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ABSTRACT

This research presents the analysis of properties of electromagnetic interference (EMI)
shielding with transparency liquid of salt (NaCl) and Potassium permanganate (KMnO,). The
research will be focused on effect of radiated EMI attenuation with transparency liquid in many
cases of quantity of salt concentrate solution using the comparison of test result in semi-anechoic
chamber. Then the commercial software package will comply to analyze the effect of shielding
effectiveness. The summary result found shielding effectiveness of salt concentrate solution better
than Potassium Permanganate concentrate solution which shows the possibility for material

development for EMI reduction.
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2.3 wasgruanunsulamaniman i

231 wasganmnidldmaniman v

aungd iy iidesiinissimuaiagife uazuIATTIud M Ud Yy INTUNIY
wiman Iiihmemednihimsizhidesmsiidanszuadyainsuniu (Noise current) ilfn
vindandaiuat IfhiHeenum1sae Wi (AC power cord) AT azvINTLee
swfuegifunguiigasuae Wi (Common power disturbance system) #aluan1izdand1
wilSsumiiouduiilumueimeavuialng (Antenna) WuwamI¥nssuadyarusuny
AINaIEIsURNIEMaIasAamssunIUAsTL Taos 14 Hudu

a9 lsAA MmssumInaroummINasTINAIna1s T18umsslsz A dud
rmmsnadeuiusz lideldiianssuntuusimin i usisasdunseeniunde

o o [ [ a o ' 1 ¢ [Y
iriamsafidygrasununimin fhvesduddainan ey lunusiiveusyd

2.3.1.1 FCC REGULATIONS

FCC 6811970 Federal Communication Commission #iilussfupaveqilszmst
ﬁﬁ%’gam?mﬁ'ﬁ1mmﬂﬂ%ﬁeﬁ'm?m%uqﬂmnféﬂms (Wire and radio commissions) &9
rodaludl a.1927 uazannsouisenn lalumuamlng o daefu nd1afe Part 15 d 1wy
gUn3ain2MAINY (Radio-frequency devices) Part 18 dmSugammnssy Invmanas uaz
gunsainenIsunng (ISM) 1z Part 68 dmsugunsaifinestfiussun Tnsfmst (Telephone
network)

dm3y Part 15 szimianasgiueeniiu 4 atiu uazdsldiounnumnsuesgingel
anudIngdifie gunseila 9 Anufinasien ildifamsuinsznondsamiinnuiing
(Radio-frequency energy) 111“51%31‘:1‘]11111%110 (Conduction) N3eN1901N77 (Radiation) ﬁmn
Tav Fee Téfionmasnuiinaningh fe wismmiman o mauEIng © kHz -
3,000 GHz) Tﬂﬂﬁ@ﬂﬂi:ﬁﬁhﬂﬁBﬂfmmsgmrﬁaﬁmuﬂmsﬁmwmﬁaﬁaﬁmq‘n:u
(Transmitters) ﬁﬁﬁ'lﬁx‘l1ﬂﬁ1$‘i1°&ﬁi1ﬂ1ﬁﬁ1nEluﬂg'rffliuﬂ'l’iQQsﬁfQ (Radio station license) LaZIA®
muRudgusunIuiRanndduifszdiwanssnudenisaadodomsdaonasne

Q

5 = = daa .. ” < o U o v
(Radio communications) Iﬂﬂqﬂﬂimﬂﬂﬂﬂﬁ (Digital electronics) NOA mg‘luﬂu IAFNAIE 1)
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2.3.1.2 CISPR
CISPR #®11910 International Special Committee on Radio Interference (11211959
' o o & @ . : .
Llﬁ’)ﬂﬂﬂ'li]'lﬂ1!.%““1#@1%1!51115!1%’5 UAAAD Comite International Special des Perturbations

r

Radioelectrique) FuRasuiiot a.f.1933 ion13EmsSauaziiaiifavesnssuniugiu
AMUBINgd M UMINA YenIMTuuaE CISPR LilAdlungdetiafumioniasgiu
ey lsunedrla uauasgiudenangnaaudaslassguavesudazdsamaldidly
sy ldnrsluveaudazdszma Tenaoiduuiasgiuainalilaoy5oe Tag
1IM5§1U CISPR Publication 22 iflumsesnuuiieniugudyaiasuniuiiiannnsdive
ma Tu Tada1sauimnet (Information Technology Equipment) f‘ﬁaﬁﬂmﬂﬁqqﬂmﬂﬁ%ma (Digital
electronics) 34141t 1wl n.7.1985 uazndanniiumas 4 UszmaniayTsyd nSeorvey
nanldiwialan Idiunasgudndeentefulfifiuinas g sz s19@veeau (National
standard) 135y Uszmadiuldoenunsg vear Taliduias sanu CISPR Publication
22 Auifivausisesdu Iihiidleuudgynsainio1dn1snaaen (Equipment Under Test: EUT) 92
uanaafu Taofi veer sznaaeuiiussdudnudiussglnsainioldmsnagounhiy 100

Taad Wudu

2.3.1.3 NATFIUNNIMINTIT (Military standard)

MIL-STD-461B iag MIL-STD-462 1ilumasgiufiean laomsnnisvesdszimnst
ansgowsn Taofi MIL-STD-461B fnuaiduiaiida (Limit) 402 MIL-STD-462 92/ MUA
Funeunazitnsmade TasfimasgudandeiiswaziBuauaziduduni Fcc mae
1ATTIUANAINITUIDS “anweeu Tnidedyanasunduuiman T (Susceptibility)

Uzt UANUI AN TAUNTINIINIBNAY (30 Hz — 40 GHz)

2.3.1.4 VDE
' £
VDE #®8u1910 Verband Deutscher Elektrotechniker cmﬂummgmmmﬂszmﬂ
ar & Y 9 o 9 ot a ° v
wosiiu deluiszmemoesiiu lddmualingUnsafifinnud lumsiaugendi 10 kiz 9
9

Tiennsahun 1§86 i lueyana i Id Tlsanuludszmmoesiuimuadesiins
naaeuAuMInINAIFINAIna12 Tao VDE 0875 9@ msugilnsainfidnidsuniui
n319 (Broadband interference) 131 gunsain 1¥meluthuiludy luvasfi vDE 0871 14
o Qo 1 4 d‘ A T
d@miuduanudsunIuinauazunY (Broadband and Narrow band) 4'ldungilnsal

A ar
#1380 UNA (Information Technology Equipments) Wudu mmﬂﬁgmmmﬂﬁzmmuasuu



16

Aananeeimmsanadieiuinasg ey lsy EN 55014 uag EN 55022 mudduenidu

NBLATTUA NN L ANULANATINAY

2.3.1.5 3G IUNANAUINRATHNTI (381,

Tusuineadessuanudrnu ldmaniman i dmsudsamalnoms 185015

A g o

Fudinnasgnnuma (ec) mdiuldifumassumehulsemsedadumens daud
U w.a.2541 Taolaunmsviwdsudgeud e cispr 15 uaz cispr 22 ifumnasguInouds
T8uA wen. 19552542 (USHaaRsTreunzyS Suifindoiu: YahiiadyusunIuing
Fudumasgmiisduld uaz uen.1956-2542 (U3 Fasina TuTaensaume: Yadnadeya i
sunauing deegluszneduituns WWdmsaiuld

ofts wasg A unamdhsu ldmanimdn i dmuszmeine Suuamauas
1R1I11a5 3R EMC 989 IEC 15U maiianisnaaey Sudaunadey unldlasesndy
Usemensznsrgaamnssy Tasdninnuanassundasausigaamnssy (awe.)
13197 2.2 naz gl 2.14 M1seagiRs FINIIINA giimauaziduiadina

AUAIAY

M1 2.1 AT N Idmaiman Teih

International Regulations Summary

(Emissions)
CISPR FCC EN’s Description
11 Part 18 EN 55011 Industnial, Scientific and Medical
12 (SAE) Automotives
13 Part 15 EN 55013 Broadcast Receivers
14 EN 55014 Household Appliances/tools
15 EN 55015 Fluorescent lights/luminaries
16 Measurement apparatus/methods
22 Part 15 EN 55022 Information technology equipment

EN 50081-1, 2 Generic emission standards
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2.4.1.2 M3ATIMANUNATBY “Normalized Site Attenuation-NSA”

il
s =

o A roog a aa 2 ' Vo &

amtinaaeuaauuiman IWih lugausd szlifesndudyanaiuns nnunasduia

& o a £ J o a @ wa

lavasaazadudyananaziounniuniua lanshigniadsmenime minaaauia

3 & s 4 A o o v g Ya P 4 o

MIAENOUYDINUATIAITENAS HIBNoIAsuas e IWihidsIndifvsaeRounaudyaiu
9 9/ =1 3 ] ar A ar 2 9 a 3 3 A 9 o ar

soudands amiliues ldmusafandudyanuiinieield duivaninlddmsunaaen
o Yy A ' = o 1 1 cg a @ 1 = a
fuiludealimsastemamiiuazihrumaniullaSouisususwesaniilugaund
=1 ot P Yo 1 g A p.{z J

1 3 35 lumsasasuamin ¥ iadygaukiman TWihduanudaus 30 MHz

819 1,000 MHz 35450 TA0A159°98100 1M AR ATy 10 (Transmitting  antenna) NAINUA

anugamui ludumisvesumasduidadyana Tasdundudmmsenadasudyan

é o 4 1 o ar r 4 1

(Receiving antenna) ¥992711MsIABUAINGINIZOL 1 69 4 AT dmTumsianszezvie 3

AT 130 10 As uamsszozn1dlumsatiszosie 30 was meemadasuziimsifou

NAuge 2 09 6 wasuny TavguaniiAaaneuaniil (Site attenuation characteristic) 9%

Annunnsusiugeganiudyaald FBnasadunismauauifuuuanugedaons

[ a ' o gk P o W W a
waeamsiasuaaan aumu'lﬂ°lu‘utu:‘nquwmmUmmﬁmmﬂm@mﬂmuu.iJm

" ¥
’Jﬁ‘ﬂ’!.T’Illl‘ﬂuﬂ’l‘i'ﬁ’ﬂ‘I]1ﬂﬂﬂlﬂ'ﬂﬂﬂﬁﬂﬂﬂﬂﬁ1ﬂ‘i$ﬂ$ﬁ1~wENﬁ'IU'E]'Iﬂ'Iﬁ‘YNfTEN

2.4.1.2.1 ¥HAY0A Site attenuation 4AZ NSA
A1 Site attenuation  @MM15AN11ANINNIS IENgEHFIIUNTEIINNI TR
{ & ] i 1 ar IW 3 § o
uanalugih 2.7 deamnsousld 3 Yszian Taofiswssiugegansudoyana ldnnmieay

o 4 o @ | ad o o ' {
dyana Wemeemadiiuindouniuaslussozfidimua (5u innugenin 1 wasia 4

3

was) lumsnial NSA e ldaumsasasluii

f1) Site Attenuation (SA)
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SA
CS4 =—~——5 I P— (2.3)
AGYITUAWDINIA Balun AIAIMALTY

f1) Normalized Site Attenuation (NSA)

SA
NSA =——; e o (2.4)
AUNVOITYDIMAVDIAITIURSIT

: Connector )
Coaxial cable Coaxial cable
L 1 | |
Nttt
[ Measurement with direct cable canntc‘fimJ Voltage with direct
cable connection: Vy
(M)
Transmutting antenna A
(gain G, antenua factor Af;) 7 Darect wave ar distance R iy Recerving anterma
— '/é {gun G-.. anremma factor Af))
Wave reflected from ground. i
distance 1 -
; ; - &
Coaxial cable Scanning range ¥ | Coaual cable
[ T I ]
- MMeral ground
ety e o ghoe
l Measurement via antennas ‘ Maxinmm recerved volrage

Vi3 antenna; Vo,

(V)

310 2.7 M3579A NSA (n) uag(v)

nnmsiadauaaslugii 27 Hiimualifusduion1dnnmsialaoasaim
momida fagiii 27 )1 ¥, daumussdugagaionldiumonnimisaoagy
Amualdidu ¥, nozdudvesdiue1nia (Antenna factor) adamazdaiudmualiify
Af, wag Af, muaay #urfush site attenuation (SA) Fifdamansaumsd 2 .1 Taolahfusau

¥ ¥
AYYIWIUNIUIZH I WD INANIADIAU Y5 OTYYIUTUAIUNANUATIIUA
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SA4

(2.5)
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Af, wag Af, MuUGIAY A9Y A1 Normalized Site Attenuation (NSA) JAdaaunIsH 2.3

NSA = - . @n

Af, x Af,
A 1] o L]
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AINSA A lannaumsi 2.3 lunsdid lidusiuwansznunndyain

¥
FUNIUINTUOIMARIAWASAITY HTDFRIUTUAINIINAUNTIIUE ualuanmiluesaly

MsdnziinansenundyyiusunIunifasInasoINIAfIdasaa5 nasayy I

{ A a g d ar a
sumuiifavInmeeIMAmnnsEnUAURuNs1IUs Awanslugai 2.4

Transmumng antenna

Recerving antenna

Direct wave \

‘L“ ave d:m:t‘th retuming
from recervmg to
transmutting side

G
""Reflected wave
remurnmg from
receving to

} transomtting
. side .J
Metal ground plane

Generator

31/ 2.8 M3a NSA



23

4' =1 =1 v oA 9 o o 1 d‘w Y a o Y a ' P J [
WeanfFeudsuan ldnnnengugiuniiialdese i ldidadudoauuiiy Tasa
o

Ed ]
NILAISTRR! ﬂzl‘ﬂuH'ﬁ‘i’lll‘l]ﬂ\iﬂ’lNﬂﬁﬂ'ﬂ’lﬁﬁﬁﬂHﬂ‘ﬁmﬂil'lﬂﬂﬁ'a’ﬂ‘l]’ﬂﬂﬁ'lﬂﬂ'fﬂ'lﬁ Hazan1iIn

k4
v o

Ay Teeglugivesaunisdal

NSA'= o (2.8)
Af,'x Af,'x ANSA
insal¥edlugvesaonni3iy i
NSA'(dB) = 20log,, SA201og,, Af,'~201og,, Af.'-20log,, ANSA (2.9)

A1v09 NSA wiasguiminn s lumsSeuioudumsSamenia ANSA azfins
¥
fmuaunulumsiavesmeeinia szozvisvesmeoimalunisie sauiennugaves

¥ [
mﬂmmﬁﬁhﬁmﬁ’u mAnNaaa luA1319n 2.2



24

911 Sl 143 9T L' LI 6'81 e vi- 091
1zl 1'z1 8¢ I'e 9C- 8- 00T 6¢€ L'9- 0S1
LTl LTl 7 L't S'I- 8'1- 'z 8 0'9- ovI
L€l 9€l I's oy $0 9'1- '€z 79 L'y- szl
0p1 0p1 V'S 6y €1 Sl 8'€T 0L Th- 0zl
961 961 89 v9 61 Lo 692 L'6 0Z- 001
§'91 591 9L gL 1z [o- L8z [l Lo 06
'Ll LI $'8 €8 9T 90 L'0g €l 60 08
L'81 L8l 96 v'6 2E §'l 0'Ee Y 8T 0L
00T 00z 601 Lol 'y 97 L'SE 081 0§ 09
91T 91T el €Tl 143 0y 8'8¢ 11z 8'L 0§
§TT 44 Vel Tel 19 6 L0y 67T v'6 S¥
§'€T $'€T vyl Tyl 0L 8's LTy 64T €1l ov
LvT L'vT $'Sl 43! 08 69 Sy 'Lz Vel s€
09z 092 891 LB €6 78 L'ty 8'6C 861 113
(gp) NV &
b-1 -1 -1 -1 -1 -1 -1 -1 b1 s1apu fy
sl 1 Sl I Sl 1 1 1 1 stajout 'y
0¢ 0g 01 01 £ £ 0g 01 £ sy
[Bo119A LSV 18119 181194 181197 1891197 [sjuozZLIOY [BJUOZLIOY [BJUOZIOY  UOPEZHIE[O]

FLEEBLIt VSN LU 77 UbLeLs



25

£p- 9'¢- g€l 9€l- b1z y'zZ- S g€l- 8- 0001
€6 s 9ZI- 971 b0z £1E- 5g- 8Z1- s7z- 006
25 ['1- 911- 0T £61- 0’0z g'gs 0zI- £12- 008
8°0- £0- €01- z0I- p81- p'81- g 8°01- 0'0z- 00L
g1 80 6'8- L'8- 691- €91- 00 ¢'6- 61 009
87 'z T~ L'9- Pt psl- gl &1 £LI- 00s
£ 6'€ 0's- I't- 9Z1- 0'pl- sy 55 8pI- 00
b9 79 &'t 2 601- 01- L'8 £c- 8Z1- 00€
6L L £0 S0- 5 i 911 9'1- Lt 0s2
L'6 9'6 17 01 L9- 9'¢- TSl 0 9'6- 00z
9°01 S0 LT 81 gg- b 691 L1 98- 081
801 801 & 97 6'p- p1- pLl 0z £'8- st
(ap) NV &
p-1 p-1 p-1 p-1 p-1 p-1 p-1 p-1 p-1 s1apw 7Y
§4 1 1 I §'l 1 1 I 1 stjw 'y
o€ 0€ ol o1 £ £ o€ ol 3 s1opw y
[BoILIa A ILRIERETY [BaI9A LRJERETY (BRI A [edMIa A [ejuozLIOY [e1u0zLIOY [BlU0ZLIOY  uopwzZIIE[0g

(@) MLEeBLE VSN LY T°T UeLeLy



26

Mendann laaasamiiseusesudd sxahdaananulSsumeuduaanii

ATFIU nToMIA1 ANSA Taoari lddesdiarlaifu + 4 dB Sevzrumsasiaeumaniil

¥
paaauuaz ldaortiiulumsnaasu 14

Mecaurement sivarce Dl By

o I f
N _____;_1;".-.'2: E :7’ L _:-'_.,-!;‘r""'{m‘-m‘_‘—gﬂ!é!(
’._,__J_:.b;-:, : ‘ L1 e CENTER —-1— ;
g Ny 1l
= Trarsrriting amcerna (Tum lagls:
Recsivirg andsnna
P i ' o}
g 2.9 Awmialumsdan NSA [19]
4 f* e [P Hm‘lzmt-'-lp::ﬁ:izﬂdﬂ:l .
21 o —0— Nertical polanization
_ 3 'iii,
= 2 . -
- " rihe
<. 4+ ? o 3
' \ IL" T O -4
8] \ /;' X VAR s
y
* r# ‘- 4
= - }‘ \*.,I

0 100 200 300 400

requency (AHzi

U 2.10 dedavesnnllsnuny ANSA NzozmsIavg 3 as [20]



27
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gﬂﬁ 2.13 iesilanumisazau (Fully-Anechoic Chamber)

2.4.2 1891717 (Antenna) [21]
P Al v [~ : -
mee1nman ¥ lumsmageuaauminn i luau BMC 1iu szaseuaguatudiy

id L e oo b
AUDAUIA 30 MHz ﬁsi 1,000 MHz YU8gnuanyusuddmgaInIg HasUNaaau Uy 9

2.4.2.1 MeRIMA¥HA Biconical (Biconical antenna)
::.d as ol -:i = ar l Y 3 1 Qs LT Y v ::a
flumesermaniidnyuzdagii 2.14 Tdnsuzuasmethatiuegiudnia ua Taona 1
¥ ]
wiianvuiugnge TasiiunuldFdmsudansioiiresdie 1Hlunmmaneuludiuaaui

9
AdA 30 MHz 89 300 MHz

31 2.14 Mo IMATIIA Biconical
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2.4.2.2 89 INATHA Log-periodic (Log-periodic antenna)

9
Qs

#1081 1A%1A Log-periodic 92 1¥d1miviasiunageuludiunamddnd 300 MHz

114 1,000 MHz Aauaaslugdd 2.15 (n) uaz 2.15 ()

() Q)

319 2.15 1199 1NAYTA Log-periodic MDY (1) 1A (V)

2.4.2.3 Mo MA¥HA Bilog (Bilog antenna)

HumeeimaniionFluauiadn EMc deanndumoeimafiswguauiaves
meanIraeariia 14uA a1we1newiia Biconical 1AZA1UBINAYIIA Log-periodic #4141
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wiman Tfhimemedani uay € uag D (30 MHz - 1000 MH2) HumsTadygnasunui
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o A o A P . ™ A a
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(average) TavswaziBoavzeyluadedalyl

M3197 2.3 M3 IAVBUAT09IAMUINATIIY CISPR

uay A iay B uey C uau D
HIUANUD 9 kHz — 150 kHz — 30 MHz — 300 MHz —
Tumsia 150 kHz 30 MHz 300 MHz 1000 MHz

2.4.3.1 Spectrum Analyzer

) & o 4 ) o o o
iWuinTeailofwan1u1910 Oscilloscope Fauaasmszauvasaguluunuga du

D.

upuneuszlasunanawuiuanudlasudasinaums 4 = 1P Tasaidyaai

o

s k4 o C o =t < as aa A o oa
ATty ldvai luduiinuasdinmsifSouifsuduamaiavesuasguiedadunanis

NATDUUY 9

{

N Frequency axis indication
Tina from specirum amalyzer measorement .

juswemsvowt edoasoqase woy
UORRIpUY SRR aur |

31 218 unuiumsuanaszUduanaves Spectrum analyzer [20]
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31 2.19 #8819 Spectrum Analyzer HUVAN 9 (1) 1AL (V)
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AYQIUTUNIUAIBIATEITA Spectrum  Analyzer 92AN15ATIVIVAR Y IMINBNIN1TTA

(Detector Function) i 1¥iuegna llezliegamgiuun'ldun peak (P), Quasi Peak (QP) 11az
£ A v o @ — ' o w =
Average (A) FalndazuvunzaTIvsudaya v lugnuuinanaenudsgila 2.20 Tagaz

= =s T a ~ 1 =
ﬂﬁ']'Jﬂ\ﬁ'lﬂﬂzlﬂﬂﬂIﬂﬂﬁiﬂl%‘]uuﬁqui']ﬂﬁzlﬂﬂﬂ‘]’lﬂﬁﬂﬁﬂﬁ‘ﬁﬂ’J'lu%Sﬁ'liJ'liﬂﬁﬂ‘H"l‘il"lﬂ [20]
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puised - medium duty cycle
e

N ap

_..-—"A

pulsed - low duty cycle P = peak, QP = quasipeak, A = average

31 220 msasdudgyanasunumiman Infhweaunsoeia Spectrum Analyzer
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E(dBV | m) =V (dBV)+ AF(dB/m)+ A(dB) (2.16)
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3.2 RaENYAZHAZANNAMUMUATAY (Characteristic and wave impedances)
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manuduavvesiag uazdnnuiudnhwesTagriiadie q dueaslumsed

3.1

M3 3.1 uaRsmnnuFuanuvesiag uosmnriludnhesTaariian 9

Relative conductivity Relative permeability

Material (o K,
Silver 1.05 1
Copper-annealed 1.00 1
Gold 0.7 1
Chromium 0.664 1
Aluminum (soft) 0.61 1
Aluminum (tempered) 0.4 1
Zinc 0.32 1
Beryllium 0.28 1
Brass 0.26 1
Cadmium 0.23 1
Nickel 0.20 100
Bronze 0.18 1
Platinum 0.18 1
Tin 0.15 1
Steel (SAE 1045) 0.10 1,000
Lead 0.08 1
Monel 0.04 1
Conetic (1 kHz) 0.03 25,000
Mumetal (1 kHz) 0.03 20,000
Stainless steel (430) 0.02 500
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3.4 MGUALNMIGANAY (Absorption loss)
A 2 ] =1 v [ 1 a o '
Weadtuawwuiiman IWihriuiag arveweundgaszasauiusasidruaven
o @ o P t:{ 3 d‘! Y P o [N & 9
Mdedanaaslugli 2.10 msasasiidsnguuiesnnnssud lamileniluiagignaiie
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E =Ege?* (3.9)

o
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H, =Hye® (3.10)

e E,(H, fie anuusandufiszoziing e nmolumsdwaaslugilii 3.6 szozving

dmsunaunhivaanas 1/e 3o 37% vosmauaumiuaidmuaiianudnia (Skin depth)
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ennuazaIn lunsfamanudnfadmiuiagese aumsh 3.11 aunsadfuiys
i v 9
Ty unusdaaudmsun u uag o AniuanuanAudaouniielddade 1ai

so_ 26 " (3.12)
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o I o ar 1 a9 o oA =1 ar
W’J’E!U'Nﬁ"{ﬂ5‘Uﬂ'lﬂ?’lilﬁﬂﬂ’3ﬁ'lﬂﬁ‘l.mﬁ)quﬂ~3 QUIULY Han uaﬂaﬁzmm ﬁﬂllﬂ'ﬂﬂiu

A1319 3.2

A5 3.2 A1 Skin Depths Y9I TARAN

Frequency Copper (in.) Aluminum (in.) Steel (in.) Mumetal (in.)

60 Hz 0.335 0.429 0.034 0.014
100 Hz 0.260 0.333 0.026 0.011
1 kHz 0.082 0.105 0.008 0.003
10 kHz 0.026 0.033 0.003 -
100  kHz 0.008 0.011 0.0008 =
1 MHz 0.003 0.003 0.0003 -
10 MHz 0.0008 0.001 0.0001 -
100 MHz 0.00026 0.0003 0.00008 -
1000 MHz 0.00008 0.0001 0.00004 -

v =) -~ ' a  d =) 3/
ﬂ']qtylﬂﬂﬂ'ﬁﬂﬂﬂﬂuﬂ'lu‘lfﬁﬂﬁ'm'liﬂl‘llﬂu1ﬂl‘ﬂu

A= 20&] logle) dB (3.13)
!
A= 8.69(—) dB (3.14)
)
Lf}ﬂ t = AU U (thickness)

' 9 q’ v = A s da Q2 a A A
NTUNITNDUHUIU ﬂ'l’qtllu!sﬂﬂﬂ'l‘i@lﬂﬂﬁutlu‘]fﬁﬂﬂﬂ?ﬂ’ﬂ'mi’lﬂH'J‘HHﬁllﬂ'l‘]_,'iziﬂm 9

= A a 3 ] v a dda A 1 [ a ' or
AL U\‘Jﬂ'lﬂ')'lﬂﬂﬂ'llﬂﬂquﬁﬂﬂm'] ﬂ1°ﬂﬂﬂﬂﬁﬂ1LWUﬁﬂﬁLﬂ11uﬂU’Jﬂhﬂ“ﬁmm‘ﬁuﬂu
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1U7 3.7 ugasanuduiusssnhemgadomsganaulumsedadudasiaau
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RATIO OF THICKNESS, 1 TO SKIN DEFIH, a

137 uasmnuduiuissnhemgadomseanaulumioeduaiusasd /8

A 4 o s 4 1
Fautlugdasmilddmsuniuszuy syl viemunumuiman

diounuaums 3.12 Awauns 3.14 mgaudomseanauansouaas lddsauns

ao'lald

A=334ffuc, dB (3.15)
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" _ A s 1 U 1 1 L}
qadegantulumizuadiua duiludadiuvessisinfiassvenaguszninemdunsiy
vosTaquasmnnuiludnihweiag a15199 3.2 uaasmidumuvesaquasananniy

A0 AAYBITARAN
A a =

i @ w d 1
?'“]Jﬁ 3.8 llﬂﬂ\‘lﬂ?‘lﬂﬂﬂ“ﬂﬂ?STi'J]Qﬂ'J'IUﬂ'ﬁUlﬁUﬁﬂ NDUNUANUDVDINOILLELLAS

[ { é’ n’ & Vo ' A’
IMANNATIANA 2 Uy fip 0.020 112 1Az 0.125 12 FIZWUNTURNUNBIUAINYI 0.02 119
wiiguaniAganau 66 FIIANA1NE 1 MHz ud llguauiansganauiaauddini

L= ¥

1,000 Hz mﬂg‘ﬂﬁ’qnfh'nzwmhmﬁﬂﬂﬁﬁﬂzﬁ%’aﬂmﬂmmmuﬂﬂuqmﬁnﬁﬁmﬁgﬂﬂﬁuﬁ

g1UANVDAINI 1,000 Hz
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M1 2 U A9 0.020 117 1A 0.125 12

3.5 qnglaﬂﬂﬁﬂ‘:: Nou (Reflection loss)
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s

LANA1YBINNANTIAYBIANUAIUMUTEN I TagAaas lugli 3.9 Anuduvesniui
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deieennnniagalemanudmu Z, Tdgiaghlismnnudmumu Z, fie

a

2Z
E =—2—F, (3.16)
L+ Z,
L
22
H =—"1_H, (3.17)
&y + &y

o E,(H,) Ao anuduanuiannseny woz E,(H,) dusnuduauiuvesnay

A | Ao o
NAINIUDDNUININTIUNYAA
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MEDUUN 1 MEDIUM 2
Ee 274
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IMPEDANCE 2

m
r
&
m
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IMPEDANCE 2>
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27
Er = —]——E[ (3.18)
Z,+2Z,
lag
27
H=—"2H (3.19)
t Z Z 1
1 + 2
[MPEDANCE ZI MPLEDANCE Z: IMPLEDANCE Z1
27
Ei—- —/—Ea
ELECTRIC Es L-Z: - 22 .
FIELD R — - B = "Z‘IE‘ Ei
Ene— — Ea = - —
1Zy
MAGNETIC  Ho = Zet 27z
FELD — ST — —= H= g
+
Hiwe —— Ha = - - !
IR

3 ¥
< o

a 9/ =) 1 A a 3 A4 a a 9/
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thdungaatnmumumlSvuifsuiuanudni (Skin depth) AnuduaUYEIRAY

N ueeNINIINAIUNTaa a5 on1 T INMISUNUENMIN 3.16 1AL 3.17 20aunIST

TR}
A a1

¥
3.19 1Az 3.20 MUMAY ANTUNSTasvEinauNdIHILERNTA A Y

4Z.Z
E =—12_F, (3.20)
(2,+2,)
Las
4Z,7Z,
H =—"2_H; (3.21)
(2,+2,)

] y ' =] ar 1 4 a
Tagninemg Iudoawin ez duumimangnazveusonniniuluudas A uio
k- ¥ b o '
va3iaquds manssnunamuaduiuintsaeaneusuisrosgiluuuvesaniy draaui

bl v 14 v
FamiluTanzuaziuiisen q Wuauiu aziiu Z,)Z, melditeoulvvesnsaziounin
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Lﬂﬂ‘uumE)ﬁﬁgtmmN‘I‘L!Lmﬁﬁﬁuﬂ‘ﬂ‘ﬂﬂﬂﬁﬂ“ﬁuﬂ’wm’mqfl"mu‘iﬂﬁ"i‘ﬂi‘uﬁu1n1ﬂﬁ1 LUagiue
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4 H [l =) o o ) [] I~ U :
aduimdeeennduFasdmsulunsfluesduuuiinan wsenuwANU NS AETaUnTY

4 ' v
usnaziiaiwuAmsnlunstivesawn i se¥aguannamsgaudoninmsazHounzd dou

¥ 3 '
A a A

[] I~ 9 a a o A P
TUIWUUAANNITASNOUATIUINILNANWUHINGDI 1UD Z, ) Z, dun15hn 3.20 uag 3.21

ATNAANTD
47,
E = Zl- E, (3.22)
g
47,
H =—2H, (3.23)

= ' Y ¥ ' Y A '
WOUNUAIANUAIUNIY Z, A20AIAUAIUNIUYBINAY Z, UaZuNUAIAIIY
¥
= " a d @ 1 = [V
qaudenisdziion (Z,) dAemanuduniudan Z, e Euaz Honsodeu 1@

auNg

R=20log 2] dB (3.24)
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A 1 9/ & U 3 1w A d P
ZW f1D AIANUAUNIUIDIAAUNBUNIENUVINITIAN DA (MPAUNIIN 3.1)

Zg,  fie manudumudas (Mnaumsh 3.5)

¥ ] v v
aumsmsgadoms azfoumaiil PBiNesmasnduszuiy (Plan wave) Mid11nd

< o

A Y @ v Ay ¥ 4 a
wuidmiumsanasznuna il dndwdhlndmsannsenulugduuudu 9 msgandonis
S 1 ek =] )
ﬁxﬁau%smn‘uumuymmmmmizwn HAINNIINIENUUUDUHUAINIEN U UIALIND
& a A P T ) - ==t =
suuuvesnauszuTiabY 9 Auanddueen ly eriguimsenaudiinnugadons

ALNOUIINATIANUANAD (Skin depth)

- MANNYAIALN FAZTIOUABNUIT (Reflection Loss to Plane Waves)

Tuns@luoINUsIY (Far  filed) MANUAIUMUARY Z,, Haumifunaauiany
Y A 41 a A 2 a0 o ¢ w & =
ATUNTHYDINUNINBA5E (Free space) H30 Z, (Falaumny 377 Toviu) Asuaunisi 3.24

Janamilu

R= 20]0g%5~ dB (3.25)

125
T ' 9 A da o 1 a 9 o A 2
AIUHU AIRNTUATUNIUTAAUANIAN ﬂ1ﬂ')11quulﬂﬂﬂ']ﬁﬂzﬂﬂuaﬂzj.Jﬂ']lnﬂ LUBLNU

aumsi 3.5 49 |Zg| unzdadunmisi 3.25 10l

R=168+10log(c, /1, f) dB (3.26)

107 3.11 waasinnugadenisasteudmiuiagaruviia 14un neuas

UG

a a g Y A o = o = ! d Y A =
Elgmutlll Hagtannan luﬂuqqﬂlﬁﬂnﬁﬂﬂﬂﬂnzﬂﬂ 3.8 %‘W‘U‘ﬂmﬂﬂﬂm%uﬂ'lﬂ’nnquﬁﬂ

MIQANAUNINATINGINAY HTena1d A Niimanuguidomsasieuiaoniniues
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STEEL
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Wludaniga

- mANugEMazieuluaunlng (Reflection Loss in Near Field)
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IENTNANVAIUNIUAAY HAZANUAUMUTAA ANUgYTomsazRounlslasuaius
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- 9 EY " Ay ] LY s ' Y o P & s o
qauduasNoULBIN WU ILIFURY TAzAINaILdAs 1ARI3UN 3.12 Faldneauaeriins

Faauonenurasiuiiaiszoera 1 wasuaz 30 was
§ A 1 v o 4 ar
1IngUi 3.12 sgnuiiszozviela 9 vewmdesuarFad sunsmlezineaderiy
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1 o =] o 4
au ez auunimaneziigadai A21uA 1.6 MHz
4 . a ; i A &
110314 3.12 sxnunanugydemsasieuvesaun ihanraadennudiiuiv
¥ » ]
WwNIENINIANLSh A/27 dasenussnunanugdomsaztouszanausudoaiui
= i =] a J - i
AU (Plan wave) THYMENANUGUFIMsAENOUVBIAULINANIZRLTUTIA WD
‘; g z " E; L) = as sl : L=t QI dr ar i
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-
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w ———-—--—-— - =
r = DISTANCE FRIOM SOURCE
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RYFLECTION LOSS (d8)
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7
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3 QY u

4
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- manugademsazieuluannivih (Electric Field Reflection Loss)

0 v
au Ivhveaumasdudannudumunauannsadszuin 18 lasaunisaeas 1l

dlo r<i/2x:

1

2., = gy (3.27)

4 ] L 1 o =% =% o't [ 1 H
1D 7 ADTTUETHINTEHINUAAINULALALTAA IUHUIONAT LA £ ADAININRUIY

(Dielectric constant) ANWgademsazioudnsoesuiela lasunuaumsi 2.27 luaunis

; ¥
N 2.24 A34

R, = ZOIOg; dB (3.28)
8nfer|Z,

A A o AR R ) '
HIDWBDUNUATNUNINDATE (Free space) AIUAT &

9
R, =20l6g 22 XW (3.29)
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idie r Ganflumitoiuas Weunuaumsa 3.5 A [Z] pazihwunu luaunisy

3.29 a2 Iy
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R, =322+10log—2— dB (3.30)

3.2
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9n3U7 3.12 duiidludumuauin v Electric field) ansasl@nnaunis
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) TFATUNABNITAVA NV 15%

Shielding effectiveness 15% salt
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| Shielding effectiveness 20% salt
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Shielding effectiveness 25% salt
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“ Shielding effectiveness 35% salt
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9) MIazaEnNaBNIZAVANMVUTY 20%

Shielding effectiveness 20% salt in 2.5 cm wicth glass case
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Shielding effectiveness 25% salt in 2.5 cm width glass case
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Q) MITATAENNABDNITAVANMVUIY 30%

Shielding effectiveness 30% salt in 2.5 cm width glass case
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2) AFATANABNIZAVANMVUTY 35%

Shielding effectiveness 35% salt in 2.5 cm width glass case
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| Shielding effectiveness of 20% KMnO4 in 2.5 cm width glass case
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Shielding effectiveness 10% salt in 5 cm width glass case
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Shielding effectiveness 15% salt in 5 cm width glass case
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Shielding effectiveness 20% salt in 5 cm width glass case
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2) MIATAENABNTZAVAIMANTY 25%

Shielding effectiveness 25% salt in 5 cm width glass case
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Shielding effectiveness 30% salt in 5 cm width glass case
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%) A1FaTAENNABNIZAVANVUIY 35%

Shielding effectiveness 35% salt in 5 cm width glass case
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Shielding effectiveness of 5% KMnO4 in 5 cm width glass case

25

22.57] .
N[N

------ nmnaau

17.57

757

E Fleid (dB)

| -5

7.5+

-10 T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1.0E3

FLOEMC

4 [ Coa = o U @ /A dl.
311 5.40 nSpuMsuRUEUTANTFaRVDIMTAZAIBAIITIUNY 5% NUTTIelumruzila

1 3 v
Ao A

AuuunIinunussymsazaendg s wuRmas



133

::i a o wa 4
nngal 5.40 Wlumsuaaswavesminadeueswazmsinesvesnuauiansyas
T w oA a 9 c‘dd{ = s
YpImITazaIeANNUNN 5% Nussgnelumauzdaduuninunyssymsazaeniegs
= e [ wa et Sl ¥ 0’: o = 9/
uAlas Faznuhaguauiasaai laiainnisnaaswazdriaesiuw Tiu Ty Tung
RO HANUIINEUAIME 30 MHz §19 200 MHz Wasnmsianudiasazaeiinuayiia

ARG TTRLN

v) sarawmenunuNsAUANUTNTY 10%

Shieiding effectiveness of 10% KMnO4 in 5 cm width glass case
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Shielding effectiveness of 15% KMnO4 in 5 cm width glass case
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Shielding effectiveness of 20% KMnO4 in 5 cm width glass case
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Shielding effectiveness 10% salt in 7.5 cm width glass case
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A) asazanaNaBNITAUA IR 15%

Shielding effectiveness 15% salt in 7.5 cm width glass case

40

3571 NT9I88d

e T T T B s mMmAgay

257

207}

E Fleld (d8)
I
1
—
=y

10

51

.5 o

-10 T T T T T T T T T
L] 100 200 300 400 500 600 700 800 800 1.0E3

FLOJEMC frequency (WHz)

=1 ey

1 = & H
51 5.47 nlSsunsunuauiamsraavesmsazmenae 15% Nussgmelumyuzila

v 4 ]
oA

¥ = k4 =
ATHUHNUWHUNUIT Qﬁ'l?azﬁ'ltlﬂ'nﬂ 7.5 IFUALUAT

1ng1li 5.47 dumsuaamavesmsnaaousiwarmsiassvesnuauiansdanues

v v Ed ]
asazateinie 15%  nussgmislumsuziladuuuniinunussymsazaioniig 7.5
= & ¥ " = tf:‘ [] :{ 1 = 9 = ar "
FUALIAT FIITAUNIAINTFAANGIUATINAA 9 Taosautiuu Tyl lunadeinu ue
WU IaNgmA1ud 100 MHz §3 250 MHz Usingidsazaiunie 15% Nussylu
MyurAnaninuaniarvveedygn luvazhivan ldanmssiasdimsvonedyaiui

¥29A2100 550 MHz D4 620 MHz 4Ny



142

3) MIAzAENABNITAVANUYNTU 20%

Shielding effectiveness 20% salt in 7.5 cm width glass case

i 40

35 1741884

P i mMmasay

E Fleld (48)
|
el
]
1

-10 T T T T T T T T T

FLO|EMC frequency (MH2) |

51 5.48 nlSvivugaauianmsFasvesmsazmunie 20% tussymelumazile

¥ ]
A4 A

AUDUNTINUNLITYETazaIwndg 7.5 [uamuas

o

P = arey = o
131l 5.48 WumsuaaswavesnsnaaeusTwazMIinessInuANiANIFanves
T [ I4 [
msazaonae 20%  Aussgnwlumsuziaduuuiinuiussyasazaioniig 7.5
a & i. .4 A dA a = 9/ L= a 1
UAINAT FagnuNAIMsFaansuanudaie q Tassamlnua Idy ) lumadsadu uad
' w A z:i a a o 1
wuWaAMsIafig1unud 100 wazi@sad 69 250 wnzidsadlsingNmsazaenie
20% fiussylumsuzdinaniiguaunidsissnedyais luvasivail ldnnmssiaseding

Yoo Fy I NF9ANUD 550 MHz D9 620 MHz 101



143
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Shielding effectiveness 25% salt in 7.5 cm width glass case
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Shielding effectiveness 30% salt in 7.5 cm width glass case
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%) ATAZNENABNILAVANMUNUY 35%

Shielding effectiveness 35% salt in 7.5 cm width glass case
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Shielding effectiveness 15% KMnO4 in 7.5 cm width glass case
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| Shielding effectiveness 20% KMnO4 in 7.5 cm width glass case I

25
225 "
nMMIaes
201
------ NIMARBL
17.54
[ 15
| 125
| 104
B
|2 7.5 — SO -
= - ~— .
| 5 - L P X
1 -1 - r g
- | X \_J
2.5+ kS g i | = -
- - - -
: X > - k ; =
0 3 P z :
T, ~
| 2.5+ - - -
i
-5+ -
| -
7.5
=10 T T T T T T T T T |
0 100 200 300 400 500 600 700 800 900 1.083
FLOIEMC R o frequency (WH2) - o |

gl 5.55 nlSsuiisuguanianisFasvesmsazaoaaiuiiu 20% ussgnelunsuzida
- v

9 dl.dd! = Y =Y
ATUUUNUAUNUITTITTASDIUNIN 7.5 IFUALUAT

vingli 5.55 WumsuaaskavesmsnaaeutuazmsinssvesnaauliansTas
] v 14 '
YBINTATAWANTIVTN 20% Nussymelumsuzadmuififuivssyasazanhae 7.5

a & T A dar A = 9 = s 3
FFUAINAT  FIITHUNAINTFAANSIUANUDA 9 Tassutiuud Tty T lumadorduig

]
1 o~

9 s o T d'. 9/ " 1 o
a1 ldnnmsiauazaisiiaes wazain ldnnnmsnaasuwuwmy luimsdeuudasn
seauanududuney q ifeennluvaznsnaasuasiasazarvarsiufusudua 1
4 v
axmaduiiode uasividinanazneudiundnsaiuiinidunsue ildmguauda
~ “l a4 o v vy 44 2
MIFaA IR LVUMNTEAUA NI UL

nngUmsulisuisuguauiansFaduesasazmeaniufiniszduanududy

e

et A

a9 9 Mussymelumsuzdedmuuniifuiussyasazatenii 7.5 wuduas wswuduile

s RN _ o od A 4 o v v
ATV UITAVUANUUVVVUINIUY ﬂ']ﬂ.ﬂlﬂllﬂﬁﬂ'lﬁﬁfﬂﬂﬂlwuﬁluﬂ"Illﬁzﬂ'l]ﬂ'nlﬂ‘“nmuﬂ?f]

fainnszauanududua 9 Nuennudmsazatvareiunuiidiutielunisvene

ar VoA - [ 3 g 53’ d v a do 9/ a - o ar o
AW HAULUBDINUTEADAN VUV UUU ma'nuwuﬂmwum'lumwaﬂmyfym IUNTENION

o

& = o i 1 - - ] A w & as 9
19 9 nilshmsazaednan luawsnazaw ldniensgadudvesmsazats e dunn 14

Q



150

v ' 4 =] a - di o 1 aa
$19 9 wnuNAATANAZNBY Famnlmsuanududusn o liannsei Idmguauta

a oA J et A ﬁ Y o w A o ° ﬂ Y ] o’ @

msFaamuiu 1aon suiludeiravesarsiminnhiiudiazarnseiniues
[l ¥ ]
HaRINMINARBINAsTIaeId N FuzTlad uuATNUNUssyesazatoniie 7.5

a o " 4 or a .3 1 wa = /4 a 4 ] as
ruANAst wuduleszauanududumsiumguaulamsFaannuuMUTUREINUMS
=) a9 ] a a = o 3 s 9 1 a A
Faaarumyuzuuua ualss@nsnansFadn ldeslindoondt owiloaannisnaaes

J &4 o Yt =y ar 9 = = o g/
wuuiifumsnevn Feihidimsaunevesdyanasendrs luvagiinisasnndiuee

v
Hanumseumsvesdyanunnd

P { & a s
waaglengin 5.6 dagih 555 FuilunsnSoumouguamianmsaanounsens
Forvesdganusuauiman e mainramsnageusTaturannmMsinesves
4 o H o ' &
2993 Iao 15 T)sunsy FLO/EMC Faman lanamssasniuszannsarinnosannudlums

adygnusunuaiman I 18 ndiRos lunmswveannsdl



151

= = d o 1 [ ]
5.3 manfssumevnavesmsvaadayanasunausiman iihriueima

a 4
5.3.1 Wspumeumumyuziugsg

TwdawfidumahwansmarevidaldumhmsnSsufsumunsuziiussyie
v { a 43’ =] § =t o’:
werasldiudennuuandefifedy  TasUszdundmanSoudouivemsoaglld 4
ar 1 4 o H Ll ar s i d ~
Usziau Aeqiil 5.56 dievhmsaSoudisunai 18luudaziadedaglit 5.56 udafesiims

F
ajuazdinszinamenaaeiuilunsdly

| [~ =
' ﬂszlﬂuﬂ'ﬁllﬁﬂ'ﬂlﬂﬂ‘ﬂﬂﬁﬂ'ﬁ‘nﬂﬂﬂ\‘llmgﬂﬁﬂ'ﬁ

J $aelududanusuniu

1.1 ATNTNTUYBUNGB: 0%, 5%, 10%, 15%, 20%, 25%, 30% AT 35% }

[ 1. myuzilanndm

1.2 AN TUYBIA N UTY: 0%, 5%, 10%, 15% LS 20%

>Ll.l ANTUTUYBANTD: 0%, 5%, 10%, 15%, 20%, 25%, 30% LAT 35%

¥ »
2.mwzﬁ]ﬂﬁmuuﬁunmsﬂ
MsazawnIn 2.5 B

1.2 ANUITUTUYBIRNNUTY: 0%, 5%, 10%, 15% LA 20%

‘ Z 2 > 1.1 Amnduduvounde: 0%, 5%, 10%, 15%, 20%, 25%, 30% Laz 35%
3myuzidaduuiuiuggg
asazawnine 5w,

l
|
l\.

-{ 1.2 ANUTUTUYBIRRTUTIY: 0%, 5%, 10%, 15% 1Az 20%—!

L1 Annduduyeunan: 0%, 5%, 10%, 15%, 20%, 25%, 30% Uas 35%

{ 4 4

| amsuzladuuiuiussg
i

A\

msazmondi 7.5 9. >| 1.2 ATIINTUYBIA NN UNAY: 0%, 5%, 10%, 15% LA 20% —I

o e

317 5.56 UszipulumsnSsumsumnaaouiadyanasunuuiman Inheiudh

o

b
TahuddsziduannsaagdramsaSouiouiasmsinseinmua 1ddsdala i



152

| ar
| $ranalududganusuniu

: =1 =
ﬂixlﬂuﬂ’liﬂﬁﬂlﬁn JUHANIINATDIUATHANIT |

L1 AnuSuTuYBUNaD: 0%, 5%, 10%, 15%, 20%, 25%, 30% LAg 35%

| L mwuslanedt
o 1.2 ANUTUIUVBIR NN UNL: 0%, 5%, 10%, 15% IS 20%

.

- - il
1 ’——; 1.1 ANUITUTUYBANGD: 0%, 5%, 10%, 15%, 20%, 25%, 30% UDE 35%

_ —
2.myuzilasuuufiufiugsy

. msazmonii s s, | 'L g =3 e
\ / 1.2 AU VBRI UTIY: 0%, 5%, 10%, 15% HAE 20% \

1.1 ANUTUTUUBUNAB: 0%, 5%, 10%, 15%, 20%, 25%, 30% LT 35%

¥ Y A 4
| 3msusiladiunuiuiiussy

| amazawndns g, | e e
- —( 1.2 AL UTUVBIRUNY: 0%, 5%, 10%, 15% LDE 20% ‘

r[ 1.1 ANUTUTUVBANDD: 0%, 5%, 10%, 15%, 20%, 25%, 30% UDE 35% }

:. Y a A
| 4. mruzAlafmuuNuNUssY ]
. asazanoni 7.5 s, }

L| 1.2 AU TUVBIR NN UNAY: 0%, 5%, 10%, 15% LD 20% }




153

5.3.1.1 N3T¥adegnasanaaAnuuUle

1 ¥
~ a/

= = wa A d o ﬁ =) ~ A i
ﬂ'ii!‘i.'iUﬁmfl'llﬂﬂlﬂlmﬂﬂ']i‘]mﬂﬂl1!1]53!91!‘“ 14U ) uﬂ'ﬁlﬂiﬂﬂ!ﬂﬂllmfl‘lj'i'iﬂ'ﬂﬂ

o o

] ¥
Tumsuznutlannd Tasusnaastldlumsiitoasil

-
- nae

nan1ss1aesAIuanlanisFaan laeinTdsunsy FLOEMC amnsntiunsiinm

nsmifFeuisunanis$raedlundazszauanududuveunie 1daegii 5.57

Shielding effectiveness of salt in double hox

bl

554

50

45

40+

35

E Field (d8)
]
1

— RO water:(Direct
— 5% salt:(Direch
— 10% salt(Direch)
—— 15% salt(Direch
~——— 20% salt(DIrec)
—— 26% salt(Direc)
30% salt(Direch
35% salt(Direct)

AN

WAWATAT ASAY
A FAAS AT A A

£ I

%J N NS ! = L
A\ \:!’.\__,A‘ NI N

i - N R LA %
fn , 6.5 41 (A S R Vg
, 15‘-“'\ TN AN AN A o s o ot AR\ e = F oy e e
A '; F NN O o, W O - WA A A ] \ &

ff} \_, \/ \\J\ NS NN /’\ 1

AV W i W [ I ~

{ \ N ot g f
Al V A AAAMS TN T 7
£ CANWAWA VY / e /
v A \ . ~ /
) "

T T T T T T T
100 200 300 400 500 600 7oo Bo00 800 1.0e3

frequency (MHz)

314 5.57 niFsumeumguantianisFadninnssaeslundazseduarmduduveunde

o

ci o 1 d‘ o =) =) L) =1
uagnad Idonmsnaaeuannsohsi ldunin S suisuquauianisFadn

uaazszauadNtuveunielugilh 5.58



154

%Se @ 3SO
%0E @ ISE
%Gz @ IS0
%0z @ 3sE
%Gl ®3so
%0l @3S0
%G @ 3s\E

oym

(ap)

@WCS@P?@R‘@LR:\E:\@NWnc._s:Fmv@cGSwrcchWGwhrcw\_m_ﬁEEﬁrﬁnmmﬂpa.m_.:n_{c 85'S W—Fm

(zHW) Aouanbaiy

051852
\ oseesl

19A87

ooz

BIANRLUNYEEUINLEZRELECERALLUEUNRE L LUMBUINREEMMLEY

geegech

Serv9

sl o
%01 ®3s




155

a P = d A o o A
agluazrdinsigvnisnisunenluilsziaun 1 Smsumsazarunae

& e A e i =] a1 oA 3 A A o
< auduiamIFaddyyrusuniuuiman Iz isuiviuidsiliszauniu
I o o
WndureIIs ez MuNABINLAUNINHANINAADILAZ91NNITT1a89 TAUSIUHADIATINS
o = = o
nanowazmssnedigluunlylums@oadiu
] v ¥
< AOUANUDAIA 30 MHz 63 100 MHz 92 WUTIHAINMINAADliguanTAns
Fangeqa 102 dB lusaiziinasinmsiraslimpuautianmsdad luduiiqegais 27 dB
[ y ¥
% NduANUdAUE 100 MHz 89 500 MHz 93 WU A Innsnaneallguauliani
v Ed
Faagaga 33.6 dB Tuvaiziinaninmsasslimguauiamsdon luiwiigegane 47 dB
v (4
< NIMUANUDAWA 500 MHz D49 1,000 MHz WHUNHWANNMINARDINRUANLA
v b
msFaagaga 19.5 dB Tuvaiziinaninmssrasslimpuauiiamsdas ludiiqeqate 40 dB

v wa J o ©
< musaaglmguauiinsFaageganazAigannisnaneLazn1siinn

A a a a o A o :1'.
319N 5.3 agdilssanswanisraaveuntelullszauni

a Aa < &
Uszansnamsvaa Agagn MAIgA
NMINANDY 33.6 0.9
QRFLALER 47.3 9.8
£ 9INHAYRINITIABY AIWN30$1a0IMs FUMVUMTIAUNIYBIAU M ANT

AmsFaadasnaaanuuuila lasmeluussymsazaroindefigannuiinie 9 dwanslugy

5.59

=h.



156

I OEMC

64.00 MHz 96.00 MHz

352.50 MHz

Electric Field (vfm)

=120

<0

FIOIEMC

736.00 MHz

11 5.59 sUuuumsdunvesau IihfgnFadarenaradnuuuila Tasnieluuss
9

A3azanie



157
i QU a
- ANNUNA

Had Ide1nms Siaesmnuauiianisdaan lavin 1dsunsu FLO/EMC ansatinn

mnmnsmilssudeunanissiaedlundazszauaududuvesasiuin lddsg Ui 5.60

Shielding effectiveness of KMnO4 in double box

40

RO water:(Diract)

5% KMnO4:(Direct)

10% KMnO4:(Direct)
— 15% KMnO4 (Direcfy
30 ——— 20% KMnOD4 (Direct)

35

257

I

EField (dB)
&
1
==

/

T T T T T T
1] 100 200 300 400 500 600 700 800 900 10E3
O|EMC frequency (MHz)

31 5.60 nlssudisumguaniansFadennissasdundasseduaududuvesds
YUy
HavInMInaaeU ldensathad lduhnmnlSsudeuguauifnsFasnudas

o 3 9 1 o o o
FTAUANMYNYUVBIA NN UNNTUFN 5.61



158

EAMELELBDRRILIEAITELE BILBRL ZUMIT| PRULLLLUULO VLS CLUBILILL BLBMRIMRL(L T9'S WE

%0z @ 3sO
% SL ® 3so
%0l @ 3sm
%S © Ism
o¥mE

g B
2 8
- m @ N B
(ZHW) Aouanbaiq w R = @ o
o § B g & S _JmEoy e
m m g ° S = | %01 @38
a [ %0z ® 33

|18AeT

YIAMRLUTY FAMAN LBRELEZEL LR CRALLU U BR.L LUNBBINEE IS LU



159

a J - g4 a o o ' @ a
asluazdinnzimanfieuiioululsaaui 1 dmsuasazaeaasiuiy
i wa a Jdo ' < ar A X 4 A o
< AuavlamsvaadygrusunIuuiman Infhelisunuduidedseduniu
v 9 L4 4
Wuduvesmsazmunfoiuiuininnansnanoaazannissiase Tngsiukasniians
nanouazminaelyluuylilumaderdu uanuniinamsnaaesiuiennuisely
o 4 ! =
msvoedyana lasaumguiaduiionnanmss lsunuivesmsazaouaznrugiussg
] v ¥
<+ Admanudaaug 30 MHz §19 100 MHz sznuhrasinnisnanesigaautifng
= 4 A o = e =1 ot 1 ; =<
Fangeqa 9.2 dB Tuvazinannmsineliaguauliamsdad ludwiigeqai 25 dB
<+ AdmAanudAwA 100 MHz 69 500 MHz szwuhHannnisnaneadamauiinn
] 4
Faageqn 28.1 dB Tuvaizfinaninnsiaesdimguauianisdadludwiiqgegat 20 dB
v v ¥
% hidmnnutdaud 500 MHz 69 1,000 MHz 92nu1Ha N snanoailnaauiia

3

1 v
MsFangega 24.1 dB lusazhinannmsiinesiimguauidnisfad ludwiigegaie 27.5

¥ 9

dB
< awsoajmguanidnsFasgegauazdigasinnismaasuaznissiaes

Y
fage il

a a o A d | @ a 4 A
M39N 5.4 ag1ilszaninanisvarvesarsiunyludszduii

sy d g
ANIANIIYan Agaga Mg
MINARDY 28.1 -6.9
391009 29 5.5
o o a v d o
< 9INHAYEINITIINBI MUINTIABIMIFUNDUMTIAUNVIMNUUNIMANT

fimsFaddannadnuuuilalasmeluussymsazmossiufiufigaanuiae q Suaas

Tugiin 5.62



160

352.50 MHz

Electric Field (im)

=120

=0

736.00 MHz

Ui 5.62 numsEumsvesau ihiignFaddonanad@nuuudlaTasneluussy

ATATAWANNUNY



161

! d '
' szumsnSouifisunamsnaaewazRans |
|

Hraeslumuduanusuniu |

|
1.1 Anududuveande: 0%, 5%, 10%, 15%, 20%, 25%, 30% Uas 35%
( 1. myuzdannam
\ i Ll L)
1.2 ANUTNTUYBIA NN UNY: 0%, 5%, 10%, 15% LA 20%7

A5aTAIeNAN 2.5 $u.

Fa 1.1 Anudinduveunie: 0%, 5%, 10%, 15%, 20%, 25%, 30% UAZ 35% 1
2. msuziladmiuuiuiiussy

12 ANUTUTUYBIRNNUNY: 0%, 5%, 10%, 15% A 20%

MTASAWNIN 5 FU. —— s
12 AINTUVBIRNNUNY: 0%, 5%, 10%, 15% 1T 20%

3 3 1.1 aAnudutuveuniie: 0%, 5%, 10%, 15%, 20%, 25%, 30% DS 35%
3.msuziladmuuunuivssy

1.1 ANUTUIUYBANTB: 0%, 5%, 10%, 15%, 20%, 25%, 30% DS 35%

A 4
| amsuzladmuuiiuiiussy
L tsazanin 7.5 ¥,

1 @ o 1
12 mmn?m’fu'uaammnnu: 0%, 5%, 10%, 15% lag 20% |




162

5.3.1.2 M3¥aaeanassnaafindaduuuififuiussqmsavaen ann 2.5 udiuns

v 14 [
manfSeuisunuautianisFaa ludsz@aud 2 1u siflumsnlSoudsuiioussyeg
9

v ¥ v v
lundeanara@nidaduuuniAunussymsazawndnnu 2.5 wuawas Tasignaaisnly

E4
@ A

Tumsiniveaatl

=)
- nav

wad IdenmssiassmguanianisFaan lden Tusunsy FLO/EMC anansorinn

MnmnailSsudisunanisasalundazszauaududuveunie 1dnsg i 5.63

Shielding etfectiveness of saltin 2.5 cm hox

40
— RO water.(Direct)
95+ 5% salt:(Directy
— 10% salt(Direct)
—— 15% salt(Direct)
301 — 20% salt(Direct)
25% salt:(Diract)
25 30% salt:(Direct)
35% salt:(Direct)
£
g
D
=
™ X
i -
— e
A~ o =, o ———
e /7 e \ 7
I p S
/s
{ /i
./:"."
N4
=
-5
T T

=10 T T T T T T T
0 100 200 300 400 500 600 700 800 800 1.0E3
OIEMC frequency (MHz)

U1 5.63 uraslsumsumguauianisFadeinnisieeslundazszfunududuves

-
INae

dumanamsnadey annsahad IuihnwlSsudfeuauanianisFadfiuad

o 9 g 4 =
AzITAUANNYNTUVBUNTR 1U31IN 5.64



163

CUUILRRAMLMIELIELEUTBRERUBIIN| PRUBLLLUULLBLSLUBILIL BBLBMRLIMNALL $9°S W(LE

(zHW) Aouanbauiy

TAA 4]

o
)
o
N
[N
(3

A
©o
L
w
o
o

oy
%01 33 adA)
%0¢ 3S

000°Lce

005°¥29
05.'609

| oos'els
| 05268

1 0s2°042

%Ge 350
%0€ 3s@ Ol-—tu
%SZ3as0O
%0Z 3s@
%G1 3s0
%0l 3s0O
%S 3s@
odno

\ %0€ 3S

- | oszees

| 052656
| oog'ses

(@p)ere S

TER §°Z LRUBIIZNRLENY BRUINLEZELLE CRRALLUER U ER L LUNBAINTES



164

a d =) d A o ar A
astduazinszimsnlsouieululssiaun 2 dmsvasazmonie

s d a

wa a ] o a 3 4 a o
< auaudanis¥aadygrasuniuwiman iz iaunuiuielszduany

v ¥ ¥
s

Wuduvesmsazmendemviunannranisnansuazannis§iaes Tagsumannnians
naasaazmstassiiguuylylumaieatu udnuihdnansnaassiiviennuisaelu
msvnedyanu Tasemguilsduilonnnnmss Tnnivesmsasmonaznvusiivssy

& femAARaA 30 MHZ 84 100 MHz HUIWADINMTNARDINAUANTANS
Fadgeqa 10 B Tuvaiziinaninmsaosdmguauiansdadludmiigagad 12 a

& TnnwARUA 100 MHz §9 500 MHz WHUIINANINMINARDILRUAUTANIT
Fangaga 12.4 dB “lummz‘ff"mainﬂms§1aﬂaﬁﬁ1ﬂmﬁnﬁﬁﬂ1s%aﬁ"lutimf‘:qaqﬂﬁa 13 dB

© Ttwanuiaad 500 Mz 1,000 MHz 3£ WU IWAINAISNARBINNUTUIA
As¥angaga 10.7 dB ‘Iu'utusﬁwainﬂmsﬁmmﬁﬂ'mmﬁuﬁﬁms%ﬁ"ludmffgqqﬂﬁa 10 dB

¥ wa A d 5 o
<+ MseajUmauauianIs¥aagIgauazA1gaInnITNAaBILaLNITiNABg

L 1

dane lail

M9199 5.5 aglilsyAniuansFasveundelurlsz@ud 2

Usyanswamsvan Agagn AgA
NINANDY 12.4 1.5
MI9004 13 2
o o o = l =] {
< NHAYBINITIIABY A11N50TI0INMSFUNLUMSIAUN VB TUIILLIMANT

A a Jy ' a Y dad d Y a
'Ylﬂ'l‘i‘ﬂﬂﬂﬂ?ﬂﬂﬁﬂ\‘lwﬁ?ﬂﬂﬂlﬁﬁﬂ?ﬂﬂuﬂﬂwuﬂﬁi'ii]‘ﬁ'lﬁﬁﬁ'ﬁ'lﬂﬂ’l'l\‘lﬂu‘l 2.5 FFURLUAT TﬂU

moluussymsazarunaenganudaie o duaaslugili 5.65



165

Bt P oFm
vim

226.52 MHz 352.50 MHz

Electric Field (vim)
=120

736.00 MHz

o

31 5.65 gUuuumsEunvesau IdfhignFaddronaeanaadnDadmuunniun

ussymsazmendranun 2.5 wudes Teemeluussyasazaioinie



166
- ANNUNY

naf lannmssmesmnuauiianis¥adn 189 Tusunsu FLO/EMC amnsavinan

mnmnsilSauisunamsirasdlundazseauanududuvesatsivny 1ddegia 5.66

Shielding effectiveness of KMnO4 in 2.5 cm box

RO water.(Direcl)
2257 5% KMnO4t:(Direct)
10% KMnOd4:(Direct)
— 15% KMnO4:(Directy
— 20% KMnO4:(Direct

757 W

. A }f\/\%mmmw / \\""\/ —
25 ‘ "'—\-\\f}/

E Field (@BV/m)
]
o o
\I}:‘-—

-757

-10 T T T T T T T T T
0 100 200 300 400 500 800 700 800 200 1.0E3

OJEMC frequency (MH2)

U1 5.66 naaulFeuiisumguauianistadeinmsiaeslundazsyauanududuves

ANNUNY

<y @ o 1 Al o =] =) e A Ja 1
wad Idenmsnadeuannsohmi lduhn s sufsugumniansdasnuday

sravaduduvesseiunnlugili 5.67



167

%0z @ 35|
%G1 ®@3sO
% 0L @ 3sO
%S @ 3sm

od¥m

:wf:\wpvrwvmp#@R@_anmm@nmnc_&:;wvmc@c_rnrcE.@GE_,wfcsﬁzbEwrc;qu;aWE LYS S_._.m
] ' F I = = i 157 =

0ZHW) Asuanbaiyg

051852
1 osecsl

szz 62

5zr'v9

Lol OY adA)l
: % 0L ® 38
%0z @ 38

| 000'1ze

B
B
&
~l
o
o

| oszses

| 052609

(ap) 1ene

0l
sl | |

|

_

|
ot | i

| Ml i

Tt §°2 G—H._a:.—ﬂr—h:.ﬁqns.:w_.nrr.@afGnGFrBOGFnFrGEC_\—..“anrrc::ﬁ..:—u#_.:



168

a o = g o ar 1 @ A
ﬁ'sﬂuaz’uﬂ‘nzwn’t‘sitl?uum&uiilﬂﬁ:muw 2 MINITUAITALDIYANNUNY

= o

> puauiansFaddygasunumimin Wi isuuiuietsesuai
Wuduvosmsazauindeituiuiannransnaaewaznnntssians Taosaumaanians
naaswuazmsirassdizuuy lilumadeafu uawuhiimanisnaassfivnsnnuiesoly
msvsedyena Tasmmguilduiionnnnmsis Tsuuuivesmsazmonaznvusivssy

& fgmanudaaus 30 MHz 89 100 Miz WNUIHAINNINABDINAUANTANIS
Fafgaqn 8.3 dB “lumms‘ﬁnamnmsi‘hamﬁfhﬂmﬁuﬂ'ﬁmﬁaﬁ’ludmﬁgaqaﬁa 7.5dB

& Fwaudaus 100 MHz 84 500 MHz WHUTIHADINMINARDIRUaUTANS
Fadgaga 10.8 dB ’11411&18‘?}%inﬂmﬁﬁmmﬁﬁmmauﬁﬁms%aﬁiuthuﬁyqaqcaﬁa 6.5 dB

% TiemAuBRIA 500 MHz §4 1,000 MHz WHUNHAINNISNATDIRUaUTA
Ms¥adgaga 9.5 dB 1uﬂjmzﬁmaﬂmmsﬁmmﬁfi'lf;mﬁnﬁﬁﬂ'ls%aﬁ'“lutimﬁyqqqﬂﬁq 8.5 dB

2 museagUiiguauiinisFasgeganasfigannninanedazn1ssiaes

¥
dasin il

Y a a a d T @ oa g o
M3 5.6 a3 h)szAninamsFanvesmeiunyludszidun 2

Uszanswamsvan Agega mdga
MINARDY 10.8 -3.6
Ms3tiaes 8.5 0
o VINHAYDINTTIIADY ITDT1089MIFUIVUMSIAUNMIVBITULLIMANT

< a oy ' a v dad A v a
ﬂﬂ']‘j‘D”ﬁﬂﬁ?ﬂﬂaﬂqwa‘]ﬁﬂﬂlﬂﬂﬂ—luﬂu‘ﬂnwu“‘useii!ﬁ'lﬁﬁzﬁ]ﬂﬂ’)’IQWU-l 2.5 I URLUAT IﬁU

]

R.

v s

amoluyssymsazarwaeiuiunganudae q dwaasluzilii 5.68



169

226.52 MHz 352.50 MHz

Electric Field {v/m)

=120

60

=0

736.00 MHz

¥

314 5.68 gUuvumMsGuMevesTuw IMihhignFaddrsndeswara@nidaduuniiud

ussymsazmeniianin 2.5 wudmas Tasmelunssyasazareasiudiu



170

[ ] - |
| dsziaumsnSouifiounamsnaasaaziams
l e lududyanusuniu

f
Y 1.1 ardarduveinde: 0%, 5%, 10%, 15%, 20%, 25%, 30% Az 35% |

L 1. mauzilanndu

12 ANUTUTUYBIANNUNY: 0%, 5%, 10%, 15% LA 20%

Z 2 11 anududuveainde: 0%, 5%, 10%, 15%, 20%, 25%, 30% oz 35% |
2. myuziladmuuuiussy

msazaienn 2.5 . 3 ——
12 ATINTUVYBIRNWNUNY: 0%, 5%, 10%, 15% 1A 20%

msazaenin 5 su. 5 T
12 ANUTUTUYBIRWNUTIY: 0%, 5%, 10%, 15% LAg 20%_|

7 3 1.1 ATANTUveuniie: 0%, 5%, 10%, 15%, 20%, 25%, 30% UDS 35%
3. mauziladmuiuiussy j

» 0
4.myuzladmiuuiuiugsy
msazawnin 7.5 su.

[>{ 1.1 arududuveande: 0%, 5%, 10%, 15%, 20%, 25%, 30% uaz 35% |

-'l 1.2 AMUTUTUYBIRWNUTIY: 0%, 5%, 10%, 15% LAz 20%




171

o dy v a oA P Al” A a
5.3.1.3 ﬂmmﬂmﬂnamwammnulﬂﬁ’m'uu‘nuwu‘nussqmmzmﬂﬂﬁﬁwm 5 IBUALNAT

= = wa A o d A 3 = ] Al i
msnfSsudsuauautianisdad luilszaudn 3 Wu szflumsalSoufswiieussyeg

v 1 v 1
lundesnwamadnidaduuuninunussymsazarsndnul 5 wuduas Taguonaa1snly

9/
@ =

Tunsriniveasdl

A
inas

nmnslilSsudisunanisdrneslundaz szauaududuveunie ldnegii 5.69

E Fleld (@Bv/m)

LOJEMC

Shielding effectiveness of salt in 5 cm box

PRy o v e =1 P o
wadl 1d91nn 13 $raesmauauiiansFaad IdenTasunsu FLO/EMC aunsminn

40

—— RO water:(Direct)
5% salt(Direct)
—— 10% salt(Direct)
~15% salt:(Direct)
— 20% salt(Direct)
— 26% salt:(Diract)
30% salt:(Direct)
35% salt:(Direct)

T T T T T
500 600 700 80O 800
frequency (MHz)

T T T
100 200 300 400

1.0E3

311 5.69 namanlSeudsumauanianisFadoinnisiaeslundayseduniududuves

-
Inaeg

wafl ldninmsnaaeudadusmhmi IS eufvuguauianiida

o ) A A
ﬁ87$ﬂ'ﬂﬂ']’lllﬂlﬂ‘llu‘llﬂﬂ!.ﬂﬂﬂclugﬂﬂ 5.70

& '

ANnLa



172

%Se 350
%0€ 3S |
%Sc 350
%0 35 @
%S1 350
%01 380
%S 3s@

(o2-]=

mmc;@?;‘@:@.—;_‘__VE;‘@MH.NGE:Zwo@@@FhrCCr@WGW.ﬂr UBErsnYLY ;a.&.ﬁame 0L's ﬂ._._.m

()}
£
S
S}
a

(Angp) 19aa7

(zHW) Aouanbaig

051852
\ oseesl
\ sezezt

\ 0c.'c8¢

\ 052609
N 005°€LS
1\ o00'ize

Sl

(014

THH § V[IZMRLUNLBEUIRLEZRSLEMCRALLEERUNS SR LUNBINGLT

L\ o
-\ %0138
\ %02 3S
. WUGED

adA]

===



173

a o = g o o o &
ajluazdinnzimanlSeunoylulszaui 3 dwmsuaisazanie

. wa A dao - 1 ﬁ ar A 4 A4 A @

< fuandansyaadyassunuwiman IMissldunniuielszaunay

- o H
WuduvesmsazmondomuduneInHan1sNAaswazINMI$1ane laosawnannnans
9 v

nanvaazmsHaesiigduuylilumedenu uanuihiinamsnaasesiunaninmssiased

a o & 4 o
vrANuarslumsvnedyas Tasaungnileduiiounsinniss lauuunvesmsazaiy
HAZMFULNUTIY

] o

Tugwiigegais 10 dB

) o

FoAgage 9.2 dB luvagiinannmssiaeslimguauianisian

QU

H v ¥
< NOWANUDAIA 30 MHz {19 100 MHz 95HUIWa9INNIINAaBINgaNTAMS
L

© HomauBRA 100 MHz 9 500 MHz WNUIHAINNITNARBINAUAVIANS
Fadqega 12.6 dB Tmlm:ﬁwamnmsi‘immﬁﬂ'mmﬁuﬁ'ﬁms%aﬂudmﬁqaqﬂﬁq 18 dB

+ Ttwanuinud 500 MHz 89 1,000 Miz WHUIHANNNMINARBILRUANTIRA
nsFadgeqa 15.4 dB Tuvasiinannmssesdimauauianssadluiiigegads 12

2 museagliguauianisFadgegauazdigannnisnaaswazniss1aes

¥

Aano 11T

dl a a = o P=} g A
MmN 5.7 astilszaniwamsyadveanielulszauin 3

dszanswamsian gega Miga
MSNARDY 15.4 -6.5
391904 18 -3
° o = v = ]
< AHAYINITTIARY A5 T1ABINIUIUUMSIAUN BTV Anh

a a o v a Aa - P a
nmsFaadlenndemaradndaduuuiiiiuivssyansazaenianun s udums Tae

mouluussymsazaoindenganudae q awdaslugilii 5.71



174

| CIIEMIC L OEMC

Bttt Pt ()
s

I OIEMC

226.52 MHz 352.50 MHz

Electric Field {4/im)

=120

60

=0

IEMC

736.00 MHz

31 5.71 naasgluuumsdumevesauw IWihgniaddrondesnanadnidaduuuni

9/ "
#wunussyasazarendrienun s wudwas Taeneluussyarsazaneinie



175
- eenuny

A9 INAIsSIARss AN auTANs 0N a1n TUsunsy FLO/EMC aansavimmi

nmnsnlFeuisumanissaeslundazszauamduduvesarsioin 1ddsgii 5.72

Shielding effectiveness of KMnO4 in 5 cm hox

5

4 RO water{Direct)
= 5% KMnD4 (Direc)
10% KMnO4:(Direct)
— 15% KMnO4:(Direch
— 20% KMnO4.({Direcl

20

17.57

E Fleld {dBV/m)

-T.57

-10 T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1.0E3

OIEMC frequency (MHz)

U 5.72 naaalSsuisusguautiansfaasines lundaz seauaanduduveseneiuiv

waf IdnInmsnagevasmham Il suifsuguauiansFasnudas

g 9y g9 U @ A .:;
sEAUANUTNIUYRIA UL UGN 5.73



176

Rw.r;\wpvrtw@FF@REE(@E:\@NWNGE:;PW@GG:%_(CC_:F\,@ GW?CM@REEW..TF_“E;_M fuieL’s m—am

=5 [¢)]
o »
: m m S dA
w N ¢ 0
e g = & 8 % oy L
~ S @
: : . %Sl @ 38
KL
S (%))
[(s] w g
8 2 g
8 8
%0z ©® 30 g
%Gl ©@3s0
%0l ®3sm
%S @ 3sm
odm
{
Am“vv [ELS: | r
|
|
|
ﬂ
|
oL |
cl _, \\\\\\\\ll\ﬁ
| lll\l\\l\ll‘.ll\\l\l‘ll.l\
e

"ML § BINMNZARLLETY, RAMACLBRELEZELLECEBRALLERUKBERS LURENELM



177

a s o 4 4 _ o w 1w oA
ayduasdnswimsnfSoumenluilszgui 3 dmivmsazaisaieiuniy
" wa & o da ' o a0 A J A -
< auauiAnsaaneunIensFaadyusunuwiman iheeiauiuauiedl
- O o
sgAuANuNTNYessazmnfemuiuianaranImaasaz NI 1ane Tausauna
> o
nnviamsnaasaazmsiaedigduuy ) lumedordu uanohiinansmaasssmmann
° i =l @ 4 4 o
mstmesiunanuarlumsvnedyana Tasaunguiladuiiosnnnnmas Teuuu
YBINTALAIBUDTMFULNUTTY
v (4
< NHwANuALE 30 MHz §13 100 MHz 33U HanInmsnaasiigaautians
P o ' wa a ' ¥
Fadqeqa 8.4 dB Twvaiziinaninmsiasalimamauiianissadlusuiigegats 10 B
] v ¥
< Nd1WANUDAILA 100 MHz 513 500 MHz 3gnuwasInmsnanestinaauianis
P ° ' ey a 1 Y
Fadqeqa 11 dB luvaiziinaninnissiassiimguanifnsdod ludwiigegads 125 dB

Y

] v ¥
< NHMANUDAWA 500 MHz 69 1,000 MHz 950U IHaIAMINAaBsiiam i@

o

P o v wa o 1 ¥
Ms¥angeqa 9.7 dB TuvaziinaninmssneslidguanianisFaaludwilgagata 102 dB

< munsoagdmuautanisFadgegauazdigainnisnaasuaznissiaes

v
fago lalil

-=; a a a  d ' @ A d A
M31an 5.8 ag1szdninanmsyaavesaanunuludssiaun 3

Usz@nswamsian AIgaga ArgA
MINABDY 11 2.6
M1391704 12.5 -2.7
o o a ] 4 A
< 1ARAYBINMITIABY MusasIaemsgliuumMIIRUN YT UM ENT

v b4
A A

a a o ' a 1 a
nnmsFaadenaesmaraandaduuuiiinuiussymsazareniienun 5 wuiwes Tao

v
- ar

muluvssymsazaaeiunuiigannuiame q faaaslugii 5.74



178

226.52 MHz 352.50 MHz

Electric Field (v/m)

=120

90

<0

736.00 MHz

1 a = U a {
311 5.74 namsgluuumsifunevesau Tiifigndaddiendeanmadndadmuudni

3/ v
wunussymsazmendiann s wudmas Taemeluussyasazaromasivdiu



179

[~ = |
ﬂﬁ'&’lﬁuﬂ'ﬁllﬁﬂﬂlﬂﬂﬂﬂﬁﬂ'ﬁﬂﬁaﬂﬂlm:ﬂﬁﬂ‘li |

$aesludmduanasuniu

->b.] ANUTITUYBUNTD: 0%, 5%, 10%, 15%, 20%, 25%, 30% DS 35%

1. mauzilanndm

i
-

1.2 AU BRI UTY: 0%, 5%, 10%, 15% 10E 20% —[

L

L1 AU UNAB: 0%, 5%, 10%, 15%, 20%, 25%, 30% LAZ 35% 1

2. myusiladuuuiuiussy

mM3azauning 2.5 T,

.

1.2 Anududuueasanuniu: 0%, 5%, 10%, 15% 1ag 20%

11 armnduduveunde: 0%, 5%, 10%, 15%, 20%, 25%, 30% Uz 35% |

A 4
3msuziladuuuuiussy

i\ msazanenin 5 su.

1.2 AU BRI UTY: 0%, 5%, 10%, 15% 1AL 20% 1

r 2 .4 d . 0, 0, 0, o 0,
{ 4_,]_'“:@“5,]“””{;“?]“5?? L1 ANUIYUTUYBANGB: 0%, 5%, 10%, 15%, 20%, 25%, 30% UaT 35%

L asazatonin 7.5 s,

Ll L

12 At vBIA RN UTL: 0%, 5%, 10%, 15% 1AL 20% ]




180

5 a3
5.3.1.4 M3Fadeanasanaadniladuuuniinuivssgmsazmanamin 7.5 udem s

e a =] 3 o 4 v
manfSeufienguauianisFaaludszaud 4 0y szilunsnSeudisuiionssyeg

)

[l @ [l
Tundesnaa@ndladuvuniinuiussyensazatendenun 7.5 wudmas Tasuonaaisnly

¥
@ A

TunrsiIteasdl

- nae

wad ldnnmsiraesmguauianisFadn 1dvnTusunsu FLO/EMC amnsaumin
s lTsuneunanis$raeddundasszauarduduveunie lddagili 5.75

Shielding effectiveness of saltin 7.5 cm box

40
—— RO water (Direct)
35 — 5% salt:(Directh
—— 10% salt(Direct)
— 15% salt(Direcl)
30 20% salt:(Direcl)
——— 25% salt(Direct)
25 30% satt(Direct)
'| 35% salt(Direct)
& zu-.i
g (A
= A8 ]'H-'I’
s
E .'.'{"\ \ y
L b s = e
-~ e
Ry
<=l 2
~ A __/,1;/
e
-10 T T T T

T T T T T
0 100 200 300 400 500 600 700 8OO 800 1.0E3
LOIEMC frequency (MHz)

UM 5.75 nanalSsudsusmguautanisFadeinmsimedlundazseduanududuves

A
INae

wafl lAnnmsnadevasasheand ldunimmls sufsuguauiansFadnudas

srauaududuveuniolugili 5.76



181

%Sse 3s0O
%0c 3s@
%SZ 380
%0 3s@
%Sl 3s0O
%0l 350
%S 3s@
odm@

BLUIDGRHILILLUIBZL LI POUBLELUULLBULLLUBILIL ULUNBIMALIL 9L'S Wk

(ZHW) Aouenbaug

Ger'v9

_|_Ldamy Oy
0 3 %0L3s edAL
N %0z 3S
5 %0€ 38

051852
| ose'esl
szz 6zl

w
N
-
o
o
o

| 062609
1 oos'els
| 052'gee

. swf'\:u &7 U
04+ Y /) \\‘.\\\ /,f‘.\ﬂl\\\\\.

o T

"It 'L BIIMANZARLUNY BRUIBLEZELLEMERALLURUNBERLLUNBYINGEEM



182

a o = d o o ar A
agluazinnzimsnlsouien luilsziaun 4 dmsuaisazaroinae

+ pumuiansFasdyarasunaumimin Mieefisuiududedssduany
Wuduvesmsazmuinderiuiuiinananisaaswaznans§ians Tassumasnians
naasaazmssasaligiuuylilumadoadu uAnhiiHamsnAaeIsTIINMI$1a04H
vanuiselumsveedaa Tavaunanilsduidennninnas lsuwivessisazaty
nEMTUE VT

& fiwanuidaud 30 MHz 9 100 Mz WNUNINAINNINAADILRUANTIANS
Fagaqa 11.4 B Wvaisfinannmsnesdmguauiansdasludwiigagais 15 aB

& ToranuAug 100 MHz 9 500 MHz WHUIWADINMINATDITRUaUTANIS
Hadgagn 13.5dB 'lmjmxﬁwamﬂmsfﬁmmﬁﬁqamﬁnﬁﬁmﬁ%aé’iudmﬁyqaqﬁﬁq 14 dB

& fgwanudsaus 500 MHz 84 1,000 MHz WHUNWANNMINARDINYUANLA
M5¥angagA 16.2 dB “lummxﬁwamﬂmiﬁ‘immﬁﬁmmﬂuﬁ'ﬁms%aﬁud1uf{qaq¢1§q 12 dB

< fmmnﬁqﬂﬂ'mmﬁnﬁﬁms%aﬁqaqmmzﬁmamﬂmsmnmuazmsﬁmm

s

aaeo il

4 a a a o o 4
M3 5.9 agUilssAnsnanisFasveundeluilszidui 4

a a é 1 ;
Uszanswamsvon Mgega Megn
A1INATDY 16.2 7.2
1591904 15 -3
< NRAYEINMITING ANTDTINBIMIFUNBUMSIAUNVRIFUINULIMANT

4 A sw ' a P dad 4 y a
'Ylﬂ'l‘J"h'ﬁﬂﬂ')UWﬂf’lﬂQWﬂTﬂﬂﬂlﬂﬂﬂ1uuuﬂnwuﬂU5igﬂ’liaﬁﬂ‘lﬂﬂ'ﬂﬁﬁu’l 7.5 I5UALUANT TﬂU

muluussymsazmmntenyannuianie q dweaslugili 5.77



183

s ¥ 3 ¥ @
ety

HLOEMC

I OJEMC 1 OJEMC

352.50 MHz

Electric Field (v/m)
=120

60

=0

736.00 MHz

314 5.77 naasgdupums@umevesaum IihiignFaddiendesnaadndad g

4 4 =
funussymsazatenienu 7.5 wudmas Tasmeluussyasazansinie



184

1 Lo
- ANNUNY

wafi 1d01nms §rnesmguanianisFaas 18en Talsunsu FLO/EMC annsmimn

MnmasSsudisunanisiaesundazseduamududuvesarsiui lddeg i 5.78

Shielding effectiveness of KMnQO4 in 7.5 cm box

25

22,59

E Fleld (dBV/m)

TS“\
5

J [\\[\/ \“PW“""“”“\\

RO water.(Direc)

5% KMnO4 (Direct)

10% KMnQ4:(Directy
—— 15% KMnO4:(Direct)
—— 20% KMnO4:(Directy

A

o
N

T T T T T
500 600 700 800 200 1.0E3

frequency (MHz)

T T T T
100 200 300 400

U 5.78 nraaSoudfisuaguaiidansfadineddundaz sedunanududuvesareiuiy

ol v

HaINNIINATe U IMITMIIMA IAuvhinmnlSsufsugumniansFadnudaz

rauaMududuvesaaiudinlugln 5.79



185

%0z @ IS |
%GL ®3s0O
%0l ®3s0O
%S © 3s|

oym

:F:SZ.@v_w?E%REancnmnmncszﬂrvmcs_rmrcCrmscpmrc_a::u&@rc:mE_._uaw_.z 6L°S S—_.m
o ) I3 ) N P [ =4 (=7 ¥ =] = .“H

- [¢)]
—_ nN FS
w & 8 5 0B
{zHW) Asuanbaiy " @ R & @ W o
3 B a ; i _
s« B 8 @ 3 8 8 .= e e adAy
~ ~l (5] P = o : < : A o
@ & I g g o | \ %0L@3s
N o a =] ]
g g 8 . L %0z @ 3S
o

(ap) 1aae

ol

V4

"ML G/ BINANZARLENY B MACLBRLEZRLLE0CRALLERUNIE R SLUNBKINES



186

a o = = g o o o ' o o
asluazdinsizimanfsouiouluilssaui 4 dmSuasazasaraiuiy

+ guautansfaddygiasununimin i isuiuiuieliszduaay
duduvesasazmundemuiunaninransnaasaazainnsiiass Taosaunananans
nanosuazmssaesdigliuy U lumafivaiy usnuhikammaasssisnnns$nesd
vanuigaelunsvnedyans Tavaumgnitsduiioanvinmsis Tsuuuivesmsazat
TETTRCATTAGIEED

& figwauiaud 30 MHz 5 100 MHz WHUIINAINAINARDITAUTUIANS
Fadgagn 8.3 dB “lumm:f'inamnmsﬁmﬂaﬁﬂ'mmauﬁﬁms%aﬁ“ludmﬁgaqwﬁa 10 dB

& TR 100 MHz 51 500 MHz WHUNHANINNINARDILYUANTANTS
Fadgega 10.1 dB Tuvaisiinaninms Saesiimpuiauiimssadtusniigegada 7 as

& fgwaudRaud 500 MHz 89 1,000 MHz WHUNHANNNMINARBITANAUIA
M3FaAgIgA 9.5 dB 1umm:ﬁwamﬂmii"'namﬁﬂ'mmﬁnﬁﬁﬂﬁ%ﬁiuthuf';qqqﬂﬁa 8 dB

+ aunseagdanuauianisdadgegauasdrgannnisnaasaznssiass

8
daso 1l

a a a a d v @ a d A
M319N 5.10 a5 dszansuansFadvesmaiunylulsziauing

1} a oa = [ U 1 ;
IcANBHANIIY A mqﬂqﬂ ﬂ"l?‘ﬂQﬂ
N1TNATDN 10.1 -4.5
15919949 10.0 -2.0
o o = ] d A
o TINHAUDINITV 1O ’fﬂll’]ﬁﬂi]'I’C’IENﬂ15E‘]J!.!.UUﬂﬁ&ﬂuﬂ'lﬂ‘llﬂx‘lﬂ“l‘l'lllumﬁﬁﬂﬂ
' 9
-

P ] o 1 a — a
nsFaansundoanaradnilladuuuiiiiuiivssymsazaoniianun 7.5 wuwes Tag

.

1 s

moluussymsazaemaiviungannudae 9 dwaaslugili s.80



187

B & = .

HIOIEMC

352.50 MHz

Electric Field {4/m)
=120

a0

B0

«0

736.00 MHz

U 5.80 narasgduuumsAumvesau IlihiignFaddendesnaradndad i

9/ ]
WunuIsgmsaza1wnden 7.5 iwudmas Tasmeluussymsazaeaaiudin



5.3.2 1WSsumeumausiavesmsazans

188

o 9 g ' o o =t ) o/ 9 9
Twirdetazntvimsagdawams TaghmanfSeudsuawszaununduduves

& t w oA A o Aaw PYRT
BRFGEGRENIGE] !!ﬂgﬂ1@“”“”1’]“1”11%1“ﬂ15“1?5]3]@]”!1”11{}1'?‘1'“ 5.81

sluvumsnaseutaznIsiaes

1Y 0% \

Y 5%

Wy 10%

WY 15%

1T 20%

2.1nde

I

1. nasanaIaAndannaIu
UHTU 25% : n

2. naaaniamuuuiag

ak o

1HTY 5% e

Wty 10%

3. Aanuniu

N 15%

Waty 20%

f

31 5.81 agdgdnuunINaaBULAZ$1a0

aX o
2.1. dinuiussgmsasaendianw 2.5 @,
2.2. linwussgensazaisnavn 5 v
L ) o v

HRIH 3% 2.3, finuiussgansazmeniianin 7.5 o, |




E Field (dB)

189

5.3.2.1 ¥

VINHAYBINTINANBIAZNIT 1R MITONAAL IARI3IT 5.82 oy 317 5.83

Shielding effectiveness of RO water_all case

@ _,#_‘ —s— Double box
g —=—25 cm box
2 5 em box
3 7.5 cm box
-20.0 =
mMauzwuutle |
250 1 s s
Frequency (MHz)
c; Qs s d : ¥ Gh’lﬁ
3N 5.82 anantiams¥aavenirlumyuzunud q 1 ldnnnsnageu
54 Shielding effectiveness of RO water_all case
— ROwater, double box(Direch)
2257 RO water, 2.5 cm box(Direch
5 RO water, 5 cm box:{Direc)
RO water, 7.5 cm box:{Direct)
175
15
125 .
|
10 |‘ |‘ |
3 I NUzLULLle
5] ‘\ll “I" "l :I I\ -™
|¥] ',\‘ £ : e
i j
0 ; /\“f-‘. Ny N R e e e o 'rlo_t. .Q__t = -‘,.L_ — e —
A A - el —_—
T L
; @ Yeua®
. | a v
- ' NNTUZRULEIANS 3 WLl
7.5+
-10 T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1.0F3
EMC frequency (MH2)

¥ ¥ H
U7 5.83 quantidnsFadvenilunyuzuuudi q 7 1dnnmsinaes



190

9 [] ¥ 9
vinginsaesnuimsuzildusspiniuiinadenisFanuesdyann Tageznuiimsug
[ 9
ynilszianlumsnaasseziidaugrslunsvnedygaludaidd dwd 30 MHz 9
400 MHz Tagmwiznmsuznuvassiidimgislunsvenesmniga Tuvazidiunimigs
¥ E 4 v
Aaud 400 MHz 99 1,000 MHz ndufiguautiansFaddyaa vnaildnniimanes
H 9 3
nmyugilFlunsussgesfivsz@ntnanisfadlndifivsiu dndueagllén dhlidawueely
< 43 4 o s o g & 1
MsvnenaNad Innuagaihndwimihnlunms¥ed sazmsuzildlumsussyiniu

Tifinauananiunmindeglunmsa

5.3.2.2 ANsazanamnae

¥ [
Taglumsagumamsddetivzimsagiuendlsszauaududuiussylunisus

W
HANANNY A9l
A A w vy
- ATazAINAN TZAVANMUYNUTY 5%

1ARAYBINIINANBIIATMIT eI LAl IdAIgUN 5.84 nag 319 5.85 vngil

9 ¥
mresaglldin  myuzildussyiinadensdadvesdyanasuniumimanlifh  Taoee
v =) oo A oo 1 3
wunmsuzanndmelidseaninmgegalunsfaddyane  doumsuzidad s

= a A a = a
'ﬂ"lllll‘lJ‘IJW'IJTIN‘]J5$ﬁﬂﬁﬂﬁﬂ1i¥ﬁﬂ1ﬂﬁlﬂﬂ\1ﬂu

Shielding effectiveness of 5% salt_all case

40

5% N2 mmﬂn

L
-
g -

s —+—Double box

#—2.5 cm box
5 cm box

»—7.5 cm box

20

Level (dB)

.., X

*
~ v '.. " H— > / \H/\/ —
3 L\ s dElenis 3 wty |

fiie ,'f
9@ ﬂ? GP- & é’ & @ &
R IR XTI T N T Py

PP P

Frequency (MHz)

U 5.84 quandidnisTadvesmsazaainie 5% Tumsuzuuud q #ldnnmsnarey



191

Shielding effectiveness of 5% salt_all case

50
5% salt_dou box(Direch)
454 5% salt_2 § cm box (Direch)
5% salt 5 cm box(Direct)
407 = ~ 5% s5an 7.5 om baxDirec
Bk AP TR [
35+ L
ot
. ’ Il
i : S
10 \ ) N TR (i
251 (\/
&
=2 \ |
3 )
= I
w Y
15
'l
-
w0, P, =
) e L L]
ol 1 W = L) N
5 it . : * -
Vol ~ ne
; v
0 s o =) ar
MTUZHULIIRYTS 3 Wi
5
w T T T T T T T T T
o 100 200 300 400 500 8O0 700 B8on 800 1.0E3
LOJEMC fraquenty (MHz)

511 5.85 uandidnisFadvesmsazaronie 5% lumyuzuuudi 9 71 ldnnmsiiaes

A A Yy y
- NFACAEUNADNIZAVANINUNUYY 10%

MARAYRINIINARBWAzMISIaesa s anaed 18As31R 5.86 ay gUH 5.87 91ng1l

¥ "
waesaglldd  nausdlfussylinadenisFadvesdyanusumumiminwih  Tasee
' A a A A Jdo 1 o
wuhmyugdanndmieelidszaninmgegalunsfaddyann  daunmsuzdadmouii

A ' o a a a = a o
AMIVUAAIIWHUIAN o AuziidszanTnmmsFaalndifsaiu

Shielding effectiveness of 10% salt_all case

50 -

40 |
nauzitle ?

30 e
/\/ \ —&— Double box
20 ot ! —#—2.5cm box

5cm box
—»—7.5 cm box

Level (dB)

4 .\‘:“‘-‘ ,,/'/ i 5 \ \" b
o S 1=m~LLuouﬂv’<1 3unfl

0 e —
3 a® P P & & & & & & &
N

Frequency (MHz)

3Uii 5.86 auauiidnsFaduesasazaunde 10% Tumauziuudn 9 #ldnnmnaaey



192

Shielcing effectiveness of 10% sait_all case

50
10% salt_dou box (Direch
45 s - 10% salt_2.5 cm box(Direcf)
ﬂ’]"ﬂ‘u,:,&i._luﬂ A 10% salt_5 em boz (Direch)
40 o - 10% salt_7.5 cm box(Direct
> e
35 fee
30
25+ i
g i
o4 N
[ o
w | i |
54y 1!
"o
AN —
1T B ——— - -
i A S i ’0 2
\ L . P
5| | [ - o
] \, d —
] \ ™ / ‘q.;'
0 ¥y . F W
| PNTmUELULILaYS 3 wuy
10

T T T T T T T T T
0 100 200 300 400 500 600 700 800 1] 1.0E3
EMC Trequency (MHz)

5111 5.87 quandidnisFaduesmsazaromnie 10% Tunyuzuuuais  11d0nmsiaes

- MIAZAUNABNIZAUAITUTY 15%

MNHAVRINTINARBArMIS e sandas IAaaz1N 5.88 1Az 317 5.89 vngll

¥ v
neaeeagl1dn  myuzildussyiinademsFasvesdyanasumumimanii  Taoe:

¥
wunmsuztanndeziitlszaninmgegalunisdandynnn  daunvuzladiiuuia

aunuuiilseaninanms¥as 1ndifeeiu

Level (dB)

50 4

40

30

Shielding effectiveness of 15% salt_all case

NI .wuu?im

: A :

* O
as
—+—Double box
f\ | |—#—2.5cm box

Y | 5 cm box
| | 7.5cm box
L) va— A 5
o e S ~ A ‘
n — A B " N |
w

. N *"‘*—x\
a0 Y v

)z gijL 1|L1Inmﬂunl iy il

i ,\ I @ 1
@@Q »s?"&‘,, &‘@4‘&@:\*‘*’:&\ f@ ‘P°° &

+

Frequency (MHz)

311 5.88 puanianisFadvesansazmnie 15% Jumsuznuud 4 4 ldnmsnaaey



E Fiald (dB)

193

Shielding effectiveness of 15% salt_all case

50
FR L I AISNGIG 15% salt_dou b (Dirach)
45 o -, 15% salt_2.5 cm box:(Direct)
= \ : 15% salt_5 cm box(Direch)
40 ) PN W, ——15% s8H_7 5 cm box (Direc)
35+
20
251
w4 A/
A
1510
W )
0] ST s ™ T
\ A e 0‘ ’0 Vi
AW A WA o [
5-‘ I‘I .‘ ; ¥ i A \ "77' ‘\.\ -
| 1J. B 0¢-‘0 Vet
0+ v LT S 1
AT AT 3 W
5
o T T T T

U T T T T
o 100 200 300 400 500 BOO 700 800 800 1.0E3

HOJEMC frequency (WH2)
311 5.80 quaniinisFaduesarsazmunie 15% Tumeuzuuuais 9 #1dnnssiaes

- MIazAENABNIZAUANTNTY 20%

MARveIMINAaRIarMI et anaas 1A 5.90 naz g1l 5.91 9zl

3 v
maesaglldd  mwuzdlfusselinadenisFasvesdyausumuniminlwih - Tase:

WUIINI

- aoa a Jdo v 3
yuzlanndmezllszaninmgegalumsdaadynn  daunsuzadmiuuns

=1 s oA = ot =1 [
munuuzlssansnanst¥aan IndiResdu

Shielding effectiveness of 20% salt_all case

50 - |
40 = i
mmu:y,yuﬂm
» AT |
an ‘
g f\/\/ \ ' [~ Double box
§ 2 #-2.5 cm box
; | 5 ¢m box
i \ —»—7.5 em box
N\g. SR A \ /\
10 — /,*‘ \ \ )” < l
\ / .‘?o = .}\ e \\ ,,\V“;k\' S = s |
0 "/ e 4m‘nuwumummm 3w ;1/ ! |
& %;f}@@@ﬁ«@f?@«é«@@?@@a ‘SP:FP»@Q@Q‘
s I P S o R S P fﬁe et
-10 e i

Frequency (MHz)

U7 5.90 uanddnsFaduesmsazaroinde 20% Tunmwuziuudie 7 ldnnnsnaaey



194

Shielding effectiveness of 20% sall_all case
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Shielding effectiveness of 25% salt_all case
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Shielding effectiveness of 30% salt_all case
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Shielding effectiveness of 35% sall_all case
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Comparison of salt & KMnO4 in 5 cm box
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Comparison of salt & KMnO4 in 7.5 cm box
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@ MOTOROLA

SN54/74LS00
QUAD 2-INPUT NAND GATE

e ESD > 3500 Volts

QUAD 2-INPUT NAND GATE
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

L 2] o] Lol Ls] Le] [2] “
GND k
N SUFFIX
PLASTIC
", CASE 646-06

D SUFFIX
il SoIC

: CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 4.5 5.0 5.5 \"
74 4.75 5.0 5.25

Ta Operating Ambient Temperature Range 54 =55 25 125 °C
74 0 25 70

loH Qutput Current — High 54,74 -0.4 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
5-2



SN54/741.S00

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
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Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vi Input HIGH Voltage 2.0 v f;f;;;ﬂ::ea Input HIGH Vollage for
54 0.7
ViL Input LOW Voltage = . v :Tf;gﬂ::e" npos Lo VS0 Tor
VIK Input Clamp Diode Voltage -0.65 -1.5 \ Vee =MIN, iy =-18 mA
54 25 3.5 \ = = =
VOH Output HIGH Voltage = = = > :rc\ﬁL pt':'i'r:,%“.rabﬁ“' VIN =ViH
54,74 0.25 0.4 v loL=4.0mA | Vcc=Vcec MIN,
VoL Output LOW Voltage VIN=VILorVIH
74 0.35 0.5 \ loL=8.0mA per Truth Table
IH Input HIGH Current 02.(: :: :zz . ::;( :::: - :; :
L Input LOW Current -0.4 mA Voo = MAX, V=04V
los Short Circuit Current (Note 1) -20 -100 mA Ve = MAX
Power Supply Current
Icc Total, Output HIGH 16 mA Vee = MAX
Total, Output LOW 4.4
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Tum-Off Delay, Input to Output 9.0 15 ns Ve =50V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA

5-3
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Comparison of EMI shielding with transparency liquid

Thossaphorn Udomsinsirikul* and Weerachet Khan-ngern*

*Electrical Engineering Department, Faculty of Engineering,

And EMC Laboratory, Research Center for Communication and Information Technology
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Abstract

This paper is presented the properties of
clectromagnetic interference (EMI) shiclding with
transparency liquid in many cases of quantity of salt from
0% to 20% concentrate solution. The comparison is done
under semi-anechoic chamber at 3 meter distance with
Bilog antenna from 30 MHz to 1,000 MHz frequency
range. It is found that in higher salt concentrate solution
had high EMI shielding property.

1. Introduction

Nowadays, the mobile tclephone had been use
widespread in many country. In each time of mobile
telephone usage, there arc transmitting and receiving
signal for communication. The mobile telephone will
generate signal and effect directly to user.

From the above hypothesis, there is an examination of
plastic model of human’s skull by placing solution liquid
mto the model. The solution liquid that placed inside is
representative for human’s tissue. The examination is
introduced into SAR (Specific Absorption Rate) [1].

From the principal of solution represent human’s tissue
inside human’s skull that apply into EMI shielding
property study. The examination study EMI shielding
properties in  differences concentration by salt
combination.

2. Theory

Shielding effectiveness (S) [2] can be determined by
analyzing the problem in cither of two ways. One method
is to use circuit theory, and the second is to use field
theory. In the circuit theory approach the noise fields
induce currents in the shields, and these currents in tum
generate additional ficlds that tend to cancel the original
fields in certain regions. An example of this is shown in
Fig.1.

Fig 1: Conducting material can provide magnetic
shielding.

Shielding can be specified in terms of the reduction in
magnetic and/or clectric field strength caused by the

2A-2

shield. It is convenient to express this shielding
effectiveness in units of decibels(dB). Use of dB then
permits the shiclding produced by various effect to be
added to obtain the total shiclding. Shielding
cffectiveness (S) is defined for electric fields as

E,
S=20log—> -
e % 0]
and for magnetic fields as
H
S=20log—=~ = . 2
8 % 2)

1

In the preceding equation, Eo(H,) is the incident
ficld strength, and E;(H,) is the field strength of the
transmitted wave as it emerges from the shield.

Two types of loss are encountered by an
electromagnetic wave striking a metallic surface. The
wave is partially reflected from the surface, and the
transmitted (nonreflected) portion is attenuated as it
passes through the medium. This latter effect, called
absorption or penetration loss, is the same in cither
the near or the far ficld and for electric and magnetic
ficlds. Reflection loss, however, is dependent on the
type of field, and the wave impedance.

The total shielding cffectiveness (S) of a material
is equal to the sum of the absorption loss (4) plus the
reflection loss (R) plus a correction factor (B) to
account for multiple reflection in thin shiclds. Total
shielding effectiveness therefore can be written as

S=A+R+B dB )

All the term in Eq. (3) must be expressed in dB.
The multiple reflection factor B can be neglected if
the absorption loss 4 is greater than 9 dB. From a
practical point of view, B can also be neglected for
electric fields and plan waves.

both faces of shield.



3. Test configuration.

3.1. Equipment

- EMI noise source: a digital frequency oscillator
at 16 MHz

-  Plastic case 20*20*20 centimeters size and
23*23*23 centimeters size

- Bilog antenna

- EMI receiver

- Semi-anechoic chamber

3.2. Test setup
Bilog — Wooden table
antenna SoLe
N
¥,

AAMAMAMAMAMAMAMAR

Fig 3 : Mcasurement setup diagram

#
!
i
i
i

EMI  shielding property test of differences
concentration of salt solution were tested m semi-
anechoic chamber by using 1 meter high Bilog antenna
and captured signal from the distance of 80 centimeters
height wooden table and 3 meter length from signal create
source. The measurement setup diagram is shown in Fig
3. The test was recorded from 30 MHz to 1,000 MHz
frequency range under following conditions:

Case A Captured signal directly from the source by
setting the source on the middle of wooden table. The
measurement setup is shown in Fig 4.

Case B Put the source into 20*20*20 centimeters
plastic case which was 0.5 centimeter thick and capture
signal.

Case C Put the source into 20*20*20 centimeters
plastic case which was 0.5 centimeter thick [3]. Then put
the case into 23*23*23 centimeters plastic case which left
1 centimeter space between the first and second case.
Finally captured signal and recorded. The measurement
sctup is shown in Fig 5.

Case D Filled Reverse Osmosis water which was 0.054
pS./cm.[4] conductive into the space between the first and
second case. Then captured signal and recorded.

Case E Combined Reverse Osmosis with salt by
stability the concentration at 2.5 %

Case F Combined Reverse Osmosis with salt by
stability the concentration at 5 %

Case G Combined Reverse Osmosis with salt by
stability the concentration at 10 %

Case H Combined Reverse Osmosis with salt by
stability the concentration at 15 %

Case I Combined Reverse Osmosis with salt by
stability the concentration at 20 %

223
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Fig 4: Measurement setup of case A, directly
measurement from noise source.

ke ~

Fig 5: Measurement sctup when pat the noise source
m double plastic boxes.

4. Results and discussion

To study the effect of salt combination in Reverse
Osmosis water. The test result was shown under
following figure.

|
i
f .

.-E \ ) t LAl :

wf SARES 4
t ‘ :

R

|
R B |

Fig 6: Test result of cas.clA, dﬁ'cctl}/ mcasmﬁmcnt
from noise source.

}““R_L, S

Fig 7: Test result of case B, noise source in plastic
box.



box.

Fig 9: Test result of case D, noise source in double plastic
box with Reverse Osmosis water.

Fig 10: Test result of case E, noise source in double
plastic box with 2.5 % salt concentrate Reverse
Osmosis water.

Fig 11: Test result of case F, noise source in double
plastic box with 5 % salt concentrate Reverse Osmosis
water.

Fig 12: Test result of casé G, noise source in double
plastic box with 10 % salt concentrate Reverse Osmosis
water.

2A-2
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Fig 13: Test result of case H, noise source in double
plastic box with 15 % salt concentrate Reverse
Osmosis water.

Fig 14: Test result of casci, noise source in double
plastic box with 20 % salt concentrate Reverse
Osmosis water.

Fig 15: Summary of test result of cach cases.

5. Conclusions
The result from the measurement, we can split
to 3 groups for consideration.
- Group 1; frequency range between 30 to 100
MHz,
- Group 1i; frequency range between 100 to
500 MHz, and
- Group iii: frequency range between 500 to
1,000 MHz.

Group i.

In this group, we fix frequency range from 30 to
100 MHz. We found that the field strength of case A,
B and C are the same. But it will increase a little bit
from reflection cffect of reverse osmosis (RO) water
i case D. After add salt in RO water, the signal
result would decrease in  consequence of salt
concentration.



- Frequency point at 96.825 MHz

Caseno. | Result (dBuV) *S (dB)
A 242 -
B 252 -1
c 259 -1.7
D 28.1 -39
E 22.5 1.5
F 18.8 54
G 16.9 6.4
H 0 -
1 0 -

*Compare shielding effectiveness with result of case A.

Group ii.

In second group, we assume frequency range
between 100 to 500 MHz. The measurement result was
same as group i, but we found that the reflection effect
form reverse osmosis (RO) was strong in this group.
Especially, at 225.425 MHz frequency point. After add
salt in RO water, the signal result would decrease in
consequence of salt concentration same as group 1.

- F ency point at 225.425 MHz

Case no. Result (dBuV) *S (dB)

A 474 -

B 489 -1.5
[ & 49.3 -1.9
D 659 -18.5
E 36.5 10.9
F 324 15.0
G 272 20.2
H 25.1 223
1 23.6 23.8

*Compare shiclding effectiveness with result of case A.

Group iii.

In the last group, we assume frequency range
between 500 to 1,000 MHz. The measurement result was
same as group i and group ii, but we found that the
reflection effect from reverse osmosis (RO) was not affect
the signal in each frequency in this group. After add salt
in RO water, the signal result would decrease in
consequence of sall concentration same as group i and

group ii.

- Frequency point at 737.500 MHz

Case no. Result (dBuV) *S (dB)
A 44.0 -
B 40.1 39
c 413 2.7
D 39.1 49
E 29.0 15.0
F 31.0 13.0
G . -
H - -
I - s

*Compare shiclding effectiveness with result of case A.

2A-2
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From the measurement result, we found that the
field strength from noise source will increase when
we fill Reverse Osmosis (RO) water (in case D).
Because of effect from reflection of RO water. But
no affect in high frequency, especially group iii.

After salted combination, the captured signal
result would decrease in consequence of salt
concentration. As sec from the comparison with the
result on picture. As more salt concentrated as much
the signal rate would be determined on the difference
pitch of frequencies.

As the result, as more salt concentrated as much,
the captured signal result would decrease. Thus, the
salt concentratc solution has property of shielding
effectiveness in EMI.
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Abstract

This paper presents the  comparison of the radiated
electromagnetic interference (EMI) shielding with salt concentrate in
transparency liquid. The study focused on the shielding effectiveness
of the salt transparency based on the varation of soluted
concentration at 5%, 10%, 15% and 20% where three thickness of
the shielded material of glass cabinet at 2.5 cm., 5 cm. and 7.5 cm.
are studied. The comparison is done under semi-anechoic chamber at
3 meter distance with Bilog antenna from 30 MHz to 500 MHz
frequency range. It is found that in higher salt concentrate solution
and higher thickness of salt solution result a better high frequency
EMI shielding.
Keywords: Radiated EMI, Shielding effectiveness.
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