IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 12, NO. 10, OCTOBER 2002 395

Reliable Method for Computing the Phase Shift of
Multiline LRL Calibration Technique

J. A. Reynoso-Hernandez

Abstract—n this paper, a new method for computing the phase
shift of lines used in the multiline line—reflect—line ¢n) calibration
technique is presented. The new method is based on a matrix ap- Ty r
proach to determine the traveling waveX and uses a reliable crite-
rion to compute the constantsa/c and b. The new method over-
comes the problem of sign ambiguity of the eigenvalued; and
Az, inherent to the classical method. Another advantage of the new
method of computing the phase shift is that the physical length of Ty | L2 | Ty
lines is not needed. The new method computes the line phase shift
from the knowledge of the traveling waveA, that is, without pre-
vious knowledge of the wave propagation constant.

L1 | T,

Fig. 1. Structures used for the implementation of the line—line method.
Index Terms—Calibration techniques, phase shift, wave cascade
matrix, wave propagation constant. II. METHOD

The method needs for its implementation two nonreflecting
. INTRODUCTION lines. The line standards used are shown in Fig. 1. The shorter

HE MULTILINE line—reflect-line (LRL) ¢n) calibration and longer lines will be referred to ds, andL», respectively.
technique utilizes many different combinations of pair§he two ports that are referenced tolasand’’z correspond
of lines to avoid the phase shift uncertainty regions located tgitransitions used for ensuring the connection between the lines
18C°k (k = 0, 1, 2, ..., n). Usually, the phase shift of a pairand the network analyzer at the line input and output p@ris.
of lines used in the calibration procedure is determined from tR8d 7’z include either the microwave probes or coaxial to mi-
previous knowledge of the imaginary part of the wave propaggr_ostrip microwave connectors (launchers) and the necessary
tion constanty [1]. Either the ABCD matrix or the wave cas-hardware for the network analyzer.
cading matrix (WCM) formalisms may be used focomputa-  WCMs are used for the modeling of transitidfig, 7'z, line
tion. In fact, utilizing the similar matrix properties and either thé:1 and lineL,. The WCM is defined ad' for transition7’s,
ABCD or the WCM, the first step in the broad-bamdatalcula- Ts for transitionT’s, Ty, for line L1, and Ty, for line L,.
tion is the computation of the traveling wa¥g1]. To date, the In the following, T4 andTp are assumed to be different. The
main problem with the broad-bandcomputation when using WCM Ty, andT; (T for line L, plus transitionsT’; for line
either ABCD or WCM is the lack of a reliable criterion to re-Lz plus transitions) can be written as
solve the sign gm_biguity be_tween the two eigenvalgsnd Ty =Ta T, Ta 1)
A2 [1], [2], predicting a continuous forward or backward trav-

eling wave. On the other hand, the method using the wave cas- T =TaTi2 Ty @)
cade matrix seems to be more appropriate and compatible withere

the calibration procedure. Irrespective of the parameters used ki g .

for the broad-bang computation, the methab—L requires the Tp; = < 0 C'\/Li) , t=1,2 )

physical dimensions of the lines as input data. The drawback of
these methods [1], [2] is that it is necessary to know the phys- Ta =72 <a b) . (4)
ical length of the lines to compute Based on the matrix devel- c 1

opment presented by [3], a new and reliable method for det8fy; (i = 1, 2) is the WCM of a nonreflective line having a
mining the phase shift of a pair of lines used in the LRI} (s length L;.

presented in this paper. The main feature of this new method iCombining (1) and (2) the next equation results

that the physical lengths of lines are not needed and by conse-

: . - . T\ =T'TT 5
quence they computation and the sign ambiguity are avoided. A A A ©)
where
d Feb d h k ! 0
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Fig. 2. Polar plots of the eigenvaluas and \. illustrating a discontinuous
behavior in phase and magnitude around 86d 270.

and
A =crile=ly), ®)
Using (4) and (7), (5) becomes (9), shown at the bottom of
the page.

Comparing each term of matrices on both sides of 95

computed as a function éfanda/c by
Fig. 3. Polar plot of the traveling wavkillustrating a continuous behavior in

a2 + btay — aL/c t11 — aL/c t12 phase and magnitude in broadband.
= b
1 - a—/c
1_ b I1l. EXPERIMENTAL RESULTS
a/c

(10) Two precision air lines (7943G and 7943H from Maury
Microwave) and an uncalibrated HP8510C automatic network
where analyzer system were utilized to test the reliability of the
B2ta1 + b(tas — t11) — tia =0 (11) me.thod. for compL_Jting the phase shift of lines used in multiliqe
an2 “ calibration technique. The measurements of the scattering
(—) to1 + —(t22 — t11) —t12 =0. (12) parameters of the lines were performed in the frequency range
¢ ¢ i i of 0.045-50 GHz with an uncalibrated HP8510C system.
It should be noted that the quadratic equations (11) and (]@2J 2 shows the broad-band variation »f and A, versus
have already been reported in [4], but their derivation is diﬁereﬂ%quency, in the complex plane, computed using [1, eq. (20)].
[3]. On the other hand, because of the equal cogfﬁcients in (l-ﬂﬂe discontinuous behavior in phase and magnitudg and
and (12_)£b anda/c are roots of the same equation. Moreoven o served in the vicinity of 90and 276 precludes the direct
sincel’;~ exists(a — be # 0), thenb is different froma/cand, 1544 hand determination of the phase shift of lines using
hence,b anda/c are the two dn‘f_erent roots of (11) and_(12_).0r 2. Fig. 3 shows the broad-band variation versus frequency
Values of.b anda/c are chosen in accordance to the criteriogy A, in the complex plane, determined using (10). It should be
reported in [4]. o noted that a continuous phase and magnitude variation in the
It is interesting to comment that theexpression given by \hoje frequency band is observed in Fig. 3. The continuous
equation (10) predicts a continuous wave traveling in positiyg,1qe variation of\ enables the broad-band determination of
direction [3]. Th|_s IS an w_nprov_ement in thecalculation since o phase shift of lines without previous knowledge of the wave
the problem of sign ambiguity inherent to methods [1], [2] do&shagation constant. Finally, the effective phase shift of the
not existin the proposed method. Onces computed the phase jines (5], determined using (13), is depicted in Fig. 4. It should
shift is determined by be noted that the variations of the effective phase shift as a
Ad = arctan <Im()\)> (13) function of the frequency produce a periodic curve for a given
e Re(\) ) pair of lines. Furthermore, it is interesting to observe that the

St ai/ctm — btoy — aL/ctn

9)

=

0 1 < at11 + ctio — abtoy — beto bt11 +t1a — bPta1 — btos )

Y a—bc \ —act;] — Ftia + 6%t + actes  —bety — ctia + abta + ata
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o ; 2 rﬁl‘; 3\53 % g ':;’2 af3 o gggg ":f% of the lines for computing the phase shift, the proposed method
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