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The Analysis of The Transmission Line Transformers

— The {:1 transformer and the 1:2 autotransformer —

Michio Axivama, Kenichi KamaTa and Seiichi HoONDA

Abstraet: — It is well known that the stray capacitances of the windings
affect the frequency response of the transmission line transformer and limit the
high frequency response.

Previously it was presented that they might not be absorbed into the
characteristic impedance and the propagation constant of the transmission line
since they were not uniformly distributed but were converged to terminals.
From these concepts the equivalent circuit of this device was considered to be
composed of lumped and distributed elements.

In this paper the frequency response of the 1:1 transformer and the 1:2
autotransformer terminated by linear resistive impedance are analyzed on a
computer. The constants which are necessary to compute are decided by measu-
ring the fundamental characteristics of the transformer made using a small
toroidal ferrite core. The numerical results are shown and compared with the
measurement of the transformers which have bandwidth in the frequency range

of a few tens of kilohertz to over a hundred megahertz.

1. £ 2 # F
Vo1, 1] Z0sd Ay 12 BUBEAERD & O 7% 2 R O%RD DR S N 2 M
ﬂéﬁiﬁﬁéﬁ@iﬁ%/{ddm Z OB hféul-”}@‘%jﬁibf?i VR RRPFEL TV 5.

* Kbﬁ}\—?lf}«é’ﬁ%?i 5 MQER AL /N D)
IR T IR R ( " D)



135 WIRAZTHBIEREE GRS

o 2 ARERE BRI+ 5 & E12013, T DD, MR TIEHBREBEERIFLLE
tF 3 DT, ZOFREREEGHBORES v —5 v ZALEBERCEDTEA D T LB
TEHV e

HHEDL, S, D& AR OEENE H L, NP ELR e S EREE T,
EWHE%E R 2 S ARERES TED U S EEg 2% X, l—lﬁm%®ﬁﬁ@ﬁ&ono
ZUTHIERF LIS 22 L1k Ty ZOHMEIKOZSIERTED 12,

T TOBMERIC Y 5Ty Ebio, L1 AR LU 112 BB 22 T L,
WERITE o TEDEAFTEWHEDTH S,

IFRINS, 47 5 4 TBREREFOLEEREE L o AAEBEE bR S 2%
EH¥ZRT. s, LRSS LU 12 BEBE RO T&thr b, AL vEe—5 v
A& B R B R TR AT D . S DICHIERRE H DR THRL, HEBKRF LT
Do

2. 2FBHS O R BIEMBOEMBEE

il ot > 0 B DO SR W25 2 «w112Lu%&ﬁb%®itnx24wdﬁﬁ%4)mé%xéw)
FEROHFMEE Z R TNIIROWET, FTICE LD TH 5D THEINT ZRT,
2 R DRSS E FD4§»%@7174F-3 Tz '
%%OHLA47747é&m$<@1>@mt%%%%&

THH ) SF‘MJ’{K?{:&’O&\ UTSF/\T{f(EZ\]VOV‘Tv JJ(}X/O(
ObﬂmMHz@mm% Tt oine CORIZEBE, T

R Lk 9 SEIERERIE S ERERE LT ORT 2
2LUh, Zhicw L TCAREEERIL, LD, HerhERk
HEE LUTOREFPE L. ZHIERKIcs WTﬁ%&ﬂ#

) £ERE D) S S
FUSET 2 L0 WA L 3 2L pmbhTh b, B“%%%747ﬁ

- : N
FHELIZO—HE LT, SERcFET 2BEEREHA, Fig. 1 The bifilar
PR R " 55 A7 transformer.
SEREIE T, A
WEERTEPE ’ P .
KETHED L l
FHEK 2R Uk " I
(2, s L 1 1:1 5

< Y

CORI T _% , W 5, E %.
HEAE x=0, AN S ey C S -,
JAEE, BIRZ? v 129 Hl 120 Vo
TNz Vie Voo, PPN
Tios Fooo Vi, Vs Vel dm L e Vo

C2 Ce

Iy 320 I & T T
Wt wRXewse ST
Do X 2 2 AR D A 2 L ER OO (I E i |

Fig.2 The equivalent circuit of the transformer composed
of two windings.




Tl g, A% 0 REHBEMIRORET 137

Vll All A12 Bll BXZ VXO
Va = iz A B By I @D
]ll Cll C12 All AIZ ]10
]22 CIZ CII AIZ Ali -[20

Z 2 Ay Aie Bis Bie Cu 355U Coz 13 4 T 5880, u@@ﬂ:ﬁ(‘ftfiy 5%&\,2%«11\7’
L2 RDE N cEDEND

*L,C,
Ay = —‘Cl——~——-——‘” oL heos B

A= (U= Ol —cos gy
1 1

—_ wly W o oony.
Bu=jCr—pror T g A0

B oL, Wy . e 2.2
Blz J (“‘lm -4* sin [302)
Coy=j { G (2 wcle(lk Y Wb sin ,Bz,l}
. o L,C,
Cuo=j [P @22 — 4 sin il

ZZT Wo B X ENEFNFWEROE A v — 5 v A, fIHEHTHY, L, Cr bk
U Co IFIRERE SRR BB C A 1o & EOFRFTH 5 r st

F07 274 P OFBURIHBPROBINE & HcHST 5T L L MbNRTERY,
CDGEWH, TTISRLICE 210, L 3RO L IICEDEND

T Lo I [0 L&D V5 75 ADWHTH Y, fr 130D Lo/2 125
I HL EDPBTH 5.

ELCZERARL ISR T LR Ir LS AEBOT7 T4 « I TEHNHDT,
CONE, ARBLIUES I, ThEn 13.8mm, 5.38mm LU 2. 10mm THBH. F
JRBRRITER 0.26mm O X AT, BE 30em b0 3 7IC2BEEE DT .

ZDEEDFEREIEICE - TRD, 7T ROL D RESIBLNT V5,

[ =35ecm
Wy=75 82

br=—gsqgs g od/m

Fr=200 MHz

INLDEZHEBINF RS 2 Z LT TEETW 22, i VlEEch v, EEHTIZ
KW EZEZBNLDT, JWEPLEBLNLN Q.4 DEE T, b b ZITk



138 VA TSR (2B
ST B

3. 11 E R =

1:1 ZERBOMTFEtErb, FOANLVYE—F VY AR L UBIFREEREE,
RLRERREE ZHIBILTA S,

il EREHINS @ icREN S L 912, | WERC BRI Rs DEFH £ 25, 2 Wil
BT R pERENL DT, INESAERBICEDLE, ARG oL o1tk 5.
ZDE D BREGETIE, WTEFEIRDOEEYTH S,

_I_:_!ll‘\

1 3 1 2
ET ET 3 4
3 RL
Rs Rs é Ry

2 4 |
777 777 1777777777777 777777
(a) FEEOBERLLELD | : (b ) SHEHICE D LEbD

(a) Conventional form. (b ) Transmission line form .

B3 11 K AE
Fig. 3 The 1:1 transformer.

VlL:E*RsLl

o 3.1
T S B 3. D
VZI:_RLJZL

InbEHQDIZRAL, AL YE—F Y R Zy b & UBIEEERE S, 2o,
ETD L DT Bo

7V1L — H1 —!*RI,H‘g

Ly H,+RiHy

. 3.2
Sy = L B[Ry 1 Hi+R+R) Hi+RiRHy G2
2 N R T2 VR Ry Hs

Zln =

feti L Hiy He Hs 355U HOZROEMRLD o2 v b e & T, 2N ZFhko
EocEbEN A,
1=B112’“B19“’
Hz:A“OB‘Z_‘f“B“ ............................ e (3.3)
Hy=A4,,"— 4,.7
H4=A11B11'“A1231z

AT, LIEREL, NG DERHMT 2T L0k Ty Ri=Rs D& 5,25 b BIT
BKEIER T 22 L8300 2DT, IITIH Ri=R=Ws L v )& THHEZ L THR S,



ol #fm, A% 0 WEIBERER O 139
KB (22, @3, @1 $+U 3.3 BHRALT, ABAvE—5yr2a
Zin(=Rintj Xun) 35 & UB R ap(=20loguo | S5 | ) ZFHR L, T Zn4 3 LU

SIZHEAMEE & B 1cFT . Mo TSI EBERIERDOAT 1 v ¥~ v 2% 57 LT

VDo
1401
— Wi
oo o EWIE
120 9
100p

1 L I 1
.1 0.2 ‘0.5 1

0
0

1 1 1 i)
10 20 50 100 200 500 1000
o : Mk (MH:)

(a) ADA v &= 52 ADEIS Pk (MH2
(a) The real part of the input impedance.

B 3
AR 3}
— 4 O
~60[—
— 80 L L H 1 ! 1 1 L 1
0.1 0.2 0.5 1 2 5

It 1
2 5 10 20 50 100 500 1000

B § i 4,1
(b} ANA Y =520y 705025 i g (MM, 3

(b ) Theimaginary part of the input impedance .

) X4 1l EERBOAAL v E—5 v R
Fig.4 The input impedance characteristic of the 1:1 transformer.



140

YIRS I e SRR (B218)
124
_— o3 il
~10p L] Iz i 1
N 8
6
4
2K b
¢ * i}
. °
0 1 Setan PN} 4 A L 18 s
0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 1000

Bk (MHz)
X5 L1 EREOBIEREREE
Fig.5 The attenuation characteristic of the 1:1 transformer.

Ihb O E B U TAH S L, Fy 100MHz DUN O I T L B0 & Sl 21F
LT B EADD B TR T Ry X 3 5 001% ap OAE IR S 2035
i kYW SBE TS L Ocn Y, FHMO T MR BRI D TN BB 2 &
HIHe Do THNIBHOBLREE Uizc® L FA b s, B adng, HERED
IR ERE DO Z L E L~y BEOIMEZED LTV DL VA 5.

4. 1:2 BETHER

Wiz, 3TH#~7 Ll BREsoya& ERU L 210, H2HERERBDO AT 4 v =5
Zds & UBIEE G2 kT, FHAfR R L 2L TH S,

BI6 (a3 & 9 112 MAREREST S AERIRc o9, ARGM DLtk y,
INDWTEIMIIRD L33V ThH Do

(a) Conveniional form.

5 6

; RL

/77

(b)) THEEBLICEDLELD
(b ) Transmission line form.

L2 9k % R B

Fig.6 The 1:2 autotransformer.

JIT77 77777777

//



B, 8, F% @ ETBEREIOMT 141

Vig=0
Vag=Vu
N “4. D
Vi=E—R(Iu~—1Iz)
InbLER Q@ DICRALT) Zn 3LU Ss ZRODERDEIITIL D
Y- e Hi+R.H,
" 1"1L—1v>0 H5+RLH6
Sy L B R ] R IRy S RGE
D2 f Rs — ZE(;kjﬁz’{‘/ 3 — g +V E‘ ot/ ReRe Hy)
Z Ty
H53012H1+ (A112+ (Am“ E)Z)sz“QAnBu(Alz— D
}]62011(H4+B11) +C12H4* (Alg*' 1) (H3+A1r_)>
Hy=Ay Hy—CiyH—(Ape—DHy, ) e 4. 3)
Hy={A1*+ (A~ 1) }312*2/111311(1410—])
Hy=C s H+ A15(A1s— 1%+ G {d11 Bia+ (A — 1) Bus}

C 112 BB R, Ri=2W, R=Wy/2 O & E1oikd BIRCHEIES 2D Ty &
DEEED FICE BT o Ta b, 7 (4.2) 12 (2.2), (2.3), 2.4) iU (4.3) %
ATy Zin LU as BRY, TRENET LU SICEREE & b1oRT BT
BT A IR AR DA A Vv E—F Y AR LT %,

100
— I
~ o
Ssol o - . mW
=
o
60
A0
//.——fv"" ;
-
20
-
. .
0 1 L L L 1 L 1 f
0.1 0.2 0.5 1 2 5 10 500 1000

() Rdsd ¥ 5y ROUHF ETTRC Y
(a) The real part of the input impedance .
7 1:2 EEEREOANL v E—5 v AR

Fig.7 The input impedance characteristic of the 1:2 autotransformer.



142 YIRS (2L

8 0f

— EHE

FHHE

6 0f

¢ e ®

°
s *nee o o0

1000

—2 0k
— 40+
—60 1 1 1 ! ' 1 ! ' ] L s
0.1 0.2 0.5 1 2 5 10 20 50 100 200 500
5 B OMH 2 )
(b)) AALVE—FYADN T 75 v A% 1 3k 2 (MH 2 )
(b ) The imaginary part of the input im pedance .
=7
14
R s
121
e o o FTYI
10
,ﬁ?
s
€
6
4b
2 .
O\A\Q\L-;-- A P i s Fy . 4 & 9 s s o.n T ] o ¢ i
0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 1000
s (MHz)
. 3 b e =Nai
8 1:2 HUBZ @ aROB) ERE B E

Fig.8 The attenuation characteristic of the 1:2 autotransformer.



Tl 9, A MEBIEERBOT 143

INL ORI RE L TAS E, LI ZRBOEHE LML & 12, # 100MHz BTFo
R T, BEEHE & FERE L3 —BLT Al b d b, Foliici 3 & Zn
BEU as DMEHBEKRD BVIIFE L2 & O mJIEBUcE TN B EL 3L 510k,
R EREO T MR HEBO T BEIT 2L 91270 5. Ihd 3T~k 5z, &
MOBIRICE 2D EEZ DN B, BT, ZRHOBREE L —FE LT3 &
Abo

5, H & A =

SEICEE L R U B EREOZEY ZE Ui SMERE BT, LI ARSI U
L2 BERMARDATI A VB~ ¥ A LB EEFEEOR T Z R Uiz, InbRvHEucb
Jo Ty, FEEOWERBL L —&KL, FOEMEKBORZYIELHEL 2K s Ihb
VBB I AR R E R RN A S LT E B

C O E D 2 ARIEOEREBO AL BT, 3 AM OS> b AR 5 RO
PreEEhc bEATE %,
oo

B HiY, FRRCELUTIERTE - RS TS E T N ER = B
PR BT 5o TR OENL & TR EFRICK o AR IEHEF YR ERSE
W L% Bk B o

B

O

Dl S, A% KUK THIEEE, H20% (1972) P. 20l
2) sk, HElE LA TR, 6, 1 (1971) P45,
3) Gl Wk @ E¥R (), 55-C, 10 (1972)



