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31891 N132UIN Hands-on training on the measurement of Specific Absorption Rate (SAR)
for wireless communication devices Liag m‘sﬁnm@lmu SAR measurements

20 WOEMAN — 4 Aaw18n 2556, UsznALAKIAT LazlseinAanIgalaIn

1. n1Yaud

N138UIN Hands-on training on the measurement of Specific Absorption Rate (SAR) for
wireless communication devices LLazmimiﬁﬂH’]@d’m SAR measurements 5@%%3:%’5’10’3/%171'
20 wouAN - 5 Aguipn 2556 o dszinauauian uazdszinaanizawini lagld suaiw
alclﬂ,mi']:ﬁﬁ]’m%ﬂ’sm’m Industry Canada AANITANBLINAITE Hands-on training on the
measurement of Specific Absorption Rate (SAR) for wireless communication devices T N33
2800 dazinauamian uazldsuaueawasz®ain - Motorola  Solutions Inc.  1un1336
nIAnmguiasjuianmasauiidadannsganaunainudinnz  (SAR measurements)

o Li8d Plantation ¥833 Waa3en Uszinaanigaiuini

¥ Y 1

2, ALANIINDUIN

e

v Y

WIUN3INNTBUTN LLa:msﬁﬂ‘mgam taen aue‘fw@mm’m ﬂéjumummgmuazmﬂiﬂaﬁ
INIANMIAN F1INIK NENT. 31U 3 A% Usznauais
(1) WusuAna nanes (U 3)

(2) mﬂq%"‘zj AITIHLA (N 1)

3)  wwaysadIT S @ (1)

3. iﬂﬂﬂxLSHﬂﬂ”ﬁa‘U‘SN

N138UIN Hands-on training on the measurement of Specific Absorption Rate (SAR) for
wireless communication devices LLazmimiﬁﬂw’lgd’m SAR measurements a”@ifuixwmfuﬁ
20 wowAan — 5 dguwinn 2556 o UsEnAuauan uazllssinasnagaluind lagld suaw
aw,mﬁzﬁﬁ)’mﬂﬂ’mmu Industry Canada AANIRNBUINAITE Hands-on training on the
measurement of Specific Absorption Rate (SAR) for wireless communication devices T N33
297711 Uszinauauian LL&ﬂﬁﬁJﬂ’l’]&lﬂkLLﬂ‘i’]:ﬁ%’m Motorola Solutions Inc. lum‘sﬁ'@
MIAngURaIl JUANM MaReURITadn M IQANAUNAINKIUNZ  (SAR measurements)
o 1ilad  Plantation ua3gWaeidn dszinasnizaiuin lasmlnausuuazdnsgauainan

widaantdn 3 TA9A9%

-mnﬁymuﬁﬂmgmuﬁmﬂﬁﬂ'&miﬂ@aamﬁ”ﬁuﬂﬁimmmﬁﬂ"LW‘ﬂwammsmu, Health
Canada

- NM198U%Y Hands-on training on the measurement of Specific Absorption Rate (SAR) for
wireless communication devices la8A1IEIN Industry Canada

- mmﬁsu%uﬁﬂmgmu SAR measurements I@m‘ﬂmm’m Motorola Solutions Inc.
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A = g a ea 'Y a 1 3 1

34 msdsasndnsgewiesdjianmasauawadnusiran Wihzasniine
Health Canada

o A A =2 [ a aen v A

Wi 21 womaan 2556 Lumsidsurudnwganuwiadd judnmaseuduain
uatndnlwW1vaimiIBu Health Canada ™ npaaaan dinauamwian  lasniinnu
Health Canada finthfisuAaTauiarngzidouuaziiugualudiuiiieadasnuguninues
Uszman

A =2 v a ea % A D ® M ,
MADUNTNANEIQI wasdfuansnesouduadusdinan lWwivaswiigsnn  Health
Canada luasafizasgunuandiineu nane. laiuanuaylaziann as. a1amssd dulas,
Senior Emeritus, Consumer and Clinical Radiation Protection Bureau \Jugfihamizgiinuain
#1191 nane. Wsusudnmguiasd Jidinimasaud1ag 189 Health Canada Usznausay

- WasdfuanInasaud1uidns (Full Anechoic Acoustic Chamber)

- davdfuimmesauaundnusinaniiw  (RF Full Anechoic Chamber and SAR

laboratory)

W

RF Full Anechoic Chamber

SAR laboratory
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lag#asl JUAMINAROUAINET? I8 Health Canada vlmmai’]wuimﬁmqﬂi:aaﬁ
waltlunsdinsndds mavawngindou 1193314 LaznIzLIUNIATITIANEITaIRLFTA N
voIuuslududngg
AN ea ° o 2 = Ao A A ) ) &
LLa:uaﬂﬁ]’muvl,@uﬂ’ﬁmLauamayammiﬂﬂmawma6] nTaInuguMWTIN Y
INMTLATUARUUNLAR N NN 89U LaINMIANEA 1% MIANBIITLNANIZNUAINAIT
Qs d.i 1 =3 ¥ = a v Qs d.i 1 =3 ¥ ldl
Vlmmammmaﬂvlwm&l,u%ﬁmaao LRZNIIANBIATUNANTENLINNNT LATLARLULRAN MWD

Jdalmas way DNA ?JEJG&]RLUE]{ Ve

SUUANHIIIUNANITENLIINNIT LGIUAABUNIRAN INW AT siaias uas DNA wawg&i«fﬂf
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3.2 nN132U3N Hands-on training on the measurement of Specific Absorption Rate (SAR)
for wireless communication devices lag#1#I891% Industry Canada

Fufl 21 - 30 womAnay 2556 ilunisausurislumang e uazmaufidluiiaswasms
‘n@laauﬁaﬁaé’@]i’lﬂ’]ig@ﬂﬁuwﬁmmﬁ‘hL‘m: (Hands-on training on the measurement of Specific
Absorption Rate (SAR) for wireless communication devices) msﬁwmumaaﬁaoﬂﬁﬁ'ﬁmimaau
mﬂifmuuazmatﬂn;ﬁﬂmﬁaoﬂﬁﬁ'@miw@aau fﬂ’mQ”L"Tjimmry@Twum'%iaaﬁa’i‘ma:maawaa
RUILIH Industry Canada th ﬂ?x‘lﬂ@@]@l’]’)’] dszinanawian

3.2.1 N15AA1 Specific Absorption Rate (SAR)

Specific Absorption Rate (SAR) ifuwiizlunisiadSinmnsganauaduudininlun
(Radio Frequency — RF) laginamuzasuusdannislinuaiasingaumwian laod1 SAR 71@
laftnshodu Jadeenlansu (Wikg) w3e dadiaddensy  (mWig) lasdadnnansiasuaan

' = & o { a o ' (% ! A o
waindnlwrannisldnweiasingauaugnimualasdn SAR ainan Gadunisiae
ANNTNEIINLAANLazaw T u,azmmvsmLLuuﬁwﬁadamaaﬂﬁu’mﬂq lag3Flunsiadn

M oo [ < A o . A A
SAR flasumsvaniulasnily 21535197061 SAR lasass (direct method SAR test) %935
aanaazlduuuiiaes (model) Mi3uni1 S AM phantom LNadaasdIsasyeed uaz Flat
phantom tNadaadluaIu8IT19N 18 I@]U’?‘E@y\mé’]’lqﬂﬂiﬂﬁﬂﬂqﬂ&l%ﬂﬂ&lﬁ]:gﬂﬂ(ﬂﬁauﬁﬁﬁﬁdﬁd
gaga lukasUfjudmnaseundsznaudisszuuminesandl  SAR - uazuauna laansld

A a & \ o ' = o A a A @
orthogonal probe Fadiadiatiuuusunalumyind swauaunan lnwvasaduingngnaadily
Ao [N ' I & A A &al | °
lwsasnarnraasquantnmauinanlnvvesiiaibanysinuimedluuuudnes

(phantom) @IN&NITI96%

FI089IULUNZATIVIAAT Specific Absorption Rate (SAR)
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3.2.2 3xUUMINABLAT Specific Absorption Rate (SAR) kazn13asa1alnynt

1) aUnIoldnilszuuN13939990 Specific Absorption Rate (SAR)

54}”{_

SAR testing system setup

1. Control, data capture and processing unit (PC
Field-probe readout electronic (data acquisition unit)
Dosimetric E-field probe

Probe positioned (multi-axis robot)

Low-ambiend field/stable temperature environment
Phantom shell filled with tissue equivalent liquid

Device under test

© N o o h~ 0N

Device holder/Positioner
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FIG. 2

f2889ULLTI8aY phantom

2)  mMIAeaduaznsasaimsinwuedsalniainanneasay

. & o & & \ o
Tuw  mInamauedl SAR v099UnIol ArsvimmeseugUnynk smagsluiﬁmmiwmu LAY
configurations Tasg18a1MA @149 NAnTEulasUnd wazdashiinsdemealnosaaesly
{quﬂﬂmi LﬁaamnmU"Lwm%ﬁﬂﬁqmauﬂ'@mmwiﬂﬁmaoqﬂmtﬁmﬁﬂmmaﬂﬁ

I%M@ﬂ’ﬁﬁ’]ﬁ?%‘ﬂ@x‘i aUnyol

lumsiad1 SAR lruansvinauad g maaqﬂﬂmiﬁazﬁaaﬁwmﬁmfu %uagjﬁ'uma‘[u‘[aﬁ
waATmslunsdsdy i suesadnaol (1w anuf MIVOQAATYYID , MAIED  4aY) 3
I@Uﬂ”ﬂﬂﬁ]x@i’aaﬁmﬁf@lunﬂ 9 Im@miﬁwmmadqﬂmtﬁﬁﬁmﬂﬁmﬂuamwm@]é“aumﬂ%
nwaty (lwvaeldnudnnesyglinm

guaudInglunimesay

lagyilde SAR 2asginInizdaireandasduldawdadriafidnualiluinasgm lu

1 { v & ] z v o a 1 { {
nne FaIANNDLTIN TIlwMINaraUal SAR il azdasduiuwmInazauluwtaininunn

v A > A‘é dl U 6 A ‘:ld' 2 ni L%

In&id mﬂummnmﬂmwaumummnlmmmaoqﬂﬂsm FaluntdnanunIsuauaINN b

' ' = {4 Y ° o A {5 ' {
NuAFNINNIN 1 wasiFuradanunnInaid famaammsmﬁmommﬁmq@LLa:ﬂjmmwﬁ

v v v $ v 1 1 Ilé v v
GAGELRE! LRZTNNTIILALANNDLTINWIAININATT 10 LW astFuuainunNINaIsLaL zaagl

o A, A4 A a o @
msmw’ﬁaammnamwummnuwm%m"[ﬂummgmmsl

AasadlunInagay

ARIEIN T IWAINa&§audA1 SAR °naaqﬂnirﬁﬁaaLﬁ%@hﬁﬁé’@ddgdﬁgwaaqﬂmfﬁ Taan

AN v & &
LUGLA aivL@iUﬂ’]TE’]Sﬁ] LA
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JULLUNIINI SN aﬂﬂifﬂ%ﬂ’liﬂ@ﬁﬂu

RNUAIME ©  MWNImNRIgaIMAsNNNInUTULRawT W aaanld  dadvinniInasaunaln

@‘hu,mi,aa’mmmﬂgnﬂfmﬁaumﬁ LAZLRaWAANLONN

ﬂﬁiﬂﬂﬁﬂﬂﬁu&qﬂﬂifﬁﬁ%&l - lunsdinadnialiaSuonafinanIenudanuaNUANMTUNTARY

9 9

mmqﬂﬂmf (W% S8 INALEIN LUALADILEIN 98Y) NTth mﬂ“ﬁqﬂﬂitﬁm’%u GINENAIT AT

NMINARDUAEY

3)  durimsdaasadnsatlumiiadn SAR

lumInagauliaedn SAR ﬁ]:ﬁaaﬁﬁmﬁﬂimUﬁﬁ@@?’dqﬂmtﬁﬁﬂué’nmm:miﬁhaaamﬂ“ﬁ"
INWNIA UV LR AT VD ILULT 18D 'ﬁ'ﬂuﬁ'nHmzamm”aqﬂmniuuu%mﬁ'ulu%ﬁwaa

o e 6 A o > [y o . e
WUVNRBY (cheek position) LLa:qﬂﬂimLaEld“(l’l&;&lﬂlllu%m?ladLL‘]J‘]JmaE]d (tilt  position) lag
@°nme‘lumﬁmnqﬂﬂsrﬁumswﬂaau 1NNTD LLam"l@T@”agﬂ (ﬁ;@é‘@s:%dwLﬁumaaauﬁuag

vinmylasliuwveaduluunuasriyulddinhnvesuuuiiea)

vertical vertical
center line center line
S 2 2
w2 j:—rj'll horizontal iwﬁ2 e
i line :r‘_.:_:'r
: '—-"'I_'——‘H{-;l—‘l;mltal /
(_/J——-O"‘ line A

acoustic

output

acoustic
output

bottom of e
handset

RE

RE ¢ N LE

LE
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Test position of device relative to head

3.2.3 TWAaNUAZISNITInNIINAdaUAT SAR

1) MILAIPUNINAFAL

FNINLIAR DY
SUQIMILNIG © FYQIMILMIRAmAaINENzwIasaNlumMInagaudasdandinii 3
\wWasiduwada SAR 71 0.4 Wikg %38 12 mW/kg

s v L v A a v et

SUQIMREYan ©  sYIGEzRanlumMImesauGIAeNNIE o wY IR QI AN
aunsaliy Fswadaufisnansnliifianisesria wasamyyimnavlydunudiaes (phantom)
zdaIlandinin 3 wWesituwaddn SAR Niale

a ¥ ¥ o

qm%nﬂﬁ : amvmmn@aau@laammﬁ@men’«maﬂ@m”uﬁﬁauﬁa:ﬁﬁmiﬂmaum

9q U
' < A I a o ' ' X P {
SAR luudazays Sﬁﬂ(ﬂsrm"l,ﬂqmﬁnumn@aaumsags:mw 18-25 °C I@m:muagﬂumummﬁ

WRSTRAVBINAINITYiNNINasay (Tissue Simulating Liquid) LLa:qmﬁgﬁ"LsJﬂaiLLﬂsﬂiauvlﬂ

YINNI1 1 °C

MIaauINUaNn19 Wi Ta9U89119a7 (Measurement of dielectric parameters)

lunInasaulIadn SAR 60 Qmauﬁamﬂwmmawmmm F1aadiitalila (Tissue
Simulating Liquid) lunmsnasaualslasumiasiaianielu 24 alasnaunsnasauindl SAR
A an ¥ Ao o o A o '
I@mmqmauu@mavlwmmﬂvlmaamaammmmﬁﬂﬂmmm%m uazluIzrInenIImasay
2961 SAR qmwgﬁmamlaammﬁ]zﬁaaLﬂﬁﬂuuﬂaavlﬂ"lmﬁu 2 °C Nt Lﬁalﬁﬁuslﬁ]dwqmawﬂa
M9 W vasvadwal9z i asnutasaniwlinitnazsausuld lasnuaziduanszuinnis

maﬁﬁ@qmauﬁamﬂwwwawaammuamvmu 3.2.4
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NNIAIITANIIFNINUTDITZUY (System performance checking)

wolwuslainszuunisnaseudl SAR V‘m’m"l@i”asmgﬂﬁao A79 0IKNIATIATANT
YINNWUBIIZUL (system performance checking) AauNIIGILHUWNNINAFAUAT SAR wasnne 24
lusluminese U1 SAR lagduneuuazdinislumiasafanisinuuesssuud
Noasduali 3.2.5

2)  nIzUInMIWMIUSsLiueA peak spatial-average SAR @#IUWLAAS configuration a4

& o
UnInyinnisneaay

YUADUN 1 : MIIAANTNRIBNIBINOUNNTNAROL (Power reference measurement (drift))
NawNITANNTINAT SAR 22089 NTIAANad81984 (power reference) NATLAIIN

o U v Qq: dQ/ dl =Y 1 dl o = 1 L= U

fwua Lia9ni noft iialdlunmsdssdudanudfouwidasasiassssyamluszndiems

né a v 1 1 a { 1
nagay (power drift) §9819AA IFNINEURAGAIT 9 LTUNIFYLTEINAINUVDILLALABTIZAIINT
| o o Ae 1Y% ° a a L o @ A o v
naxay I@slmmaam@vl,@mzm"l,ﬂgmﬂwumUumsmmmm@vlmmmadmsmaaﬂums
P e e R ST e R R R G &) LLazazQﬂﬁﬂﬂWﬂszﬂaumsﬂiuﬁuwam:wma

. A A o o 4 & A A ¢ =
uncertainty budget U8933UU TIanaNNLAsusUadaIiasasitiadsianldinin 5 Wasidu

TUABUA 2 : MINTIAATIULURAUA (Area scan)

MISUAUNITIAM SAR 921509 MNMFIAUULNTIAATIaNUA (Area scan) lagnnsnye
avaaInaMziimyialusnsmeang UWARAITIRNNEAT1 9 uuy 2 daluzasmainile
Anwfanmeluuuusiass  phantom I@Uﬁuﬁmsﬂa@”@ﬂdn@Taamamquﬁ?uﬁ projection
maaqﬂmrﬁﬁgnﬁwmswmau sfias:ﬂzizﬁdﬁaﬁ;@ﬁiﬁﬁnws%LLazﬁuﬁ’maumwﬁmaamimﬁ' lag
dadluiin 8 Jaduas LLa:s:mi:MNQ@ﬁiﬁﬁmﬁ@uumﬁaﬁaoﬁmvl,sjLﬁuﬁiﬁmu@ Won2w

waiwen lumsszanaudnludsad (interpolation) 91 SAR NLANNTHY

Example of Area scan
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3 dl =)

YUABUN 3 : NINTIAATIULLINZIUTUAT (Zoom scan)

MERAINNMTIAULUNTAATIINUA LNaviNITL sz dnean peak spatial-average SAR 3

MINTIAATIMLVII9UTNAT (Zoom scan) Ndunbsnlszdudr SAR ldgigaannmia

WUUNTIAATIIAUN  lasnUSunasluns naasiauuuianzaslsinas wlivwasdnedn lidas
' ' a & A A A 1 1 = a o

ni 1.5 whassdSainasgnunadueaiiaiia 1 g wie 10 g edwlaadimilinunazyinig

nagay laumINTAATIALLLRIEILTINGeT zlianuaziduauaziwimgarniimyiagini

MIIABUUNTIAATITNUN

-~ Zooim cabe

Vadidetian dipola
ireferanoe somGe) J“‘f
|

Area scam

|
|  —
I

Example of Zoom scan

TUADUN 4 1 MIIAANTNNIBIDIRAINITNATOL (Power reference measurement)

'
A o

MYRAINNANITIAMN SAR 2@ ad7iINNNIIAANRNRI81984 (power reference) NALAS

| @

wWeanuwnunia liluanaawn 1 wWeltlumsdszidudranuidfsuidsswasinasssayamle

o

TERINNNINARAUAINNED 1T

WanIUszLiuan peak spatial-average SAR gdq@ma\‘iqﬂmtﬁa:ﬁadgﬂmaaulm‘hme
. . ¥ 1 { ¥ 1 é o a 1
configurations 1MuAMTLTIY uazenwaNNDlTNUA9 g TINNATPIBILTIIABANTITNIITHIIN

auninfazdasgnnasauludiuni configurations naansldnu uazthuanudlsnuladig
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3.2.4 mInadauamaNanginihzassasmaITiaashaiiie Dielectric  property
measurements
PN ¥ ° & A . . . . . Y °
minagaugmauUan1s lWWvesaanadnaiiiaiia (Tissue Simulating Liquid) ¢iaavi
minagauaIinnelu 24 Tilusnaunnaseuia SAR lasfdguautiamalnwndald
£ dl ) c§ c?{’ o v ad eq/' c?{’
ya329ma0 a0 dulamuninue Ssnmasevitanansarinldnansds  laonsausuluaseit
lauaaiaatamInasausnuin 2 35 Usznause
- Open-ended coaxial transmission-line probe/sensor

- TEM line

N1INARaULLLUY Open-ended coaxial transmission-line probe/sensor

MINAROL AuaulanalWnesvasnaidineiiatie lap3% Open-ended coaxial
transmission-line probe /sensor Wunmneseulasdaliniia Qmauﬂaﬂ’lﬂv\w\h (Dielectric
L™ C¥- > ci s = = Aw v = . .
probe) RUNRNUVDILARINWEIA wWisuifsunania lanunsiheasdasilda (open-circuit end)

I@Ul‘f@ﬂﬂiﬂi vector network analyzer lunsienzvina

qﬂmtﬁﬁl‘*ﬂumimaau (Test equipments)
- Vector Network Analyzer
- E-field calibration module
- Open-ended coaxial probe
- Non-metallic beaker (Tissue Simulating liquid container)
- De-ionized water

- Tissue Simulating Liquids (TSL)

7

p

z g,
I |
|
1

-a—ul |
'Q—D—"I

Open-ended coaxial probe diagram
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PUNIUNINAFOL

- Geqsgunioiluminemeuuazyihnisseuiivy (Calibrate)  guUn3ak vector
network analyzer Wa23xULUBINRIIA (probe system)  l1AEAINARBLWUL open,

short, waeld reference liquid (deionized water)

Open-ended coaxial transmission-line probe dielectric measurement test setup

Shorting block connection

- AALESUNTBIRAINALYNMINARaUAI L beaker LL&sﬁ@@T@‘lﬁWﬁ'ﬂﬁ]uagnw‘lu

YDILARD mugﬂ
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Tissue Simulating Liquid (TSL) measurement

- AIMTIALRZIINAT LA UIAI I RN qmauﬁ'ﬁmﬂﬂﬂwawaammﬁhaad
& A A o A A o 1 [N v
LbaLee @nmm%u@"l’i’l,ummgm LNBNAZHIAN qmaummﬂﬂﬂwawadmm
{haauﬁmﬁa@‘i'anémvl,ﬂl"ﬁl,ﬂwﬁagamaamaammﬁlﬁlumiﬂ@aaum SAR %843
qﬂﬂifﬁ@iavl,ﬂ

mnagaulasasn13ls TEM line

minesay gaalansiWwwasseunarinasitaiia lag35msld TEM line idunis
nagaulasnIig complex transmission coefficient W83 TEM-mode coaxial transmission line i
gnmiqvﬁﬁawaammﬁmauﬁmﬁa (Tissue Simulating Liquid) lagld vector network analyzer

Tun19aaszving

qﬂﬂirﬁﬁl“ﬁ’lumimaau (Test equipments)
- Vector Network Analyzer
- E-field calibration module
- TEM line (@nummﬁ’inqﬁn@aau)
- De-ionized water

- Tissue Simulating Liquids (TSL)
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Temp.
VNA meter

@ R

TEM-ine m

A4

I
Liquid

TEM line dielectric test setup

PUNIUNINAFOL

- 6@1@1‘\1qﬂﬂsrﬂumsmaauLLazﬁwmsaamﬁw (Calibrate) quﬂmT vector

network analyzer LLaz3zul TEM line

TEM line preparation

Calibrating vector network analyzer using E-field calibration module
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Exam TEM line test setup

LA ﬂdLﬂﬂ’)ﬁﬁ]zﬁ?ﬂﬂiﬂ@]ﬁﬂUﬂﬁl% TEM line

Filling TEM line with Tissue Simulating Liquid

Fmyiauaztna i laandw tamen Qmauu‘"ﬁmﬂ%lﬂwawaammﬁ‘i’maa
iiaudia muﬁﬁmu@"li’lummgm IWofaziine qmauﬁﬁmﬂﬂﬂwawaamm
ﬁwaauftmz"iaﬂ”@ﬂd'n"lﬂlﬁﬂm‘?agamawaammﬁ’lﬂﬁ’lumsw@aaum SAR a3
aunvnfda’ly
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[=1 o

3.2.5 N1IATIVNTANIINNIWVDITEUU (System performance check)

MIaTEANNIINNUBITZUY (System performance check- system check) #3anUszad

A A @ ° P o v o
WL WN1IN B UIWNNIINNUDBIIZUUMINa RO SAR  vhanwduldanadaiinua
nanaila (specifications ) vadgunsalluthuanudingfivhmmesey  miavadaibidunis
aaLTaasnseiaunsaring e L‘ﬁ'alﬁu”ulﬁlvl@i”’jwszuua‘i’]ﬁﬂa’]uashagﬂ@?aal,ﬁaﬁﬁmimaau
A ~ g o Q ﬂg: 1 Qs 1

SAR  GinianafiaiinlTnazyiign 9iu nianng a3 nawnImazaUia SAR lasns

Y Qs 4 { =) g uq: v 1
ATTARHIZATIIILAMUARIALARAUVDITZULNANUAAUW I UIZ USRI LG LT

A an o A & A
mMaAsuulasguautiavednal (Bukosunanmysivevadil wians
wWasuulasgmnnd)

a 6
- msmﬂmwaaqﬂmm
A ° &
- mmﬂm@maaulunwmmmaaqﬂﬂsm
- mmﬁ@]wm@lumsa‘“@LLa:@]'“whizuwadqﬂmmﬁﬁ’m’ﬁf@
- YRy
MIATINTANIFNUVBITZULH nszvhlasnisnagauiadn SAR (1g %38 10g) luszuy
mnagavagsielesldunditudaniuwimannnwianasgnw  (lawld continuous  wave
' s . A ° A & o ' o %
f90anlled half-wave dipole antenna) T93zFLAUTUABUNNTATIIALTWLALINLNNTNAROLIA
@1 SAR Ml waziINanTIaN leulSuuRsuNUAIL LRI SN HE NI WY BITE UL

@l I@m'lﬂazlﬁmmaaqﬂmniua:msﬁ@m”az%m%’umsmwL%ﬂmiﬁwmumaoizummm@ﬁgﬂ

Tuning
element

Spacer

3D Probe positioner

ield probe
[ Flat Phantom

' 3
\ i

Dir.Coupler

— 7
= Amp == LoWw
[) Pass

Signal
Generator

System performance check system configuration
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3.3 m‘uﬁﬂu%uﬁnmgﬂm% SAR measurements lag2%1h2891% Motorola Solutions Inc.

Tudl 3 - 4 igwisn 2556 (unsdnsgnulumajidnueiuesiesdjidnimesay

WT08ATINMIRANAUNAINUTUWIE (SAR measurements) 284 Motorola Solutions  Inc.
\{ia4 Plantation ¥aigwWaasen Uazinaanigainin léuanuaytaziain C- K. Chou, Ph.D.
Chief EME Scientist Motorola Solutions, Inc. Fort Lauderdale, Florida USA msmma@ﬂluﬁ'ﬁa
mmﬂaaﬂn”m’mﬂﬁummﬁ?ﬂq (RF Safety) ﬁLﬁ@%ﬁI@ﬂﬁ;ﬂ@”ﬁﬁ

anuduinvasdgmawiiasinnanunnaineinuanuldasansannaawing

1. Radar 1 1950-1960 : F3959a5%lan
Radio and TV Broadcasting 1 1960-1970
Microwave Oven i 1970-1980

Police Radar 4 1980

o kM 0D

Wireless Communication 4 1990 ﬁdﬂﬁ]ﬁgﬂ'u (mobile phones, base stations, Wi-Fi,
WIMAX, smart meters, RFID, etc.)
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Radiation

Public Health Public Concern

P

EMF
</ uv <
Radon X—rays
X-rays Radon
uv
EMF

PNMNITNUINUTZINTUAAMNNIANNINIRLNINLAUAT BEBFUNIWINNNIUNINIZINY

ARWIUNIIATINWINNNUTDIND9TY  awtiasuinnanunlanaaiaafa

Source of Concern: “Radiation”

RF Exposure Nuclear Radiation

L\ * AN
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L‘WE]?LIaﬁﬂ%ﬂ?’mL‘ll’]l'fﬂ‘ﬂﬂﬂ’]@]LﬂﬂE'JW'Uaﬁﬂiz“lj’]ﬁ%l%ﬂim‘llElx‘lﬂ’]iLLWiﬂiz‘i]’]ﬂﬂﬂ% 'i]x‘il‘liﬂ’]’)’]

RF Exposure Un%f131 RF Radiation wazrnualddsnmyansainanani

A A %
ﬂa%ﬂ']’llmLLﬂzﬂ’]iﬂiz&lﬂ@ﬂ‘ﬁﬂ’]u

+— Wavelength

AMUUANGAITZTAINNAIWULULY lonizing Energy NU Non-lonizing Energy

lonizing Energy

o A A a ) a @
1. WRINTULWEIN aﬂ%ZLﬂﬂﬂuLLﬂaﬂwuﬁzLﬂﬂJLLQZIﬂidaT—N AN
2. vl,ﬁ%"i.lﬂ’liﬁuﬂuuwaﬂiz“nu&iaqmﬂ’IWS’JaJﬁdﬂ’J’laJLﬁfJWl ﬂﬂ’ldwwub;ﬂ‘iiu
{ a J a Q
3. Naﬂizﬂ'ﬂﬁaq‘ﬂLﬂ@]“ﬂu'ﬁ]’]ﬂﬂ’]iauwﬁﬁgﬁw

Non-lonizing Energy

1, waswdetay liiNsswanaznaliinanaT 96w
2. "L@T%'un’ﬁﬁuﬁ'u’j’mﬁum’mﬁ?wqﬁwammwiaq"umwﬁl,ﬁmﬁaqﬁ'ummi’awaa

g dl L R dl et 1 o A dl ¥
L1he) Lﬂﬂﬂﬁﬂiz@]ﬂWﬂGOW%ﬂvL@ill iﬂx‘lﬂ’.]']ﬂ']ﬂ%@]ﬂ‘if%ﬂ'ﬁﬂa ﬁ’ﬁ‘l‘iﬁ’] ]
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ELECTROMAGNETIC RADIATION SPECTRUM B

8 man's height &
. ‘ paperclip blood @ viruses il .
2%3 o %thxckness s _cells | Al ﬁ
2 bacteria atomic
g football field basebal\ m&m;s - e DNA v nucleus —»
wavelingth ) 4 | j A%, m \ i m p e 3p ; Yw
] 108 107 102 1 10" 'IO‘2 ‘10‘3 10+ 105 10% 107 10°® 10° 100 10" 1012

Biological ' Radiation

Effect Induced Currents
electron volt__ 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1

eV 16# 108 107 108 105 0% 902 102 107 1 10 102 10° 10* 10°  10°

TN NATNAN AN

1 MHz 1 GHz ' 1 THE : i1 PHz : 1 EHz 12ZHz
frequency 1 1 1 1 1 L 1 i 1 | DR 2R 1 1 i | 1

(Hz) 105 108 107 108 10° 100 10“' 102 10 10" 10 10% ! 10" 10'® 10" %020 102!
Hadiobpw Temf. mm-«

Broadcast and Wireless , z

: (nm)

E"

‘Fiber telecom f Dontal Cunng

0 714 um 200-350nm !
AM radio FM radio Moabile Phones RADAR !

600KHz-1.6MHz 86108 MH2 - 90OMHz-24GHz 1.100 GHz | g -

\ﬁsuble Light
74\ £ 700-400nm ;
Screemng 5 Remotes’ Medical X-ray

TV Broadcast  Wireless Data 0 2-40THz ' 8s0nm 80 kev

54.700 MHz 24GHz :
mm wave” : 3 %
‘sub-mm” ' g
- : : H 'L‘

X-rays & Gamma Rays
Soft X-ray Hard X-ray,

Bands

ophcs

SO|uolosle

Baggage Screen
160 keV

Sources and Uses of
Frequency Bands

Suntan

s |
; Microwavo Oven ; ¢ Night Vision : 1 Y Gnciien:
SmarMetar™ 5 4 GHz : £ ART G b 140 keV

00&245GHz
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RF Bioeffects Research

RF Bioeffects Publications (per year)

250

200

150

100

50

0

o A 5 O O A S D N A 5 PO R I PP

'9455 RIS ’9@ RS RS AL O ,9@ oP @09 o P P S
Year

mMsAnsIudarlzian

- MIANMINITZN@INeN ( Epidemiological Studies)
- midnsanuysd (Human Studies)

- MIANEINEAT  (Animal Studies)

- msAnmlunaaanaaes  (In Vitro Studies)
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=2 a A @ @ o eA A
Naﬂ’]iﬂﬂ‘]ﬂqﬂLﬂU'}TaﬁﬂUIﬂiﬂW‘ﬂﬂJaﬂa

Study Type Published

Epidemiology 307
Human 277
Animal 283
In Vitro 281

Total 1148
“May 2013

AULAKIBIaIRNITawNElan (WHO) 1 2011

" Untindalifinangiududwinmsuninszansvesswauandn W luszaudnd
HANTZNUADFUNINYDIN Y "

mmmumfmmmam’

= a a' a A‘i’ a 1 ] v d? o Qs c'i’.
miﬂﬂw’uwmmmmmmmLﬁuwug’lumadaw&mg’m LL@IVLNVI,@]LﬂuW%ﬁ’]%ﬁ’]%iUﬂ’]TﬁUﬂ
AUATE

A @ =2 ° v A =2 ) = &
mmumm’mwamsﬂﬂwﬂ@ 9 "i]']Lﬂ%@lE]x‘lllﬂ'ﬁﬂﬂH’]%qL%@lwﬂﬂ%ﬂﬂguwﬂﬂ’ﬁﬁﬂﬂfl%u"]
ﬂqﬁﬁﬂﬁql’ﬁa\‘i@ﬂl%awaﬂ (13 llﬁﬁil,'ﬂﬂ)
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Naﬂ’ﬁﬂﬂﬂﬂvl,@gﬂ(ﬂw3JWﬂu’)’]‘iﬁ’]‘i%’]u’]%’]@17]’1\‘13311’1@’]7]&I’]LN?J’J‘H,‘YI 17 Wy EANAN 2010
(Acoustic neuroma and parotid gland tumor not included) a‘gﬂdﬁ
" = ~ a £ a = o o A A ~ o °
ladenuasanudnlunisiialsauziSignasannmaltiulnidnyidane laasd  Tauuii
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INTERPHONE

Results Interphone: %s,- Karolinska
Time since first mobile phone use RS
OR
10 1
1 e o T T
{. t * ? 3 % t
o1 Not regular
user 1 year 2-4years  5-9years 10-years
» Glioma

* Meningioma

Source: Maria Feychting, Karolinska Institute, at seminar arranged by the Swedish
Radiation Safety Authority (SSM) and Karolinska Institute, October 19, 2010.

INTERPHONE

gh*'s,

% : Karolinska

hmm:/

Interphone results:
Cumulative number of calls

5 Institutet

g #S

OR
10

——-H

1 4+ ] T T+ i 171 T T ] 11 11
SR S T B IR S
No. of > :1.5 1.5- 3.5- 7.5- 14- 25.5- 41.5- 68- 128- 270+
calls x 100 34 7.4 13.9 254 414 679 1279 2699

¢ Glioma
* Meningioma

Source: Maria Feychting, Karolinska Institute, at seminar arranged by the Swedish
Radiation Safety Authority (SSM) and Karolinska Institute, October 19, 2010.
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INTERPHONE

A Ly
all i

< Karolinska

:2 7 Institutet

g 8

s,

AROy

Results:
Cumulative call duration

W

OR
10

-
AT
— 8
[
—.
8
—*—
—a—
[ ]
—a—

— 1
——
I
L
—8—
—_—

[

— e

0.1+
Cumulative <5 5.0- 13- 31- 61- 115- 200- 360- 735- 1640+
no. of hours 12.9 30.9 60.9 114.9 199.9 3599 7349 16399

* Glioma
* Meningioma

Source: Maria Feychting, Karolinska Institute, at seminar arranged by the Swedish
Radiation Safety Authority (SSM) and Karolinska Institute, October 19, 2010.

Toyan LN N : uw litunziSeanagluan 30 ﬁﬁagamsﬁﬂwﬂu%myﬂi:mﬂ At
Tewn : lawiwhilaasagauanuagunwiszninansthonIaaaniiaainuzisaiadan
[ U % €A A
Tuguasnumsltulnidnyidaia
INTITOIIWIANT : TUZIAININTIIFAL L N aa TN Aa lsauzSsauadlnlszing
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US Brain Cancer Rate vs. Cell Phone Use

@ T0TAL U.S. CELL PHONE USE PER DAY
[MINUTES PER DAY)

@ NEW BRAIN CANCER DIAGNDSES
[PER MILLIDN AMERICANS)

72 — — 7.000,000,000
70 6.000,000,000
68 5,000,000,000
66 4,000,000,000
64 3,000,000,000
62 |- 2,000,000,000
B0 — 1,000,000,000
58 il | | | D
1991 1992 1993 1994 1995 1896 1997 1998 19899 2000 2001 2002 2003 2004 2005 2006 2007 2008
Brain tumor incidence data
asvh JAJ
= Karglinska
_ o ?% “S Institutet
Glioma incidence, Sweden 1970-2008, Men ™~
per/100 000 Introduction of handheld
age slandardized maobile phones
20
18
16 A A ’\/\ - N\ Fa¥
s ,/\ A /\v/\’\ / \/\V/ \ N/
MUBVARYY v \J _
10 1=A A /\ —— 4059
s / \\._/‘_’/ \v/\/\’ RN /—\V/\/\/\VM ——2039
6
AW AS VAR TN
& &t o g \q@ & qu?' \@@ L & o Q,q oy cr- o.'P ,p@ Jr: @er m@ rs’“% ?;::Rmsu

)

The National Board of
Health and Wellfare
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International Agency for Research on Cancer (IARC)

IARC 1nasenisreninadssmeaiamyisouzSeladuniisuuasasdmyamidolan
(WHO)

IARC léfduunans 955 Tiia uuRUUREN UM aaiiisdaanusuanade
mafialiauziSsvasausd lavlddnsiangueenidu 5 ngu leun

ngy 1 miﬁamﬁdﬁfﬁ'ﬂ (known carcinogen) : 111

Ny 2A waztdussnauzL39 (probable carcinogen) : 65

ngu 2B farudwlylenasduasnanzisSs (possible carcinogen) : 274

ngw 3 VL&imm€n5@r1§m”[ﬁ (not carcinogen) : 504

naa 4 8133z liidusnsnianzi3s (probably not a carcinogen) : 1

IARC ldfimsdadszguaniznssumsianziailaiud 24-31 wowanau 2011 A1szina
dsaas luwate

“RF Electromagnetic Fields (EMF) scope covers all RF transmitting devices operating in
the 3 kHz to 300 GHz frequency range, e.g. , Radio and TV transmitters, Radar , microwave
ovens, mobile phones , DECT phones, 2-way radios ”

LARINITIIN WHO

WHO lednsieunsianans Fact Sheet #193 Electromagnetic fields and public health
: mobile phones ”

Website http://www.who.int/mediacentre/factsheets/fs 193/en/index.html ﬁgﬂiﬁ

A =< Al 2o A ) A A A o A A
ANIANENINANLN LA AWNNT IUT N RAINAIITEN WU NN U Sz TwIN InTansidata
' o a A ' A a X X o LA ) A a o
ﬂalﬁmmmmmmmaqmmw“nmf-am@mu °1Jm:umvl,umd”lmvlmuNam:‘ﬂumﬂ@mﬂmﬂﬂj

% 6 A =}
Insenvidaia ”

LARINITIEAN ICNIRP

International Commission on Non-lonizing Radiation Protection (ICNIRP) Juaasnsniile
Fufl 1 nangau 2011
“ Mobile phone , Brain Tumours and the Interphone Study ”
Website http://ehp03.niehs.nih.gov/article/info 3Adoi 2F10.1289% 2Fehp.1103693
oy o W o v = = 4 4 X A & o
< aydlanhlasild i ldusaslAiduisanuiinsninnivrasnsiiadiasanluauasiy

£ Qs €A A 5
MIMIuInsanyidan ol a1
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COSMOS project

International Cohort Study on Mobile Phone Use and Health

COSMO

UK Sweden Denmark Finland NEIGEYERE

Imperial Karolinska Institute of STUK Utrecht

College Institutet Cancer Univeristy of  University

London Epidemiology Tampere

Paul Elliott Anders Aslak Anssi Hans Kromhout
Ahlbom Harbo Auvinen
Paulsen
Faifieasefignany

- mﬁmﬂmmuﬁaé’lﬁmﬁwﬁﬁaﬁa
v Y a 6 a 3 6 6 6
- pdmmuumﬂﬁuluﬂszmﬂmumsn , FIAW, BING Y, NULABALAZL LT TLAKE
- MIAAANNTZEZENMINIANIN 25 1 ij“lTﬁ'mmﬂﬂdw 200 000 A%
- MIFUA B WS UABLazluTI9aUNa
- S’mﬁagaLﬁmﬂ”umﬂ“ﬂmﬁ'wﬁﬁaﬁamﬂLmuaaummmzmimﬂuﬁﬂmaaQﬂszﬂaums
- ﬁmiﬂiuﬁuwaé’wﬁﬁmqmmwswﬁiﬂiﬂmﬁd
- Aaanumadasundaslwnisltauuazinalulad

NEIIUWITLVDILA ums"‘ﬂ

- ﬁnmﬂsz"mm"ﬁ'mL@uuﬁnmqmnn’h 30 I uaztAalulssinaauunsnnadsani 1925
IIWIB 358,403 At
- 92391 1990-2007 NALHAIANVAITZUUUTLRINFEIWARNT 31WI% 10,729 NS0k
LA A A a & & \ A & <
- laifanuassniinduaaditasanuesszuuUssanaIunand [wialsauziSananaa] an

mM3lFlnsdnyidana
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RUILINUNLNLITDNUNISTHIINIATIIUNTHNINIZNLARUAIINDINE

ICNIRP
MINAIWILWIN (guideline) @‘hLﬁumﬂ@yﬂmzmsumsmaa;jl,%mmnﬁvl,@ﬁmml,l,@imﬁ

I@mvl,&iﬁ@]”aLmumﬂq@lm%ﬂim Tutaslapasdnivawsalan

IEEE-ICES

- iugtuueanssunsifunalwgidalimnauidenuauladhhufianssld
- amziifmndnydszanm 130 au 90 26 Uszne

- lgnszuanwmsauniud

IEEE nuanaszIuanulaaant
1960 : USASI C95 Radiation Hazards Project and Committee chartered
1966 : USAS C95.1-1966

® 10 mW/cm’ (10 MHz to 100 GHz)

® based on simple thermal model
1974 : ANSI C95.1-1974 (limits for E and H’)
1982 : ANSI C95.1-1982 (incorporates dosimetry)
1991 : IEEE C95.1-1991 (two tiers — reaffirmed 1997)
2002 : IEEE C95.6-2002 (0-3 kHz)
2006 : IEEE C95.1-2005 published on April 19, 2006 (comprehensive revision, 250 pages,

1143 ref.)
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Basic Restriction
IEEE/ICNIRP: WHOLE-BODY LIMITS

0.08 Wikg

Threshold for Occupational  General Public
Adverse Effect Limit Limit
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IEEE Standard for Safety Levels with
Respect to Human Exposure to Radio
Frequency Electromagnetic Fields,

3 kHz to 300 GHz

Sponsored by the
IEEE International Committee on Electromagnetic Safety (SCC39)

IEEE
3 Park Avenue IEEE Std C95.1™-2005

Mew York, MY 10016-5997, USA {Revision of IEEE Std C35.1-1991)
19 April 2006
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ANSI/IEEE C95.1-2006

Table 6 - BRs for frequencies between 100 kHz and 3 GHz

Action Level Persons in Controlled

Environments
SAR" (W/kg) SAR® (W/ke)
Whole-body exposure ~ Whole-Body Average (WBA) 0.08 0.4
Localized exposure Localized (peak spatial- 2¢ 10°
average)
Localized exposure  Extremities” and pinnae 4 20°

BR for the general public when an RF safety program 1s unavailable.

boin: . S .
SAR 15 averaged over the appropriate averaging times as shown i Table 8 and Table 9.
Averaged over any 10 g of tissue (defined as a tissue volume in the shape of a cube)”.

d .. Sk .
The extremities are the arms and legs distal from the elbows and knees, respectively.
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IEEE Sta 1525™-2003

1528™

IEEE Recommended Practice for
Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the
Human Head from Wireless
Communications Devices:
Measurement Techniques

|IEEE Standards Coordinating Committee 34

Sponsored by the
|IEEE Standards Coordnating Committes 24

&IEEE

Iothsted by
The ililie of Elecyionl 350 Eacbionics Esginsers, nc
3 Pare Avern, Maw Yook MY T00UESGNT LISA
Pt S5 142
19 Decarie 20003 POF. 5585042
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IEEE ICES TC34 Subcommittee 1

- PSurdsanasgin 1528 S5msialugmwanud 03-6  GHz ldsumsiiuwlag IEEE

- Janu3andonuunaIgn IEC 62209-1 Garmuaisnisialugiuanud 0.3 - 6 GHz
Tasfanuneneafiaziaunyisgesanasgu IEC / IEEE waliiduinasgmdsiu (uewiaa)

IEC 62209-2

Edition 1.0 2010-03

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE o

Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices — Human models, instrumentation, and procedures -
Part 2: Procedure to determine the specific absorption rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency
range of 30 MHz to 6 GHz)

Exposition humaine aux champs radiofréquence produits par les dispositifs de
communications sans fils tenus a la main ou portés pres du corps — Modeles de
corps humain, instrumentation et procédures -

Partie 2: Procédure de détermination du débit d'absorption spécifique produit par
les appareils de communications sans fil utilisés trés prés du corps humain
(gamme de frequences de 30 MHz a 6 GHz)
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Regulatory Status of Localized “peak”
SAR Standards for Portable Handsets

Required SAR certificate
with ICNIRP limit in 2010

s -

S
Adopted old IEEE & B  Adopted ICNIRP

in 2009 S in 2007

e Changed from FCC
to [CNIRP in 2005

e it

L
ol

FCC adopted
1991 IEEE in 1997

M

V' Changed from ICNIR
to FCC 2012

Changed from FCC to ICNIRP in 2003 ¥ /

B icNnRre mandatory or accepted products (2/10 W/kg over 10 g)
[0 1991 IEEE mandatory: USA, Bolivia, Canada, India, Iran, Panama, South Korea (1.6/8 W/kg over 1 g)

Whole body exposure limits for base stations

- ICNIRP Guidelines (more than 60 countries)

Argentina, Australia, Austria, Brazil, Colombia, Croatia, Czech Republic, Denmark,
Ecuador, France, Finland, Germany, Hong Kong, Japan, Hungary, Iraq, Ireland, Malaysia,
Morocco, Netherlands, New Zealand, Norway, Omen, Pakistan, Paraguay, Peru, Philippines,
Portugal, Romania, Rwanda, Saudi Arabia, Singapore, Slovak, Slovenia, South Africa, South
Korea, Spain, Sweden, Thailand, Taiwan, Tanzania, Turkey, Uganda, UK, Venezuela, etc.

- IEEE/NCRP standard (FCC)

Bolivia, Canada, Estonia, Panama, USA
- Below ICNIRP and IEEE

Belarus, Bulgaria, China, Lithuania, Poland, Russia ,Belgium, Chile, Greece, India,
Israel, Italy, Liechtenstein, Switzerland
é'l"mEhammgmmaaﬂﬁ'ummﬁ?wqﬁﬁﬂamﬁuaa@ﬂﬁaaﬁu

RF safety standard

- [IEEE C95.1/ICNIRP guidelines

Portable device SAR measurement standard
- IEEE 62209-1/IEEE 1528 (U%L’Jmﬁ)

- IEEE 62209-2 (USIsdnen , UShaasluniin)
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Relationship between Policies and Public Concern

= EL 81%

L — Stricter legal safety
e |CY 80%

: > standards (limits,
E sl 56% fl exclusion zones) 2 O 1 0
ES 54%

&
B lBE 53% ©

g [«
1RO 51% // Strong precautionary 66% - 1000/‘- ;
BRFR 50% — advice by 0 N -
BNE 49% governments 46% - 65%

. BG 48%
—FEY] 47%
i PL 46%

31% - 45% [
0%-30% ||

o
S
(8]
I~
<
(ap]
@
2
— E .
P 45% c g
» o SK 43% 5¢
- 39% £ 2
== AT 38% o
BE uk 37% T
[ a
BMT  a7% ICNIRP e
e 7 3104 g -
L_Jo3 29% gl Compliance Bs
- NL 24% . 3 :
o HU 23% Communications 55
- 23% o 58
+=Fi 21%
E SE 179% Question: QC3. How concerned are you about the potential health risks of electromagnetic fields?
i DK 169, - Answers: Very concerned + Fairly concerned

American Council on Science and Health — Risk Rings, Exposures

Terrorism
Trace Chemical Exposure

s Arsenic
» Perchloroethylene

Odds of dyi
1 of 2681

Failure to Use Carbon

] ¢ of dylng 0" Monoxide Detectors

buted to Nature

ailure to Use
Smoke Detectors




