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A Diplexer Using Hybrid Junctions

LEON J. RICARDI,

Absfract—A diplexer is a filter which connects a transmitter and

a receiver to a common antenna so that both the transmitter and

the receiver may be operated simultaneously when their frequencies
are not identical. The diplexer described in thk report uses hybrid

junctions, is easily tuned, and can be designed in a simple, straight-
forward manner. Its maximum power-handling capacity is the same
as that of the connecting transmission line, and its insertion loss is
unusually low. An analysis of thk filter and a long-stub filter is pre-
sented, in addition to the design procedure for, and the experimental
results obtained with, a specific model.

A DI PLEXER connects a transmitter and a re-

ceiver to a common antenna terminal so that

both the transmitter and receiver may be op-

erated simultaneously when their frequencies are not

identical. Although the design described here is not

unique, it is not commonly used because other devicesl

which perform the same function have been employed

in the past in order to meet a given end, rather than to

provide a greater flexibility of diplexer design. For ex-

ample, many of the systems using long short-circuited,

or open-circuited, transmission-line stubs shunted across

the line, or cavity filters or elements similar to them,

usually result in a device which, though straightforward

in design, is difficult to tune. In contrast, a diplexer

using hybrid junctions is inherently matched and has an

inherent isolation between the transmitter and receiver;

consequently, optimum performance is realized without

fine adjustment of any parameter. The only tuning

necessary is that required to maintain a low insertion

loss between the transmitter, receiver, and antenna ter-

minals, and this is a relatively coarse adj ustrnent.

The diplexer consists of two hybrid junctions whose

side arms are connected by transmission lines of dif-

ferent length. The difference in length is adjusted so

that input signals at the transmitter frequency arrive

at the output hybrid junction in-phase, whereas signals

at the receiver frequency arrive 180° out-of-phase.

Therefore, if the receiver is connected to the difference
arm of a hybrid junction and the transmitter is con-

nected to its sum arm, the signals will proceed from the

antenna to their respective terminals with minimum

insertion loss. The transmitter and the receiver are

isolated at all frequencies because of an inherent prop-

erty of the hybrid junction. Additional filtering can be

accomplished by using auxiliary long stubs, cavities, or

similar devices which employ hybrid junctions.

In the following discussion, the theory of operation,
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the general design procedures, and some experimental

results are presented; because of its similar properties,

the long-stub filter is also discussed. Design curves (see

Section VI) for use with any transmission line can be

constructed permitting the rapid design of a hybrid

diplexer that will operate at any frequency in the range

0.7 through 41 klbfc/s.

Fig. 1. Folded-tee hybrid junction.

1. THE HYBRID JUNCTION

Before the diplexer is discussed in detail, it is im-

portant to point out the fundamental properties of a

hybrid waveguide junction z,3 such as a folded, or magic)

tee (see Fig. 1). The sum arm is labeled A, the difference

arm B, and the side arms C and D. This type of junction

has three fundamental properties: 1) signals incident

upon terminal A are divided equally between terminals

C and D and arrive at these terminals in-phase; 2)

signals incident upon terminal B are also divided

equally between terminals C and D, but arrive there

180° out-of-phase; and 3) the isolation between ter-

minals A and B is usually about 40 to 50 dB. The in-

herent isolation between terminals A and B is due to

the geometry of the structure and is essentially inde-

pendent of frequency. Hence, it becomes apparent that

when the receiver is connected to terminal B and the

transmitter is connected to terminal A, the inherent

isolation between them will be equivalent, or approxi-

mately equal, to the isolation afforded by the hybrid
tee. This characteristic is different from that existing in

a system which requires that the rejection, or isolation,

be achieved by tuning the device at a certain frequency,

as would be true in the case of a cavity, or long-stub,

filter. Other hybrid junctions could be employed in the

diplexer described here; however, the waveguide folded-

tee hybrid will be the junction considered throughout

the following discussion.

2 P. A. Loth, ‘(Recent advances in waveguide hybrid junctions, ”
IRE Tram. on Microwave Theory and Techniques, vol. MTT-4, pp.
268–271, October 1956.

3 W. K. Kahn, “E-plane forked hybrid-T junction,” IRE Trams.
on Microwave Theo~y and Techniques, vol. M TT-3, pp. 52–58,
December 1955.
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Fig. 2. Schematic of MTest Ford diplexer.

II. THEORY OF OPERATION

A schematic drawing of the basic diplexer circuit is

shown in Fig. 2, where the hybrid junctions are referred

to as 1 and 2. The side arms, or the C and D terminals,

are connected by waveguides whose lengths differ by

the amount L, or by two lengths eclual to L12, as is

show-n in the schematic. Assume that the antenna is

connected to terminal A z, the transmitter is connected

to Al, and the receiver is connected to Bl, with Bz

terminating in a matched load. A signal incident upon

Al will be transmitted to A~ if L is equal to an even

number of half-wavelengths, Further,, a signal incident

on B1 will be transmitted to AZ if L is equal to an odd

number of half-wavelengths.

The degree to which these conditions are not fulfilled

determines the amount of power that \vill be delivered

to B2, and thus the increase of insertion loss. Since it is

usually desirable that the insertion loss at the transmit-

ter frequency be extremely low compared with that at

the receiver frequency (primarily because of the power

levels involved), the path-length difference L is given by

the following set of simultaneous equations:

L = wig~ (1)

and

2?$– 1
L= —A

2
gr, (2)

where h~ ~equals the waveguide \vavelength at the trans-

mitter frequency, h~r equals the wave;guide ~vavelength

at the receiver frequency, and n is an integer. In some

cases, it is not necessary that n be the same integer for

both (1) and (2) ; however it will be shown later that the

most practical solution to the problem is obtained when

n is the same integer, as implied in the simultaneous

equations above. In (1) and (2), n is given by

1 k,,
f~=—

2 Agt – Au?’
(3)

It is apparent that n will be an integer only if the asso-

ciated waveguide wavelengths have specific values and

that, in general, (3) will not give an integer value of n.

Thus, a disadvantage of using this diplexing device is

that the path-length difference must be chosen so as to

obtain a one-half waveguide wavelength difference in

length for signals at the transmitter and receiver fre-

quencies and, at the same time, the path-length dif -

ference must be an integer number of wavelengths at

the transmitter frequency—a situation which is, in

general, impossible to realize. In practice, one merely

selects the integer value closest to that calculated by

means of (3) and sets the length L equal to n~g i, as

given by (1). The result is an increase in the insertion

loss that occurs between AZ and B1 at the receiver fre-

quency. It is desirable to determine the amount of in-

sertion loss due to this effect; toward this end, the

following discussion is presented.

Consider two signals of equal magnitude incident upon

terminals Ct and D~, and assume that the junction is

matched so that energy travels in only one direction

toward the junction and then to either terminal AZ or B2.

The power delivered to the j unction is given by

(4)

The power delivered to the sum channel, or terminal A2,

is given by

2E12
PA%= —--)

Zo
(5)

and the power delivered to the difference channel, or

terminal Bz, is given by

2E12
PB, = X( I – cOse), (6)

where Ois the phase angle between the signals arriving at

terminals C and D, and 20 is the characteristic in-lpe-

dance of the waveguide. Since it is desirable to deliver all

the power to terminal Az, the insertion loss is given by

Pin
Insertion Loss = IL = 10 log — =

P,.TPB, “ “)
10 log —=

Pout

Substituting from (4) and (6), we have

IL=lOIO~[l:cos~, (8)

which, for small values of 0, can be approximated by

IL = 10 log

When the expression

1

()
fjz

l–y

(9)

(10)

is introduced, the following relationship between insert-

ion loss and path-length error AL is produced if n [as

given by (3)] is not an integer:

1
IL = 10 log —

1 – (3.14T)2’

Equation (11) is plotted in Fig. 3.

(11)
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Fig. 3. Insertion loss vs. path-length error of diplexer.

The results of (11) make it possible to determine the

operating bandwidth compatible with a given maximum

permissible insertion loss. It is then possible to specify

the maximum insertion loss necessary in order to realize

random choice of the receiver frequency once the trans-

mitter frequency is specified. For optimum operation at

either frequency, the path-length difference Lo is given

by NAg/2 (k,= waveguide wave length), where N must be

even if ~~~ is used and odd if h~r is used.1 The maximum

and minimum values of the path-length difference are

Fig. 4. Hybrid diplexer characteristics.

and still result in satisfactory operation at the trans-

mitter frequency, the receiver can operate between a

maximum wavelength of ~~,z and a minimum wavelength

of kg,, (see Fig. 4). Similarly, when N =4, a second range

of receiver signal wavelengths, ~’~rz and A’ur,, can be

obtained. Then, if the value of 7 which makes Xgr, equal

to A’Q,z is determined, the insertion loss that will permit

random choice of the transmitter, and receiver fre-

quencies can be calculated from (11).

In general, the equation for the line defining the mini-

mum path-length difference for satisfactory operation at

a given receiver Waveguide wavelength can be ex-
pressed as foflows:

L max = LO + Agr (12)

and

L~in = LO – LQT. (13)

Substituting N&/2 for LO in (12) and (13) and solving

for A, will produce the general relationships between

waveguide wavelengths, the number of half-wavelengths

of path-length difference desired, and the maximum and

minimum path length possible for a given insertion loss:

(16)

where

2
A=——. (17)

N — 2T

2L~,X
ig =

IV +2,’
(14)

2L~in
& =

N–2r’
(15) When (17) is substituted into (16), we obtain the general

relationship between h~~ and the path-length difference
which will produce the maximum tolerable insertion

loss; that is,
(If N is even, & =X,,9 if N is odd, ~, =X,,.) These equa-

tions are plotted in Fig. 4 for values of N from 1 to 6.

The solid line indicates r = O; the boundaries, at the

edge of the shaded area represent a specific value of T. At

a given transmitter frequency and for a given value of

N (for example, N= 2), the desired path length Lo for
optimum operation at the transmitter frequency is given

by the appropriate curve in Fig. 4. The intersection of
Lo and the boundaries associated with the one-half

wavelength path-length difference line (i. e., lV = 1) and

its permissible tolerance (the shaded area to the left

and to the right) indicate that any receiver frequency

having a wavelength shorter than & and longer than Xl

will be accommodated satisfactorily by the diplexer.

Since the path-length difference L, can vary by ~ rh,,

(18)

In a similar fashion, it can be shown that the maximum

path-length difference for satisfactory operation is re-

lated to the wavelength as follows:

2
h,. = L.

N + 27
(19)

In practice, the actual path-length difference can

assume any value between those two specified by the

following equations:

L max = A,,(NO + ?-), (20)

4 If the transmitter and receiver connections (see Fig. 2) are inter-
changed, N must be odd if ko~ is used and even if X9, is used. N = 2n,
but for purposes of generalization in the following sections, N is intro-
ducecl. In the present discussion, NO must be even because the
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transmitter and the antenna are connected to the sum

arm of their respective hybrid folded tees. The values of

.Lmcix and Lnin are shown in Fig. 4 for NO = 2. Satisfactory
operation at the

lV=lVOtl. In the

becomes

Agrs =

receiver frequency requires

case where NO is decreased,

2
Lrmin.

(No – 1) + 2,

.
that

(19)

(22)

If N= NO+ 1, (18) will yield the following relationship

2
X’grl = L’max.

(.!!0 + 1) – 2,
(23)

When we substitute (20) and (21) into (23) and (22),

respectively,

1
~= (24)

3N0 +2”

The nearest even integer value of I A,,/(A,, –A,,) I k NO

[see (3) 1 Them=imuminsertionIOSS necessary for
random choice of ~~, for a given ~o~, as determined by

(24), can be found by referring to Fig. 3. This does not
mean that the insertion loss between the antenna termi-

nal and the receiver, or transmitter, terminal will equal

this value, but that it could equal it. Since the minimum

value of NO is 2, the maximum expected insertion loss for

any diplexer design of this type is 0.’71 dB. This value

does not take into account the insertion loss intrinsic to

the components and the attenuation in the waveguide.

The values of I- and the corresponding insertion loss are

tabulated below for values of No between 2 and 10.

NrI
Insertion Loss

(dB)

0.120
:

0.710
0.071 0.220

6 0.050 0.100
0.038

18
0.042

0.031 0.020

If the antenna is connected to the sum terminal and

the transmitter can be connected to either the sum or

the difference arm, NO can also equal ian odd integer. In

most instances, when the values of insertion loss are

actually those listed above, they can be reduced some-

what by setting No equal to an odd integer. For exam-

ple, if NO= 2, the insertion loss malY be as high as

0.71 dB; it could be reduced to less than 0.35 dB by

setting No= 3 and interchanging the transmitter and

receiver terminals.

III. THE LONG-STtTB FILTER

In many practical applications of the hybrid tee

diplexer, the isolation between transmitter and receiver

is usually not sufficient, and some additional means of

isolation must be provided to make the system usable.

That is, the normal isolation between the sum and dif-

ference arms of a folded tee is approximately 4-O to

50 dB; many systems require an isolation between trans-

mitter and receiver in excess of 70 or 80 dB. If a circuit

similar to that shown in Fig. 2 is inserted between the

transmitter and the diplexer, the isolation between the

transmitter and the receiver, at the receiver frequency,

will be increased more than 50 dB. A similar devilce in

the receiver arm would increase the isolation between

transmitter and receiver at the transmitter frequency by

an equivalent amount. However, at some frequencies

the size of the components may render this particular

solution economically unsound and may also result in

more than the required isolation; in such a case, the use

of a long-stub filter may prove to be the best solution.

The long-stub filter consists of a section of short-cir-

cuited waveguide attached to either the E-plane or the

H-plane of the main waveguide line in the form of a. tee.

Adjusting the length of the short-circuited section of

waveguide can bring about a high mismatch in the main

waveguide at the reject frequency, and a reasonably

good match at the pass frequency. In particular, w’hen

the length is chosen such that

L$=(2M– 1): (25)

(where L. is the length of the stub, M is an integer, and

h,, is the waveguide wavelength at the intended stop

frequency), the input impedance of the stub will be high

and the insertion loss in the main waveguide will in-

crease to approximately 30 dB. In order to obtain the

minumum amount of insertion 10SS at the pass fre-

quency, the length L, should be

L,=2iW~, (26)

where h~P is the waveguide wavelength at the pass fre-

quency. Since it is possible to have only one length of

stub, M can be evaluated as follows:

(2 M–1)+=2M+) (27)

As in the previous section, 31 will not, in general, be an

integer, and it is not possible to satisfy the requirements

of (25) and (26) simultaneously for all values of & and

& In the analysis in the preceding section, the inability

to satisfy this requirement resulted in an increased
insertion loss of the diplexing filter. In the {case of the

long-filter stub, there is an increase in the \7S’WR that is

measured at the input to the filter in the pass band. The

following analysis relates the bandwidths involved and

the VSWR expected, much as the insertion loss and the

bandwidth were related in the previous analysis. In the

case of the long-stub filter, the problem is simplified,
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since the stop band wavelength and the length of line

must be related as indicated by (25) in order to satisfy

the rejection requirements. It will be shown that the

maximum and minimum wavelengths of the acceptable

pass band will be determined for a given length which

satisfies the requirements of (25) and which results in a

tolerable VSWR in the pass band.

The relationship between 1, and L, for optimum pass

or rejection is given by

/

M,,

(29)

where ill is an odd number for stop band operation, an

even number for pass band operation, and equal to the

number of quarter-wavelengths. The length L,. of the

stub is determined by setting M equal to an odd integer

MO and choosing the waveguide wavelength equal to

that at the stop frequency. The maximum and minimum

waveguide wavelengths in the pass band can be ex-

pressed as
rig. 5. Long-stub filter characteristics.

L,o
A =——Q%*X

L,o A
(30)

When only the latter case is considered, and (33) is—— .
h9P 27r substituted into (30) and (31),

.L80
A=9Pm.x

MO–I Al

4 “G

(34)and

(31)

and

where A is the deviation in the length of the long-stub

filter from an even number of quarter-wavelengths at the

pass frequency. Equations (29), (30), and (31) are plot-

ted in Fig. 5, for various values of M, with A equal to O

and Al. Also shown in Fig. 5 are specific stub lengths L,O

and L,l. The intersections of L.O with the lines repre-

sented by (29), (30), and (31) are indicated by &.p~~X,

~,P, h,P~i., and A@.. The corresponding prime values

indicate similar intersections as determined by L,l. It is

intended to determine Al in such a way that the range

of wavelengths over which satisfactory operation can be

Aqpmin= — ‘sO ~
MO –-1

4
+;

(35)

In a similar fashion, we obtain

L. 1
A’9Pm.x =

&fo+l Al

4 –G

(36)

(37)

and

L.,
achieved with a stub length of L,. is continuous with

the expected range of L.1. Toward this end, hgP~i~ is set
equal to l’~P~~X.

In terms of (29), L.O is given by

A’
. .

‘P””= ‘if, + 1 — “

4
+$

when (35) is equated with (36)

(32) Al= ~
2(1 + Mo) “

(38)

the relationship

the pass band.

and it follows that Next, is is necessary to determine

between Al and the input VSWR in

Figure 6 shows the general configuration of a long-stub

filter and its approximate equivalent circuit. The input

impedance Z, of the filter is given by

L,O
A,p = 4

Mofl’
(33)

where the plus sign signifies that the stop frequency is

less than the pass frequency, and the minus sign signifies

that the pass frequency is Iess than the stop frequency. [
Z,=~ZO tan (lfo-l)~tA 1 (39)
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mm TERMINATED

IN A SHORT CIRCUIT

f’f

4

IV. DETAIL DESIGN

The previous sections have described the theory of,,,

‘-d–z “n-–– +2, operation of this diplexer in some detail. With this back-

Fig. 6.

and

~- 1

LONG-STUB FILTER bPpROX IMATE

EQUIVALENT CIRCUIT

Approximate equivalent circuit of long-stub filter,

Z, = ~ jZo tan A. (40)

The input impedance Zia to the filter is given by

If the load is matched (i.e., Z~ = 2.), the input VSWR is

given by

d-&+:l+l

VSWR = —.
/4

(42)

When vie set A =Al and substitute (38) into (42), the

following relationship between the input standing wave

ratio and IWo results:

Jan’[2(1;MoJ+1+1
VSWR = -–– , (43)

/~in’[il;Mj]+l “

which, for MO >4, can be approximated by

4M0 + 7
VSWR =

4M0 +1”
(44)

The dispersive characteristics of a waveguide trans-

mission line make a comparison of J1O and the separa-

tion between transmitter and receiver frequencies difi-

cult. hTevertheless, it is possible to list some representa-

tive values of expected input VSWR as a function of itfo

and a typical separation between the transmitter and

receiver frequencies.

P

11.5:1

1.8:1
1.38:1
1.28:1
1.24:1
1.21:1
1.18:1
1.16:1
1.14:1

Typical Frequency
Separation

(percent)

20
16
13
11
9
7

:.5

ground, it is now possible to present a very si~mple

method of adjusting the path-length difference of both

the hybrid diplexer and the long-stub filter such that

satisfactory operation can be achieved. The curves pre-

sented in Figs. 4 and 5 are intentionally general so as not

to confuse the derivations presented with some particu-

lar application.

The application of this theory can best be expklined

by describing the method of selecting the length of the

long-stub filter and the path-length difference that will

result in a particular diplexer design. The (diplexer as-

sembly (Fig. 7) will be discussed from the standpoint of

detailed design and choice of the critical lengths; in

addition, a method of adjusting for optimum pe rfor-

mance will be described. Let us assume that the antenna

and the transmitter are connected to the sum arm of

their respective hybrids, that the transmitter frequency

is 8.35 kMc/s, and that the receiver frequency is 7.75

klhIc/s. A long-stub filter is included in both the receiver

and the transmitter arms in order to increase the isola-

tion between the transmitter and the receiver. A (slid-

screw tuner is included between the transmitter ancI the

long-stub filter in order to reduce the expected, or prob-

able, VSWR resulting from the use of the long-stub filter.

The same arrangement applies in the case of the re-

ceiver channel.

Figure 8 is essentially the same as the plc}t shown in

Fig. 4, except that the curve relating frequency to wave-

guide wavelength has been added, and the path-length

difference is given in inches rather than in waveguide

wavelengths. The crosshatched areas represent satisfac-

tory operating path-length differences (for the asso-

ciated wavelengths) that will result in a 1 / 10-dB inser-

tion loss, or less, for an odd multiple of half-wavelengths

of path-length difference. The operating bands that are

not crosshatched represent similar satisfactory operat-

ing ranges when the path-length difference is an even

number of half-wavelengths; the numbers appearing in

each band represent the number of half-wavelengths of

path-length difference. The waveguide wavelength

obtained by projecting from the frequency axis at

8.35 lcMc/s is equal to 1.82 inches. Similarly, the wave-

guide wavelength at the receiver frequency is 2.07

inches. The intersection of the waveguide wavelength at

the transmitter frequency with the edges of the bands

which are not crosshatched represents a satisfactory

operating path-length difference based upon the criterion
that a maximum insertion loss of 0.1 d B is permissible.

The minimum and the maximum path-length differences

determined in this manner are labeled L1 andl L’. It can

be seen in Fig. 8 that the minimum and maximum W;~lVe-

guide w-avelengths required for a satisfactory operation

at the receiver frequency are determined by the inter-

section of L1 and L% with the band numbered one less
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Fig. 7. Schematic of typical diplexer circuit.
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Fig. 8. Hybrid diplexer characteristics.

than the band which determines L1 and Lz. It will be

noticed immediately that the resulting receiver band

does not include the waveguide wavelength desired.

Hence, it is necessary to determine another path-length

difference, such as L% or L4, which will be satisfactory for

operation at the transmitter frequency. Any path-length

difference between Lz and Lb will result in satisfactory

operation at the intended receiver frequency. It is ad-

visable to choose a length between L% and L~ which

minimizes the insertion loss at both frequencies. If the

receiver frequency were 7.81 Me/s (A’ ‘~, in Fig. 8), then it

would be advisable to operate at a path-length differ-

ence equal to La, which is approximately 7.2 inches; in

the actual case, the optimum path-length difference is

7.28 inches. Moreover, Fig. 8 shows the tolerance in

path-length difference required to meet the desired

performance. If the transmitter were connected to the

difference arm of the associated hybrid and the antenna

were connected to the sum arm of its hybrid, then a

similar construction would be carried out, except that

the odd-numbered areas would become those associated

with the transmitter-frequency band, and the even-
numbered areas would be associated with the receiver-

frequency band.

In summary, the following step-by-step procedure is

presented so that the desired path-length difference L]

(see Fig. 7) maybe determined.

Step 1: Determine the&, and A,, by using the curve at

the left of Fig. 8.

Step 2: If the transmitter and the antenna are con-

nected to the sum arms of their respective folded tees,

then determine the intersection of the limits of the even-

numbered operating bands and Ag~. (If the transmitter is

connected to the difference arm of its hybrid, and the

antenna is connected to the sum arm of its hybrid, or

vice versa, then determine the intersection of Agt and the

odd-numbered operating bands.)

Step 3: The path-length difference determined by the

intersection of the h~ t and the appropriate operating

band is then projected upward or downward (depending

upon whether lo, is greater or less than 1~ J, to deter-

mine the operating band associated with the receiver

frequency. If the intersection of the path-length differ-

ences determined in this fashion and the edges of the

operating band include &,, then the path-length differ-

ence has been determined. If Ao, is greater than X9tand

the operating band determined in this manner includes

wavelengths longer than Ag,, then it will be necessary to

increase the path-length difference to the next operating

band at 1, f and repeat the previous steps. On the other

hand, if h,, is shorter than the operating band deter-

mined in this manner, then it is necessary to decrease

the path-length difference and repeat the previous

steps. If Ag. is shorter than &~, use the same procedure

and interchange the words ‘(increase” and “decrease” in

the two previous sentences.

In general the long-stub filter would be so designed

that its length could be varied continuously for a dis-

tance of approximately one-quarter wavelength, or

more. Coarse adjustment may be needed to place the

desired fine adjustment in the proper range. The fine

adjustment of the long-stub filter is necessary in order to

achieve maximum rejection at the stop band. The center

of the range of fine adjustment or, in other words, the

nominal length of the long-stub filter, can be determined

as follows.

1) If the long-stub filter is intended to reject the

transmitter frequency, then the nominal length is equal

to half the path-length difference determined from Fig. 8

and reduced by h~ t/4.s

2) If the long-stub filter is to reject the receiver fre-

quency, then the nominal length of the stub should be

equal to half the path-length difference as determined

from Fig. 8. (The stub length should be increased by

&/4 if the transmitter is connected to the sum arm and

the antenna is connected to the difference arm, or vice

versa. )

In this way, the path lengths necessary to produce

satisfactory diplexer operation for a given application

can be determined in a direct manner. When a particu-

lar design has been selected, it may prove helpful to

reproduce curves similar to those shown in Figs. 5 and 8,

so that the necessary path-length differences and long-

stub filter lengths can be determined with a higher de-

gree of accuracy. The slide-screw tuners are provided as

a means of reducing the VSWR contributed by the long-

stub filter in the pass band; however, if the frequency

5 The transmitter and antenna are connected to the sum arms or
to the difference arms. If the transmitter is connected to the sum arm
and the antenna is connected to the difference arm, or vice versa,
then the nominal length is equal to one-half the path-length differ-
ence, determined from Fig. 8.
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separation is less than five percent, the tuners may not

be necessary. It is also true that if two long-stub filters

are used in each arm, their separation is usually approxi-

mately A9/4; hence, their mutual interaction would tend

to cancel any mismatch produced in the pass band be-

cause the stubs would introduce identical reflections at

points separated by approximately 900 along the trans-

mission line.

V. EXPERIMENTAL DATA

A diplexer based on the design just described and

using an oxygen-free copper waveguide having the same

dimensions as RG-51 /U was constructed. The circuit

configuration is shown in Fig. 7 without the slide-screw

tuners, which were not necessary since the separation

between transmitter and receiver frecluencies was small

enough to prevent excessive pass band mismatch con-

tributed by the long-stub filters. The measured insertion

loss, isolation, and VSWR are shown in Fig. 9. It should

be noted that these data were obtained without any

tuning procedure, except in the case of the long-stub

filter. The entire diplexer was constructed in accordance

with the design dimensions and performed as indicated.
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Fig. 9. hleasured characteristics of cliplexer using
hybrid junction.

VI. DESIGN CURVES

The design curves presented in Fig. 8 can be produced

in a rather simple and straightforward manner to ac-

commodate any particular frequency band and trans-

mission line. The plot of Ag vs. ~ is nc,t necessary if the

values of &. and & t can be obtained by some other

method. The remaining part of the graph can be con-

structed in the following manner.

1) Determine ~ from (11) or Fig. 3.

2) Plot the straight lines

2L
h. =

Nf2T’

where N = NO f 1 and NO t 2, and No is calculated using

(3). In general, the scale should be chosen such that the

design bandwidth (AA,, and Ah. J is on the order o [ the

smallest increment of the scale.

VII. COMPARISON WITH OTHER DIPLEXERS

A more conventional and perhaps more frequently

used diplexer consists of cavity filters located in the

arms of a three-port “Tee” junction. Since bandwidth

and insertion loss are the essential performance defining

parameters for this device and the hybrid junction fi Iter,

it would be interesting to use them as a basis for com-

parison. However, the character of these parameters is

not the same for both devices. For example, the hylbrid

junction diplexer has, in general, a much larger “pass”

bandwidth, but the maximum isolation (insertion loss

between transmitter and receiver) is determined by the

directivity of the hybrid junction. It follows that addi-

tional cavity, or long-stub, filters would be required in

order to increase the isolation; this tends to reduce the

bandwidth perhaps to the point where it is not very

different from that obtained with the cavity filters and a

“Tee” junction. Therefore, the major advantage of the

hybrid junction diplexer is then reduced to the facility

with which one can match the three-port junction of the

diplexer and the inherent “across the band” isolation

provided by the hybrid junction.

VIII. CONCLUSIONS

A theoretical analysis of a diplexer employing hybrid

junctions and long-stub filters has been presented. (on-

sidering a pair of signals with an arbitrary frequency

difference, the maximum possible insertion loss of the

diplexer is calculated. It is, in general, less than 0.1 dB;

the isolation between the transmitter and the reciever is

approximately equal to the directivity of the hybrid

junction. The design of a device which uses both hybrid

junctions and long-stub filters, and has an insertion loss

less than 0.1 dB, a VSWR less than 1.1, and isolation

between transmitter and receiver greater than 90 dB,

was carried out and experimentally verified.


