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Fig. A-1. Schematic of uncoupled pair in cascade with coupled pair-line.
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The differential-mode voltage at the output of the uncoupled
pair (x = —d) can be defined by (6) as

N

Vam, (=d) = 1,11 —d) = vyo(=d) (A-7)
which can be found to be
Vdm, (=d) = VP "™t 4 Ve W (A-8)
where
Viw, =t Vg eoyte. pm L

The normalized forward differential-mode wave at the out-
put of the coupled pair, defined generally by (16), can be
shown as

7 pos
dm,

AV Rdmu

where Ryp, is the (approximately) purely real characteristic
impedance of the differential-mode. defined between the un-
coupled lines, and Ry,,, = 2R, where R, is the characteristic
impedance of the each of the uncoupled lines. From (A-5),
(A-6), (A-9) and (A-10), it is found that

Rdm Rdm
7 1 ==]
Rdm._, i - Rdm

Ry
+ b(lm <l =3 e eJ’j“d
Rdm

where aq,, and by, is the differential-mode normalized for-
ward and reverse waves of the coupled system at x = 0,
and Ry, is the approximately real characteristic impedance
of the differential-mode on the coupled-pair. Similarly, the

Adm, =

(A-10)

1
Adm, = ;

(A-11)
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remaining differential and common-mode normalized waves

can be shown to be
1 le Rdm
b e — b( w1 —
. 2 Rdmu ,i l < s Rdm

a = RCIT],,
= = RCI’H
= Rcm 13, d
= l_ i) JEu
*bon(1 - o ) .
1 o e
Icm cm b g 1 CcHly,
& R{( : R)

. (1 - —];{ )]e-”u‘l (A-12)

where by, @ei, and b.,, are the normalized waves of the
coupled system at wx = 0. Therefore, the differential and
common-mode normalized waves at the output of the uncou-
pled lines are equal to the corresponding coupled system waves
with a phase-shift and a scaling factor due to the different
characteristic impedances. To the resulting mixed-mode s-
parameters, the phase-shift and the scaling factor represent
an arbitrary reference plane shift and ,a re-normalization to
the characteristic impedance of the uncoupled transmission
lines, respectively. Because of this, the coupled pair reference
line can be replaced with an uncoupled pair reference, and
the resulting mixed-mode s-parameters are simply transposed
to a different reference impedance by the uncoupled lines.
Therefore, the mixed-mode s-parameters of an arbitrary n-port
DUT can be measured with npairs of uncoupled transmission
lines.
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