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Hidden antenna currents in domestic power-line network

Mode conversion at switch branch

Masahiro KITAGAWA!

t Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama-cho, Toyonaka, Osaka, 560-8531 Japan
E-mail: tkitagawa@Qes.osaka-u.ac.jp

Abstract The common-mode (CM) current generated from the differential-mode (DM) signal at the unbalanced
elements distributed on the power-line network is the origin of the radiated emission from the power-line com-
munications (PLC). The LCL measured at the outlet is often used as a measure of the unbalance in power-line.
However not all CM currents generated appear at the outlets. In this Paper, we have analyzed the mode conversion
at the swich branch which consists of the ceiling light and the wall swith, forms one-leg serial stub, and is typical
unbalanced elements on the domestic power-line. We have proved the existance of the hidden antenna current under
more general condition than folded dipole. The hidden antenna currents contribute to the radiated emission but
not to the CM current or the LCL measured at the outlet. Therefore the outlet LCL is ovbiously not good measure
of radiated emission. Taking the hidden antenna currents at the switch-branch into account, the lowest LCL of
the swich-branch becomes —6dB. Taking the DM loss between the outlet and the switch-branch into account, the
effective (minimum) LCL is around 0dB.

Key words power line communications (PLC), radiated emission, switch branch, antenna current, common mode,
mode conversion, series closed-stub, LCL
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% Mbps LEICEHELLTAVE—2y b7 7L ARKENA
LAN ICFIRITE3 & S51C, 2~30MHz DFEMERBRE XL L
DIENEEH, EHRL SR REGEE L TBATICREENE
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ROBRBAMEUTELS &S IC, E@H#IRIE okHz TD CM
B/ % ¥4 (RMS) T 20dBuA LT (2~15MHz) & U
10dBpA AT (15~30MHz) LE¥. PLC E7FLEREDNSE
0 ISN(LCL=16dB [11]~[14], Z&F—F (DM) 1 Y ¥—%
>~ Z DMZ=1008, CM « ¥ —4& >~ X CMZ=250) IC#kiL
fcBlLTh2RicT T L REENE L Ui,

LTAM, TOHMEN (8], [9) KB IOTHREELEZTH
RENTWAEHD PLC 7 L%, ERIC—REETHERL.
JEE— FEHLMRER 10m B 2MAEREZREL
TR, CM BRNHAHEEZK- L TOTLREERY BIE#
% 20dB LLEEREIZ T EAMEAL 72, (15) CThSoEEDNIY
£ F® LCL[13] (32T 16dB ML L THNTEMOBEANTH
b, EFLLEHEMER L TVBICEDHD LT, BAE
BB ME% 20dB U EEE ST &3, YOO ERENTR
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ZOEBEMERET ATV (21),

AR TR, BHY a— bR ETEXRTEESE— FEETY]
ZEHL, ZhERAVT. R4y FEICAS L= DM &t
B a—FRAXTTEDNDXSIC CM BRICERENS D %EH
5L, FOHRICEFRINTVSE S5 —AHDBIC BT 5 DM,
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4.1 WY a3—-FRETDOREE—FSHIFH

3(b) DEF > a— F A ETDRAEE—F S{TH%ERD 3,
=9, R (2), (6) &b, EH 3—FARXTDAHABKIL,

I2(0) = I;(0)e~ %% = 1, (0)e~ 7% (10)

V2(0) = Vi(0)e~ 2P = v;(0)e ™% (11)

LB, TTT. 6=p0l LBV,

DM DOigh1 v E—H > R% Z, £ LT, DM, CM DA
THOBE, BRETNTAUTOLED LTS,

Vi =vi—(-W)=2W% (12)
I = L =V]/2o=2Vi/Z (13)
vt =0 (14)
I =0 (15)

H710D DM, CM DETHROBE, "ML, TEDLSIKEB,

Voman = Vo= (Vi) =V + Vo =2Vie ™ cosf  (16)

Ipman = —(l+ h)/2=—Te * cosf (17)
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TTT. SRS BIHIC, AS. HEEEEhTN,
ad = Vmin/VZ0 = Ipm1aVZ0 =2Vi/VZo  (20)

ac = Vdu,1n/VZ0c = Igp, 10V 20: = 0 (21)
b:l = VD-M,Out/ VZo = IEM.Oqu 2 (22)
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be = Vem,ou!VZoe = Iom.ouVZ0c (23)
TERLT. ABHOMGREREET &,

by = ase™?% cosb (24)

b, = —jase *sind (25)

86D, IFEL. TTTHK(18), (19) BR (25) itk & ¥
B1DIC Zoc = Zo/4 L LTze TORBETTERNa—FR%
73, TEEDOREE—FSTAISIcE>TRENS,

ba aq4 ad
‘l=s|%| = A (26)
bd aq SF 0 [« ¥]
A al a.

Thbbt, ERYa—FRR2T TR, BABERECST, &)
FRELOHMEC D, ZOMABELR. ROTHITRENS,

Sp = e~ cosf  —jsind @n
—jsin@  cosé

<+b, <+ a';
DM a,—» by— 2z, Y

, L
<«b, s <+a,
CM a.—» b.—>  Zo Y.

L

5 AAvFAROBEE—FETFN

4.2 E-FERICE>TRI Yy FRERICE IR

B a— b AZTDOKICHBBUCTEET B CM BEHUETHE
&, ALy Foc A% LTz DM BRAEN S a— X & T
2T CM ERUCEREINT-EDTH B, TODE— FERL,

by —Sp | _ -jo cos@ —jsinb| |aq (28)
b, ac —jsin@ cos@ ac

TEXABN3H6. sind =0T abb 9 = nn(n B T
VRO, T— FERRSTEZ S, TDsind X DM B 5
CM BHNOE— FERDBERERL TS,

BHRYa— A RXTTE—FERETNTE S —ADBRIC AN
L7- DM #7178 & CM 1T, B x Tl L %=L
F-t%. SRTRHEENT, BUREEGRL, BEYa—FRZ
TBASL., TTTHUE—FERINT, RS v FRHED
NcHTWL, ThER S5 DEFIVEET, CMIZDWTIEH
DFEHIEHICHBURTH 2D 6, BERFFBET.=1Td
%o DMICDWTRERICF CICEH TN TV B AN E—
HUR Z, TRIEEhTVW30DT, BERSHRE

Ta= (2L - 20)/(ZL + Zo) (29)
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ay = byTae (30)

CT T, v R TOKD DM iES. L HROEE TH5,
CM IZDWVWTik, 4T LLESRTORMI’ERNEREBL I
VA, T TREHOIDICKENMBRTE 2 BEREXD L.
ROEWTRHE LT AR TICHAST 2 EITHIL.

/ —2%cL /) ~24.L
al = b.lce ™% = b e

(31)

TdHd, CTT. Ye ‘ica)ma) CM Emﬁ&‘t’%%«: hb2
KeLLHd e,

ag| _ |Tae™®* 0 b =T bl
al. - 0 e 2wl |4l P2

LisB, #>T, ALy FREDANN (B HHETDR
A9 FHEETRATRENBRABEZTZ>TVBESICR

(32)

A%
Lol ]l e
be a Qe ac
Ss =SrI'Sfr
Tae 2L cos? 6 —j(Ta+1)
; —e~Lsin’ g x sin 26/2
Y e sin sin 26/ (34)

—j(Pge~ 2L qe2rel)  g=2relcog? g

x 8in 20/2 —T4e 2"t sin%9

HHEDEHICDM & CM L BEEATELWVWERES
T=7.=j8%bb, ¢=BLLTBL,

(Tg+1)cos®?0—1 —j(Ta+1)sin29/2

SB=6—25(9+¢)
—j(Ca+1)sin20/2 —(Tq+1)sin®6+1

(35)
tixa,

4.3 NAHSE—-FERBRABZLVAE

FRO®ABEITH Se KNBITHITHNE, AL IEE—
FERPE > TVWEVWESICRA S, TORMIE.

—j(Tqa + 1)sinfcosd =0

THbh, Thicik. UTOFBEEIH S,

(1) Tyq=-10H4E (DM PEHEKR. ZL =0)

Zhiz. BEABEOWRTFMN I VT Y TRAKMICERE
NTVA XS BBEICHRET 3,

(36)

Sp = e-i0+e) 1 0 (37)
0 1
(2) 0=n/2DBRE (RAEZTEMN 1/4EE)
— —2i(x/2+4¢) -1 0 38
Sp=e [ 0 Iy (38)
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4.4 AAYF5E0 LCL
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