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Fig. 1. The total shielding effectiveness(SE) is the
sum of the energy reflected(R), plus the energy ab-
sorption(A) or SE=R+A.
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Fig. 5. Log volume resistivity vs average shielding.

Table 1. EMI Shielding Effect

EMI- Value Judgement
SE(dB) leakage( %) Teihnigcal
0- 10 10%-10! Insignificant
10- 30 10'-10" Minimal
30- 60 10'-10* Average
60- 90 104-107 Above Average
90-120 107-10°1° Max. Surpassing

Pres. Technology

Table 2. Summary of Conductive Filler

A : Absorption expressed in dB

t . Material thickness in on thousoundths of an
inch(mils)

F : Frequency in MHz

o . Conductivity relative to copper

u . The relative magnetic permeability

712 A ael sl dubel AL
glov, di7l Fig. 59 22 @A77 HAgEn, 25
#3}+= Table 13} 2t}

Az} 2} A 5

AR A g e ATA T8, AEAFAE
otAGAL, HEA E2E So] glon g ARA
FARE E§sho] Algic}, 1516

A T B A Z S £ A
FtEHa Acetylene Black AEE, BAA o3
Oil Furnace Black TAEA
Thermal Black AAEA, A cost
Channel Black ARCA, A9 QAx37)7 Ao
FEEA =
7t 2 A 7 gholn} PAN 7 A3, cost7} ok
7}Ed 0] FA
Pitch#| PANA o)) ¥]3] M AT A, A cost
Graphite A <A Graphite 2oy 23
Q1F Graphite
a & 4 a&u &g Ag, Cu, &+ Adshd e A
w&43 g Zn0O, Sn0,, In,0; Cul Aol ohoF, AMEAY
=4 flake Al
&5 5 Al, Ni, Stainless
71 e}  Glass bead =4 %Y coating 7FEA HA e 24
Glass fiber
Coating
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Table 3. Resistivity and Filler Content

= A7t A4 =3

= A A W% Qcm

Metal Fiber 20-50 10°-10? Size, aspect ratiod]
uel Hrkgol =

B i

4) B33 AZL o) obd Aol

5) 7HHe] A dsfof 3},

3 YT HRA FAAe e Hg
% 85Z Table 2, Table 3, Table 49 YElY
T}, 18.19

A71NA EHS) AE4 R4 24E 2o
=)
=

Folo} e,

e 5o AN)RAE o) 7
A Fe A1 o) Age) A

==
K3
22
£ 4 9o,
AxA 27>

AR AHoz AgEHE FUAE e 2

t},
Carbon Fiber 15-35 10-10' PAN#A|9}  Pitch#] 7} o
tgan  HEAbga) Fﬂ%%a—"‘
Cost7} v}, SAEEY
Flake’} Filler 40-60 10*-10" ¢} 7o) wel AE %9 Q4 Lenns, e e,
Al 7ol 7} e, | Cee
Metal Coating 2o A3z Ay, kg
Mica Graphite - Tar
] A A 50-70 10*-10" H7}o] BL uwf A -Aksloldd, TiO,
Silver Coated LEAdo] vhebdr), g 235 L g nnspe
Glass Bead e, Bxe At RIS FAS, BarMS
Ni Powder 7t 324, [Tryl)d S(Az2go=
FHEE 6-45 10%10" W& WMo 240 s
7V&3hd}, HER)
SEA o] A3, -Flake'}}[U}ol 7}, Graphite,
Ferrite
Table 4. Usage of Conductive Polymeric Composite
2y 5 A 7] A g A & 35 49 matrix 234
A=Y s 0’~10" 2 cm BAM AR, 732 s s &5 E
A= A 5 104~107 AA7HR AYE PE.PS.ABS FHE B3
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2 5} 2} ) A PE.EVA 7t B
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Table 5. The Conductivity Characteristics of the Major Metals

Relative® Absorption Loss
Relative Permeability dB per mil(0.001")
Metal conductivity (100KHz) 100Hz 10KHz 1MHz
Silver 1.05 1 0.03 0.34 340
Copper-Annealed 1.00 1 0.03 0.33 333
Copper-Hand Drawn 0.97 1 0.03 0.32 325
Gold 0.7 1 0.03 0.28 2.78
Magnesium 0.38 1 0.02 0.20 2.04
Aluminum 0.61 1 0.03 0.26 2.78
Zinc 0.29 1 0.02 0.17 1.70
Brass 0.26 1 0.02 0.17 1.70
Cadmium 0.23 1 0.02 0.16 1.60
Nickel 0.2 1 0.01 0.15 149
Bronze 0.18 1 0.01 0.14 142
Iron 0.17 1,000 044 4.36 43.60
Tin 0.15 1 0.01 0.13 1.29
Steel(SAE 1045) 0.1 1,000 0.33 3.32 33.20
Beryllium 0.1 1 0.01 0.11 1.06
Lead 0.08 1 0.01 0.09 0.93
Hypernick 0.06 80,000 2.28 22.80 228.00
Monel 0.04 1 0.01 0.07 0.67
Mu-Metal 0.03 80,000 1.63 16.30 163.00
Permalloy 0.03 80,000 1.63 16.30 163.00
Stainless Steel 0.02 1,000 0.15 1.47 14.70
* relative to copper
Carbon Black Re

ALA 157t A7E Sahs A4S 49T oY
7kA)2) ol o] glov}t % g edE A& A2
Ay o8 AriAzol2olty, Kemp(1938), Par-
kinson(1940), Habgod(1941), Gohan(1943), Bu-
1gin(1945), Wack(1947) Boll oj3f 534 o] o]&
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s BAEA 7t g BEOAM nHRt ol T d T
= olgold, FEAFL 13 Ul 2 Ake

Bl Bido g AZ4" BPAES g% A

oltk, AW Al&ol 2% ANAFL FE M
B il A& Aol oy HEATL {
A AAAGe R o] Foh AFATL A
ZAA F9o AFIL FRHoR IFIUA YE
yo, AA Age AAHN At wA =S
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Fig. 6. Dispersion model of carbon black.
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log a=n—m log W, log b=p—q log W
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S:7HEEde] EHE (mY/g)
H:7H28de) #48833(%)
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Table 6. P, a Values of Carbon Black

Carbon Black Type Class P a

Micronex W6 EPC 06 355

Micronex Std. MPC 10 44

Micronex I HPC 0.8 8.1

Kosmimk Conductive CC 11 2.15
Philblack E SAF 14 1.00
Philblack O HAF 17 0.96
Kosmos. 60 HAF 12 1.74
Vulcon 3 HAF 1.7 0.96
Philblack A FEF 1.7 1.26
Kosmos 50 FEF 2.7 0.72
Ukarb 327 GPF 19 1.38
Ukarb 340 FF 1.9 1.05
Kosmos 40 HMF 24 0.89
Kosmos 20 SRF 18 1.51
Shawinigan Acetylene 18 0.68
P 33 FT 08 155

Seval MT 24 155
Thermasx MT 5.0 091
Superior Lamp 31 0.79
Magecol Lamp 3.1 0.53
Finevegetable Lamp 3.1 0.79
Ship Lamp 25 0.76
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Fig. 8. Filler and matrix of conductive polymeric material.

Table 8. Spray System

Table 9. EMI Shielding Effect According to Filler

3mm Nylon 6/6

Frequency Aluminum Carbon black
Flake Filled Filled
30MHz 95 63
60MHz 67 62
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250MHz 49 41
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1.0GHz 40 37
2.0GHz 42 39
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Fig. 9. EMI shielding levels for BMC.

Table 10. RFI/EMI Shielded SMC Transmitter Housing

=&
=

}\6] L—_.Q. Qﬂ

Fu) g wat
7} &(composite material), JE8]-&ZA
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of, FH =) BX5 AF}S
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nyl 3&A o 712 E28& T3e A4, polysty-
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Fig. 10. 1/8 inch SMC molded with 6 and 12% metal
coated glassfiber.

Deposition Basecoat Metal Metal Film  Surface Co- SE(dB) SE(dB)
Process Deposited Thickness nductivity 150MHz 450MH:z
Acrylic Silver Coating Silver 1.0 mils 0.5 obm 56 41
Acrylic Silver Coating Silver 3.0 mils 0.2 obm 59 45
Polyurethane Silver 1.0 mils 0.3 obm 57 40
Silver coating

Polyurethane Silver 3.0 mils 0.2 obm 61 43
Silver coating

Flame Spray Polyurethane aluminum 1.0 mils 4.0 obm 61 55
Spray plating acrylic Silver 0.15mils 0.3 obm 59 48
Spary plating Polyurethane Silver 0.15mils 0.3 obm 60 47
Vacuum metallizing epoxy aluminum 0.02mils 7.0 obm 51 35
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Table 11. Comparision of the EMI Shielding Method
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