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A new class of stepped impedance power divider/combiners
gives performance comparable to Wilkinson devices at
one-third the size. Shorter line length is the secret.

"E*" HE Wilkinson family of in-phase,
n-way power divider/combiners
has been dependable since its introduction in 1960*. Now,
a new topology has been developed which can match the
Wilkinson spec-for-spec, while occupying about one-
third the substrate real estate. ‘

Wilkinson devices are strong performers, approaching
the ideal in certain respects® when realized in microstrip or
stripline. If perfect, they would have:

e equal in-phase power division
e one-to-one VSWR at all three ports, and
o infinite isolation between in-phase ports.

A major disadvantage of the Wilkinson design, however,
is the requirement for quarter-wave lines, which are un-
desirably long below S band. The new alternative to the
Wilkinson divider/combiner uses lines of reduced length.
The size of the device is drastically reduced, which is es-
pecially attractive for L-band operation.

A two-way Wilkinson device is compared with the new
configuration in Fig. 1, while the new circuits are shown in
parallel and series forms in Fig. 2. The older design uses
two parallel impedance transformers, each having a
quarter-wavelength transmission line with a character-
istic impedance of \/2 times that of the system’s character-

istic impedance. When the high-impedance ends are con-

nected in parallel, a power divider/combiner with a system
impedance of Z, results. The resistance between the two
in-phase ports necessary for perfect performance is equal
to 2Z,, ‘

The new device uses stepped impedance transformers
with a total line length of less than one-quarter wave-
length. As a result, the isolation network requires the addi-
tion of a capacitive element (see Fig. 2).The new topology
can be fabricated using printed artwork with the addition
of only one resistive element per stage. This use of stepped-
impedance transmission lines is not new; an even number
of alternating high- and low-impedance lines, when cas-
caded, may be used to transform any real impedance to any

. other value (see Fig. 1(b)).

The first step in using a two-step transformer as part of
a two-way power divider is to make sure that the charac-
teristic impedance R, is transformed to 2R,. For a given
line length §, impedances Z,, and Z, are given by:

l R 4 % 2 (1)
- ™ - I
Zoy tand [(1 + 8 tan®9)” - 1

Richard C. Webb, Senior Engineer, Magnavox Govern-
ment and Industrial Electronics Co., Fort Wayne, IN 46808.

1. The two-way
Wilkinson circuit
(a) is made more
compact in two-
step form (b) or in
discrete form (c).

2. Infinite isolation and perfect output VSWR are the result
when the isolation network in Fig. 1(b) is realized in parallel
(a). The series form (b) is also shown.

2RZ
Zop = —Zo—(i ‘ (2)

Equations 1 and 2 generate exact values for Z, and Z, at
the design frequency. Over any given bandwidth, a very
small band-edge VSWR improvement will result (at the
expense of band-center performance) from perturbing Z;
and Z, slightly. The enhancement is negligible for band-
widths of less than an octave; still, corrected values are
shown in Ref. 4. For practical applications, the use of Fig.
3 with Egs. 1 and 2 is recommended.

The quantity § may range anywhere from 0 to 45 degrees
for the two-step device; when 8 is 45 degrees, the Wilkinson
device is created. When 6 = 0 degrees, a degenerate solu-
tion such as the one shown in Fig. 1(c) is the result.

As the line lengths are reduced below 45 degrees, the
following characteristics and limitations apply:

o As 0 decreases, Z, decreases and Z, increases. For
practical 50-ohm systems using standard substrate materi-
als, line lengths shorter than 15 degrees are generally

impractical. .
{continued on next page)
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POWER DIVIDER/COMBINERS (continued from p. 67)

5.0
\ 3. Transformation
\ B Zmus g of the character-
40 B istic impedance
Ro follows these
curves, in conjunc-
\ tion with Egs. 1
30 and 2.
< \\
N Z,./Ry
20 \
\
Zo/Ra " — ]
1.0
/

0
10 15 20 25 30 35 40

8 - degrees

4. These prototype parallel (left) and series divider/
combiner units operate at 200 MHz.

Table 1; Allocation of storage registers O S N e
Lt R P odee “ Table 2: Program inputs and printouts
Register Allocation Register Allocation Input Key Display Input | Key | Display
RO1 W, RO8 Zoo f, A W, E R,
R0O2 Ry R0O9 (Zo1 + Zo2) Ro B Ro R/S X,
RO3 8 R10 (1+Zo2/Zo1) 0 C Zo1 R/S | Cq
RO4 sin 8 R11 Zo RIS | Zo2 Zop D Zop
RO5 cos 8 R12 N D Re | 6 E Re
R06 tan 6 R13 X, R/S Xo R/S Xs
RO7 Zoy RIS | Cp R/S | Ce
o For f between 20 and 25 degrees, Zyp reaches an impedance R, = (Zor + Zop)* sin26 cos?d (5)
level satisfactory for extensive meandering on most sub- Ro
strates, while there is only moderate reduction in the and .
impedance of Z,. Xo- 2 Zoz (1 + 52) sin®f cosd
o The input VSWR is slightly higher than the Wilkinson o~ 2l 2ae ( Zo1) Sy cos
over bandwidths of 50 percent or less.
—(Zoi + Zgg) sind cossﬁ] (6)

The all-important isolation networks

An acceptable, if not perfect, in-phase power divider/
combiner must display high isolation between in-phase,
low-VSWR ports. In the Wilkinson device, high-isolation,
low-VSWR characteristics are achieved via the 2Ry -ohm
resistor. In general, a dissipative element is necessary for
proper isolation as well as output matching. Since the elec-
trical length of each 1:2 impedance transformer is less than
90 degrees in the two-step configuration, a capacitive iso-
lation network is needed. The realization of this network is
shown in parallel and series forms in Fig. 4.

In the parallel RC network, the solutions for Rp and Xp
are given by:

R, = 2R, (3)

and Xp =(Z01 + Z02)2 siné cosé
ZOZ 2 2n -
X [Zog (1 + Z_()l) sin“f (ZOI + Zog) 00820] t (4)

It’s interesting to note that R_ does not change in this
configuration compared to the \Rlilkinson device. The solu-
tions for R, and X_ in the series circuit are given by:

AR

The series arrangement can be altered to include a pad to
link the two elements. Modeling the pad as a section of
transmission line with a characteristic impedance Z,, and
electrical length §,, the values of R, and X become:

Rs = (Zor + Zg2)? sin® cos®
X [Ro (cos@p + %)]1 (7
op
- : Zoo
Xs = Zop sinfly + 2 7z <1+ ———)
Zoy
—sin®0 cosf—2 (Zoy + Zoz) sind cos®d (cosdy,)™ (8)

For these two equations, X, must be calculated before R,.

Interesting isolation characteristics
The performance levels of the two-step devices are, on
the whole, very similar to those of the Wilkinson devices.
(text continued on p. 72)
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5. Input and output VSWR are compared for the two 200-MHz units. The input VSWR curves (left) represent @ theoretical
and @ measured data for both two-way devices. The output curves show @ measured and @ theoretical data for the parallel
network, and @ theoretical and ® measured data for the series configuration. For all of these curves, § = 22.5 degrees.
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POWER DIVIDER/COMBINER (continued from p. 69)

0.02-in. Duroid 5880
(e =22)

Dynatech/U-Z Inc.

9522 west Jefferson Bivd., Culver City, CA 90230
Telephone (213) 839-7503 « TWX. 910-340-7058
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7. A four-way divider centered at 2.0 GHz was built in the
parallel RC configuration.

8. The four-way divider of Fig. 7 was fabricated on
0.002-in. Duroid 5880.

Since the input VSWR is slightly higher than that of the
Wilkinson, the reflective insertion loss will be slightly

higher. The dissipative insertion loss will be about the

same since the loss reduction due to the shorter lengths of
line is virtually canceled out by the increase in dissipation
due to the high-impedance line sections.

It should be mentioned that, in the series RC isolation
network using an interconnecting line, a very slight de-
gradation in forward response will result due to the effec-
tive shunt-pad reactance. The effect is negligible for pads
of less than a few degrees in length.

The isolation characteristics of the two-step devices are
comparable to the Wilkinson devices. The in-phase port
VSWR of the new configuration is higher than that of the
Wilkinson, but still acceptable over bandwidths of 50 per-
cent or less. Isolation of the series RC configuration is
better than that of the Wilkinson circuit, even when an
interconnecting line several degrees in length is used.

Based on the design equations, two prototype units were
designed on 0.031-in. woven Teflon fiberglass material with

MICROWAVES * November 1981
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9. Performance curves for the four-way divider show input
and output VSWR (top), insertion loss (middle), and iso-
lation (bottom).

a dielectric constant of 2.55 (Fig. 4). The line lengths were
one-sixteenth-wavelength long, and the devices operated at
a 200-MHz center frequency. Calculated parameters for the
parallel RC network were: R, = 100 ohms; X, = —144.19
ohms; C_ = 5.52 pF. For the series network, the values
were: R, = 67.88 ohms; X, = —46.31 ohms, C, = 17.18 pF.
For both networks, Z,, = 40.31 ohms and Z;, = 124.03
ohms,

The parallel device was fabricated using a 100-ohm,
50-mil-square chip resistor along with a 5.6-pF,
55-mil-square chip capacitor. The series device uses a
68-ohm chip resistor with a 4- to-18-pF trimmer capacitor
set for maximum isolation at 200 MHz. Figures 5 and 6
demonstrate just how well the devices operate, by com-
paring theoretical performance and measured data with
the theoretical performance of a Wilkinson device.

A four-way divider/combiner was fabricated using one
two-way circuit to drive two additional two-way circuits.
The device, shown in Figs. 7 and 8 in schematic and real-life
forms, operates at 2 GHz using the parallel RC topology.
Instead of improving isolation by using lumped capaci-
tance, the circuit employs coupled lines.

Gaps and line widths were limited to 10 mils so that
standard printed-circuit techniques could be used to fabri-
cate the network. As a result, to achieve the needed inter-
line capacitance, the coupled lines were made long enough
to create significant shunt capacitance. Figure 9 shows the
performance curves of the component for input and output
VSWR, insertion loss, and isolation.

The final geometry of this four-way circuit results from
using Tables 1 and 2, in conjunction with the program
listing (see “Program listing: Two-step divider/combiner
design,” p. 74). By allowing the COMPACT program* to

*The program will calculate the parallel RC solution (D, R/S, R/S), the series solution
(E, R/S, R/S), or the series R-pad-C solution independently, in any order. For the
R-pad-C case, Zop and fp must be entered into D', respectively.

(concluded on p. 74)

' Options

you need
~ MULTIPLE POSITION
: SWITCH

1P10T RF
Coaxial Switch

1P6T RF
Coaxial Switch

Typical specifications for multi-position switches shdﬁn

with built-in terminations.*

Frequency - - 0C3GH - 38GH:
VSWR (Maiimum) ' oA 131
insertion Loss (Maximum) 02 dB 0.3dB
Isolation (Minimum) ; 80 dB 70 dB

* *Patent 4208647

Opﬁom Available:

® Freguency from DC-26.5 GHz

® Actuation voltage 8-48 VDC, 116 VAC

® TTi. drivers also available with low level logic

® 50-75 OHM termination, unuséd ports

® .Indicating circuits

. Latching, latching with reset, fail safe or normatly open

Write for new Switch Catalog

8-12 GHz
141

04 dB
50 dB

Complete line of RF Switches from DC - 26.5 GHz

Dynatech/U-Z Inc.

/. .9522 west Jeferson Bivd. Culver City, CA 80230
. Telephone (213) 839-7503 « TWX. 910-340-7058
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first optimize the coupled lines for isolation and output
mateh, and then re-optimizing the lengths of the trans-
former sections for optimum input characteristics, a suc-
cessful design was developed.

The new two-way, in-phase circuit may not be perfect,
but it is close enough in performance to the Wilkinson
device to stand as a pleasant alternative. The fact that it
can be made at about one-third the size, makes it an alter-
native worth considering.ee
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adjuster, RFI shielded case, inter & intra series adapter, termination, test

SMA SEMI-RIGID MIDGETS

Smallest available, solder type in BeCu or Stainiess Steel with passivated or
gold-plated coupling nut per MIL-C-338012; 0.312D x 0.330. For .141
(RG402/u) cable, order MDC1141 (25 to a bag) $2.35 ea. For .085 (RG405/u)
cable, order MDC1085 (25 to a bag) $2.95 ea.

RIGHT ANGLE BENT ASSEMBLY

No need to hunt any further, the mystery is solved. Midisco has your microwave component:
attenuator, cable assembly, coaxial detector & short, directional coupler, hybrid, mixer, phase
cable.

o=

Get the performance of a straight connector SMA Male
and the dimensions of a right angle plug in
one assembly. Order MDC1052 for 0.141 g%'r‘“;e;g;ga'
cable or MDC1053 for 0.085 cable, 2" to Connector
8" assemblies, MDC1052 or MDC1053 (10 1.30 PV ey v ' S
piece price) $24.00 each, any length available. 1.25 for 0Bt da Cable N
Conventional Method Bent Cable Methods e ;c';' 2 s
) 115 T D 3 —
0536 0536 1e DM 0535 . DIM &, ol A for 141 cva. Eole |
Ref. o _ Ret L Ref. L A Z_ (Fig 1 | -~
H] i 1,05 N
- . L 1.00!
R SMA Mate - SMA Male 4 1 12 14 16
FREQUENCY RANGE
Fig. 1 Fig. 2 TYPICAL PERFORMANCE

Make the proper connection,

call Midisco for a solution (5'16) 543-4774 or TWX 510-226-7839 and end your search.
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