
sanple Signature map is made up of SAR val ues neasured for a gol den device
over a horizontal grid of 16x12. This specific grid, chosen for a -
particular DUT, is illustrative of one grid exanple only, however, and the
appropriate grid size to be selected in any give application will depend

upon the type Xohxisl@osrien t(Selbetet &6 tROthEOX ERis wsaﬁmi Ravihd) tH RighastereRitiveone
types of wireless devices their configuration wl render suitable a nmuch

narrover gridreidifg, réffred Etﬁn%\él?aﬂé’dsqhéq'ﬁ he) e fﬁr%%ﬁ I§1es Répreddrinngd at a

vertical distance of between a few mllinmeters and and a few centineters

fromthe bott g edst Tré‘eﬁin@j!sfiBISthﬁedth?fd&PJd%FetréMedl?@hé& 0 of RS BIUT RERI thkON

the probe in the phantomrelative to the DUT where the power |evels are the

15 hi ghest whighgn®h i, DRfAY 4hfn,BramidndCizpiy. dept h of the tissue sinulation
material surrounding the probe to obtain satlsfactory SAR readi ngs. The

inventor has found thajg %ﬁﬁ%éé}&n@}le&aﬁﬁscﬁm Hﬁé}ﬁ&t?@t&%ﬁ%}nﬂ?

range will result in an SAR Signatur e conpar e
t est | t t
Spaced hori 2o AL %ﬁ‘swﬁ5@%a§§§ﬂé'@§ sS85 GOy Ve PR 1Y
det wh
Figare 2€shoﬁéﬂﬁf%ﬁﬁ’ %@%f TRk TR iRt B han{@é’é?‘ %?Bg‘ﬁ@”@é‘%ﬁﬁp

cont o e o SR el S e e
cal ibrated togglmpuhah Gni B Ypplication will depend upon the type of device to be tested.
10 Forexample, in the case of some types of wireless devices their conﬁgu.ration will
render suitable a much narrower grid size. For the signature testing the probe is
positioned at a vertical distance of between a few millimeters and and a few
centimeters from the bottom of the phantom, the objective being to closely position
the probe in the phantdm relative to the DUT where the power levels are the
15 highest while still leaving a sufficient depth of the tissue simulation material
surrounding the probe to obtain satisfactory SAR readings. The inventor has
found that SAR testing at a vertical distance within this range will result in én SAR
Signature map which can be compared to the test results of a DUT using fewer
SAR test positions (e.g. five positions spaced horizontally along the Y-axis shown
26 in Figure 3(b)) to reliably determine whether the DUT matches or does not match
the Signature map.
. Figure 3 shows a DUT 10 in position below a phantom 20 (being an

open container, as illustrated, comprised of a dielectric material and containing an

appropriate tissue simulation solution therein which is calibrated to simulate human



25 Cctober 2004 WO 01/81932 PCT/ CAO /00554 - 12 head or dsanglomsdr 2oody
tissue) in which a linear array of RF probes 30 (better shown in Figure
4)chosen to be five in nunberfor the preferred enbodi nent, is positioned
so that the center probe is |located at the nmaxi num SAR | evel for the
reference ¥PI¥EP3 e nap (which is illustrated by Fi gur e PETIEAII00534e
measurenents of the 5 probes (diodes) arg,input to a data acquisition
system (DAS) 40, which nmay include DC anplifiers if needed and which
converts the diode DC signal values into E-field values (using the

rel ationship that the DC values are proportional to the square of the
E-fiel d). Thehpsaobehalald body tiskie) BVHeH £Theddirray 6PRP BidesB0q5&ES@howR0, tO
the Signature (reference) map and the processor determ nes whether the 10
SAR test resuldEigad 2)tmsbiio tefiveln hindb&ifonat pfeferrédeMBbdimehf s dsitRnegVi ce
Is identified as having passed the test, or whether it exceeds the

Si gnat ur e, i nsphhathhe easter bRRedeldcafed &t the @ibirhiRdS AR 1QRY Fdhdnd pitbRAck he
test. For illustrative purposes, Figure 3( is provided to show that a

b)
device whi ch gapr€selmap Bich &Sllustited 8 Fti%gég(ﬁﬂe TME! mé&silremBlitst drahgr aphs

(i)-(iv) of Figure 3(b) it is shown tha (i) 15 matches the

Si t I i t f " tdiania0:, th
i gnature £ o§ﬁ:lbsésa(a;o%!ek) Wﬁﬂgg;@ﬁ Fatd achﬂi%ntlBh\‘}Jg@%nF gpﬁs) 20 witch i3 e

maxi mum (1. 00) and m ni num (0. of the relati normal i zed) SAR

| evel s det er Minefdeists aﬁm?ﬁ’fﬁer@i@ﬁéécféd'(agagi vﬁcﬂi&%&%ﬁsﬁ%dﬂﬂe e«\s/@ﬁé’![g%ﬂfe%% set

- of readings according to Figure 2 maxi mum SAR el ng shown by

he . stral gt licnediked Kbifd helToPHERTSAR1 5 Blo vAIELE5M togBnbllg thas S of

t he devi ce 20 specifications, bein stral wever,

e U711, SR o TR R o o,
m ni mum nor makp 28 qh S8R =f4E (refdrend thap and the processor determines whether the
16 SAR test results of the DUT match the Signature, in which case the device is
identified as having passed the test, or whether it exceeds the Signature, in which
case the device is identified as having failed the test. For illustrative purposes,
Figure 3(b) is provided to show that a device which passes the SAR test may not
pass the MSI test. By the graphs (i)-(iv) of Figure 3(b} it is shown that the DUT (i)
15 matches thé Signature closely as all measuremenits of the probes (1-5) are within
the maximum (1.00) and minimum (0.90) of the relative (i.e. normalized) SAR
levels determined for that particular Signature as per an appropriate set of
readings according to Figure 2(d) (the maximum SAR level being shown by the
straight line 41 and the minimum SAR level, determined on the basis of the device
20 specifications, being shown by straight line 42). However, the DUT (ii) fails both
the SAR test and MSi test because its test readings fall both above the maximum
normalized SAR level 41 and below the minimum normalized SAR level 42. Each

L)

of the DUTSs (iif) and (iv) pass the SAR test because their readings are below the



of the DUTs (iii) and (iv) pass the SAR test because theigs n&gskngssare

bel ow t he 25 Oct ober 2004 WD 01/81932 PCT/ CAO /00554 . 13 maxi mum SAR

| evel 41 but they fail the MSI test because they are below the m ni num SAR
level 42. The positioning of the probe array 30 in the phantom 20 is best
shown by Fi \ﬂﬂrﬁg’sw?’a) wherein a liquid tissue simulatingPEBICAPNRS422 i s
shown to be 5 present at a level 25. A cgntact board 32 couples the probes
30 to a' sliding support nenber 35 which allows x-y (planar) novenent of
the probe array. The phantom 20 shown in the drawings is referred to by
the inventor as a Universal Head-arm (or "UniHead ") because its

flat-to-curveddimen SARNeVE 41aslitanentaitthe MOUBst bbdallsatiAsy KaF@bHthh%Ufface
of a wirel ess device user's head WhICh is directly 10 in-l1Tne with t

devi ce when i imihitnune BARALyéI®. user's ear and al so the curved extremtles
of the user's head extending away fromthat direct line. Al of the

materials of the phantOmhet;ilﬁ,ltiyn%eoff%hé%Yotiér‘grréyhgof’fr\‘w&ﬁarﬁérg"_fbte i seétor the

probe array are non-netallic and relatively transparent to nergy (i.e.

have a very | gnowiby #Refs #a) Whereih 2 uﬁ&a&i&@ﬁwsm{mm |u119522 iR 18Bed

directly below and in close proximty to the phantom an rests on a

sliding base prigRat aBs. Ie@tﬁsonmdoyntécﬂghards@?%u @sttlgfgq{t%‘é” s g:‘hgrt her

phant om may be provi ded bel ow t he wher eby ntom ned

above the DUTsishck hgafbePBS WA Q&BWQ xtyhﬁ:fleh dri m89ém5hlscﬁ§h%§r%ﬂﬁta'r U%he

simul ation matter and the other, | ower antomi1s han ant m such

that it cONPr pAgsRPRSshivi RSl IR g@& éf?ﬁéc?fa bJE% .ﬁo &easOL Un?\Pe?§é1pf' at d

conposition for the tissue simulatin persons
Head-arm (or “UniHead") because its flat-to-curved lower shapmg, adjacent the

DUT, simulates the flat surface of a wireless device user’s head which is directly

10 indine with the device when it is held at the user's ear and also the curved
extremities of the user's head extending away from that direct line. All of the
materials of the phantom, the probe array and the support structure for the probe
array are non-metallic and relatively transparent to RF energy (i.e. have a very low
RF absorption).

15 As shown, the DUT 10 is positioned directly below and in close
proximity to the phantom and rests on a sliding base member 38. Optionally (not
shown in the drawings), a further phantom may be provided below the DUT
whereby the phantom 20 positioned above the DUT is a head phantom such that
it comprises head tissue simulation matter and the other, lower, phantom is hand

20 phantom such that it comprises hand tissue simulation matter. The choice of
appropriate composition for the tissue simulating solution is known by persons in
the art and it is known that the solution must be calibrated using different

components (including different quantities thereof), such as salt and/or sugar, to

simulate the desired tissue type for the particular frequency to be tested. To date,



the art and it is known that the solution nmust be calibrakegissl Bso
different conponents (including different quantities thereo(#% suc

salt and/or sugar, to sinulate the desired tissue type for the partlcular
frequency to be tested. To date, 25 October 2004 WO 01/81932 PCT/ CA01/ 00554
- 14 it isveomsmse to use these liquid solutions but theychex®/dksseawn

di sadvant ages associated with them |nclud|ng instability over the
long-termand their corrosive propertiéd* and an appropriate solid tissue
simulating material nmay be a preferred alternative if such were to be nade
avail abl e. For exanple, the inventor has s commenced an investigation of a

;Z;édgﬁg %Fg“.t ;g“%éﬁ@h?&@r it 28 Yol afgoﬁhg;{e:%@ﬁ%%@f %ﬁz r: :’
tsEgh ?zbzgl Lgﬁ?&?ﬁén tlﬁgha%bmt‘@f@g ﬁ%g']f tg g? iy Pﬁf?n I’ﬁ.he c{ﬁlgkleggggl I'S that
W th L ho 10t PECEHREr At af %ﬁé}'@'ﬁﬁ?téP?ﬂft'ssk?Esvm?ﬁzss'b%#?ﬁ??@?#ﬁs%%E?*?ﬂ%*@'e *
need 1o 1 opl aBUSTHLR A oHe R 1 PRATRRR Bveiktiebor of PRYTIE: Y ﬁV'aétPF e he
embodi ment> anBOPRENERH A BYHRRUaL oA S8 o fn@?ee@mq@g e ﬁﬁmta

acqw sition system 40 _and data processin stem ut er

. receives the f“cﬁﬁlgétgrpé'ﬂ%fﬁasmﬁfast%@c’t %PBB@QG‘@J?"%W'FH% 'a?%@?ntr?é of a
W rel ess device V\Athl n the chanber. 65 of the ch er opened
to slide in af® Qﬂwew@%h%%sg'umr%n ﬁ@%@@g%@ e FoNEd b af@rﬁ?gg cs@r@sp t hat

the DUT may be quickly and easi replace with another unit to be tested
and Y mactlerial su)éh as solid block)s/wh:c% could be positioned within the UniHead, |sthat

. the probes could then be precisely and fixedly positioned in the UniHead with the
10 tissue simulating material, Also, the long-term stability provided by such tissue
simulating material would substantially reduce the need to replace the UniHead in
the test chamber.

Figure 5 illustrates the RF shielded test chamber (being an
enclosure) 60 of the preferred embodiment and the computer processor 55 which
15 comprises the data acquisition system 40 and data processing system 50. The
computer 55 receives the output measurements of the RF probes during the
testing of a wireless device within the chamber. A door 65 of the chamber 60 is
opened to slide in and out the probe support member 35 and base member 38 so
that the DUT may be quickly and easily replace with another unit to be tested and
20 the probes may be routinely inspected and repositioned. For mass production
usage the movement of these sliding structures as well as the operation of the

door f55 is automated.
| The internal contents of the test chamber 60 are shown by Figure 5

in which, for purposes of illustration only, the structures required for the different



20 the probes may be routinely inspected and repositionegs dudshdi@ss4
production wusage the novenent of these sliding structures as well as the
operation of the door 65 is automated. 14 The internal contents of the
test chanber 60 are shown by Figure 5 in which, for purposes of

il lustrati oWOMWBI32t he structures required for the diffePEWMCAPHIOEHt ober
2004 WD 01/81932 PCT/ CAO 1/00554 - 15 tegts (i.e. SAR MsI, AIBL and CERP)
are shown separately as set-up 1 pertaining to SAR and MSI testing and
set-up 2 pertaining to AIBL and OERP testing. However, it is intended that
t he conbi ned structures, by which all four tests may be conducted

si nul t aneous| Yestyfilel SAR, MISP\AIBE dn@ OERH)iafe SHREIdpReatEk/d SbUGS1 bErtdingown by
the set-up 3 dramng of Figure 3. Wiile it is possiblé to use only one of

the illustratqg syR angM8| a¥ing andUsdl-uphBiperBmilde & IATBL iafd ' GERP! @iyt O
only, say, the SAR/ MSI tests oronly the AIBL ( or AIBLICERP) tests, 1t is

preferred to MaNevEE ifi¥idtendRSthbBle BbRYR éﬂf?d&ﬂjr@é,!byfmél? ai fotuli‘?esft%ﬁ%gm ng

tests, according to set-up 3. As shown by the draw ngs of Figure

absor pti on comp@scoffducttd SRMAaMSRAIVOviREe AsQLS %adrmfsfgﬂeg%rg%ﬁﬁﬁ% be a

carbon saturated foam for exanpl'e), are strategica I'n the

| over portjon ghwh 'B?Wﬁl@{setﬁfb 3 erawi.fgfmg%%n%f L\ﬁﬁi’ééﬁ’@fpo%fsibfé}ﬁ ugero'gﬁ) ddigd main

radi ation | obe(s) tfansmtted fro esting for erating .

Effective Radj mgggﬁwge&@f’}aﬂg Ef‘&;dﬁrtﬁ%@ggg%égi%g.iﬁé%itﬁétésw%gmm grgg tf, et BleJT

maxi mum poi nt o ation of t marn 1 i'n cases : _
oD e ot SAUNETURNEL ey 94 A MBS0 AT PR Sy o ©
testing, by applying all four of the foregoing tests, according to set-up 3.
As shown by the drawings of Figure 6 RF absorption cones 70
10 comprised of RF absorbing material (which may be a carbon saturated foam, for
example), are strategically distributed in the lower portion of chamber 60 to prevent
refiections of the anticipated main radiation lobe(s) transmitted from the DUT while
testing for Operating Effective Radiated Power (OERP). The probe 75 is
positioned to be at thg maximum point of radiation of the main lobe and, in cases
15 where the DUT operates at two frequencies, an alternative preferred configuration
would use two probes 75 one positioned for the maximum radiation lobe of one
frequency and the other positioned for the other maximum radiation Iobe.. Forthe
SAR/MSI testing, which is illustrated by the “Set-up 1" drawing, only the Universal
Head structure is required and the measurements taken by the probes 30 are input
20  tothe Data Acquisition System 40 of the computer processor 55 which processes
the data by comparing the probe measurements to the SAR Signature map as
described above.

The “Set-up 2" drawing of Figure 6 shows the components used to

test the DUT for Average Integrated Body Loss (AIBL) and Operating Effective



frequency and the other positioned for the other maxi munpsasksder 0004 obe.
For the SARIMSI testing, which is illustrated by the "Set-up 1" draw ng,
only the Universal Head structure is required and the measurenents taken
by the probes 30 are input 20 to the Data Acquisition System 40 of the
conput er prwodyses2 55 whi ch processes the data by conpaPCHGAINESHr obe
nmeasurenments to the SAR Signature map as _ descri bed above. The "Set-up 2"
drawi ng of Figure 6 shows the conponents"ﬁ‘sed to test the DUT for Average
| nt egrated Body Loss (AIBL) and Operating Effective 25 October 2004 WO
01/81932 PCT/ CAO1 /00554 - 16 Radiated Power (OERP). For these tests a

si mul at ed bOdhap?a[té% %&]miér-(%tz@ﬂa. shgul tgte'b&. Qrﬁfnﬁf t lgoggg:%ﬂ 56 (Lbea

chanber adj acen ant'om t o bett si mulate adi at 1 on
Cramoey o ovt SRoRHE et BRI BefBl el 0SNG 0B dea e
St oo A o0 B RO Sl U, AR BAG PBEp{Bo ©
Probes) v RGRk SR ELAFHpE Sl b oS PGS, b ARgAS
{2t atl on COTBRNE ey THRTFe KGR GATALAE L TBHOth los V218
LBt I PRk B TR, HEAR A s MR
oSt envi T onregt iesa) S9N BTSN il oo B B G B 0%
2;8??3 n rrfe(r)1[ t ?ostgti rQ%atAéd%deerF%XmBﬁsiﬁg‘;’ r%%%%tse‘& %L]!:l)c/iirggtergdiia{i]or} goem[:?onncgn?ss. el%ese
values are combined through an averaging calculation to determine the Average
1c  Integrated Body Loss (AIBL) representing the loss of power in directions departing
from the main radiation lobe. Previously, AIBL testing has been limited to
laboratory test environments using many evenly distributed test points and/or
probes but the inventor has discovered that a few number of test points and/or
probes, for testing AIBL, may be successfully used in the enclosed environment
15 of test chamber 60 by integrating randomized signals from multiple reflecting
surfaces within the enclosure 60 (e.g. top surfaces 72 and side surfaces 74).
The probe 75 positioned directly below the DUT measures the power
at the point of the maximum radiation of the main radiation lobe for the DUT and
this is referred to herein as the Operating Effective Radiated Power (OERP). The
20  "Set-up 3" of Figure 6 shows the complete test chamber 60 which combines the

components of “Set-up 1" and “Set-up 2", the four tests performed by these

components, SAR, MSI, AIBL and OERP being done simultaneously.



15 of test chanmber 60 by integrating random zed signals bg@iBdBerbhtd €
reflecting surfaces within the enclosure 60 (e.g. top surfaces 72 and side
surfaces 74). The probe 75 positioned directly bel owthe DUT neasures the
power at the point of the maxi mumradiation of the main radiation | obe for
the DUT anawothssad s referred to herein as the Qperati ngPEfCaetiossd Radi at ed
Power (OERP). The 20 "Set-up 3" of Fi gure 6 shows the conplete test
chanber 60 whi ch conbi nes the conponents of "Set-up 1" and "Set-up 2", the
four tests perforned.by these conponents, SAR, Ml , AIBL and CERP being
done sinmul taneously. 25 Cctober 2004 WO 01/81932 PCT/ CA01/ 00554 - 17 The

foregoing testing, for Wfﬂ%@%@%ﬁé fés,:[saer%cgmne‘bg(ﬁ ig@g}g@y%ee@?agzdly 98g-step

process and can readily be do of awrele

production pr gﬁg%?eedgglfbﬁgeg¥eb? {L%Swaetﬁg'l% 'g‘?}p&%‘él 5€ oREodUs Y (H‘wkrbl'égs é’;gggf’ay ed

f
results of the uter processing are
on the screen el gﬁ:{} |splay, for a DUT
pass test reng&{qutcﬁcgn ﬁ'l%iggg% ?éit'@gn%w&i%%?éem%ep%gbau olﬁniaef ed and manual node
of operation are provi résnﬁs loﬁﬁeet;or%@'ir%te%h@%gha Q:lo P\‘.eq' rﬁ??(%gys gtérg nwth
a curser control devi ce“i% e. g. nouse cel I hpu ro e uSer such
as to define t ' Qe ol NI L ' r r f t he
BT 15 sel bot SHPEYED o B b GEn b berhuBn 8 3 et SR M8 Bla on
the right-sid nel .of, the illustrated.. sanple. |n thi e_the type of
wirel eos devi PR Rt by LGN BT FoRRT n altyndbd AR TR PRo O
specifications,for tLhi S t (?e %&tdelv{_tce. havtfI tc)’eerﬂ assi g‘lrged . nu:[Fer "PTO
12345". St at i Sf PREPIAILES RVt thelatter st the FPiayi SpapInaton Y I REU S mput er
system and m%or?t?ol%g\(}igg ee.gc;i. r%gtfse?poarle é{/g in%htf?g]rx tl;[el urrs%rs@chsgsntgld%ﬁnethe test
device or initiate testing. The reference for the DUT is selected conveniently by
10 means of a pull-down menu as shown on the right-side panel of the illustrated
sample. In this sample the type of wireless device being tested is a "PTQO" and the
Signature and reference specifications for this type of device have been assigned
number “PTO 12345". Statistical data of the test results is maintained by the
computer system and may be accessed for analysis at any time. A sample
15 statistical summary is shown on the left-side panel of the display of Figure 7.

White the invention has been described herein with reference to a
multi-type testing system it is not the intention of the applicant to limit the invention
thereto. Rather, it will be apparent to the reader that the invention may be applied
to a single-type test system for measuring either of SAR and AIBL alone, without

20  departing from the scope of the invention. Further, is to be understood that the
specific system components described herein are not intended to limit the
invention which, from the teachings provided herein, could be implemented using

a number of alternative computer program systems by persons skilled in the art.

Rather the invention is defined by the appended claims.



15 statistical summary is shown on the | eft-side panel obsidieudlspbay of
Figure 7. VWiile the invention has been described herein with reference to
a nulti-type testing systemit is not the intention of the applicant to
limt the invention thereto. Rather, it will be apparent to the reader
that the i nvent/s1932 nay be applied to a single-type testreycaamossar
measuring either of SAR and AIBL al one, w thout 20 departing fromthe scope
of the invention. Further, is to be undér&food that the specific system
conponents described herein are not intended to limt the invention which,
fromthe teachings provided herein, could be inplenented using a nunber of
alternative CORRATS e ystens by persons skilled in the art. Rather
the invention i ie appended cl ai ns. 25 Cctober 2004 WO
01181932 PCTI CAO1 /00554 - 18 WHAT IS CLAIMED I'S: 1. A radio frequency
(RF) testing apparatus for rapid testing of a wreless comrunications

devi ce for opgrational AYNGERAGGeRl (R LR LASALR AoPlBa fEhal B 4o

ref erence specification defTtni I'C abs ron-ra par aneters
Chi el ded enct SUAIRE SR RIRBISASIce G onTetiheARRNrb A st RS ey

Gl act 11611 ol GoCRRIROnEetERPR (srermatcR idtRaoRbrats aepBRClome| GARTG ot o
B Teasur ement PaETatsabmabod o val FoNod <SS gedbr B PR HPRATRE i ng 2

signal corr e%Ri%ﬂd%‘d% cfogu%ia{n% o%%?aﬁfﬁh%r{g rt‘éét trzaizqgmit power during said testing, said

apparatus comprising:

(@ a plurality of means for measuring electric-field, said measuring
means being configured for positioning at a pre-determined location
within human tissue simulation matter, for taking a measurement of
an electric-field at said location and for fransmitting a signal
corresponding to said measurement; and,

(b) means for receiving said signals corresponding said measurements,
for comparing said measurements to said SAR reference
specification and for determining therefrom whether said device

adheres to said specification.

2. A radio frequency (RF) testing apparatus according to claim 1

wherein said means for measuring electric-field is an isotropic E-field probe.

3. A radio frequency'(RF) testing apparatus according to claim 2

wherein said means for receiving, said means for comparing and said means for

determining are computer processing means.



(b) means for receiving said signals corresponding said pER&RIBHES, for
conparing said neasurenents to said SAR reference specification and for
determ ni ng therefrom whet her said device adheres to said specification.

2. Aradio frequency (RF) testing apparatus according to claim1 wherein
sai d neans w@pugmasuring electric-field is an isotropi c Eef/icgbighoppsobe. 3. A
radi o frequency (RF) testing apparatus according to claim2 wherein said
means for receiving, said neans for conpdfing and said neans for

determ ning are conputer processing neans. 25 Cctober 2004 WO 01/81932

PCT/ CAO 1/00554 - 19 4. A radio frequency (RF) testing apparatus according

to claim3 erein sai utal it obes are arranged a Jinear
array B oA o frequareyl iRa e dRFRIRS aPhfiells ARG Fam A e m 4
wherein said arrg‘%( Cco. ris§§ Eiv% sai d Jorobeds sofﬂ)ﬁced uniformy. 6. Aradio
frequency (RF}E ?Pﬂ'a%é‘ﬂﬁ At BOPHE 86t B MPCPTT AT furt her
conprising said encl osure wherein said enclosure is of sufficiently snall
size to permt said apparatus to be incorporated into a production |line for

manuf acturi ng_wirel ess ¢o icatio vices. 7. A radio,frequenc
(RF).testing &pparat us g@%ﬁﬁﬂ%ﬁﬂ%gﬁﬁﬁﬁesﬁﬁg fRRArARISRFCPIig t&quL'I%"\/%r el ess
conmmuni cati ons deyi ce ,positioned within an RF shiel de ncl osure havi ng
reflective sulMgRY SEif&AT@Y compeseDlye$aid grobes sPaeed “'?'fd‘}iﬂ'&ﬁ t power during
said testing, said apparatus conprising: (a) a plurality of RF power

- measuring nmeans for spatial distribution '

6. A radio frequency (RF) testing apparatus according to claim 5
and further comprising said enclosure wherein said enclosure is of sufficiently
small size to permit said apparatus to be incorporated into a production line for

manufacturing wireless communication devices.

7. A radio frequency (RF) testing apparatus for rapid testing of the

body loss of a wireless communications device positioned within an RF shielded

enclosure having reflective surfaces therein and operating at a test transmit power
during said testing, said apparatus comprising:

(a) a plurality of RF power measuring means for spatial distribution
within said enclosure and for taking measurements of the RF power
received thereby; and,

(b) means for combining said measurements and producing a value

representing the averaged integrated body loss of said device,

8. A radio frequency (RF) testing apparatus according to claim 7

wherein said RF power measuring means is an isotropic probe.



wi thin said enclosure and for taking neasurenents of thesRodspaenood ecei ved
t hereby; and, (b) neans for conbining said neasurenents and producing a
value representing the averaged integrated body |oss of said device, 8 A
radio frequency (RF) testing apparatus according to claim7 wherein said RF
power nmeasuwDmgs¥eRNs IS an i sotropic probe. 25 Cctober 2004AV¥DoSss/ 81932
PCTI CAO1 /00554 -20 9. A radio frequency éRF) testing apparatus according
to claim8 wherein said combini ng neans i% “conput er processing neans. 10. A
radio frequency (RF) testing apparatus according to claim9 and further
conprising said enclosure, wherein one said probe is |located within said

encl osure at g hot spot Afr%losnaéqgfam:y Wé%é%gpﬁaq@%&of&ﬁ%%eag% §RF)

testing apparat us accordi ng toc n sal d enclosure 1S of

sufficiently gr ém%‘a?dec %éan?ﬁ‘ég '&ésén? %ané ncorporated into a
{or ing Wi 23 R

production |i n devices. 12. A
radi o frequency (RF) rrul ti -testi ng appar at us for r api d si nul t aneous
testing of the body |oss of a wireless communications device and

| d ed
S e e O
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_ reans for rreassglrdler%loesu?ecgtré ot spo!t%r sal%rF?lj-' pcSal darray is

11. A radio frequency (RF) testing apparatus according to claim 10
wherein said enclosure is of sufficiently small size to permit said apparatus to be
incorporated into a production line for manufacturing wireless communication

devices.

12. A radio frequency (RF) multi-testing apparatus for rapid
simultaneous testing of the body loss of a wireless communications device and
operational adherence of said device to a pre-determined reference specification
defining specific absorption rate (SAR) parameters correlated to said device, said
multi-testing device comprising:

(a) an RF shielded enclosuré having reflective surfaces therein;

(b) an array of means for measuring electric-field wherein said array is
configured for positioning at a pre-determined location in said
enclosure, each said means for measuring electric-field being
configured for taking a measurement of an electric-field within
human tissue simulation matter at said location and for transmitting

a signal corresponding to said measurement of electric-field;



configured for positioning at a pre-determ ned | ocati on B (s@bidr 26081 osur e,
each said neans for neasuring electric-field being configured for taking a
measurenent of an electric-field within human tissue sinulation matter at
said location and for transmtting a signal corresponding to said

measur ement WOf01/819%8ktri c-fi el d; 25 COctober 2004 WO 01/ 81932TREM/@A31100554

- 21 (c) a plurality of RF power neasurijg neans for spatial distribution
wi thin said container, for taking nmeasurenents of the RF power received
thereby and for transmtting signals corresponding to said RF power
measurenents; and, (d) neans for receiving said signals corresponding to

sai d RF power éc)and el eCérdlm-aﬁ{;yeﬂfdmn%w AEMRLAng hansOBPaphtld didislition

el ectric-fiel measurenent’s fo said SAR reference specification and for

det ermining therefrom \Aﬁﬁﬁih%i&a&ﬂaﬂexifﬁﬁtaﬁﬁh@efrﬁe%sh%rﬁ@ﬂtg of%Pe,ef«’iFr p&@r on,

and for conbining said RF power neasurenents and producing a value

represent ing the aver agpio)8haish PR ahaRfind Yl CorBipplinaldeall a0 o

frequency (RF) nulti-testing apparatus accordin erein said

means for measuring e|~eRF\rFéJWeﬁ-irr?éd§ufe?ne?ﬁs-ia%B”0pi c E-field probe and said
means for measuring RF power Is an isotropic probe. 14. A radio frequency

(RF) mul ti -teg&j g apDagghis f@rqgeéigihggafdpﬂg,léﬁ g{)?rlé%)_oﬂlag{gefo"ka%hg S Tor

recei ving said ‘signals, conmpari ng sai d~ neasurenents

, for determning, for COEFEH @ie@gicgf&ﬂid B‘%rasgrreﬂ%ﬁ?é,r}gr b&nﬁgwggiﬁ electric-field

measurements to said SAR reference specification and for
determining therefrom whether said device adheres to said
specification, and for combining said RF power measurements and
producing a value representing the averaged integrated body loss

of said device.

13. A radio frequency (RF) multi-testing apparatus according to claim
12 wherein said means for measuring electric-field is an isotropic E-field probe and

said means for measuring RF power is an isotropic probe.

14. A radio frequency (RF) multi-testing apparatus according to claim
13 wherein said means for receiving said signals, for comparing said electric-field
measurements, for determining, for combining and for producing is computer

pracessing means.

15. A radio frequency (RF) multi-testing apparatus according to claim



processi ng neans. 15. A radio frequency (RF) nmulti-testing GRsseraoos
according to claim25 Qctober 2004 WO 01/81932 PCT/ CAOL/ 00554 - 22 14
wherein said enclosure is of sufficiently small size to permt said
apparatus to be incorporated into a production line for manufacturing
wirel ess coWninB@3x i on devices. 16. A radio frequency (REY/CAu/ES4t esting
apparatus according to claim 15 wherein At | east one said RF power
measuring means is |located at a hot spot for said RF power for producing
signal value representing the operating effective radiated power for said
wi rel ess communi cations device. 17. A nethod for rapid radio frequency (RF)

testing of a WuheHerSif safeRBIBYuSRls SRRV &nbfﬂsﬁe%ggi‘ﬂﬁf 5408 ah%@‘ﬁtus to

envi ronnment for the manufacture of said device, sald device g

posi tioned W bBiifcaiporBladSRicss PrR&usH IFP%%ngHgfacRnﬁﬁé Wit s Torfindriiciition
transmt power during said testing, and sal evi ce“having a

pr e-det er m nedgyigbgr ence specification defining specific absorption rate
(SAR) paraneters correlated thereto, said nethod conprising the steps: (a)
provi di ng human tissue sinulation matter within said enclosure; (b)
providing a plurality of neans for nmeasuring electric-field at a pre-

q i ned | . i : : . i d
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Cd ti : e . . : ts:
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for said RF power for producing signal value representing the operating effective

radiated power for said wireless communications device.

17. A method for rapid radio frequency (RF) testing of a wireless

communications device in a production line environment for the manufacture of

said device, said device being positioned within an RF shielded enclosure and

operating at a test transmit power during said testing, and said device having a

pre-determined reference specification defining specific absorption rate (SAR)

parameters correlated thereto, said method comprising the steps:

(a) providing human tissue simulation matter within said enclosure;

(b) providing a plurality of means for measuring electric-field at a pre-
determined location within said human tissue simulation matter, said
electric-field measuring means taking measurements of an electric-
field at said location and transmitting signals corresponding to said
measurements;

(c) receiving said signals corresponding said measurements, comparing

said measurements to said SAR reference specification and



said neasurenents to said SAR reference specification andsZixtéhetrabes 2004
WO 01/ 81932 PCTI CAO1/ 00554 - 23 determ ning therefrom whether said device
adheres to said specification. 18. A nethod for rapid radio frequency (RF)
testing of a wireless comunications device according to claim 17 whereby
sai d encl osWP&1/BA&2 refl ective surfaces therein, and fur ®R8ICABBIWPH Sing t he
steps: (a) providing a plurality of RF pgge nmeasuri ng neans whereby said
RF power measuring neans are spatially stributed within said enclosure,
said RF power neasuring neans taking neasurenments of the RF power received
thereby and transmtting signals corresponding to said RF power

reasurenents; and, (b) gewRhRiryd iakfoft” RIR GEASUEAEENhandEY Br aduci Ng a

value representing the averagéd integrated body | oss of said device. 19.
method for rapid radio fgaeeency. (RF) testing of a wireless communications
device according to claim18 whereby said electric-field measuring neans
is an isotropic E-field probe and said RF power neasuring neans is an

i sotropic probe. 20. A nethod for rapid radio frequency (RF) testing of a

W rel ess com‘mnl cationg rﬁ&ﬁb&?or%ﬁ@rrﬁ'&ﬂ@rehffeﬁéﬁgﬁ ge%uﬂg gdm e?@é d E-field

probes are uniformy spaced in a 1inear array For rapld

radio frequeneyudnicdtiont | didd afedthing! ©53air 17 WhBRIby2994 enciosure has

reflective surfaces therein, and further comprising the steps:

" (a) providing a plurality of RF power measuring means whereby said RF
power measuring means are spatially distributed within said
enclosure, said RF power measuring means taking measurements
of the RF power received thereby and transmitting signals
corresponding to said RF power measurements; and,

(b) combining said RF power measurements and producing a value

representing the averaged integrated body loss of said device.

19, A method for rapid radio frequency (RF) testing of a wireless
communications device according to claim 18 whereby said electric-field
measuring means is an isotropic E-field probe and said RF power measuring

means is an isotropic probe.
20. A method for rapid radio frequency (RF) testing of a wireless
communications device according to claim 19 wherein said E-field probes are

uniformly spaced in a linear array.

21. A method for rapid radio frequency (RF) testing of a wireless



WD 01/ 81932 PCT/ CA01100554 - 24 comunications devi ce asQutshengot4d cl ai m
20 wherein said plurality of electric-field nmeasuring nmeans consi sts of
five said E-field probes. 22. A nethod for rapid radio frequency (RF)
testing of a wireless comunications device according to claim 21 whereby
conput er pr¥E8Y8Iy neans is used for determ ni ng whet hET/€AVAEdVi ce
adheres to said reference (SAR) specing&pion and produci ng said val ue
representing the averaged integrated body |oss of said device. 23. A

met hod for rapid radio frequency (RF) testing of a wireless comunications
device according to claim22 whereby said determi nation by said conputer

processi ng meggsniniddivh8éviseadtoriiNg RIARPOMARrEIA s|§||6'p¢h rbfit] Bf §8&Ac-ibIFAR)

ni
speci fication also determnes a neasure of the netallic syStemintegrity of
the device.  measuring means consists of five said E-field probes.

22. A method for rapid radio frequency (RF) testing of a wireless

communications device according to claim 21 whereby computer processing
means is used for determining whether said device adheres to said reference
(SAR) specification and broducing éaid value representing the averaged

integrated body loss of said device.

23. A methoa fof rapid radio frequency (RF) testing of a wireless

communications device according to claim 22 whereby said determination by said
computer processing means of whether said device adheres to said reference
(SAR) specification also determines a measure of the metallic system integrity of

the device.



