I-PEX

/enShield®
White Paper

2o|0|Ef 3 ZE| 7|7} H|E o ZE|F|0]'48

EMC /M




I-PEX
e
FCC Of 2|8 8 l= &AL O|O| M HM|oHol| &=AHSH= A2, 3| CIX[E Al A" AAXHA A0 EHE o242
DEM| 7t £[ 0 UELICH £ SH QI FCC AlAH 2| B AE0| Ml &AL O|O|E AlROf 2457 A M E st
T8 BEES MEY ZaTt o, AlAH A AX|Loj= 22 Mo 2X W5l L.
= WMz, MH[EO0|HN 1ds2 4= & HUYUH MEF Al2|= 20219 At

AL E9S HoHo| RA0,
L QI OHE|LE M52 2 O|8&|= HAN X[l 342 0|83t= &, UF HE 22 HE 452 T
AlZ|17| @let Chyst WS oISt A& L C
=S

B 2 ettt e et e e e e e e e e e eeeeeet e e e eeeeeeatt— i aaaaaaaes 2
ZeNSHIEld® TH I B] ... i e e e e et e e e e e e e e 4
FHUEO EMC A6 B i 6
LN 0] L PP 6
S [ N 7
HFSS 3D TXEA AIZ0IM ZIh e 7
FHHIIEI 1 9] b 8
FHAIZIE] 2 O] I i a e aan 11
e L B T eSS 14
FHAIZE 1, 2, 3 I E Q] Bl ittt 17
2 B 17
T B A ] A e 17
o SAEA(EE HALYHZEEHO| 2hAHQE FCC OATS L& 3m HolM SHE HAeto] 3y 18
= U 23

ZenShield®: Z2|0|Hm} 3! HE| 7|7HH|E 0fZ 2|7 0| M & EMC £&H 1



I-PEX
b -3

1976 4, 0|7 At S 2 AZ|(FCC)7H" Q| =5t X| Qb= HALE Eatsh @A 0|0 M"0f CHsi A CFR47
Part 15, Subpart B & 11’83t O|2ff, FX7|7| &A= L|C}t. CFR47 Part 15,

B LS 2ol g
Subpart B 0JAlE, 10kHz & H& $7] NS Best BE CIXE A2 240 Chol FHE WA

ojoj¥ HMets SFSH=E 2ot UASLICH

YA O[O 2 Chg & 270 tisl 42 Aeto] 8= ASLTH(AF 1)

1. Class A 2F& 7|7|0 A &AL o|o32| HEHo] o= F= HAe A
2. Class B &~H|AHE CHE 22 A[E &= CIHO[AZ AT Moo H2 A

Title 47 — Chapter | — Subchapter A — Part 15 — Subpart 8 — 815.109

Browse Previous | Browse Next

Title 47; Telecommunication

PART 15—RADIO FREQUENCY DEVICES
Subpart B—Unintentional Radiators
§15.109 Radiated emission limits.

(a) Except for Class A digital devices, the field strength of radiated emissions from unintentional
radiators at a distance of 3 meters shall not exceed the following values:

Frequency of emission (MHz) Field strength (microvolts/meter)

30-88 100
88-216 150
216-960 200
Above 950 500

(b) The field strength of radiated emissions from a Class A digital device, as determined at a distance of
10 meters, shall not exceed the following:

Frequency of emission (MHz) Field strength (microvolts/meter)

30-88 S0
88-216 150
216-960 210
Above 960 300
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Azimuth Angle (@)
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Receive Antenna Elevation Angle (6)

Wooden
Turntable

Shielded Anechoic Test Chamber
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Axis Convention: Arrow-Style
Observer
va\
Y Z

ANNN\N —

777 i )

Fletching Tip l‘.\ : X <

“X" inside Circle is looking toward the * Y-Arrow (Tip-showing) points OUT of
. fletching on the arrow, or the arrow page TOWARDS the reader
M pointing AWAY from the Observer.

Observer
V4N !

. “Dot” inside circle denotes the tip of -
v the arrow pointing TOWARDS the

Observer. ‘W

X . !
Y
% Y-Arrow (fletching-showing) points INTO
the page AWAY from the reader
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MHF® 7S OF0|32 RF &% 74 H, 22, 2E8 2t9l, Locking 4 H, HFSS &4

MHF® 7S vs. MHF® 4L

Driven signal location
XYZ EMI plan locations

13 8 - OO|22 RF S5 7{4E MHF® 7S, ZE OjAIQIBE
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Shield

YX EMI plane

E Field

10.0000
93333
8.6667
8.0000

73333
6.6667
6.0000
53333
46667
4.0000
| 33333
28667
20000
13333
0.6667

0.0000

No Shield

1219 - 00|22 RF 5% {4 E MHF® 7S, YX EMI BT ghA} TfE

Shield

XZ EMI plane

Y

E Field
[Vim]

9.3333
8.6667
8.0000
7.3333
66667
5.0000
53333
46887
| 4.0000
N 3.3333
2.6667
2.0000
1.3333
0.6667
0.0000

10.0000

No Shield

1210 - OFO|3 2 RF 5= HUYUE MHF® 7S, XZ EMI B M 2hA} T A
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Shield

YZ EMI plane

E Field
[Vim]

10.0000
93333
B8.6667
8.0000

73333
6.6667
| 6.0000

53333
46667
4.0000
33333

26667
2.0000
1.3333

0.6667
0.0000

No Shield

12111 - OFO|3 2 RF 5= Y E MHF® 7S, YZ EMI B 2hAL Oj &

Frequency
(GHz)

1
3
6

7.5

10

Maximum E-Field Radiated
Emissions, SE (dB)

MHF® 7S
(Shielded)
(dBuV/m)

-90.9
-70.7
-51.7
-53.3
-46.4

MHF® 4L
(Unshielded)
(dBuV/m)

-61.2
-40.3
-19.2
-22
-17.6

ZenShield®: Y2|0|EIt & HE| 7|7HH| E OfZ2|#0| 848 EMC £&M

Shielding
Effectiveness
(dB)

E1- 00|32 RF §5 745 4C RX0| RR0) BE M7 F=et AE 21t
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NOVASTACK® 35-HDN 7|+ Cff 7|2 H4YE, 0.35 mm I|X|, 5G L2|0|E Tt 74 H,
HFSS 241

NOVASTACK® 35-HDN
(Shielded)

Driven signal location
XYZ EMI plane locations

1212 — NOVASTACK® 35-HDN T+5 A3 A|SE0|M Al

ZenShield®: Ya|0|EIt 9 HE| 7|7HH| E fZ2|7 0|88 EMC £F M 11
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Shield

YX EMI plane

E Field
[Vvim]

10.0000
83333
8.6667
8.0000

73333
6.6667
6.0000
53333
l 46667
| 4.0000

| 33333

2.6667
2.0000
1.3333
0.6667

0.0000

No Shield

1214 - 5G 8 0.35 mm x|, 7|T Cf 7|= 749 E NOVASTACK® 35-HDN, YX EMI

Shield

XZ EMI plane

E Field
[Vim]

10.0000
9.3333
B.6667

| 5.0000

73333

5.6687
5.0000

53333
. o
| 4.0000

No Shield

Ab T E

12115 - 5G 8 0.35 mm I|X|, 7| & Cf 7|2 4 E NOVASTACK® 35-HDN, XZ EMI & ™ HhAp Of &

ZenShield®: Y2|0|EIt & HE| 7|7HH| E OfZ2|#0| 848 EMC £&M
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YZ EMI plane Z
E Field
L Y
Shield > No Shield X

L

1216 - 5G & 0.35 mm T|X|, 7|& Cf 7|8 9 E NOVASTACK® 35-HDN, YZ EMI E O HhA} Tf &

Maximum E-Field Radiated Emissions, SE (dB)

NOVASTACK® NOVASTACK®

Frequency  35-HDN 35-HDN Eff:::;:iss
(GHz)  (Unshielded)  (Shielded) am

(dBuV/m) (dBuV/m)

1 -48.8 -64.9
3 -39 -334
5 -27.2 -43.4
6 -19.8 -36.7
7.5 -19.5 -344
10 -134 -30.8

E2- 7|0 718 AYE LS Tx0| R20| 2 WA Z=et 4C BT

ZenShield®: Z2|0|E{T X HE| 7|7HH| E OfE2|# 0| M8 EMC &M 13
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EVAFLEX® 5-HD FPC / FFC 4 E{, 12 M<, £0] 2.0 mm, 0.5 mm I|X|, HFSS

=
2

Y

EVAFLEX® 5-HD

Driven signal location
XYZ EMI plane locations

& 17 - FPC / FFC #4/E{ EVAFLEX® 5-HD, T+& 45 A|&20|M M ¢
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z
YX EMI plane Y
Shield | No shield X

10,0000
83333
8.6667
8.0000
73333
66567
6.0000
53333
45857
4.0000
33333
26667
2,0000
13333
08567
0.0000

A

12119 - FPC / FFC {4 E{ EVAFLEX® 5-HD, YX EMI B & HhA} I &

XZ EMI Plane

Shield vm | No Shield Y
10.0000
93333
8.8667
8.0000
7.3333
6.6667
6.0000
53333
4 6667
40000
33333
28667
2.0000
1.3333
0.8667
0.0000

12120 - FPC / FFC 7{4E{ EVAFLEX® 5-HD, XZ EMI ®™ A} I &

ZenShield®: Z2|0|E{T X HE| 7|7HH| E OfE2|# 0| M8 EMC &M 15
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YZ EMI plane

E Field
Shield [vim] No Shield X
100000
93333
86667
50000
73333
66667
6.0000
53333
456667
40000
33333
26667
2.0000
13333
0.6667
0.0000

12 21 - FPC / FFC 7{4|Ef EVAFLEX® 5-HD, YZ EMI EH HA} TjH

Maximum E-Field Radiated Emissions, SE (dB)

EVAFLEX® 5-HD EVAFLEX® 5.HD  Shielding

"";:';:“,';“" (Unshielded)  (Shielded)  Effectiveness
(dBuV/m) (dBuV/m) (dB)
1 -58 -98.6
3 278 _49.4
5 0.9 406
6 -17.1 -26.5
7.5 -7.3 -27.9
10 -4.7 -19.9

E3- FFC/FPCH4YH UC Tx0| 20| 012 M| =9 4E B3

ZenShield®: Z2|0|E{T X HE| 7|7HH| E OfE2|# 0| M8 EMC &M 16
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el 1,2, 3AYE HW

Net Improvement in Radiated Shielding Effectiveness (dB)*
(* positive number denotes shielding improvement)
Frequency (GHz)

Frequency MHF® 75 Micro RF NOVASTACK® 35-HDN EVAFLEX® 5-HD
[GHz) Coaxial Ultra-Fine Pitch FFC/FPC
1 20.7 16.1 40.6
3 30.4 14.4 21.6
3 nfa 16.2 39.7
3] 32.5 16.9 9.4
7.5 31.3 14.9 20,0
10 28.8 17.4 15.2

¥ 4 - OO|AZ RF &%, 7|& Off 7|=t,

N2%

FFC / FPC 7{4/E{0] HIT : AC X0 90| 12 M| et 4E &1

E|O A A =4
(M 182l 210 tigt +8 #3292 U738

3702l AHE = 242to] AE

A FHM0| o8 1~10GHZz O A Q] M E

M
=— =
M 1Eel

HASIELICE A 2 OIS A 1 Fel 20k A S 52 62 SEeD, 1S
T4 2E0| FCC AHO EA3H7| 2t Alth Y2 M2 FPLICH
Chastel ME DY
T4 2B0| HEl AT 518 MOl AE50| tiohML, 0L ErastE RS ML O
240l BYOAE AHYEO| YT DE H0| A0 O|EILHD BLICH AHEE O] Y3
F2fo] 5| ARBHO| AL 7|0j5Hn WOl (YRR M 2O M2t B Clujo|~ Hot2
23k,
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AE SfUlElZRE] A NHHE D7 Bt USLC, AX N
PHUEREEO| WA, S4THOl 53 A0l WOt C mOo|X o] 2{HEY YEE HopH

7t580| [gLILt. O B2 AHEY 0 deto|x e 2alls tHH5(RBW) £ H|L|2
CHYZ(VBW)S RFE7LE Tt A HEOZM (A0 A[ZH0] Z7He L= AUX|TH Lo|=
ER0|E S0 30 DUT oM HAL HAE H=E =+ U7 Ut B, o2t HE2 53
AlZkel FA[ZtetZ OO Z LT,
Of 58 YA TAE 0[8510], HHES 58 L= TEHO| tigt XS Ao|2o| HA F=2=
Aitet 2= JASLICE "O7[0M =, Xt E IE2X, W22 S o2 EMI CHA S of 2|3
s Ft HE 2OHE 180 P | L =, Hatt Hastel e REO| Folk: Hx
FHLa.
O/ HEOIM=, Z|CH A} A= ANSYS HFSS 3D TAHA AlE2{|0|M& AH83H0], U4 H
DUT € O|X|2| QtH|LIZ FHSH22 M LEEASH
A1 2 AHUYUEHO| X|Cf B AN (Leakageqy), DUT Of CHer 12 M= (Pin) ¥
AR SYHYUANH(EIRP)S| #AE LIEt D JAELCE,
Equation 1:
EIRP = P,, + Leakageg,;
Where
P, = Input Power (Input power to the DUT, set during
simulation)
and

Leakage,,; = Connector (DUT) Max E_Field Radiation
(from HFSS E-Field simulation)

A 1S AH83H0 Pin 1t Leakageq,. & =25 Of2f et &L Lt

-4
_u.

EIRP=EAt X|ehdof M2} £ Loz HSEYUS W DUT AL =8 HE

ZenShield®: Z2|0|Hm} 3! HE| 7|7HH|E 0fZ 2|7 0| M & EMC £&H 18
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Ol EIRP & 4 22| POf CHRUSIH, r=3m & &2 ™A =7 #SH - LICE.

Equation 2: ;
(a) E_Field (,, _ 3,..) = §v30p
_ 1
(b) E Field G Bl §V 30EIRP

O 7| 77tX|, A E{ Q| X[CH YAl M AH|(Leakageq)E AlE|0|M8t1, O] Leakageq, 1t Pin S A
12 O|EECZM DUT Of| A HALE[= X|CH £3 MH(EIRP)2Z LIELE &= UEL|CE

o Oo—

20 M= r=3m 2 2| Ztf A E ol = ASL L

deibh, R 20 A2 A2, AYES| 2O AL TA 7 FCC Mets SFot=R o £t
OtE7ta.

0| m+E3t7| ¢
=0Z 7Isd80|

Yol YA HA Z & APt Lo
0 o
Equation 3:

EIRP = 10 *log [(3&;—’;“)2] = P;, — Leakage ¢
Where
Ejimit is the FCC limit for E-Field strength (500 pV/m, for frequency >= 960 MHz)
P is the input power to the DUT
Leakage,: is the maximum device leakage of the DUT

Taking the FCC (E,;) maximum limit value of 500 pV/m produces Equation 4, solving
for (P;,)me

Equation 4:

P"** < —41.2 — Leakagey,; (in dBm)

OJ2i2] ZenShield® Y E 2| X[ HAL HAE AlZ22|0|EDSLL, 4] 4 5 O|8H22EM, 0|
DUT 7t FCC 3m HH HAEO tAY Z22| 2 518 YUY TS LIEHE 5 ASLEL dBm

o
A mw EHRlo 2O 5 & Y™ HE 2 Hof| ol M=, 242 22i= 1 8 2 & E=sl FA K.
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I-PEX
dzj= 1

Maximum Permissible Input Power Level, dBm
(to meet FCC Class B Limits)

80

MHF® 75

— = = MHF® 4L

NOVASTACK® 35-HDN (Shielded)

— — — NOVASTACK® 35-HDN (Unshielded)
EVAFLEX® 5-HD (Shielded)
— = = EVAFLEX® 5-HD (Unshielded)

Maximum Input Power (dBm)

-60
1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
dgj= 2
Maximum Permissible Input Power Level, mW
(to meet FCC Class B Limits)
1,000,000.0000
100,000.0000
10,000.0000
E 1,000.0000
g 100.0000 MHF® 75
?-: - = = MHF® 4L
5 10.0000 )
2 NOVASTACK® 35-HDN (Shielded)
E 1.0000 ~ = = NOVASTACK® 35-HDN (Unshielded)
E
5 0.1000 EVAFLEX® 5-HD {Shielded)
= — — — EVAFLEX® 5-HD (Unshielded)
0.0100
0.0010
0.0001

Frequency (GHz)
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I-PEX
(818 7Hstt £|x)o| H 2U(LeE o= E 10GHZ O A
o XYE F4o YT MBI FCC HSHS WX e WA

£ MYsle B8 =L L 3712 AEE ZenShield® AHYEH A S| X|CH 5|2 MH
o
=H5

ZenShield™ Connector Frequency (GHz)

MHF® 7S 10
NOVASTACK® 35-HDN 10
(Shielded)
EVAFLEX® 5-HD 10
(Shielded)

B5-20) 618 W Y

20 DUT | (0 203 M2 B 50 7T $22 TYUS Z2, %4 AYHOMQ| UE gRo
H

=2— T —
LA JA Z = d2jZ 3, 4, 5 2 LIEFELICH

dgj= 3

Expected FCC Class B Radiated Emissions,
Input Power, P,, =5 dBm
90.00
80.00 s B R
70.00 -
60.00 -

50.00 e e

40.00 »
30.00 = = = MHF?® 4L (Unshielded)

MHF® 75 (Shielded)

E-Field, dB{uV/m)

20.00
1000 »°" | e FCC Limit (dB(uV/m) at R=3m)

0.00
1 3 6 o 10

Frequency, GHz
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I-PEX

2= 4
Expected FCC Class B Radiated Emissions,
Input Power, P;, = -10.5 dBm
80.00
70.00
. 60.00
£
3 000 — NOVASTACK® 35-HDN
L 140.00 (Shielded)
S 0 — — —NOVASTACK® 35-HDN
f_?‘j ’ (Unshielded)
w220 = ——— . FCC Limit (dB(uV/m) at
10.00 R=3m)
0.00
1 3 5 6 75 10
Frequency, GHz
dej= 5
Expected FCC Class B Radiated Emissions,
Input Power, P,, = -22 dBm
80.00
60.00
£ 000
3 —— EVAFLEX® 5-HD (Shielded)
B 20.00
] — — —EVAFLEX® 5-HD (Unshielded)
& 000
w1/ 1 1 | | | e FCC Limit (dB(uV/m) at
-20.00 R=3m)
-40.00

1 3 5 6 1.5 10
Frequency, GHz
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