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SUMMARY

Measurement uncertainty assessment 1S very important in measurement and
calibration. RRL provides antenna calibration services for EMI test. Reliability of
EMI test depends on accurate antenna calibration. Antenna calibration results
have to be accompanied with measurement uncertainty for its better reliability.
In the late of 2005, CISPR issued the CISPR/A/644/C which describes the
antenna calibration and measurement uncertainty.

In this report, on the basis of CISPR/A/644/C, we provide the measurement
uncertainty values for dipole antenna calibration at the Calibration Test Site
(CALTS) of Icheon. The antenna calibration method is 3—antenna
Height —Scanning—Averaging Method, which measures the free—space antenna
factor. We also considered all uncertainty sources that can affect measurement

results during calibration.
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F 1 F2AAEAN a7 = HUAA Eaast BAJMAL Co
f[MHz] Ewax Cop [dB] for half-wave tuned Cop [dB] for
[dB(uV/m)] | dipole antenna for balun biconical antenna with balun
impedances of 5010 73 Q impedance of 50 Q'
30.0 -4.76 0.9 0.13
35.0 -3.56 0.7 0.09
40.0 -2.55 04 0.06
45.0 -1.69 0.3 0.02
50.0 -0.95 0.5 0.03
60.0 0.24 0.7 0.37
70.0 1.09 04 0.25
80.0 1.69 -0.5 -0.45
90.0 2.05 -0.7 -0.34
100.0 2.21 -05 -0.06
120.0 2.39 0.1 0.20
140.0 2.49 0 -0.01
160.0 2.56 -04 -0.12
180.0 2.60 -0.3 0.05
200.0 2.63 0.0 0.15
250.0 2.68 -0.3 0
300.0 2.71 -0.2 0
400.0 2.71 0 0
500.0 2.57 0 0
600.0 2.63 0 0
700.0 2.67 0 0
800.0 2.69 0 0
900.0 2.71 0 0
1000.0 2.72 0 0
"The correction factor values are taken from ANSI C63.5-2004.
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Signal
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Transmitting
antenna

Antenna under
calibration (AUC)

Measuring
receiver — Signal
Viicfh)  generator

Transmitting
antenna

Standard
antenna (STA)

&

(a) Measurement of the voltage induced
at an antenna under calibration

(b) Measurement of the voltage induced
at an standard antenna
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# 2 20 9150, 70Mk)

Scanning ranges

Frequency Min Height 1-wawvelength 2-wavelength
(start point) path difference path difference

1lm lm - 6.37m Ower 10m

Zm Zm — B.73m Owver 10m

hOMHz 3m 3m — 7.28m Over 10m

4m 4 — 7.96m Ower 10m

hm brn — 8. 74m Ower 10m

1lm Im - 5.24m Im - 7.94m

4m 2m — bh.63m 2m — 8.28m

70MHz 3m 3m - 6.21m 3m — 8.79m
4m 4m — 6.93m 4m — 9.4bm *

bhm brn — 7. 74m Owver 10m

* No data
33 209 W9 R 5= (1000MHz)

Scanning ranges

1-wavelength

2-wavelength

40-wavelength

path difference | path difference | ...omit... path difference
1lm Im — 1.33m lm — 2.04m Im —9.91m
am 2m — 2.37m 2rm —2.71lm Ower 10m
omit Over 10m
9m 9m - 9. 17m 9m - 9.34m Over 10m

ole} o] 7} Az} wolo|x WRAlsle] FHojjszolele] ZdEAole] Nipg 2o 2719
HL} QIA} Htgke] Fol= 70MHAlA] 1000MHz 749 23 199114 23

o o] 9IF ¢

-
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Transition of antenna factors according to scanning ranges(70MHz)

10,20 —+—min height=1m
E 10.00 " —=—min height=2m
g 39.80
E gs0 . min height=3rm
b 940 ] min height=4m
& 9.20
% gm —— min height=bm
8.80 ——min helght=6m
0 1 2 3
Max height (N times of the 1-wavelength path— + Curve Atting using
difference of reflected waves) SAM

Transition of arterna factors according to scanning rangest 100MHz)

—— min height=1m

13.60
—=— min height=2m
£ 13.40
£13.20 rrin height=3rn
5] -
& 13.00 L min height=4m
. —4
fu]
5 oo ] —+ min height=5m
£12.60 — o
—— min height=Brmn
12.40
12.20 ——min height=7m

ol 1 2 3 4
Max height (N times of the 1-wavelength path-
difference nurmber of reflected waves)

+ Curve Fitling using
SAM

1% 19 Averaging 2 2719 W9} =olof wpE
ot URIA}e] ¥H3sl0](70, 100MHz)
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Antenna Factor(dB/m

Transition of antenna factors according to scanning ranges(200MHz)

19.80

19.60
19.40

19.20

19.00
16.80

18.60

16.40
0

5 10

Maw height (The N times of the 1-wavelength path—
difference  of reflected waves)

—s—min height=1m
—=—min height=2m
min height=3m
min height=dm
—s—min height=bm
—+—min height=Bm
——min height=7Tm
—=—min height=8m
min height=39m

4 Curve Fitting using
SAM

Antenna Factor{dB/r

Transition of antenna factars according to scanning ranges(300MHz)

27,80

L
@
=]

8

LI
f] [
=] =

26,80

26,60

0

5 10

15

Max height (The N times of the 1—wavelength path—
difference of reflected waves)

—+—min height=1m
—=— min height==2m
min height=3m
min height=4m
—— min height=5m
—+— fnin height=6m
——min height=7m
—— min height=8m
min height=%m

+ Curvie Fitting using
using SAM

Antenna Factor(dB/m |

Trangition of antenna factors according to scanning ranges(400MHz)

206

<]
i~

]
=]

4]
o

3
3}

3
@

2
s

B
=]

o

5

10

15

kMax height (N times of the 1-wavelength path—difference of

reflected waves)

20

—+—min height=1m
—=—min height=2m

rrin height=3rn

min height=4m
——min height=5m
——min height=6m
—— rmin height=7rn
—— min height=8rn

min height=Gm

SAM

+ Curve Ftting using

19 20 Averaging % 271 HE 9} olof wpE
okeLeIx}e] W3l5=0](200, 300, 400MHz)
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Transition of artenna factors according to scanning ranges(500MHzZ)

28 e min Relght=1m
2.4 —=—min height=2m
= min height=3m
S w0 |~ N
2 w min height=am
3 P e s e .
5o S —min helight=5m
fus]
< /_'_"/ﬂ/ —e—min height=6m
318 7
= ——min height=7m
318 —— i height=gm
3.4 L L . L min height=9m
v 5 0 E 20 25 4 Curve Fitting
Mex height (N times o f the 1-wavelength path-difference of Lsing SAM
reflected waves)
Transition of antenna factors according to scanning ranges (B00MHz)
—+—min height=1m
& i —=—min height=2m
248 uncertainty of
) "\ Hiaa (0.5648) min height=3m
348 \
min height=dm
£ 344 .\%
£ w2 T = e ——min height=5m
s hd DOPOSE R
5 M4 M’f —+—min height=Gm
o
[V "
o 338 — r S —min height=Tm
<336 uncertainty of
o 33 . !
k= j Curve Fitting min helght=8m
<3545 using SAM
min height=8m
w2 (0.524B) ¢
+ Curve Fiiting using
B SAM
328 I L I I I et
0 5 10 15 20 25 30
Max height (N times of the 1-wavelength path—difference of
reflected waves)
Transition of antenna factors according to scanning ranges(FOCMHZ)
368
—s— min height=1m
366 = —=— min height=2m
\ min height=3m
£
& 364 min height=4m
=
5 %\\\}\\w —e min height=5m
= i
® 36,2 i —a— min height=6m
o * ————
c
= N —— min helght=7m
= 3 /
<t —-— min height=&m
3.8 min height=2m
# Curve Fitting
using Sak
306 . . . .
0 5 15 20 25

Max height (M times of the 1-wavelength path—difference of reflected

waves)

1% 21 Averaging 2 2713 W9} ol wpE
oHeLpIx}e] W3l0](500, 600, 700MHz)
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Transition of antenna factors according to scanning ranges(800MHz)

372 —e—min height=Tm
—s—min helght=2m
37 [
min height=3m
5 3.8 | ) .
g 3 X E e min height=4m
g —e—min helght=Em
B s
p —s—min height=6m
c
=
% 36,4 ——min height=7m
<L
——min height=8m
¥®2
min height=9m
3% L L L L . L + Curve Fitting using
0 5 10 15 20 25 30 35 ShM
Max height (N times of the T-wavelength path—difference of
reflected waves)
Transition of antenna factor according to scanning ranges (S00MHZ)
—s— min height=Tm
382 ) —=— min height=2m
- uncertainty of
v H34 [0.56dB) min height=3m
388 —
< ' rmin height=dm
= 386 JK{
g T —— min height=5m
L 384 [ et S e
5 —+—min helght=6m
B 382
T 4 o —— min height=7m
= / uncertainty of | ¢ i helght=s
2475 K Curve Fitting = HERRESRE
= using SAM min hel
ght=4m
316 (0.52¢B)
4 Curvinig Fitting
w4 using Ak
372 . . . . . . .
0 5 10 15 20 253 30 35 a0
Max height { N times of the number of 1-wavelength path difference)
Transitions of antenna factors according to scanning ranges(TOOOMHZ) uncertainty of
Curve Fitting
.2 using SAM
\ /V (6 5598)
39
M —e—rin height=1m
§ 8.8 S e e ] —s— min height=2m
= \ - f min height=3m
T B/E —F == ry min height=4m
f W —— min height=5m
o334 —+— min height=6m
3 f/ —— min helght=7m
E B2 —— min height=8m
’ min height=9m
3 + Cuning Fitting using SAM
378 . . . . . . . .
0 5} o 15 20 253 30 35 a0 a5

Max height (the number of 1-wawelength path difference)

1% 22 Averaging 2 271 W9 =olof wpE
obgLpelA}e] W3}5=0](800, 900, 1000MHz)
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Antenna factor(dB/m

35

0 05 1 15 2 2.5
min height(m)

1-wavelength difference at each height(30MHz)

—— 1-wavelength difference at each
height

+ Curve Fitting using SAM

uncertainty of
Curve Fitting
using SAM
(0.524¢B)

&ntenna factor(dB/m

1-wavelength difference at each height(40MHz)

—— 1-wavelength difference at each
height
+ Curve Fitting using SamM

o

2 3 4
min height(my

o1

Antenna factor{dB/m

1-wavelength difference at each height{50MHZ)

—— 1-wavelength difference at each
height
+ Curving Fitting using SAM

o] 1 2 3 4 5 6
min height{m)

a9 23 13 2~90d WH9ollA ZF ool np
QHALRRIRFe] W3l5=0](30, 40, 50MHz)
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FHo B HA olol|A] WAlste] AR Zole] Nupg xfo]e] ~7HH 9] (Averaging) ol &
bt IRk oW FHEto R 7 Ade] AdFS g1 = Qth 0|22 Averaging®
dole7} oW BWegs 19 AS <13 0# Fh= 3s ofmlshy 1 Rgke] &
&1k QFEY Q1AL E Aot HSA®] S4&
Fitting Method®] 54&9%7} 0.52dB2A] & 5 3%‘_?%7}  AAFRE B 4 Aok

o] Axt= telu} 27l AlF ol 2mE Y Hele Y nkREY) S8k
Ho] Fol= Hulzolo] Wil ARZol9} Hazo] WAL AR o7t Nipgo] =
tiizo] 7kA] 20ste] Harghks Fekd HA sk XHOT%Z} et A2FE AT = STk
“refut 2700] AlFRRolE 1m oXFellA] AlEFSRaL HEEA] Nipge] ol 7hA] 20 <l
ZHE 1 Zol= 0.2dB oulo]r] wiEe] o] AEe] QAME 8shs SFAgdMe HAskd
2270 W97} ofH o s,
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A 4 Af B2 QG AR FA W]

2L m7re] AipHE xte = EMIE QFEHVe] Qv wAAMu|~E Alesl] = a9t
A4} YR o] HREAATLZ]|FHNICT) As7te] FsdA2A] 237k oLt 21x}9]
HwS4S Ffelglty dad+rae Azt Y XS AEsh] 918 Height
A ARELAAT7]T= NPLE Ak Fs B5tolE

S ©o]83= Curve Fitting Method®l] &Jsle] Ai-83F QHEY QIRE Abag), Hujd -

rl

(e}

Scanning Averaging S ARHEShaL

o} AREAATAT b} 54 AE 304 BT, EF waoy tolE
2 Yoo qhete] F5F 2 Hla Tk & 4ol Folzith

I 4 AvpAFA9) NICTe] wAAH] vl

NICT RRL
Ground Size | 45mx30m 40m=30m
Metal Steel Steel Sheet+12mm mesh
Plane
Sheet
Mast Height 6m 10m
Measurement Network Network
Equipment Analyzer Analyzer

35 Hlaldhd ey R Sk

Manufacturer Type Model Fre. range
Anritsu dipole MP 652B 30-200MHz
Schwarzbeck dipole UHALP793 300-1000MHz
Schwarzbeck biconical BBA9106 30-200MHz
Schwarzbeck LPDA UHALP9108 300-1000MHz

Calibration Frequencies(MHz)
30, 40, 50, 70, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000

# 6 F 7] SAERE (k=2)

Antenna NICT RRL Freq. range
dipole 0.52 dB 0.56 dB 30-1000MHz

biconical 0.4 dB 0.58 dB 30-300MHz
LPDA 0.7 dB 0.65 dB 300-1GHz
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3 7 tlol]Ze] vl Ay}

Frequency Results of Results of Difference
(MHZz) NICT(dB/m) RRL(dB/m) (dB)
30 2.27 2.44 -0.17
40 4.81 4.71 0.1
50 6.72 6.49 0.23
70 9.56 9.44 0.12
100 12.88 12.57 0.31
200 19.08 19.02 0.06
300 27.31 2742 -0.11
400 29.89 29.99 -0.1
500 32.01 32.01 0
600 33.55 34.15 -0.6
700 35.22 35.25 -0.03
800 36.59 36.86 -0.27
900 37.90 3842 -0.52
1000 38.57 38.59 -0.02
Conipansan of INCT &l RAL
e
40 - ]
i 2 .
30 o
- .
(=
10 1o .
RE
1] 00 400 GO0 B0 1000 1200
Frauanc i LIHS
[* RRL Znknna Factor = 1K T Snienna Factor |

% 24 % 7)oM) wAEE tholEoke wu A}

ZF 7132 ZEAre] qreuh adibHel whet tholE QheLE F g <tV SAES
L5 ARESISlaL 1 Al 3 5ollA FoAH tholE QbEuke] Ml S Avks £ 6 B
19 24004 RofEr) B Qrelvke] A= 3 73 13 2594] HofEr) tholE <

o] 7% 30MHzell A

Hue] A9 Ho xfolx 600MHzolA 0.6dBolal Fthed <reute
0.47dB2ld), o] 24 L=
ATt

-
_4
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T 7 i <bete] Hm Az}
Antenna | Frequency | Results of | Results of | Difference
(MHz) NICT RRL (dB)
(dB/m) (dB/m)
Biconical 30 18.4 18.87 -0.47
40 14.8 14.71 0.09
50 11.1 11.35 -0.25
70 6.0 5.81 0.19
100 10.2 10.33 -0.13
200 16.8 16.55 0.25
300 19.7 19.31 0.39
LPDA 300 13.6 14.00 -0.4
400 16.1 16.17 -0.07
500 17.3 17.44 -0.14
600 19.1 18.93 0.17
700 20.1 20.29 -0.19
800 20.9 20.81 0.09
900 21.8 22.02 -0.02
1000 22.7 22.90 -0.2
Comparison of Broadband
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