MWE 2024 FR6A-2

7 2T HEC B Y D AR

Fundamental Technologies for Antenna Measurement

L 2t A R
Nozomu ISHIIT  and Michitaka AMEYA *

THIRRT: I PERBANR A WIFERT
IS

TUT T HREANIET D Z SIIMEE AR T S Z LR EOBLEN S MEOETH S, ZZTIET
T FRIEORME L TR A OOV TR B,

BN LIRS AT AT, 7o 7 FOBENLIE, BEMRENS T 7 IR I EIME
HBENTWNDDD, 7’/77“75)% SR A~FREFE D I SN TW D DN EEN ML 72 D, 7
V‘fﬂ‘?ﬁﬂﬁ%ﬁ‘*r’fﬁfi BHECEDLT T aEE Lz, WEIicki 2 NESHE, [y —7
o, BIEMERORER EOT T FAESEROREAR L R b FEHERNT 5, FilF T, BEXEME, R
@IEE{MLX]L%’EE&')T Py NIT—=ITFIAVEHN=T o TFOA =0 AE LR T 5, F
To. XA — 2 FIFFEIZOWT, JIE EOERZED THRT 5, SHIT, ST A—XiE St
VI UAT NERRA UIERE, BEEDREIZOWT ISR T 5,

T YT T DRSS = E R AT AOMER Y TREHIE DO THERERTH D, 7T

DG 2 — L WJEED 5 B O, 2ot EOBERT HEEER N OETROME ¥ — 25T 5

IFIEN TR ROE T R HyE:  (Near-field to Far-field Transformation) T 5, AFEEEDOZ T, TER
W REBEORBEGR &, WHET T T —TT7 T ) VNA 2V ZRIE S /8T A—X
BHENST T FORE R Z— RO LD ERL E . BRI Z2HE FIEIZOWT, SFEEED

LA LHBHEEDHAZHE LN D, BiHiEiTo,

Abstract
Antenna measurement is mandatory to certify of antenna performance or warranty of legality. Basic antenna
measurement technology and near-field to far-field transformation are explained in this tutorial.

From the antenna's point of view, quantitative evaluation criteria are whether power is efficiently supplied from
the line to the antenna and whether the power is radiated from the antenna to the space as designed. In the basic
antenna measurement section, the fundamentals of antenna measurement, including human factors, will be
introduced. Then, impedance measurement of antennas using a network analyzer, including electrical length
compensation, will be explained. Pattern and gain measurements will be discussed, including points to keep in mind
during measurements.

The radiation pattern of an antenna is an extremely important factor in the design of the communication area of
a wireless system. The near-field to far-field transformation method is a method of measuring the radiation pattern
of an antenna that calculates the far-field radiation pattern from orthogonal nearby electric fields in two
dimensions. In the second half of the course, the basic theory of the near-field to far-field transformation method,
the formulation and measurement procedures for determining the radiation pattern of an antenna from two-
dimensional S-parameter measurements using the antenna under test, a probe antenna, and a VNA will be
explained, comparing the planar scanning case and the cylindrical scanning case.
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PWSM (Plane-wave Scattering-matrix). FHKEELITHIIZ KD T7oTFHFDOXRIR

Ref.[2] D.M. Kerns: Plane-wave scattering-matrix theory of antennas and antenna-antenna interactions (NBS Monograph 162, 1981)
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A el X X 0

; s = \ BOTO—TTAE
_ =7°FI—7® ’?&"_LE‘UE7/TT® Jn—J0 BRAIET T+ D ?}?éi;]i??_j-oj)—;{%];fagléﬂj
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2 ] / ~ . .
'QA TEE—F | M¢ 2{ (p,p,2) = . —HP (k,p)e, — k,H (kpp)e¢] e/mPg=ikzz
TM:E_F N(Z) ( _ ]kzk H(Z)’ k k H(Z) k k H(Z) k P jme ,—jkzz
mk, P ®,2) = 2 (kop)e, +E (kop)eg + o tm (kpp)e.|e/m?e
AR RO . e
2) e — N - . .
Hp'(kop): EZRENTILEAER Bl (k,) = = j j 5E 4 (Po, qb,z))e Jme gjkzz g
am2kHE (kop) ) )
+o0 21
BZ(k,) = j fE (po, b, 2)e™T™® eIk2Zdpdz
mee 4n2k2H(2)(kpp) v
e~ Jkr e Jkr

SEHR  Ey(r,¢,0) = —2ksing=

T —>
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T — CO
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Nyt LB, () TR L. —fEN\TILER HT(,P(S) = Jn(8) +jY,.(s)
JARVERY,, (s)TREEITL DO TR FEENAUTILEE HP () = J,,(5) — j¥n(s)

180°
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\ |
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' m -120° \
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120°

|1 (k)|

Arg(HQ) n(kr) )

o o
)

kr kr

HD (6) = () ie_%ejs s = kr&9 .,
m s eJS|Z L4 |:> e/¥" : incoming wave (BIIZEK or #iBK)

ARz &
H® (s) = (Hm ie%e—fs eS| 45l |:> e Ik - outgoing wave (3EE K or EITIR)
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By ]

"SR\ T VBB H AT IR (outgoing wave) LIMRL TLVA

L\_Od)_'ts}iﬁ‘f&’&i%fﬁ'd’%ﬁ:&)( JIE E—RENVTILVERLE
H9 %,

7‘/7"7"&3’2").3!; =APABIYLSDEBEDERR (L.

1“0 N /‘/afn(kz) E(p,¢,2) = Z f b UeIMS (0,6, 2) + b2 (kNG (p,$,7)| dk,

+ Z f |ah kDM, (0,6,2) + Gk ING, (0, $,2)| dk,

R—rETEa0, b0 E R R R EbIm, b2m, alm, a2mD %R %E . AR KEELTIZAVTRIET 5L,

bo = oy + Z f (R )tk (k) + R, (k) ()] dk

—00 —
+00 0

s=1or 2 RKRE—FIZxIE(1: KFE, 2: FTEH)
Ry (ky): 7T DRERME(mEkeDER)

brln(kz) = T‘r}z(kz)ao + z '[[Srlnlv(k kz)av(k,z) + Srlnzv(k kz)av(klz)] dk, Trf‘t(kz) ToTFTDEEEFE (mEkeDZER)

m__

b2, (k,) = T2 (k,)a, + Z f [S%5, (ky kp)ak(k',) + SE2, (ky, ka2 (k' )] dk',

LERNVFELEZTNIE,

ay, =0

4

Sov(ky): 7T+ OEELE (my, kz, Kz DEH)

b (kz) = Tm(kz)ao
bin(kz) = Tin(kz)ag

ERIZFTO—TT7oTFAEET DT,
[> RIZTA—TT7oTTHBBIEEEE A D,
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ZIETA—I OBEITIRE
Vo= ody + Z f (RS, (k)b (k) + ROk )a (k)] e
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EET7TFDOH H,&Eﬁ-ﬁﬁyﬁlf%%#@ié&

b’y =T"ea'y + Z J [R'Y, (k)b (ky) + R'2,(k,)bZ (k,)]e™P e e gk,

m=—00 —co

LERHFNZITINIE, bk, =Ta(kay  bi(k,) =Talkay  &KY,

+o0 ©

bo=Todo+ay ) f (R (k)T () + R (k)TE ()™ e 0 dk,
m=—0 —oo

%Ejn—?‘bf%@%ﬁénnmm ag=0 &Y,

a Z f (R (e )T ,) + R (e )T )™ " 0,

N I R E IS L B EE A e

7—'JI%&*ﬁﬂ&7—l)1%ﬁ0)ﬁ%ml:ow~

o 2T
KA Tt R)TAGR) + RRG)TAC) = 3z [ [ (o) e ™ 0el ™ dpudzg
R A B, rzie O o
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