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In this report, The standard and technique for Shielding
effectiveness in the range of 1GHz ~ 18GHz are stated. In addition to
while considering the principal and technique of shielding
effectiveness measurement, some products for 1GHz ~ 18GHz is
presented. After simulating, prototype circular coaxial transmission line
holder and TEM cell for 1GHz ~ 6GHz is fabricated and measured the
shielding effectiveness.
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£ 2-1 gy dadeFoe) 54
Properties Graphite Nanofiber | Carbon Nanotube
Density 1.8 ~ 2.2 g/m3 > 1.0 g/m3
Electronic Property Semimetal MetaI/Serrpconducto
Interlayer Spacing 3.40 A 3.38 ~ 3.41 A
Electrical Resistivity 10-3 ~ 0.23 Q/cm |10-4 ~ 10-5 Q/cm
Properties Max. Current Density 1 ~ 202 A/m2 1013 A/m2
Structural ASDeCt Ratio > 3,000 ~ 4,000 > 10,000
Properties |BET Surface Area for N2| 300 ~ 700 m2/g 100 ~ 700 m2/g
Thermal Conductivity 1000 ~ 2000 W/mK|[1800 ~ 6000 W/mK
Elastic Young's Modulus 150 ~ 820 Gpa ~ 1,000 Gpa
Properties | Max. Tensile Strength 1 ~ 3 Gpa ~ 30 Gpa
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Al 3 A 29& (Shielding Effectiverness) &4

AR &S St WHoE A8d 54 & IEEE STD
209 A Ea mESAYUH)S NAS-65-6, MIL-STD-285,
ASTM D. 4935 (HAAge] AHAay s+ SAHAEYH), ASTM E.
1BLA A F2E] Ao a7 SHAAER)G] Aot

1969d Aol AH g3 SAWHo| thste] MIL-STD-2852] 7%=
S ®BsH7] $)8te] IEEE-STD-2997F AR =1, 19919 =2 2007

AR H AT, 22ly IEEE-STD-299¢1 A &= ﬂfﬂ?@M IR

A & AHE dElE 3ol FiEekA gow, Adad 574

FrIzre] A8 HTE A3, SAHAIAF] S8 A E NSA-65-690 4]

SAL Alzglo] A Qb YA st ARG AUAE WAL=
Aell, [EEE- STD-2999 A& FAIA 2~8'lo] o4 Qhell 9] x]38},
A8 Aapste AxeE AP A ] Aol 7t Q)
ASTM(Amen'can Society For Testing and Materials : 7] =] & A &
23] R FEARe Az A 29 S84S5 93 £F A
“?.]ﬂ S = Flanged A&EY A& o] &ste] ZAstH AAg W&
ASTM D 4935-99¢] 7]==o] et dAl HAHIL ASTM D
4935—104 MZE A0 SR

Bl
N

ook 2 o2 e
o,

o{l

O

rlo

A 1 A MIL-DTL-83528C 3ol 93 il &3
MIL DTL 83528CellA A/M® uAlae & =4 W

RAEE a7 3-D3F 2o 60Cm 2719 AAHE 9

et AAAE7 ATAE St WANEE RF AEE dvt

AN EAE Elet o] S 20MHzol/d2 RF 4

120dBo] 9] 2 ¢ (Dynamic Range)E 7FA|a1 o™ 20MHz -

10GHz®l &3R5 7t

(]
x
-
2 E ok
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Aol AH A7 AT wof EAjetA] s o] S Q]
Lo A 71EE AR, a5 E e 249 A= We
F7r o082 Qrelve] A& wpFrol(Al StElUE WEE FF ol
S QEUE FE FAQIT) SAST SAA DS <
E5H HA ImZt oA RS Aokgtt, SAA] /e o] &d &
] (Flange) AAIA9] 2= =2} =

o
AN
oxl
=
2,
o
o

SHIELDING EFFECTIVENESS (dfm) = P, |dBm)
THRU 24 INCH DPENING MINUS P, {dBmi
WITH GASKETED COVER DVER OPENING

SHIELDED
ENCLOSURE
ISE> 120 dBm)

— ] 1 N 1 INCH SOUARE BRASS
1IN FLANGE SOLDERED TO
i ENCLOSURE WALL

""" 1 INCH WIDE
" TEST GASKET
[CORMER SPLICES
2 IN 0 ACCEPTABLE]

" COVER PLATE \
MIN (375 IN AL)
26X 26 IN HIN| “-TAPPED HOLES

/9 (52 HA)
.
W N §
2 / s gesssasst
RG-214
RE-214
_Q--aq.q U 9.4 IN -‘-D_[
' i
REC
TENNA ANTENNA

ANTENNAS

(XMIT/REC IDENTICAL)

0.02 - 0.2 GHz - BICONICAL
0.2 - 1.0 GHz - LOG SPIRAL
1.0 - 10.0 GHz - RIDGED HORN

LTy

. 250-20 BOLTS
TOROUE TO 5 PERCENT MIN
10 PERCENT MAX GASKET

TRANSHITTER DEFLECTION

TYPICAL FREQUENCIES:
RECEIVER
0.02 - 0.2 GHz - 1000 HATTS(+60 dfiml oR SENSITIVITY

0.2 - 1.0 GHz - 250 HATTS(+54 dBml SPECTRUN <-100 dBm
1.0 - 10,0 GHz - 20 WATTS(+46 dBm! ANALYZER

0.02 - 10.0 GHz (+20 dBnml

SIGNAL
GENERATOR

29 3-1 MIL-DTL-83528C T+Zd 93 x¥& =AY
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AEe 5 celld Port 1914 FFEHL A4HS T 4 celz
AEE DTC= Fox shbe] dalast 271 =905 (Port 2 9F
E 7HTE AFAS v A YA E 2719 FEEE AZdsgh
th oA kA HAS BRE Hojue AAel el Z2zte] FaE
AHE ¢ A st thA] wepH AlZeo] )8t near field 3 EAS
dotE g 7 A Hu

k=i - < \"l 50= 2C
>[I:ent¢r

NEHE e p— NS
\ Center
Portd Side View Port 3
Iy 3-2 AFHEE T3 olodAJdE 2719 Cell
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a9 3-32 3 M9 celle] WS YeERAY a = 9em, b = 6cm,
g = 22cmeoltt.  Fu H9E IMHz-1GHzA Eo)H cell&-ol] <&k
S Wt FFHYIE 5060 dBEEolth. IMHzolA  1GHz7HA €]
sweep A7 diEF 30% AZolth. FAXT AATE AFHRATES
ab7] wel 87ty JE ke o AHE Aolng FH XA
ol AA7A9Es s dyE gtk 74 AqdygeS =4S FEe)
= o] JFH JdYdAE HastEa, JAFEY FAS dste A
olth. cell} AMES stz s N7 F9ol RFI gasketings A&

L

a9 3-3 & MY celld] 2
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A 3 A GTEM Cell& o] 43 x4 &3 =A

GHztl ¢/l GTEM cell& o]&3 SAWHLS 19 343 zZor
Bivlo] )3k SEF-S A3 Hrt

A A3 300MHz-5GHzti el A 40dBe] w29 9S  7pAn
800MHz-4GHzoll Al 50dB2] &2t 49S 7FA= GTEM cellS ©]-&3F
A &4 Al2lo] g3t Hojdrh AES 1.5mmiEth $FS P o]
ofof 3 A7]& 100x100mme] 2 1] AA]F7He 20m x 2.0m3E =
ojt}, x| Jxe} 2w BA7INES 7FXa 4T 4 s AlaH o]

.

i

e

2 247

2% 3-4 GTEM cell® o] &3 SEZA v A4d
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A4 NFERRE 0§ ZAY

ASTM D4935-°4 SAW2 15GHz7HA €] S4& olskArt 1.5GHz
o dellM &5 ERle] At 5o Qo] S| AT 4 7}
O ﬂ%w%%—% S7H717] S ERA(EH) ] 271 FobAof
gt [14,15]

IEEE=% 24 @ﬁ U S4s 7= "deeA Eads oE
91 Atk At ow WHOU A B2E 5
o

4
2 1350, 3510GHEAES T olelt @ pAe BT ac
Eobgh QFF o] EAlsHE YReAs A4 R Bhete] A4E
w9 SAQNHAE R

7 AT

T Sl < -20dBE %=t 1-3.5GHzel A 300mmx10mmx
35-10GHzH S el A 60mmx15mm>40mme] =7]& 7FxIt HEgt
FUY 545 7= degA mupdo] opd Ak APl s o] &
g AA AT AEEE FHof e FygddEE o A7|2 A

ok A Al B SAFaeg e SR LY 359 2

Network -

w2 [ —

=i =S|
—

Coaxial Waveguide
Converter
Specimen

(a) RN
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Name Model No. F;{eacllr.lg(eGEIfz) InSi?EHII?)i am. Specimen Size

SEWR-770 0.96-1.60 195.6 x 97.8
SEWR-430 1.60-2.60 109.2 x 54.6
SEWR-284 2.60-3.95 72.1 x 34.0
SEWR-187 3.95-5.85 476 x 22.1 Width and
SEWR-159 490-7.05 | 404 x 202 Depth
SEWR-137 5.85-8.20 349 x 158 are 100mm

Main Body
SEWR-90 820-124 229 x 102 Lager Than
SEWR-62 124-180 | 158 x 790 | Inside Diameter
SEWR-42 180-265 | 107 x 4.30 Size
SEWR-28 26.5-40.0 7.10 x 3.60
SEWR-19 40.0-60.0 4.80 x 2.30
SEWR-12 60.0-90.0 3.10 x 1.60

Measurement DMP-12(1-40GHz)

Software DMP-13(40-90GHz)
Scalar Network Analyzer

Microwave / Millimeter wave Cable Im x 2Set

GPIB Cable GP-01

(DFAFodd FRAF

a9 35 AZERBS o &3 SE A
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A 5 A ASTM D 4935-10 FA& ] 93 g azs =4

= o
g Ad @ 27k otk BAe vgel FunE At AvE A
FoRNE BT A4}t Far-fielde) 7 = ol

;s = s He A
th SE HZEOA 7|22 o7 sfof ¥= A2 ALy A5 = ey
¢ nHEY. AR Far-field HEEES &0l 733 Hej= &

Fustl] ek AR SPAGN F83A 29 & U

o] ZAuel A Fad 54 FAGon AN BE 49IY
W FOlA ARl 7 Holwk WhEow oleyl tha wEsle]
Aol Ad BUAF e 9L 5 ol Aol Y Erh meA,
of We FAMOE Y ol AgHE A Azl HF BFE F7

u2}A] Far-field SEE HZE 3171918k circular coaxial line holder
7h S A =tk dRbd o2 AREE= coaxial holdert continuous
~conductor(CC) ¥ A o]t} Continuous-conductor Circular Coaxial line
holder+= 50Q &54E Ho|HAA sto] s AAg Aot 27|
= WH=Ae R =7t 22 4.35emeF 9.90cmeolth ARE Skt o
< 30MHz-14GHzA = olH w2 W9+ 90-100dBE = o]t

ol o w SAT W WEL GMEYY] FHE JheHal F549
A YALS d&EHoz AAH o] o ST uf 253 H
SN 2" SE5Ttolol 1S 19 3-69F k.

Coaxial holder transmission-line 3|2 R4S 53] SE#S U2

o7 %3 Hrl

¢

1>
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Coaxial Transmission_line holderZ 7§2&}A At

Flanged Circular Coaxial Transmission line holder= 1% 3-73 %
< TEE Hoglen old FRoANE AESs S uBAE F 3l
ocuw HEAY #@e ¢ ¢ doh 44 AW Continuous-
Conductor Circular Coaxial line holdere} Hlas] B 50Q &9
SAMNEE 2oy F:AE A7IHA AES Fobae 4TS s €

_
{,//z

ASTM D49359 4] zpM gk =3} $hA A7) shal 9l o] A 7+-& U
Bea A48 32cmolH FEE=AZAHS 76cm ZdA 27 13.3cm
A% oty & FI W= 30MHz-15GHZAE o
90-100dB* o] T,

o] WA MZL Reference
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Al 4 7 Flanged Circular Coaxial Transmission Line<
o83 ¥ 54 A

A1 & 1-18GHz WM AH 54 FHS A%

Flanged Circular Coaxial Transmissin Line 4 A

1-18GHzH Sl A A# 54 45 $18ke] ASTM 4935 44 9
Flanged Circular Coaxial Transmission Line HolderE 1-18GHz¢l &
Aol EE 45 Fasle] 22 Ao AHEs AT 5 Uk
ol & FuTL FokAWA o] FolAal FEAdA WAld 9
AApol o]l FHAE TR e FERE AT 4 Alole] 7+A A )
83 Mol 54 dvdAE 500 Al
el A drbt |y A7F & S asteA 7 Al
glo A e F2 915 A S

wElA] 7]Ee] HF3tal s SMA AYES Azd AtE AAT)
7] 98] BHfata & SMA 7Y
A7V st AA 1-18GHzH Fol A &S 4 = =

st7] 1%k ®Hloly FEeo =7, AE A A8 s 3 =
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4
lo
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i
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AFES] BT AV]E F8 WHFE 5t o A o XA
AG&S 13k

ths a8 13 28 AEYolAS 9ste] AAE Flanged Circular

Coaxial Transmission Line Holder% et 29 38 A By o)A
A AGASTY WAASFE syt EI a9 4= oA 9
TEMEZo| A AA L AAE F2lstH .
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9 4-1 AAE Flanged Circular Coaxial Transmission Line Holder

Outer Pin

Inner Pin

G ///////////////////%/////////////////////////
= I =

a9 4-2 AAE Flanged Circular Coaxial Transmission Line
Holder2] @4



..... R P P R A R A R A A PR A PR A T A AR AR
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1 4 —— Reflection Coefficient (S11)
.50 —a&— Transmission Coefficient (512)| |
—~— Transmission Coefficient(S21)
f —v— Reflection Coefficient (S22)
60 ; [ ; : ; [ ;
3 6 9 12 15 18
Frequency [GHz]

a9 4-3 A" A7 i HAs R A2A Y AlEHeld 2

a9 4-4 AT A Atoldl e TEMEE Al&d ol 23
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Alggold Ay AAE AT WRAMA¢E 1-18GHzU F ol A4l -20dB
ojgtoll Tzt 3 Ao 7HAAL dom, AEAT= 1-18GHzel
Al 0dBell 5 ste] 4o AT 5 k. weka A
Flanged Circular Coaxial Transmission Line Holders ©]-83}o] =3

¢ 2R A9 S4B FANINE FRY 5 9% AR

)
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5Q
dlo
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2 Aol Z4E MAAS L A AR
etk @ 9 47 vt gEeld S48 wAS 2 A

a9 4-5 AZE Flanged Circular Coaxial Transmission Line Holder
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T e
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Zurgel @7 9 td Helmbolz #44 G629 4 G-1g 8]
stel 4] (5-9¢) Ag AL & ok

[v?+( ? =0 (5-2)
1 X 1 &3y
X2 —l—?@%— 'yz—i—wue)—O (5-3)

2 B2, 4 (5-3)9 U 7 Fe P
ot 1A Griv, 4 G- RE xo ygkol dsl wEE & grk
= 2

OO
O O3S

1 X )
1dY _ (5-5)
Y d?

a9t AFe Fee A2 dus ®s
Aegzloln 2 (5-4)9 -5E 4 (5-3)°

—MQ—N2+(372+ we) = 0 (5-6)
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a9 5-1. 78 =939y Fx
2 (5-4)¢] s+
X= Asin Mz + Bcos Mz (5-7)
2l (5-5)9] =
Y= CsinNy+ DsinNy (5-8)
kA, S JA g,e de sl o 2k
E, = (AsinMz+ BeosMz)(CsinNy+ DeosNy)e™”  (5-9)

Ao 4% A, B, C, D, M, N& 24371 a4, 4 6109 5,7
2NNEE A = HolA



, = O0atx = 0 (5-10)

i3

A% Boh D 0o] Hojof df. WA, e Hie thew) 2ol

gtk

E, = A'sinMzsinNye " (5-11)

W

A7, a=ace Qe A7l oa 24 lele AAe 2ol
. 4 (5-1D9 F e g mH4 M} N x=a 9 y=bolA] A7

e
AANEA F,|_ -0% 485E 03 Axch
A'sinMasinNy = 0 (5-12)

o 0o] @ 4 glemz A (5-12)% MaZ ofdle} o] AMElsd
ju] s q_

1

o

Mao=mmr , m=1,2,3-- M= —
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2 (5-13)25E, AeE & Ade A5 m¥ no] FHFe] AT
T Atk m¥ ne Aol s, Lol d&ste] 7, =il &
Tt UEe] WAA B¥x7F EAE) AAle] ek AR ¢l
A (A =0)TMREo] R, A2 mpne RE WsES vehit HAx
TMEEE 70, REo|th

9 2 56 HAIggol M= mr/a®t N = nr/bE YPsHAE T

fr e

(e — (P g wPpe+ A7) = 0 (5-14)

v = \/(m)2 + (B — wpe (5-15)
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BEel ATE AL 7 5ol AL A B5E Adoksne

5= i = Gy — (= (U 516
deoz Haw 52 o A%E 5 At A4 o/l AT Foss
4 G109 5 - 0% dgaed A2 & Ak meA)

1 M \9 N \9
= (5-17)
men 271'\/,[; a ( b )
oz FyPrgdto] TEERE=OA F2Hst ul AA ek AR
E. = o°lt} wehA, s oZRY g & T3, o|E o] &35}
QU] 2= AA4A AR A2 + A TMEES] 299 v%d
W e HAS wER, A9 Quas ged g
HAZ = (ASinM$+BcosMx)(CsinNy+DcosNy)ei§ (5-18)
= Acos( X 3) cos( - ) e e
a b
m= 0,1,2,3, - n= 01,23,
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94.15

1/2 [ w

AC

bA—t/0)

0.0885 ¢,

(ohms) (5-21)

T ZAE Abe] vl g H]
g (

Fringing Capacitance

A7 = 12002 EBZF EA AWusola, e = 107 °/36r

[F/m]i*i 2]
golm, C= Aos

of
o Fo
2

%, TEM Cellgtd x4 &5 =A49 712 A2 Hol”

2a, 2b°] , Septum®] 7}= Zo|7} 2w,
sto] AMZE F54d T 54 dyjd s

376.7

ZC_

a
b

A ——%ln(sinhﬂ)]

2b
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107 [H/ml= 283t 54

><

-
N
-~
N
-~

o
9
oo |

gaw"”uﬂ 21 (5-24)
T3 4 A8l

(5-24)



Al 3 A TEM Cell 9] AAA A wt

A Faes djdshs WHoR
TEM Cell®] ®Wis}t o= dd&

Z =

Age 1P A9 FAEE FES Fuh

Coaxial Cable
Feeding Outer Conductor

2b
N
=
<

I E D F |
Outer Conductor
Z

2a
| | x

(b) & =

a9 5-2. TEM CELLY &
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(5-25)

EF= —vVvo— jwA

(5-26)

—V XA

H=

AzA 7

ot

3

ojtt. o71M o9 Ax dE WAHANOERYH T

(Tapered

TEM Cell> 7ZAFH

-
T

A 5kA =

3)

72
(closed

A AIZA(EBC)E &

A
o

s}
ol

59

73 A o]

A

% g5

=
=

(equivalence theorem)

3

(5-27)

pl2',y,2) Gla,y, zl2',y .2 )d'Z

1
€

d(z,y, 2)

(5-28)

Alz,y, z) = M/J(fr’,y',Z') Gz, y, zlz', oy, 2 )d

A (5-27)ll A 2
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A AARe AEEE H4G-De) ve of WYskel A, 1
o AA] HAAEES 05 AAxTLE
E= Jjwes WA ol AFie] w3k Ay WA
I A

2 AFEE JE T84 =k

oD
Eyi =0= -1 jw,u/ Jy1 G’d:c'dz—jwu/ Gdx' dyf
ox I m
oD | ‘ / , o
= ——— — Jup—Jy *jwpf Gdx dz+w eu/ Gdz' dy
ox I T
(5-29)
oDy ) o
EXm:OZ———jw,uf JXIdedz—jwu/ Gdz ' dy
ox I m
8@m ’ 2 ’ ’
= ——— — jop—Jy; —jwp/ Gdx dz+w eu/ Gdz' dy
ox I m
(5-30)
olg YEA o tehy
‘LH L, Jn _ ‘aqﬁl ) O (5-31)
Ly Loy || Exy Py ox

QAN By, Eys 2 AAW 1, M) BERIA A4S e
W Ty, Jgpe 1, TEY AFE et A6G-29)994 £y,= 0
& THoA dAY HHd A

wolth 2(4-30)2 A4 Eyq©] Fredhol
sttt
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PN

2 (4-3DNA \AF Iy By s TR 7 AT JAA v A

Fae P FUs)

M
rlo
e

oX,
M
o

od
Eyp =0= — r_ jw,uf o G’dy/dz'—i-wQeu/ Gz’ dy (5-32)
oy i il
8@1‘[} ’ ’ 2 ’ ’
EFypy=0= — oy — Jjwp f Jyn Gdy dz +w e,u/ Gdx dy (5-33)
it m

o3, ¢kel BS99 MHAAMAR gyt THelA AA Y v o] Fol

He AAZRAS v A((6-33)E 2(6-300% #e Fredholm 2%
A% 944 Fest un

Ly Ly || Iy 0Py 0y .

Ly Ly || By | 0Py 9y (6-34)

7273 AA=

oD
L= _8—1 — jwu / J,y Gdx'dz — jw,uf T Gdy' dz' +wep
z I il
f EyyGde' dy = 0 (5-35)
m
oP
Eg=— 8; — jwp fI J, Gdx'dz' — jwu/ﬂ T Gy dz' +wep
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f By Gde' dy =
m

=0 (5-36)
8@]]1 g N
Emz—?—jwu/‘ J Gz dz —jwu/ Jm Gdy dz” +wep
I Il
/ By Gdr' dy = 0 (5-37)
1
ola, ore]l 74$-¢} U}ﬂﬂ/ﬂi Ep9t By 193 WA AAZ
A& HEFEE Jolx, 24 (5-35), (5-36) 12]al (5-37)2 FH2A
Ly Ly L | Jy 8(151/8,2
Ly Loy Lyg| Jyn | = |0Py, 0z (5-38)
Ly Ly, Lyl Jm oPyy 02
Axkd AAE pof ARFLE J& 73 2(5-25)0] thA] sk
Cell & A FGolM AA #EE 5 5+ ATh
1 1 : oy e
H—;VXA—TVX/I}J(x,y,z) = d
1 o IR —jKR
:4_ U[V - ><J(x,y,z)+ = VXJ(gv,y,z)dv
— — L[ (rxg) LI e gy
4 J
(5-39)
o]

4(5-39)¢] A )
HXZ% v[(z—Z’)Jy—(y— '

=]
7y A EL

) g | TR ar gy (5-40)
R
HYZﬁ ‘[(ﬂc—x’)JZ—(z—z')Jz] 123]{% IR ! (5-41)
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TEM Cell 19743 Crawford[9]e] <]l 7] of, & A|7}x
ste} M-S o] Fo gt & TEM Celle 241 9

o AAHAARE, TEM CelldlA 875 & 78 F34 o
O RM, AARE=L] ARGo] BV AN AR =] Ao
40 o F-E2 A7F vFsith. TEM Cell®] zpeFabao] 3t
HAZ o] Fxol fisiA o= A BReR gt 53
Symmetric TEM Cell®] i3] diste] Hill[10]e] A3 2,
Wilson & Malll]e] #2414 o] &3k A3 Chang[12]o] A3
TLM(Transmission Line Modeling: 442 2dg)o] o3 Ay 1
1 DAS®} Shinhal13]7} A48 FEM(Finite Elements Method: 38
2ol o3 Aol LR
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¥ 5-1. Symmetric TEM Cell9] 293 3(a=3.05, b=3.65,

g=1.02[m])
- AT H5 (M)
FDTD TLM Hill Wison&Ma

TEy, 15.0 15.2 15.2 15.5
TE,, 246 246 246 246
TE,, 31.0 31.0 31.3 31.9
TE, 41.0 41.1 41.1 41.1
Tey, 47.9 478 478 478
TE,, 49.2 49.2 49.2 49.2
Tes 45.2 454 45.4 -

REJ} TR RERT v Fikgo Fddta £ } 3L Zhang~>
veo AuFise] PAE FAR 715, L2 oy, 15,2Ed A
oleta F3Ar

502 a/b=2¢ w, wo Z7]9 w2 Symmetric TEM Cell2] =}gt
Tl tiEiA EAsE T B 5-2¢ 7 EEe wstd wol oS
bt FuE AarstAlA YeRidTh a8l O A3E a9 4-39)

EASAY T, BEE M, RER T 6;“1 o Zugo A =PI
gl & ¢ gla, mebA AR Fuke AN g, BETE 1, BE
wop v Fuada 3t Grunnergl THE &4 B ¢
T AUtk

tte-o 2 [9][10][12]14 EA¥ Symmetric NBS Cellel i3k xpet

Fa4E B8 ®Bodth ( a=b=15m, g=0.26m) ¥ 53 Z3}E A
Atk g AP HAEFE v, B AdFaarr iy, RE
Fohgoll #Es AL Rt B A FREE A B
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Veb AARE AANA mAEEe] daFsss AYs] dsel I
o) ZA A HHL Fue sl ek WEAA 1 Ao e )
© (Field Pattern)¥ @ R=of A= sjde] wag §a) w=d 2
9FNsE 2Addn. gAns A7 d|e oss 7] g8 mE
W oge AEg a9 G404 BASE4 B o Aue Age
Agko] el W 7)E e Aolrh

TEM Cell W9] B, E,
Tkl A o] 7E, BETF oFs) o
2 719 EASHA FEE U 27FA Aol & = vk 1§ 3-49
TE,°] AA e A & 5 9l%o] B, E, C, F ollx
W “P% Aﬂ Ae Bov 7<4741 7} YAd&RE 7H4
o

AR =T 0‘01 Eﬁé%ﬂ&% N1 1B, R=9 TEMREE=Y]
vlagte] apek Fakrs AE F Ak 1 AFR 1R, B2 AdT
T oF 135MHzZE e

& ono e
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2.4

! | 1 l
TEyq.8/b =20

22

2.0

| 1 |
T™M41,a/b=10

1.8
1.6
2a/\¢

14

1.2

1.0
——————————————— q__“rgﬁﬁ““'
0.6 9
b W
06 :
a 1
L]
0.4 | | | | | [ 14 |
60 03 02 03 04 05 08 07 08 008

w/a

a9 5-3 TEM Cell9 1AEE X}t F35 EZFHA x 0.6 x

2m, w=0.72m)
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¥ 5-2. Symmetric NBS Cell®] #3838 A F3 2a/),

(a/b=2)
2/,

W/a

TEO1 TE11 TE21 TM11 TM21
0.0 1.0000 1.1180 1.4242 1.1180 1.4142
0.1 0.9789 1.1174 1.3869 1.3704 1.4408
0.2 0.9162 1.1163 1.3330 1.4617 1.5013
0.3 0.8227 1.1086 1.2956 1.5640 1.5904
0.4 0.7237 1.0800 1.2824 1.6883 1.7114
0.5 0.6368 1.0515 1.2813 1.8357 1.8664
0.6 0.5609 0.9932 1.2780 1.9731 2.0413
0.7 0.4938 0.9184 1.2615 2.0380 2.1744
0.8 0.4300 0.8359 1.2208 2.0534 2.2228
0.9 0.3596 0.7424 1.1570 2.0556 2.2316

¥ 5-3. Symmetric NBS Cell®] }@F3+4(a=1.5, b=1.5,

g=0.26[m])
. et (MHz)
FDTD TLM Wison&Ma

TE,, 27.8 29.0 29.2
TFE, 50.0 50.0 50.0
TE|, 63.1 63.9 64.3
TE,, 111.4 111.8 115.9
Teqy 111.4 111.8 111.8

TE,FE2] 75+

TEMREZ=S} 1B,
% :FLB‘]'%E]F. L 71-:'3_4 TE10—“E

o,

]:/]E

o
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Hille] 7E,2=9 EA4E5 A E9 ColA E,9
HuE Aotslgda thSo g a9 5-29F 9 5404 F= dElog
RE) A A9 Dol 7E,RE=9] g ARl A
AES HuFOEZA 7R, LES] ARFIS
Ay oF 150MHzZ  WERS:

ploBR2 T f{A] ol A







A 5 A GTEM Cell @AY AA Al7] #9494

A ARSI 7Y g0 A wel B A7)/AA B A g BE
2Absol RE B 2353 ool ARREHIL glom ol
1996 B o] &l tigh dA7] WA A7 Al vk AA7]
A AEE A B ol AR B 9l 9 S A777F F
AR A 2713 M7 2 #FUE (Field Uniformity) 37}l +=
S QMY B ZRB7F AREE L o, A A7l w7 5A
of o]t 1 5Ado] FrEojof gt}

RF 9 353 Fag goodM 37 A7 A Al2"ogs
Micro-TEM Cell, TEM Cell, OEG(Open Ended Waveguide) ¥ & <}
Hu7l dubdog ALE¥ 1 9tk OEG 2 & JHUE AMgalA BF
AA71da B T77] e 2hefeh Ar] Hgo] A8 ¥ HAxbat
FRkAbd ol dastty 9 MHz olde] Fa ool = +x71 3F
datal Aol golatm o]Fo] w2 & JEHUWF 2% AT EA
FElvtE A&7 AgshA|l et old Aol & QbHY tilel &
Z WHe getE | vE d5ve] Jd ¥ =3l OEGYF £+
A7 A QEHURE @o] AR glov, OEG <A 300MHz ©
ake] AFu el M= 77 U AA AEH oA Hsith

GTEM(Gigahertz Transverse Electromagnetic) A< 1974 M. L.
Crawfordol]l 2]3] Al¢td TEM Ao TS Ayl SFA=Z vfF A7
o2 ¢ GHzZH = WAA7E A=s AAH A glen, TEM 2=
2 ASE ddstes #H9d w548 do] WIderE dHsS st
A fEY AlgEgte HHats dAXATE FAE, 1 5HE O

3} 2,

B N O
FN o\ rlr

ol

{

e

Dol sl ofd el AsEE= WHE A (Shielded
Enclosure)o]th. Ful7} 7}538la 3 H|8o] Wo] == Az}
TRl doekA] gomR = nlgo] Adsi
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2) TEM CellW}F-ollA 2= Ax71%2] Al7]= TEM Cell?] 7]
shekdel =Z7|d o8] AAEHER Axr] dAHHETE TEM
Cell& AF&3H A7 dAw o] o Ashsk A7) ds A2

5 @AY gAolmz DUTE 93 %748 4+ Qe Adde 277}
xﬂo% wobd, DUTS| 2707 U 29 ALgd 4 glch 2y

DUTS] 2717k Septum3} 4] vheba Ae] Aele] 1/3uth
&POM SAch

GTEM 4& TEM A3} Fuapael Ade 38 4324 GHz o
A7A AfF7ke] HenE > 3

NEE Adets A BEAe yelz
= o=

5002< A8t 7tE, AlE ek 4 ,
A9 29S APy Ay FFAE o83k AHgozM todA
ok o]gfst W o® TEM A9 54 &4, A4, Fa¥HE 49
A W AlskE 1x REer TR xR A B2 Fukk gdo dAE
lasch a8y Azt SE54e dHs dup W8 wheke] upel 3gs
Ae7k dg

M WAshs ek o8] sk Adio] 23E FHE A
Ho, AEMe REs 9493 TEM ZE=7F ofd -
|t
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At GTEM A9 A3k F4a] vbz oheke] iy =4 3 (Septum)
ot TYH 1/3AFell, A ¢4 Aol FAlstH AA A7 wdAd
o] 2 T9< Quiet Zoneole}t Tk AIE iAol HdAtdk HAR AEE
o FHolA AlA=EH, meb Al tidel 7)ol whet Quiet Zoned
=717 = GTEM Ae =A717F A7 Ht.

GTEM A& A AsdAdde=FE 7P RF 41$E GTEM
Ar Adsts 345, 24T s AlY dd7HA =

R, SN 2rolA WALE S RF 252

QE Aol 72, M2 dol7} 27y 2a, 2bolal, Septume] 7= Aol
7 owsdd), 4 5438 ol g3te] Azt BEHH WWe 54 dvdss

¢ 5 gk

4 a_ zln sinhlg)}
b = 2b

GTEM Ao dol7} A3x Aejol A HAEATFe] §47S FolH A
g o =gsle Ayt e 7AW, UE =k
Quiet Zoned] =77} &= EA Atk

ATt E, Fu PRt AFATe] LU wAEE 58 F

{
N
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ol7] 93l Ay~ BFS sF= ATS ok 100MHz oshe] v
T g 5002 A3 o]&stal, 1 o] =& Fuk o T
gholE B Y Bl dgH= BYY FFAE et A
AqgS o] &3t Septum¥} W ZATHS JAZAT W dAHZS e
Septum®] T%9 Septum®] FTHET FE£o=2 ¢ WS AF7 22+
A& 383t Septume EHS BEste] oy sje] WEH AHIgow

ra

ol
S

i, F A9 ghol 50020] &
a3 562 GTEM Cell
2

oX, L iy,
oEllO

B
f

o

Rulsg

Recommended Maximum Test Volume
¥ L GTEM: Surtaces — ‘/ a u
; * Highest Accuracy ||+ 4 o8
“ [T~ Contour
4] +3adB
Contour
T +2dB
183 H—" Contour
4
‘!‘ 1;3 11d8
Contour
366 _#
=]k
¥ ¢ dB
1 Reference
183 Point
v 4
All dimensions in mm
at rear of test volume; Contours are mapped
tapering foward. - 825 5 from theory.

a9 5-6. GTEM Cell @349 Electric Field Uniformity 54
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E 5-4. 98 F/F9 TEM Celld 7%

%

thy % ‘ | ey, | U1 NIST 24 | 19719
TEM CELL — : Mr, Crawford
L1Es o4 ¥ 19783
TEM CELL =1
8}o]o] % Mr. L.Carbonini 1991°d
TEM CELL —
2y
£ iy Mr, N.Polard 1977

27187 ¢ >
22433
Gigahertz A% A ABBA} 19874
TEM CELL Mr. D.Hansen
My i! ; ) -
GTEM CELL =

Apz o Mr. Frank B.J. 19934

TEM CELL Leferink
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E 5-4. 98 FF7F9 TEM Celld] A% Hlu #4%

Jenew) TR @l
cell | cell e

Q O g O @) A

=
]
B
D
>
>
X
X
X
>
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A 64 Fjdol A EZe= TEM Cell A2 2 27

olH Ao = GTEM CellS o] &3to] A7)= #d A7) 37 3o
FolA] FAeH A ANFHE Fote dA AT BEE HAE
TEM Cell& ©o]&3% A3 && FHYHS Aty o7]A Abst=
TEM Cellell A 9] 7bg F3k4 %2 1GHz-6GHzH G ol A & 2shH

s WA Ex7F TEM Celld] 9% A+d FoA A7E AL

St
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7%

(a) AtE TEM Celle] 1 H

(b) Al¢tEl TEM Celle] &

1% 5-7. Alt"d TEM CELLY +&



70

Frequency / GHz

a9 5-8. A¢t’d TEM CELLS WHALEA AlEH oA 23

0 e T Y SR Py Vv N e PR pd i Bt
-10
~
o
S, -20
7]
7]
Q
-J . n:
E =30 5 i i .
3 - :
o e L e— A—
o : —— Reflection Coefficient (S11)
40 | : —a&— Transmission Coefficient (S12)|]
: ~— Transmission Coefficient (S21)| |
—¥— Reflection Coefficient (S22)
i i . :

I
0.0 2.5 5.0 7.5 10.0

Frequency [GHz]

29 5-9. 539 TEM CELLY 49&4 2 whapea
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T 1% 5804 AQt®l TEM Cell®] §hrbEA 3} PSS Al E
dold A3s yepdity, 4" WAREA L 1GHz - 6.7GHz o 9ol 4]
-20dB& ®Eeb 19 5-904 AA SHE AdE depdt ad
5-10°14 CelltH-2] A &3x5 HETh

TE,, Mode TE,, Mode
TE,, Mode TE,, Mode
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TE,;, Mode TE,, Mode

19 5-10. AQtE TEM Cell @A ¢ 2= = Id
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O

O 1% 5112 A”R AFS o] &3t A ads 437
Alz=glg Bolal vk SAL HAAbut FRkabdel A aeklar, Ao
A7 A el 1-8GHz ] Aae= EcteauE o]&sto] TEM
CELLY] 7l7Ho =z deddn. olwf &<tHvel TEM CELLS A+
05M o]lAxe] 9la, TEM CELLY 3% 8w 50Qe=2 wjHS 3
Atk 2% 5-12004 Az Ay 7)ol A o A7, Aols &4, &
FeElvtel o5 % AHFIF &4 mEEA @%kem, Pre-AMPY
Attenuator+= AR ¥R= A SAH A¥E dEdt 53 Ad

1-7GHz®] tieFol A °F 20-40dB¢] s4HSAE SRS + A &

o
\

1o

= = =
JsFAT.
500 Termination
Horn
Antenna
TEM CELL
¥ 7

Anechoic Chamber

Spectrum Analyzer Signal Generator

Trigger

a9 5-11. A|QtE TEM Cell o] &% XHas A A2
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-20

| 'r |
—p— Aperture Open
—4— Aperture Close

A
=

&
=

Received Power Spectrum [dBm]

1
(=]
(=]

(=]

\%]

fS

[=2]

[=-]

Frequency [GHz]

50

40 f“ﬁ "

w
(=]

=

Deviation [dBm]

-
(=]

0 | 2 | 4 | 6 ' 8
Frequency [GHz]

a9 5-12. A¢tE TEM Celle o] 539 ¥ &d
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S oz 18 5-79 TEM Celld] Z7]|& YL &43te] 7GHzol 9]
ool FaetEs AASH N, AEHNAS S8ttt 19 5-13
TGHzo dol A a2 AAE TEM Cell& YeER Qlow =
5-14¢] AlE#H oA ZAi} MAE TEM Celle] uAl&AS
1&%&%N\BW®21% NStk o] A e JitHe] A7)
20 x 20 (mm)$ith wEol Al=e A77F v 2 dHs v}
T B AU 2agsleR A

o rlo

(@)

A

E
zo,

SEPTUM

PORT 1
oimn s ©
N — b
|
80 |
SEPTUM
5P /_
20 /
| / o
FORT | 2 " porr2
— . FOR
= .
2 0
[ ~

¥ 5-13. 7TGHzo| 3ol A Ad& 533 91 TEM Cell
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0 F_-F-'-q =
Py
S
L
/5]
/5]
o
-~
s
=
Q
1'g
—&— Reflection Coefficient
: —&— Transmission Coefficient
40 - 1 [ A | IR
6 9 12 15 18
Frequency [GHz]

% 5-14. AQFE TEM Cell®] §HALEA 2 AGA S
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Ab5A>A B

IT7171¢] waa A9 29 &8 7|9 Td= 1GHzol 4o F3
Z-8o] At wordel we} & Fukrue tid dxst SA) 7l o
& ForF sojun dom HAA EAlE AT v Ve T M
s 71w 3 HATE A 7)ot

1GHz ~ 18GHzW & A#H| &3 S oA ofA7EA] A4 0=
w3 | Aol gl 54 & o vig Adge] gA grE A %ot
g3t At g A4S e AA SAHstaA ke AR wE
g AT o] ok Aol

. HIAMAE 1GHz olddlddolA HAgxtd Ede] A g
(SE) 54 fsle APdHdd A4 235 123513, Coaxial Lines
o] 43 799} GTEM Cell#t TEM Cell& o] &8 =4S 445 o]
A8k AT
TEAZE o]&3 A4 1 ~ 18 GHzZHA oF 70 dBe &2HAAE

3

A oox B

B :
Al A ZRol o @ale Z7HA Al givh GTEM Cellt TEM Cell&
o] &3 Aol AA R ARE F e A= olgstel 1 ~ 7 GHz7t
AeF 20 dBe sAWHSE THHAAL SAol Jhedes lskAA,
%

50 ~ 60 dBH =S A=

al
F 18 GHz7HA 5748 flste]l &3¢ TEM Celle] A47F ¢ 282
a

SHAINE A|H ] Rfo] AMZEo 7 AJH A Zo] FHARE o] sl AF-
Bt} golgk S 7R Q)
o 3t Coaxial Line =23}

4
i,
—\Tll
il
T
=
il
>
T
[>
2
of4
o
£ L

Horth A% Zlge) A
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& =74 ¢ (Dynamic

Al¥l TEM Cell
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o] g3 A7)

Kol
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