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Abstraci-In a standard Schiffman phase shifter a coupled

section and a uniform transmission line are used to give a
differential phase shift. In order to achieve larger bandwidth it
is necessary to use tight coupled sections which are difficult to
realize.

This paper shows how different configurations of coupled lines
or parallel connected coupled lines can be used together with
a uniform transmission line, another coupled lines or parallel
connected coupled lines in order to obtain a differential phase

shifter with loose coupled lines and the same performance as
for the standard case. The measurements confirm the calculated

results leadihg to a more realizable structure.

Index Terms-Phase shifters, Schiffman sections, coupled trans-

mission lines.

I. INTRODUCTION

A SCHIFFMAN phase shifter [1] is a differential phase

shifter that consists of two transmission lines, one of

them folded (coupled section) to be dispersive, Fig. l(a). By

the proper selection of the length of these lines and the degree

of coupling, the phase difference between them can be made

to be almost constant over a broad bandwidth.

Other method to design the phase shifter is by using two

coupled sections instead, as shown in Fig. 1(b) or by using

two cascaded coupled sections and a transmission line [2], [3],

shown in Fig. 1(c). In this case the phase shift is determined

by the choice of the length and coupling of each section.

Unfortunately, there are several cases where the phase

shifter can not be realized given the desired petiormance,

particularly in those cases when low relative dielectric constant

is used. A method to reduce this problem is to design the

coupled sections for higher input impedances apd connect

them in parallel. This alternative is presented in Fig. l(d).

Another application of the parallel configuration is the case

when the performance is poor due to the fact that the width

of the transmission lines in the coupled section is too wide

compared to its length.

II. A SINGLE COUPLED SECTION

The coupled section used in the Schiffmau phase shifter

consists of two parallel coupled lines of equal length connected

at one end. Expressions for the characteristic impedance ZI,

and phase response for the coupled section as well as for other

coupled lines were given by Jones and Bolljahn [4] in terms

of the even and odd mode characteristic impedances of the
lines and their lengths.
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Fig. 1. Some alternatives to obtain a differential phase sbiftec (a) Standard

Schiffman phase shifter, (b) Double Schiffrnan phase shifter, (c) Schiffmrm

phase shifter with cascaded sections, and (d) Parallel Schlffman phase shifter.

The characteristic impedance and

obtained from following equations:

[v] = [2][1]

the phase response are

(1)

where [Z] is the general impedance matrix given as [4]:

211 = 222 = 233 = 244 = –;(2.. + zoo) cot 0

zl~ = 221 = 234 = 243 = –;(2.. – zoo) cot 81 (2)

213 = 231 = ZZ4 = Z4Z = –~(ZO. – ZOO) CSCO

Zl~ = 241 = ZZ3 = Z32 = ‘~(ZO. + ZOO) CSC0

Using (2) in (1) for the special case when two ends of

the coupled lines are interconnected, the impedance matrix

expressed in terms of the even- Z~~, and odd-zoo ,-nnode

impedances of the coupled lines and their lengths is obtained as

[z’] =

[

-~(ZO. cot 0- ZOOtan 0) - ~(ZO. cot 6’ + ZOOtan 6)

-~(ZO. cot 6’ + ZOOtan d) - ~(ZO. cot 0- ZOOtan O)1
(3)

From (3) the characteristic impedance, 21 and the tmnsfer

constant (q + jq$) are obtained [5] as

(.zI = Z;; – 4#)1’2=/zz (A)

and

(2{1242)’/’ =co~$= P–tanz*cosh(cx + j~) = z, (5)
12 p + tan’ $
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Fig. 2. Response of 90° Schiffman phase shifters.

where a Iossless network (a = O) has been considered and

(6)

is the impedance ratio that determines the degree of coupling

of the coupled section. The coupling C, in dB is defined as

[6], [7]

()p–1
c = –2010g —

p+l “
(7)

A. Schijj?nan Phase Shifter

As explained before, the phase shift (Aq$) of a Schiffman

phase shifter is obtained as the transmission phase difference

between an uniform transmission line and a coupled section,

i.e.:

(8)

where tJ is the electrical length of the coupled section. We

assume that the length of the coupled section in the even 19e

and odd 90 modes is equal, i.e. Q, = f10= ~ in all cases. K@ is

the transmission phase of the uniform line and the transmission
phase of the coupled section as given by (5).

The desired shift is obtained from (8) by the proper choice

of 8, K and p. Also we can see that when 6’ is chosen to

be 7r/2 or m at center frequency, the phase shift response is

antisymmetfic in respect to the center frequency and broad

band characteristics are obtained for these cases [8]. In Fig. 2

the responses of 90° phase shifters are plotted when the phase

deviation c, is: t = +5°, +2°, +1°, +0.5°, and, +O.lO.

B. Double Schif/inan Phase Shijler

If instead of the uniform transmission line another coupled

section is used as shown in Fig. 1(b), the differential shift

0“5 1“0
flfo 1“5

z Z002 C2

;) :) % ?’;(fh$) .,2

(cl) (n) (dB)

+5 15855 6937 3604 10 11133 74 3378 S 56

42 16313 6963 359 9.9 1165.4 6489 38.53 1137

+1 16142 6683 3741 11 11483 6495 385 1184

*5 16045 6544 3s 2 1161 1139.5 6471 3863 1196

*1 16662 6705 373 109 12112 5786 4321 1677

Fig. 3. Response of 900 double Schiffman phase shifters,

(Ad) is obtained as

where pl = Zoel /zool , pz = ZOe2/Z002 and ZI =

~=~.
Any desired phase shift is obtained from (9) by choosing

properly pl, $1, p2 and 92.

In Fig. 3 some cases giving the maximum bandwidth when

the allowed phase deviation e, is: c = +5°, +2°, +1°, +0.5°,

and, +0. 10 are shown. An unsymmetrical response is observed

there since at least one of the coupled sections has 0 # 90° at

the center frequency. We see also that the double Schiffman

phase shifter gives little narrower bandwidths but require

considerably weaker coupling coefficients when compared to

the standard Schiffman phase shifter [8].

III. Two SECTIONS IN PARALLEL

When two coupled sections are connected in parallel, the

total four element admittance matrix [Y;] is equal to the

addition of the four element admittance matrix of each section

[5], i.e.;

The four element admittance matrix for a single coupled

section in terms of the even and odd mode impedances is

obtained from (3) as

L,

[

. (Zoe - Zootan26) cot 0 +~(ZO.+ZOOtan219) cot 0
2zoezo.

jj(ZO.+;fi&0219) cot 6’ 1.(ZO,+ZOOtacot 6’ “
2Z0. Z.0 –J 2zoe zoo

(11)
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In the general case when both coupled sections are different

we use (11) in (10) to get the four elements of the admittance

matrix in terms of the even and odd mode impedances for the

two coupled sections connected in parallel as

(–j (2..1 – 2001 tan2 191)cot 01
Y’ –Y’ ~t,ll — t,22 ‘— 2..12001

(2..2 - ZOO~tan219z) cot 19z
+

2.,22..2 )

Y;,12 = (+j (2.,1 + ZOOltan2 .%) cot&
Y;21 =T —

2..12001

(2..2 +ZOO~tan262) cot 6$
+

2..22002 )

(12)

Using (12) the total characteristic impedance ZI~ is obtained as

1
‘I’ = (~:;, - yy;2)v2

211212
—

( tan 01

)

tan 02 112
2;1 + 2;2 + 2.,22001 m + 2..12002-

(13)

The transfer constant is obtained when a = O from (12) as

Y;ll
cos~=+-

Yt,12

_ Pee(pl – tan2 I%) cot h + (P2 – tan2 192) cot 192

P.. (P1 + tan2 I%) cot 6? + (P2 + tanz 192)cot 19z
(14)

/where p~~ = ZOW ZO~l.

Equations (13) and (14) are the general expressions for

design of the parallel connection of two coupled sections.

From (13) we observe that the total characteristic impedance

is a function of 61 and 02 and thus the circuit is not matched

for all frequencies. Since the poles produced by 61 = n~J2

and 192 = n~/2, n = 1,3,5, . . . do not cancel each other,

a mismatch and a drastic change on phase exist at those

frequencies. A possible solution is to place the poles outside

of the bandwidth of interest but this solution gives a much

narrower bandwidth than that obtained by letting the length of

both coupled sections be the same (01 = 62).

When the length of both coupled sections is the same

(81 = 62), (13) reduces to

ZIt Z12
ZI’ =

(Z;l + 2:2 + 2..22001+ 2..12002)1/2 “
(15)

The phase constant given by (14) reduces in this case to

cos $ = PP1– tan26’1
pPl + tan261

where

2001 + 2002

P~l = ‘Ipz ,ZOel + 2..2

(16)

(17)

By using (15)–(17) new versions of Schiffman phase shifters

can be designed.
When ZIt, ZII, pl and p2 are known ZIZ is found from

(15) as shown in (18) at the bottom of the page. Since

(15)-(17) can be simplified under some conditions, several

different alternatives have been analyzed, among others, when

the differential phase shifter is made by using two parallel

connected coupled sections and a uniform transmission line,

a single coupled section and another two parallel connected

coupled sections. In the following some cases are presented.

A. Parallel Schiffman Phase Shifter

If the single coupled section in the standard Schiffman

phase shifter is replaced by two parallel connected coupled

sections having the same length as shown in Fig. 1(d), then

the differential shift is expressed by using (8) and (16) as

&fI = KO1 – COS-l

(

ppl –tan291

)
(19)

pPl + tan201

where Ppl is given by (17). Any desired shift is obtained
by the proper choice of the parameters 01 and K and the

performance of the shifter will depend on the coupling and

the input impedance of each section. We note that (19) has

the same kind of symmetry as the standard Schiffman phase

shifter has (8), and so the same bandwidths are expected. In

Fig. 4, some examples given the same phase deviations as

those for the double Schiffman phase shifter are presented.

B. Parallel Double Schiffman Phase Shifier

If the uniform line in the parallel Schiffman phase shifter

is replaced by a coupled section, then the differential shift is

expressed as

where pPl is given by (17). The desired phase shift is obtained

by proper choice of 01 = 192and 193and the performance

depends on pl, p2 and P3 and on the input imped~ce of each

parallel connected section.

212 =
“lz’t(E+6)+zIlzItti’’(E+E)2+4-z’t)

2(2;1 – Z;t)
(18)
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Fig. 4. Response of 90° parallel Schiffman phase shifters.
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Fig. 5. Response of 90° parallel double Schiffman phase shifters.

Toobtain90° phase shift (A#=90°) the relation between

the lengths of the coupled sections is found from (20) to be

03 = 180°n + tan–l
-

n=o, l... (21)

In Fig. 5, some cases giving maximum bandwidth when the

allowed phase deviation e, is: c = +5°, +2°, +1°, +0.5°, and

+0. 1° are shown. Again as with the double Schiffman phase

shifter (Fig. 3) the unsymmetrical response is observed.

C3 = S 61 dB

+

Z*C3 = 155fl

zoo = n 130

64= 03

c,

C’, =83dB
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Zo,l = 165fl

zoo = 73 33f)

#2 = o,

c,
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Fig. 6. Response of 90° double parallel Schlffman phase shifters,

C. Double Parallel Schifman Phase Sh$ter

If each coupled section in the double Schiffman phase shifter

is replaced by a parallel section having the same length, then

the differential shift is expressed by using (16) as

where pPl is given by (17) and,

2003 + 2004
Pp2 = P3P4

2.,3 + 2..4
(23)

The desired phase shift is obtained by proper choice of 91 = 62
and 03 = 94 and the performance depends on pl, pz, p3 and p4

and on the input impedance of each parallel connected section.

In Fig. 6, values of coupling coefficients and input imped-

ances that give similar responses as those presented for the

other cases are shown.

IV. COMPARISON BETWEEN DIFFERENT CASES

The comparison between analyzed cases can be done as

follows. The difference between the even and odd mode

characteristic admittances is YOC which corresponds to the
capacitance between the parallel lines. Thus we can write

Y.. = Y.. + Yoc. (24)

For practical reasons in a system with 50 fl characteristic

impedance we want to keep YO. above 10 mS and to have

YOCas low as possible because large YOOis difficult to realize.

For coupled sections with 100 Q characteristic impedance YO,

should be above 5 mS and again Y., as low as possible.

The calculated results for Y.., YOO,Yo. and c = +2° are
shown in Table I.

The conclusion is that all cases shown in Figs. 3–6 are

considerably easier to realize than the standard case shown
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TABLE 1
COMPARISONOFTHE DIFFERENTCONFIGURATIONS

Case Y Y Y Y Y Y
(+2”) %s)

Y Y Y Y Y
(r%) (n%) (:s) (:s) (n%) (r%) (%) (n%) (:s) (;s) (;s)

Fig. 2 32.38 12.35 20.03

Fig. 3 27.86 14.36 13.49 25.95 15.41 10.54

Fig. 4 13.64 6.06 7.58 18.75 6.29 12.46

Fig. 5 13.64 6.06 7.58 17.02 6.99 10.03 23.41 17.09 6.32

Fig. 6 13.64 6.06 7.58 13.03 8.93 4.12 14.06 6.45 7.61 13.25 8.2 5.05

(b)

Fig.7. Photographs foc(a)The pmallel Schiffman phase shifter md(b)~e

double parallel Schiffman phase shifter.

in Fig. 2. In addition for the configurations in Figs. 4-6 we

have the possibility to choose the coupling coefficients for

different sections in such a way that YO.’s are close to each

other maintaining the same phase perforrmmce.

V. MEASUREMENTS

To show the larger range of application for the proposed

circuits, we have selected a parallel Schiffman phase shifter

and a double parallel Schiffman phase shifter as examples.

The circuits were design on Diclad 522 with H = 1.6 mm
and q- = 2.5.

Using (15)–(1 8) and (19) we get for the parallel

phase shifter with c = +1°:

01 =19z =90°, ZII = 212 = 100 f),

PI = p2 = 2.47 and K = 3.

Schiffman

— Theoretical (p)

.-.-.. Measured (p)

-- Th.metical (d)

- Measured (d),,

fill..-,-.-.-
,/,’ ,..

/ , ““”-’ -... -” -’,,,;.
,/.’ ,

i
,,7

—

—

..-.,
s
-----

—

—

2.5 5;.0

—

—

... ..
z
.... .

—

—

f(GHz)

Fig. 8. Theoretical and measured responses for the paratlel Schiffman phase

sh~fter (p) and the double parallel- Schiffmarr phase shifter (d) s~lown
in Fig. 7.

Using (15)–(18) and (22)–(23) we get for the double parallel

Schiffman phase shifter with e = +2°:

01 = 02 = 109.35°, ZII = 212 = 100Q, P1 = PZ = 2,

03 = Od = 156.15°, .213 = .zI~ = 100 Q,

and p3 = p4 = 1.68

The photographs of the circuits are shown in Fig. 7. As a

comparison the standard Schiffman phase shifter as shown

in Fig. 2 can not be realized with edge coupled lines for

those phase deviations on this substrate. The measured and

theoretical phase responses of these circuits are presented in

Fig. 8. The agreement is good.

VI. CONCLUSIONS

In this paper the theory needed to design differential phase

shifters by using two coupled sections or parallel connected

sections together with uniform lines, coupled sections or

parallel connected sections has been presented.
The results show that the proposed differential phase shifters

have larger range of the feasibility compared to the standard

Schiffman phase shifter since equivalent responses are ob-

tained with considerably weaker coupling coefficients. More-

over, since the input impedance of each parallel connected

coupled section is about twice that for a single coupled se&ion,

the same coupling is even easier to realize.
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