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[A] [ns] [A] [A]

1 2 7.5 0.7%€E 1 4 2
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/ at 60 ns

10 % —

»

30 ng ———=

——] f—

r = 0.7 to1 ns

60 ns




5. =Ad/HE LAY

R EELEE
1) 10009 @ 24 0.25kVell Al 4kV
2) 50Q : FH A 0.125kVell A 2kV

. M AEe] B FE
1) Skiiz+20%
2) 100Kz+20%

o Bl aEe] A&7
1) 5k : 15ms+20%
2) 100K : 0.75ms£20%

o}, B 2~E9 7] : 300ms+20%

I

0.75ms
at 100 kHz

. HAE
-
-
_1@13}‘ HAE XIxAl2}

300 ms

vl @ HAo 1ty
7t = 5ns+30%
4(50%° A1) = 50ns+30%

Y
-

N

-

| .

IEC 09em4



Vo (OH V,(1000Q) Vo(50Q) HAE BHExTI4

[kv] [KkV] [kv] [kHz]

0.25 0.24 +20% 0.125+10% Bz = 100K
0.48+20% 0.25+ 10% Bkiz = 100KH:
0.95+20% 0.5+ 10% Skiz = 100K
1.9+ 20% 14+ 10% Skiz = 100KH
3.8+20% 2+ 10% ke CE= 100KH:
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0.1

50 ns £ 30 %

t

IEC 897/04
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8. 10 o] F g AN AFH7E e

D 7z sige] e &8F3 g% et F 2H
M= Zpzt 0° £ 15° ~ 180° + 15° AfoJell glojof Fhr},

2) XFol £15%] wiste] -3 dB okl FEe] FHolM F =H Wy A<l

-105

=40 =73 IEC 0007

SAote g ERY B e

1) £135° HHj oA EAL i dHolE(dB)Y Bdte TIHO = 7= EF 4o, o]

e dolele] A 3 A step A7 F95 1 GHz~6 GHz Bl 5°0]a1, 6
GHz~18 GHz W<l A+ 1°0]t}.

2) o] WL £135°¢] FA A vho HAE ZIsHA| holop It



7} w9 1 GHz ~ 6 GHz

6 GHz ~ 18 GHz

-60° ~ 60° +2 dB +3 dB
-60° ~ -135°, 60° ~ 135° +3 dB +4 dB
-135° ~ -180°, 135° ~ 180° +3 dB w|vk +4 dB H¥

=105 —an =75

1GHz ~ 60Hz

150

165

-165

—150

[EC 08107

IEC (52407
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telv & (G, j) = (A, B), B, O), (C, A)o=z FAstaL 2t &l diste] (L9 1-1)A
H AR A7IA is FAL je Al SHEY ot

Antenna #

A_ut::lma#i ﬂ'&m

hp=lto4m

i Measuring

receiver

@)

Vi)

@ 71 BAY

AF4 = IOIngM -24.46 + 1/2(EDmaX + Aap *ABC + ACA)
AFg = 10logfy —24.46 + 1/2(Ep™ + Apc —Aca + Aap)
AFC = IOIngM -24.46 + 1/2(EDmax + ACA *AAB + ABC) (1*1)

o] 7] A

AFapc(dB/m) @ QFEIY 1, 2 2 39 <QteEY A=A}

AappccaldB) @ <HEHIY 24 (A, B), (B, O), (C, A) Atole] A% &4
() © Mz &9 F3k

Ep™(dBV/m) @ FAIJEHUE 174m 2= o FAl8 = Hd AAGE

® Byl A9
a9 (1-2)9 FxeIA FRA] e el Alole] Aok AW F5 vhehw
o Wbzt g4 AALEE e 2

g = 492Y2 x {dy? +d;® + 2xdyxdoxcos[(21/A)x(dy-d) 114/ (dyxdy) (1-2)

o] 7] A]

AR

di? = R? +(h;-hy)?
d22 = R2 +(h1+h2)2
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[3% 1-1] 30ME-1Gk oA Ep™ =(dE<tH Y 2m, =AbHY 1-4m =70)
= It = [z ] E"™ [dBAV /m]
30 -4.76
35 -3.56
40 -2.55
45 -1.69
50 -0.95
60 0.24
70 1.09
80 .69
90 2.05
100 2.21
120 2.39
140 2.49
160 2.56
180 2.60
200 2.63
250 2.68
300 2.71
400 2.71
500 2.57
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Sources Error(dB) Probability Distribution Divisor Uncertainty(dB)
NPL Standard Antenna error 0.100 Rectangular \3 0.058
Network Analyzer error 0.100 Rectangular V3 0.058
Antenna Positioning 0.057 Rectangular \3 0.033
Mismatch(combined) 0.064 k=1 1 0.064
H-Plane Pattern (LP) 0.150 Rectangular \3 0.087
H-Plane Pattern(other) 0.000 Rectangular \3 0.000
Temperature Effect 0.088 Rectangular \3 0.051
Reflection due to Mast 0.060 Rectangular V3 0.035
Repeatability 0.104 k=1 1 0.104
Mutual Coupling 0.044 Rectangular 3 0.036
Ambient 0.000 Rectangular \3 0.000
Site Contribution 0.131 Rectangular V3 0.076
Combined(LP) Combined uncertainty for SIL measurement of 0.200
Combined (other) antenna pairs (ST, AUC) 0.180
Combined uncertainty (LP) AUC SHeEL A2} FAof oA ot} 4 (ST, AUC)2] 0.21
Combined uncertainty(other) |SIL B3%=9% JF oMY &3 % 344 0.19
Expanded uncertainty(LP) =) 0.42
Expanded uncertainty(other) 0.38
2t FauEd

[1] American National Standard for Electromagnetic Compatibility — Radiated Emission
Measurements in Electromagnetic Interference(EMI) Control — Calibration of Antennas
(9kiz to 40 GHz); ANSI C63.5-2006, April 2006

[2] Schwarzbeck’s method for calibration of antennas AK-AntCal 17-93 27 May 1993,
30 pages.



[3] Jungkuy Park, Dongchan Jeong, Hun Youn, Dachoon Yu, Jaeman Ryoo; “3-Antenna

Factors Height-Scanning-Averaging Method of EMI Antenna Calibration”, 2009
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[5]
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[7]
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Antenna Factors for EMI Antenna in 30Miz - 10”7, 2008 Asia—Pacific Symposium on
Electromagnetic Compatibility & 19th International Zurich Symposium on Electro
-magnetic Compatibility. pp 8907893 May 2008
Jungkuy Park, Dong—Chan Jeong, Gi-Nam Cha and Hong-Nam Go; “Height Scanning
Averaging Method for Free-Space Antenna Factors of EMI Antenna”, International
Symposium on antenna and Propagation ISAP05. Aug. 2005
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1) 7|t Z2H e} 5584 ¥ LZHO H

A =4

=sc Qo o+ ol 0= E2% + dB
100~300 ¥ | 300 Kiz~400 Mz | 400 W~ G|
JIFEZ259 BHN 22 0.75 0.65 0.7
EUTS SiSgt @t 0.0025 0.0025 0.0025
JIZEZ2E9 g2y 2 0.0025 0.0025 0.0025
JIZZZS SHOIKO AR [HE RS0 0.029 0.029 0.029
BT ZECU U BN E3 SEd oF 0.0029 0.0029 0.0029
JIZZZS0l (et UM 8 giegt @K 0.0029 0.0029 0.0029
TSI0E &) 9FE 0.029 0.029 0.029
CREERCER 0.029 0.029 0.029
EEEICHICYS 0.058 0.058 0.058
Do ZLH0 et Z25 53 0.231 0.231 0.231
D25 sy &3 0.058 0.058 0.058
=3O ¢g st 0.05 0.05 0.05
el SEEE 0.1 0.1 0.1
JlEZzoo ecas 0.086 0.086 0.086
SHERE 0.80 0.71 0.76
ST =S (k=2) .61 .42 151

[2] KN 61000-4-3,

Sensor and Probes, Excluding Antennas, from 9kiz to 400

A4~ A] A2011-6%, 2011.19 19¥
A RE A7 W A, 20086 52
[3] IEEE Std 1309-1996 "IEEE Standard for Calibration of Electromagnetic Field

", Oct. 1996
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A=20log,, S

VS e S (3-3)

1) 2%
No &l QA
_ ZINEEOZ9 Ag4Md
1 E=RPVPE] - _ .
Ot X <+0.2%
_ W wd
p) Audio It M == -
Check for harmonics <20 dBc
3 CIXI€ ZEIDIH =IEECZ A4
4 Current Shunt £= A resistor e wd
5 dEgsx 1Y F0F HA
2) 2474
Probe-Under-Test
,"/-V-F
—
,-/I;'ibre-optic Al
’.-" connection Helmholz Coils

,,,O,, Arbitrary Waveform
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Yy

Current Shunt
Audio Power Amplifier
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d ol =A A

EEEEE
(2% 3119 FANA 10 Agte] Fete] dele A VE UAd Aengz 243



OB I 9] Fo] dEEx FYY T2 AF 1= V/1Q oth
@ AAZRE =4
(29 3-1]9] FAoA AAZZHE 5= I Tl T3 2 & ¢l oA
2 gty o2 HFHA AA 2B FS oe AZEY A gsto] ¢l
e HAd =4
o] Axfoll A EUT AHA ZTEHEZ 90°(ZLstd 99 Z4u)wtd =¢7hax =43
=
HA/NA W A
WA (3-2) 2 (3-3) HAf @ @A SA-c AE o] &ste] RAJAS W
4g AR
o 54 8gE
1) 10Hz - 200 Hzoll A H ) 10A/m7MAe] Z2HE9] A9 BA oz =3
_ Fh AN HE =22 +dB
ST 0l
10Hz ~ 20Hz | 20Hz ~ 40Hz | 40Hz ~ 100 Hz | 100 Hz ~ 200 Hz
EUT 2289 92zt 22Xt 0.0025 0.0025 0.0025 0.0025
HE =23 @Kt 0.037378 0.012313 0.006261 0.005514
A B &Y &1 0.008682 0.008682 0.008682 0.008682
=HO| gid ©0| 0.05 0.05 0.05 0.05
SHEFEEEST 0.06 0.05 0.05 0.05
SAEET (k=2) 0.13 0.10 0.10 0.10
2) 200 Hz - 100 Kizoll Al 2 o) 10A/m7}A ] T 2B 59 49 Bz =4
_ I 80 [HE =225 +dB
ST 20l
200 Hz ~ 20 kiz |20 Hz ~ 50 khz |50 Hz ~ 100 khHz 100 Hz ~ 200 Hz

EUT Z2B89 223t @Kt 0.0025 0.0025 0.0025 0.0025
MNZE Sl2g 22X 0.005491 0.007367 0.028245 0.005514
A B &Y &1 0.008682 0.008682 0.008682 0.008682
=HO| gid ©0| 0.05 0.05 0.05 0.05
SHEEEEST 0.05 0.05 0.06 0.05
SIAEET (k=2) 0.10 0.10 0.12 0.10
np, g



[1] AR &7 5 AaA 434 #2011-6%, 2011.1€ 19¢

[2] KN 61000-4-8, A9 F3 2714 WAd A @, 2008 54

[3] IEEE Std 1309-1996 "IEEE Standard for Calibration of Electromagnetic Field
Sensor and Probes, Excluding Antennas, from 9kiz to 40GHz"”, Oct. 1996
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Calibration wire
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Muxitiary Clamp i

Vector Network Analyser

Stage 1 - normalisation

1048 50 Ohm Attenuatar

(29 4-1] BtstE A% =4 4

Clamp mowved to maximise signal
-

-

Vector Network Analyser

-~

Absorbing Clamp on Trackway

Ground plane

Appraximately 6 metres
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YEfD 247)E
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O AT A
24 #9548

e 246 B A4
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Stage 2 -

Insertion Loss

10dB 50 Ohm Attenuator
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1000-4-6°1A4 A A=A

RF A&7 WAd Aldel 42

kizoll A 230 Mz7k=] o] k4= W 9ol KN 61000-4-6°1 w2}

FAHE wgsh= A&

74| oA
HES A7 g A Bgo]ld aAwzos sT
7NE
RF == FNEFOR &F
471 (2 off) yx oA
150Q-50Q2 A ol S-okA 7
HE H A 3
=5 JAud AHEZHE HAT 20mAEH

2) 474
DEEEES bR
FYZ WS A AR LAY

24 A st 54 42 [29 5-1]
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Vector Network Analyser

BN ]

Stage 1 - Normalisation

10dB 50 Ohm Atlenuators

Calibration wire

T 100mm

150-50 Ohm Calibration Adapters

, Ground Plane




Aal7) 9% FAL (27 5219 2

\ector Network Analyser

BN s
e 4 = 22000 B o | o s e |

i g#iiiiii

wen o nan |
] % @ Stage 2 - Insertion Loss

mEEE

O Eeas

=
o o

10dB 50 Ohm Attenuator 1048 50 Ohm Attenuator

RF Input Callbeation wire 100mm
+—»

50 Ohm Termination EM Clamp

, Ground Plana

e
\mﬂmm
150-30 Ohm Calibration Adapter 150-50 Ohm Calibration Adapter
(2% 5-2] A4 545 1% Fnl v

Wl AYEAS 2457 Slstel (29 5-113 2ol FAste] A4H Fuiol

2~

e =

= o) = =
TS S

2 el

@ AN

WA AR S22 E [ 5213 Zo] skl thelA AAgE Fukol dist
o] Fulxzo] RF LES EUT LE Alolo] A& s =43t}

@ wAFAR

WA A7) FREZE [29 5-2]9 o] A5 tholA A F ol o st



of F3zo] RF X E9} FYUZ BEGN FE Apo]o] AEds SA4e)
gt SAEgE
_ ZO00 e 23 +d8
285 99l
150 Kiz~1 Mz | 1Miz~10 Miz | 10 Miz~100 Mz {100 Mz~ 230 Mz
HEHI2AD L84 0.2309 0.2309 0.2309 0.2309
WEIZAD 2ols 0.0144 0.0144 0.0144 0.0144
WEISHI| &S 0.02 0.02 0.02 0.02
s 0.006 0.006 0.006 0.006
R 0.1 0.1 0.1 0.1
HEHEST 0.02 0.05 0.05 0.07
Fosd A 0.05 0.1 0.2 0.3
BNEEZSC 0.26 0.28 0.33 0.40
HEEHT (k=2) 0.52 0.55 0.65 0.80
vk Zaedl
(1] AR 375, dadAF4A0A] A2011-6%, 2011.1€ 19¢
[2] KN 61000-4-6, A=A RF A7 A A, 2008 54
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2) A4 A o
b AR AN L T

Generator SWR Bridge Indicator

1. 3.
V inpu T - ; [ ! ret_u

t

2. Meter

DUT

Device under test

(28 6-2] A A wGHdAE A% A A=

L) g HAL

@ AAIR(SWR)= DUTS = eztel] <I7bd AZ7F WkAbE o] 2= Return

LossE FA3td &3 4 vk DUTY 48 ate] SWR Bridges A4ste] 48
o

2 FolXm, WA =m0 o] Hr)

input

(Ll

CISPR E 2947 32 Y FHE (Hormonic Filter)
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Harmonic Filter
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(29 6-3] 2o e SH(EFaA) nA

) A AA v
KN16-1-1¢] A 97

A4
FHete] PR =ol BAFZo) 3t AL
H Ay 7] o VR=]

@é@

=2 W
M E= 53dBuv ol t}.
ol A= 100Hze] tt.

=G FYAre) Faps

A ¥ BE 66dBuVe] 1L
= HlE AoA =

=
=
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0ooo
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0
00

}gt CISPR 228472 7|+H 25 DUTY

27 3ko] o} 3

.ﬂ

dAE A8 g FYE

HAFENS-0] AL (H 25315 100Hz)
B oA B (dBW)| FEEY
B W= 0.35
HARZENS] §HESE| C W= 0.39 k=2
D W= 0.39

@O G HAR 2]

CISPR #29A 7], sty ZE
@ nl A2 [ 6-4]19F 2ok
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@ KN16-1-19] el w7 #A|2e CISPR H2dA7|2 Hxo tie wEFo5s
WakA A dawstel B¥ DUTS 4ede S49c

@ FaBA7A EAA T = B2 aka 100HzB, C, D te)ddl tigh s 7
To 2 st HANEEF35 1000Hz, 20Hz, 10Hz, 2Hz 2 1Hz o tish Aoz 2s

A% DUTY SAFu5E Z47e W= B, ¢, Dol wel 10MHz, 150MHz,
500MHz 5 AT Fu42 Adsie] =43 4= 9}

>
FI
N i

@ A delM= BanbESuks 25Hz] o

o Yle 7]Fow slo] HAadtEFEulg
= 100Hz, 60Hz, 10Hz, 5Hz, 2Hz % 1Hz ©f th3dt AdasS =43k DUTY =4
FuE FHFH Y g A FaaE AEdd 4 9t

) EHEBSE

4. 1Hz, 2Hz, 10Hz, 20Hzo| tjgt A~ IAES =
5. u=\ a4+ BHl= cile Dl =
6. Uy 0.173240 0.174354 0.175349
7. uy 0.174341 0.174524 0.174644
8. u, 0.173853 0.220129 0.175273
9. u, 0.177624 0.225055 0.176166
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Generator

@ — | Harmonic Filter |=—| Step Attenuator

[19 6-9] dHF 5 wAGHAE 9 e A=

W) mAAAL

@ DUTSl ZA4stnAshs doe a5 12 A4stn 24e A59471e F959
& skl DUTE A A[gke] 60dBV7F H =5 Al - Vs

£ 7153
@ g3, IF 2% V.2 10dB2 AA4s 1 tha] DUTS A A gkol 60dBW7F 5=
= 5/Gel dMe 2A}T 1 VE S F 2ol Aolrt Agghgol wrk
= Vipaom= V—(Vy+ V) ©] DUTS ddggol Ay,
) 4=

S ET=E U = 0.3524dB ©| )

uf 3Fans

[1] AAppgad =2 712, doA-23A] A2011-5%, 20119 1€ 19

[2] KN 16-1-1, ®arspgal 22 WA SA717-¢F Wiel dig A4, 1-1d2apgs) B
WA 4719 - S4719-, 2008¢ 54
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7F A& 9
o] WAHHEAE= KN 16-1-2914 A d=dAds] A48 B4 5 kol A
30ME =3k W] AUt m (A D3] Z)o] KN 16-1-2014 8¢ &7
of S=Xx5 23t WA AR &3
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D d9dx
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[ 7-2]ol A9} Zo] EUT XE9 AYdEd s 7|22 EUT XE9 FA7] ¥
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o} WA At
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No P U E2 U2 QIFAES
1 HER A=A L Z2BH 018 INE 2IE=C2 A3
2 RF load 2INEESZ A3
3 BNC 22121 (2 off) WEwnd
4 BNC 'T'" {&HH FotE A
5 Mains Socket to BNC Adapters E= R0l S
2) 2474
b AdEz =
Vector Network Analyser
BN oo AMN/
e bt LIS
® oSS0
oo e
s tiadal -_ElReceiverport
? CP 50Q load
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=] = zko] HE 19 =AHAn AL AF7]TAA A3 5183k
e FAskm A3 @ Rl st Bekgth
ol A EEE
N RN
Fo=82A0 OHE 22T %
g kHz—1 Mz \ 1 Miz—10 MHz \ 10 MHz=30 Mz
=S8T R0l AOEA 89
2 R@-50 @ 10 @-100 @ | 40 Q-60 @
=MD A43g X 1.5 1.5 1.5
WEHAHEH 22Xt 0.5 1.0 1.5
=Ho ey 0.2 0.2 0.2
StaEET 1.6 1.8 2.1
SAMEST (k=2) 3.2 3.6 4.3

2) AFZuAA =4

FUHRAN OE === B

255 Q0
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[EX| M2z MA<®AHMEHEY M2l nFHA 7|& & S (IR OAFASI M2013-8%)>

m ™M 4 A M M A |2HHS(Certificate No.) :

Certificate of Calibration == =  Page of Pages
@ AlFol -4 (Name) :
(Applicant) ~Z4(Address) :

-M3skH S (Telephone) :

—Z(Description)

@ =X7|7| —HI ZXHManufacturer) :
Calibration Item |-&{Al(model)
-7|7|¥*1 & (Serial No.)

® HTLAL @ W™K}
(Date of Receipt) (Date of calibration)

(Calibration Site)

(Temperatur,C) :

® wWyzty ==
& = (Humidity,% R.H.) :

(Environment) -

QEMESEELH
(Calibration Method)

@A™ ALESH 7|&=7(|2 A~g-A(Calibration Traceability)

AL EH| oA 717 S IMESESR=R=1PN: W™z
Standard Model Serial Number Recall Date Calibration Lab.

© WHAAA D}

(Calibration Result)

0 ==%

Uncertainty

) WA XHCalibrated by) @ I’L’éﬂ’ih'%!ﬂ(Approved y)

-3 (Name) : Slgnature) : -3 (Name (Slgnature) ;

_T_A

M58zx2| 50 w2} DAIE HESEAMIIXMS AH

O O O -

Hx
7|22l XY A *FEIOH EE DA M14z=2| ol 2t wPHAR dHMS

(We certify that this certificate is based on the calibration and the inspection in
accordance with the provision of Article 14 of the Rules on Designation and
Management of Testing Laboratories for Broadcasting and Communication Equipments
according to the provision of Article 58-5 of Radio Law.)

AgAAJAFTAEHAZ | 42

Director, Communications Conformity Assessment Center
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[EX] M35 MA<HAIMetEH Mo nEAA 7|&E & WH(FEMIHEF S M2013-85)>

wAHAANE S

CERTIFICATE OF CALIBRATION

NAHS

Calibration Number.

EEDES

Date of calibration

AFAGASAEA |42

Director, Communications Conformity Assessment Center

35mmx30mm(2~E] 7 &%)
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