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wave transmission line (54, 62) added either between the
1solation port (52) of the coupler and the termination
impedance (56) or between the mnput port of the coupler
and the signal mput (46) reduces the degradation of
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dégradation de la directivit¢ du coupleur causée par des
¢carts d'impedance entre les lignes de transmission
(42, 44) et les impedances (56) de source, de charge
et/ou de terminaison. En raison de la formation sur le
méme mateériau substrat des lignes de transmission
(42, 44) et de la ligne de transmission quart d’onde
(534, 62) supplémentaire, la directivite du coupleur est
insensible a la valeur de I'impédance caracteristique des
lignes de transmission (42, 44). Cela permet de recourir
a des mateériaux de substrat et a des procedes de
fabrication moins onéreux pour la construction dudit
coupleur directionnel a ligne microruban.
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coupler directivity caused by impedance mismatch of the
transmission lines (42, 44) with the source, load and/or
termination 1mpedances (56). With the transmission
lmmes (42, 44) and additional quarter-wave transmission
lme (54, 62) formed on the same substrate material,
coupler directivity 1s insensitive to the value of the
characteristic 1mpedance of the transmission lines
(42, 44). This allows the use of less expensive substrate
materials and manufacturing processes during stripline
directional coupler construction.
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A. stripline directional coupler (40)
having a quarter-wave transmission line 42
(54, 62) added either between the isola- 48 40
tion port (52) of the coupler and the ter- 48 /
mination impedance (56) or between the
input port of the coupler and the signal
input (46) reduces the degradation of cou-
pler directivity caused by impedance mis-
maftch of the transmission lines (42, 44) | —
with the source, load and/or termination 50
impedances (56). With the transmission g2
lines (42, 44) and additional quarter-wave - 44
transmission line (54, 62) formed on the
same substrate material, coupler directiv-
ity is insensitive to the value of the char-
acteristic impedance of the transmission
lines (42, 44). This allows the use of less A/4
expensive subsfrate materials and manu-
facturing processes during stripline direc-
ttonal coupler construction.
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STRIPLINE DIRECTIONAL COUPLER TOLERANT
OF SUBSTRATE VARIATIONS

TECHNICAL FIELD

The present invention relates to directional couplers

and, 1in particular, to a stripline directional coupler

tolerant of substrate variations.
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BACKGROUND OF THE INVENTION

Stripline couplers consist generally of a pair of
adjacent transmission line conductors located within one or
more substrates positioned between one or more ground
planes. The transmission line conductors may be coplanar
oY non-coplanar.

A directional coupler couples a certain amount of
power 1input to a first transmission line to a second
CLransmission line. The ratio of the power lnput to the
first transmission line to the power coupled to the second
Cransmission line is referred to as the coupling factor.
For example, a directional coupler having a 10 dB coupling
factor couples one-tenth of the input power to the coupled
port of the second transmission line (and theoretically
Cransmits the other nine-tenths of the input power to the
output of the first transmission 1line). Directional
couplers are useful as a power dividing circuit and as a
measurement tool for sampling RF and microwave enerqgy.

The directivity of a directional coupler refers to the
ratio of the power measured at the forward-wave sampling
terminals, with only a forward wave present in the
Cransmission line, to the power measured at the same
terminals when the direction of the forward wave in the
line is reversed. Directivity is usually expressed in

decibels (dB). High directivity in directional couplers is
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usually attained by manufacturing the transmission line to
have a predetermined characteristic impedance (determined
by the dimensions of the strip conductor, dielectrie
constant of the substrate and thickness of the substrate)
that matches the source impedance and/or load impedance.
Ag such, any variations in the value of the characteristic
impedance of the transmission line with respect to a source
and/or load impedance degrades directivity.

Typically, in order to achieve high directivity (i.e.
manufacturing the transmission line with a precise
characteristic impedance - usually fifty ohms), directional
couplers are manufactured using expensive substratre
material (dielectric medium) . Such microwave laminates, as
they are commonly referred to, require special
manufacturing techniques to inlay the laminate on a
conventional printed circuit board. Additionally, the
dielectric constant (Er) and thickness of the substrate are

tightly controlled which produces a transmission line

couplers.

Accordingly, there exists a need for a directional

coupler having high directivity and capable of manufacture
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Further, there is a need for a directional coupler that
allows use of less expensive substrate material that can be
manufactured with higher tolerances, thus allowing the

directional coupler to be manufactured on basic printed

circuit boards.
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SUMMARY OF THE INVENTION

According to the present invention, there is provided
a stripline directional coupler having a first transmission
line formed on a substrate and having two ports. The
coupler further includes a second transmission 1line
electromagnetically coupled to the first transmission line
and having two ports. A quarter-wave transmission line
having a first end and a second end is formed on the same
substrate as the first and second transmission lines. One
end of the quarter-wave transmission line is coupled to one

of the two ports of the second transmission line while the

other end is coupled to an impedance. The quarter wave
transmission line reduces degradation of couéler
directivity caused by changes in characteristic impedance
Oof the first and second transmission lines due to substrate

variations.
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substrate material and process variations, the coupler
comprising a first transmission line comprising a substrate
material and defining an input port and a thru port; a second
transmission line electromagnetically coupled to the first
transmission line and defining a coupled port and an isolation
port wherein said second transmission line comprises the same
substrate material as the first transmission line; a third
transmission line electromagnetically coupled to the first
transmission line and defining a coupled port and an isoclation
port wherein said third transmission line comprises the same
substrate material as the first transmission line; and a first
quarter-wave transmission line comprising the same substrate
material as the first transmission line and coupled between
the isolation port of the second transmission line and a first
impedance.

According to another aspect of the present invention,
there is provided a directional coupler tolerant of substrate
material and process variations, the coupler comprising a

first transmission line defining an input port and a thru
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first transmission line and defining a second coupled port and
a second isolation port; and a first quarter-wave transmission
line coupled between the isolation port of the second
transmission line and a first impedance.

According to a further aspect of the present
invention, there is provided a directional coupler comprising
a first transmission line including an input port and a thru
port; a second transmission line electromagnetically coupled
to the first transmission line and defining a first coupled
port and a first isolation port; a third transmission line
electromagnetically coupled to the first transmission line and
defining a second coupled port and a second isolation port;
a first quarter-wave transmission line coupled between a
signal input and the input port of the first transmission
line:; and a second quarter-wave transmission 1line coupled

between a signal output and the thru port of the first

transmission line.

wa " A D PO
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DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present
invention and the advantages thereof, refefénce 1s made to
the following detailed description taken in conjunction
with the accompanying drawings wherein:
FIGURE 1A illustrates a prior art single-ended

directional coupler;

FIGURE 1B illustrates the equivalent electrical

representation:

FIGURE 1C illustrates a directional coupler including
a substrate;
FIGURE 2A jllustrates a conventional configuration of

a single-ended directional coupler for sampling or

FIGURE 2B illustrates a conventional configuration of
a single-ended directional coupler for sampling or
measuring the reflected coupled power:;

FIGURE 3A illustrates a single-ended directional
coupler in accordance with the present invention;

FIGURE 3B illustrates a first alternative embodiment
of the single-ended directional coupler in accordance with
the present invention:

FIGURE 3C illustrates a second alternative embodiment

of the single-ended directional coupler in accordance with

the present invention:;
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Ly
FIGURE 4 illustrates a prior art dual directional

coupler;

FIGURE 5A illustrates a dual directional coupler in

accordance with the present invention;

FIGURE 5B illustrates a first alternative embodiment

of the dual directional coupler in accordance with the

present invention:

FIGURE 5C illustrates a second alternative embodiment

of the dual directional coupler in accordance with the

present invention;

FIGURE 6 illustrates a prior art bi-direction

directional coupler;
FIGURE 7A illustrates a bi-direction directional
coupler in accordance with the present invention:

FIGURE 7B illustrates an alternative embodiment of the

bi-direction directional coupler 1in accordance with the

present invention; and
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DETAILED DESCRIPTION
With reference to the drawings, like reference

characters designate like or similar parts throughout the
drawings.

With reference to FIGURE 1A, there is shown a prior
art single-ended directional coupler 10 and FIGURE 1B shows
the equivalent electrical representation. The coupler 10
includes two adjacent Cransverse-electromagnetic mode (TEM)
Cransmission lines 12 and 14, each having two ports.
Propagation of an input signal along one of the
transmission lines induces the propagation of a coupled
signal in the other transmission line. The Cransmission
line 12 has an input port 16 for receliving an input signal
from an external source (not shown) and =a thru port 18.
The transmission line 14 has a coupled port 20 and an
isolation port 22. A coupled signal induced along the
transmission line 14 by the propagation of a signal in the
Eransmission line 12 appears at the coupled port 20. The
coupled signal is induced within a coupling region 26 of

the directional coupler 10.

In general, the signal emitted from the thru port 18
has an amount of power equal to the amount of power
recelved at the input port 16 minus the amount of power
coupled to the coupled port 20, assuming an ideal lossless

coupler 10. While the isolation port 22 of the
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Lransmission line 14 emits no signal, reflected energy due
Lo lmpedance mismatching of the transmission lines with a
load impedance (not shown) at the thru port 18 appears at
the isolation port 22. Conventlonally, the isolation port
1s terminated by a termination impedaﬁce 24 that is
normally equal to the characteristic impedance of the

transmission line 14. Typically, this impedance is 50 ohms

resistive.

second strip conductor 17. One transmission line 21
includes the first conductor 15, the substrate 13 and the
reference planes 19 while another Cransmission line 23
includes the second conductor 17, the substrate 13 and the
reference planes 19.

Now referring to FIGURE 2A, there isg shown a
conventional configuration of a single-ended directional
coupler for sampling or measuring the forward coupled
power. Ideally, the characteristic impedance of the
coupled transmission lines is equal to the load, source and
termination impedance (50 ohms) . Under these

circumstances, the transmission lines are matched to the
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load impedance and no reflections occur in the system.
However, under normal conditions, impedance mismatching
exists due mainly to the inaccuracies in the characteristic
impedance of the transmission lines, source impedance, load
impedance and/or termination impedance. As will be
discussed below, unwanted reflections result when the
characteristic impedance of the transmission lines 1S not
matched to the source and load impedances.

Assuming the source and load impedances are fifty ohms
registive and the value of the characteristic impedance of
the transmission lines is not equal to fifty ohms, power
will be reflected at different points in the system. Basic
operation of the coupler provides a forward power signal
("forward power") traveling from the input port to the thru
port. The forward power induces a signal in the coupled
Cransmission line that travels in the direction from the
isolation port to the coupled port. Accordingly, the
forward power is coupled to the coupled port. The
magnitude of the coupled forward power depends on the
coupling factor of the directional coupler.

As the forward power travels from the input port to
the thru port and to the load impedance, a certain amount
of power is reflected ("Reflection 1A") from the load
impedance back toward the input port. The magnitude of

Reflection 1A is dependent on the reflection coefficient
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which is related to the impedance mismatch of the

input port, a certain amount of power is reflected from the
source impedance back toward the thru port ("Reflection
2A") . The magnitude of Reflection 2A depends on the
reflection coefficient that is related to the impedance
mismatch of the transmission line with the source
impedance. Reflection 2A, in turn, induces a signal in the
coupled transmission line that travels in the direction
from the isolation port to the coupled port. Accordingly,
Reflection 2A is coupled to the coupled port with the
magnitude of the coupled Reflection 22 also depending on
the coupling factor. Accordingly, at this time the signal
at the coupled port includes both the coupled forward power
and the coupled Reflection 2A power.

Meanwhile, Reflection 1A induces a signal in the
coupled transmission line that travels in the direction

from the coupled port to the isolation port. Reflection 1A
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The magnitude of Reflection 3A depends on a reflection
coefficient that is related to the impedance mismatch of
the coupled transmission line with the termination
impedance.

While an infinite number of reflections occur
theoretically, the magnitude of these other reftlections are
very small and generally do not have any effect.
Accordingly, the signal sampled or measured at the coupled
port, referred to as the coupled forward power, consists
mainly of the coupled forward power, the coupled Reflection
2A, and the Reflection 3A. As will be appreciated,
assuming the characteristic impedance of each of the
transmission lines are approximately equal and the source,
load and termination impedances are substantially equal to

one another, the magnitudes of coupled Reflection 2A and

Reflection 3A will also be approximately equal.

Now referring to FIGURE 2B, there is shown a

power. Forward power is coupled to the isolation port.
The coupled forward power produces a reflection
("Reflection 1B") at the termination load when there is an
impedance mismatch. Reflection 1B propagates toward, and

appears at, the coupled port. Meanwhile, a certain amount

of forward power is reflected ("Reflection 2B") from the
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load impedance back toward the input port. Reflection 2R
induces a signal in the coupled Cransmission line that
travels 1n the direction from the isolation port to the
coupled port. Reflection 2B is coupled to the coupled
port. Accordingly, Reflection 1R andg coupled Reflection 2B
appear at the coupled port. 2As will be appreciated, the

magnitudes of Reflection 1B and coupled Reflection 2B will

be approximately equal, assuming the load and termination
impedances are approximately equal.

It will be wunderstood, however, that undesired
reflections present at the reflected coupled port
(configuration of FIGURE 2B) have a larger effect on the
measurement of the reflected coupled power as compared to
the impact of undesired reflections on the measurement of
the coupled forward power (configuration of FIGURE 2A).
This is due mainly to the generally smaller magnitude of
any reflected coupled power measured at the reflected
coupled port. The accuracy of the measurement of the
"Crue" reflected power is substantially reduced by the
unwanted reflections caused by the impedance mismatch of
the transmission lines with the load impedance (at the thru
port) and termination impedance (at the isolation port) .
As such, the "true" coupled reflected power represents the

measurement of the reflection caused by a difference in

impedance between the load impedance and the termination
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impedance. Ideally, changes in load impedance would be
detected regardless of the value of the characteristic
impedance of the transmission lines. Accordingly, in
certain applications, controlling or negating the
measurement of unwanted reflections is more important at
the coupled reflected port than at the coupled forward
port.

In accordance with the present invention, the addition
OL at least a one guarter-wave Cransmission line to the
directional coupler reduces the impact of "secondary
reflections" (Reflections 2A and 32 in the configuration
shown in FIGURE 2A; Reflections 1R and 2B in the
configuration shown in FIGURE 2B) present at the sampled ox
measured port (i.e. coupled port). These secondary
reflections are caused by the impedance mismatch of the
coupler transmission lines with the source, load and/or
termination impedances. The added quarter-wave
Cransmission line is formed on the same substrate as the
Ewo Ctransmission lines of the coupler, and with the same
process. This results in approximately equal
characteristic impedances. While any fluctuations in the
substrate material or process tolerances occurring during
manufacture may increase or decrease the characteristic
impedance, all the transmission lines have approximately

the same characteristic impedance. Having approximately
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equal characteristic impedances among the transmission
lines (quarter-wave and coupler) reduces the degradation of
directivity caused by characteristic impedance mismatch of

the transmission lines with the source, load or termination

impedances.

The addition of the gquarter-wave line increases
directivity of the coupler by changing the phase of one of
the secondary reflections by 180 degrees. As set forth in
the discussion above regarding the configuration shown in
FIGURE 2A, the secondary reflections Reflection 22 and
Reflection 3A are approximately equal in magnitude.
Accordingly, changing the phase by 180 degrees of either
Reflection 2A or Reflection 3A will cancel the other
reflection. Therefore, the signal sampled or measured at
the coupled port provides a more accurate measurement of
the "true" coupled forward power, without the effect of
reflections caused by the mismatch of Che transmission line
with the source, load and/or termination impedances.

Only when the source, 1locad and/or termination

impedances are not matched will the measured coupled

forward power vary. Accordingly, the present invention

provides a means for detecting impedance mismatching

between the source, load and/or termination impedances

transmission lines. As such, the impedance of a load and
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reflected power can be effectively monitored. The present
invention provides a directional coupler whose directivity
i8 insensitive to the value of the characteristic impedance
of the transmission lines. Accordingly, production of
coupler transmission lines having fairly precise

characteristic impedances is not required. This same

principle also operates for the coupler configuration shown
in FIGURE 2B when measuring the "true® coupled reflected
power.

Now referring to FIGURE 3A, there is illustrated a
single-ended directional coupler 40 in accordance with the
present invention. The coupler 40 includes a Cransmission
line 42 and a transmission line 44, with each transmission
line having two ports and including the same substrate or
dielectric material. The transmission line 42 has an input
port 46 and a thru port 48, while the transmission line 44
has a coupled port 50 and an isolation port 52. Coupled to

the isolation port 52 is one end of a quarter-wave

frequency £,. Coupled to the other end of Che transmission

line 54 is a termination impedance 56 Cypically having a

value of fifty ohms resistive.
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As will be understood, the wvalue of the termination
impedance 56 may be any value depending on the desired
performance and characteristics of the coupler and desired
source and load impedances. In the pPreferred embodiment,

the desired wvalue of the characteristic impedance of the

transmission lines 42, 44 and 54 is fifty ohms. As such,

a properly matched coupler will have Cransmission lines
with characteristic impedances matc‘hing the source
impedance (coupled to the input port 46, not shown), load
impedance (coupled to the thru port 48, not shown) and

termination impedance (coupled to the isolation port 52).

However, due to substrate variations and manufacturing

invention, as shown in FIGURE 3A, the guarter-wave

transmission line 54 is added between the isolation port 52

and the load impedance 56.

variations in the desired characteristic impedance of the
Cwo transmission 1lines 42 and 44 due to substrate
variations (e.g. dielectric constant, thickness, etc.) and
production tolerances (e.g. strip conductor dimensions) .

This allows manufacture of directional couplers with less
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expensive substrate material and less accurate
manufacturing processes. Due to unwanted tolerances in the
dielectric constant of the substrate, wvariations in
thickness during manufacture, and variations in the
stripline conductors during manufacture, the characteristic
impedances of the transmission lines will not be exactly
fifty ohms, unless expensive materials and high cost
manufacturing processes are utilized.

Since the transmission lines 42, 44 and 54 are
manufactured on the same substrate and according to the
Same process, the characteristic impedances of each will be
approximately equal. This, in turn, produces reflection
coefficients (caused by the mismatch of the transmission
lines with any coupled impedances) that are approximately
equal. The addition of the quarter-wave Cransmission line
54 transforms the reflection normally occurring at the load
impedance 56 (without the transmission line 54) into a
reflection that is 180 degrees out of phase. In sum, the
addition of a quarter-wave transmission line produces a
directional coupler whose directivity is insensitive to the
value of the characteristic impedance of the transmission
lines.

Now referring to FIGURE 3B, there is shown a first
alternative embodiment of a single-ended directional

coupler 60 in accordance with the present invention.
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Instead of coupling the quarter-wave transmission line

between the isolation port 52 and the load impedance 56, a
quarter-wave transmission line 62 is added between the
signal input and the input port 46 of the coupler 60. As
will Dbe appreciated, this alternative configquration
performs under the same bacic principles as the coupler 40
illustrated in FIGURE 3A and produces the desired results.

Now referring to FIGURE 3C, there is shown a second

alternative embodiment of a single-ended directional
coupler 70 in accordance with the present invention.
Due to possible layout concerns, an input port extension
transmisgsion line 74 of any length is coupled between the
signal 1input and the input port 46. This input port
extension transmission line 74 may be required, or desired,
for a particular layout. Accordingly, another extension
transmission line 76 having the same length as the input
port extension line 74 1is added to a quarter-wave
transmission line 72 coupled between the isolation port 52
and the termination impedance 56.

As will be understood, the added transmission line 76
couples to the quarter-wave transmission line 72 ' and
produces an integrated transmission 1line (72 plus 76)
having a length that is a quarter-wave longer than the

length of the input port extension line 74. In other words,

the difference in length between the length of the input
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port extension line 74 and the length of the transmission
line coupled between the isolation port 52 and the
termination impedance 56 1is a quarter-wavelength (or odd
multiple thereocf, e.g. (5/4) lambda, (9/4) lambda, etc.).
As will be appreciated, this alternative configuration
performs under the same basic principles as the coupler 40
i1llustrated in FIGURE 3A and produces the desired results.
Accordingly, the coupler 70 reduces degradation of coupler
directivity due to variations in transmission line
characteristic i1mpedance while allowing flexibility in
designing the layout patterns accompanying the coupler.

Now referring to FIGURE 4, there is shown a prior art
dual directional coupler 100. The coupler 100 incliides‘.
three adjacent transverse-electromagnetic mode (TEM)
transmission lines 102, 104 and 106, each having two ports.
Propagation of an input signal along one of the
transmission lines induces the propagation of a coupled
signal 1in another adjacent transmission 1line. The
transmission line 102 has an input port 108 for receiving
an input signal from an external source (not shown) and a
thru port 110. The transmission line 106 has a coupled
port 116 and an isolation port 118. The transmission line
104 has a coupled port 114 and an isolation port 112.
Generally, forward coupled power is sampled or measured at

the coupled port 116 while reflected coupled power is
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Conventionally, the isolation port 118 1s terminated
with a termination impedance 122 while the isolation port
114 1is terminated with a termination impedance 120.
Typically, the termination impedances 120 and 122 are equal
to 50 ohms with the characteristic impedance of the
CLransmission lines 102, 104 and 106 also equal to 50 ohms.

Now referring to FIGURE 5A, there is 1llustrated a

with each transmission line having two ports and including
the same substrate or dielectric material. The
transmission line 132 includes an input port 138 and a thru
port 140. The transmission line 134 includes an isolation
port 142 and a coupled port 144, while the transmission
line 134 has a coupled port 146 and an isolation port 148.

Coupled to the isolation port 148 is one end of a
quarter-wave transmission line 156 that includes the same
subgtrate or dielectric material as the transmission lines

132, 134 and 136. The transmission line 156 is a quarter-

wave transmission line having a length equal to a quarter
wavelength at the center frequency £.. Coupled to the

other end of the transmission line 156 1s a termination

impedance 152 typically having a wvalue of fifty ohms
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resistive.
Coupled to the isolation port 142 is one end of a
quarter-wave transmission line 154 that includes the same
substrate or dielectric material as the transmission lines

132, 134 and 136. The transmission line 154 is a quarter-

wavelength at the center frequency f.. Coupled to the

other end of the transmission line 154 18 a termination

impedance 150 typically having a value of fifty ohms

regsistive.

In the most basic application, the transmission lines
132 and 136 provide a tool for measuring the forward power
(delivered b}; a generator connected to the input port 138,
not shown) at the coupled port 14s6. Similarly, the
transmission lines 134 and 136 provide a tool for measuring
the reflected power (reflected from a load connected to the
thru port 140, not shown) at the coupled port 144. The
addition of the quarter-wave transmission line 156 reduces
degradation of coupler directivity, with respect to the
measurement of forward coupled power, due to variations in
Cransmission line characteristic impedance caused by
substrate variations and manufacturing tolerances.
Likewise, the addition of the quarter-wave transmission
line 154 also reduces the degradation of coupler

directivity with respect to the measurement of reflected



10

15

20

25

CA 02231847 1998-03-12

IPEA/LS O APR 1997

-23 =
coupled power. As will be understood, the dual directional
coupler 130 may 1include only one added quarter-wave
transmission line or may include both.

Now referring to FIGURE 5B, there is shown a first
alternative embodiment of a dual directional coupler 160 in
accordance with the present invention. Instead of coupling
a quarter-wave transmission line between the isolation port
142 and the termination impedance 150, a gquarter-wave
transmissgsion line 162 is added between the signal input and
the input port 138 of the coupler 160. Also, instead of
coupling a quarter-wave transmission 1line between the
isolation port 148 and the termination 1mpedance 152, a
quarter-wave transmission line 164 is added between the
signal output and the thru port 140 of the coupler 160. As
will be appreciated, this alternative configuration
performs under the same basic principles as the coupler 130
illustrated in FIGURE 5A and produces the desired results.

Now referring to FIGURE 5C, there is shown a second
alternative embodiment of a dual directional couplexr 170 in
accordance with the present invention. Similar to the
coupler illustrated in FIGURE 3C, an input port extension
transmission line 174 of any length is coupled between the
signal input and the input port 138. This input port
extension transmission 1line 174 may be required, or

desired, for a particular layout. Accordingly, another
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extension transmission line 176 having the same length as
the input port extension line 174 is added to a quarter-
wave transmission line 172 coupled between the isolation
port 148 and the termination impedance 152.

As will be understood, the added transmission line 176
coupled to the quarter-wave transmission line 172 produces
an integrated transmission line (172 plus 176) having a

length that is a quarter-wave longer than the length of the
input port extension line 174. In other words, the
difference in length between the length of the input port
extension line 174 and the length of the transmission line
coupled between the isolation port 148 and the termination
impedance 152 is a quarter-wavelength (or odd multiple
thereof, e.g. (5/4) lambda, (9/4) lambda, etc.).

Likewise, a thru port extension transmission line 180
of any length is coupled between the signal output and the
thru port 140. This thru port extension transmission line
180 may be required, or desired, for a particular layout.
Accordingly, another extension transmission line 182 having
the same length as the thru port extension line 180 1is
added to a quarter-wave transmission line 178 coupled
between the isolation port 142 and the termination
impedance 150. As will be appreciated, this alternative
configuration performs under the same basic principles as

the coupler 130 illustrated in FIGURE 5A and produces the
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desired results.

Now referring to FIGURE 6, there is shown a prior art
bi-direction directional coupler 200. The coupler 200
includes two adjacent transverse-electromagnetic mode (TEM)
CLransmission 1lines 202 and 204, each having two ports.
Propagation of an input signal along one the transmission
lines induces the propagation of a coupled. signal in
another adjacent transmission line. The transmisgssion line

202 has an first port 206 and a second port 208. The
transmission line 204 has a first port 210 and second port
212.

Now referring to FIGURE 7A, there is illustrated a bi-
direction directional coupler 220 in accordance with the
present invention. The coupler 220 includes a transmission
line 222 having a first port 226 and a second port 228 and
a transmission line 224 having a first port 230 and a
second port 232. Coupled to the first port 230 is one end
of a quarter-wave transmission line 234 that includes the
same substrate or dielectric material as the transmission
lines 222 and 224. The transmission line 234 is a quarter-
wave transmission line having a length equal to a quarter
wavelength at the center frequency f.. Coupled to the
second port 232 is one end of a quarter-wave transmission
line 236 also includes the same substrate or dielectric

material as the transmission lines 222 ard 224. The

7L 5/1459 8
{PEA/LUS 04 APR 1997
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transmission line 236 1s a quarter-wave transmission line
having a length equal to a gquarter wavelehgt:h at the center
frequency £,.

Now referring to FIGURE 7B, there is shown an
alternative embodiment of a dual directional coupler 240 in
accordance with the present invention. Instead of coupling
a one quarter-wave transmission line to the first port 230
and another gquarter-wave transmission line to the second
port 232, a quarter-wave transmission line 242 is coupled
to first port 226 of the coupler 240 while a quarter-wave
transmission line 244 is coupled to the second port 228 of
the coupler 240. As will be appreciated, this alternative
configuration performs under the same basic principleé as
the coupler 220 illustrated in FIGURE 7A and produces the
desired results.

Now referring to FIGURE 8, there is illustrated a
couplexr in accordance with the present invention as part of
a transmit/receive switch c¢ircuit board. Without the
quarter-wave transmission line in the c¢ircuit, the
directivity of the forward coupled port of the coupler
measured approximately between 25 and 26 dB with a
frequency ranging from 225 MHz to 400 MHz at a center
frequency of 300 MHz. With the added gquarter-wave
transmigssion line as shown in FIGURE 8, the directivity of

the reflected coupled port of the coupler measured

-}-_”

- “‘

ey
C.

PCT/12 8 /71459 8
[PEA/US  0O- APR 1997
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approximately between 31 and 38 dB with a frequency ranging
from 225 MHz to 400 MHz at a center frequency of 300 MHyz.
In this specific embodiment, the center frequency is
300 MHz and the length of the coupled transmission lines is
about 0.9 inches with the length of the quarter-wave line

between 4 and 5 inches.

While the improvement in directivity diminishes as the
coupler is used over wider bandwidths, the reduction in
degradation of coupler directivity due to variations in
transmission line characteristic impedance resulting from
substrate variations and manufacturing process tolerances
is still significant over fairly wide bandwidths.

.Althougﬁ.several embodiments of the present invention
have been described in the foregoing detailed description
and illustrated in the accompanying drawings, it will be
understood by those skilled in the art that the invention
is not limited to the embodiments disclosed but is capable
Of numerous rearrangements, substitutions and modifications

without departing from the spirit of the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A stripline directional coupler tolerant of
substrate material and process variations, the coupler
comprising:

a first transmission 1line comprising a substrate
material and defining an input port and a thru port;

a second transmission line electromagnetically coupled
to the first transmission line and defining a coupled port and
an isolation port wherein said second transmission 1line
comprises the same substrate material as the first
transmission line;

a third transmission line electromagnetically coupled
to the first transmission line and defining a coupled port and
an isolation port wherein said third transmission 1line
comprises the same substrate material as the first
transmission line; and

a first quarter-wave transmission line comprising the
same substrate material as the first transmission line and
coupled between the isolation port of the second transmission

line and a first impedance.

2., A stripline directional coupler in accordance with
Claim 1 further comprising:

a second quarter-wave transmission line comprising the
same substrate material as the first transmission line and

coupled between the isolation port of the third transmission

line and a second impedance.

. + o4 e i
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3. A stripline directional coupler comprising:

a first transmission line comprising a substrate
material and defining an input port and a thru port;

a second transmission line electromagnetically coupled
to the first transmission line and defining a coupled port and
an isolation port wherein said second transmission 1line
comprises the same substrate material as the first
transmigsion line;

a third transmission line having a predetermined
length and coupled between a signal input and the input port
of the first transmission line; and

a fourth transmission 1line coupled between the
isolation port of the second transmission line and a load
wherein the length of the third transmission line and the

length of the fourth transmission line differ by a quarter

wavelength.

4., A stripline directional coupler comprising:

a substrate;

a first transmission line comprising an input port and
a thru port and including said substrate;

a second transmission line electromagnetically coupled
to the first transmission line, the second transmission line
comprising a coupled port and an isolation port and wherein
the second transmission line includes said substrate;

a first quarter-wave transmission line including said
substrate and having a first end and a second end, the first
end of the first quarter-wave transmission line coupled to the
isolation port of the second transmission line, the second end

of the quarter-wave transmission line coupled to a first

termination impedance;
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an input port extension transmission line including
sald substrate and coupled between a signal input and the
input port of the £first transmission line and having a
predetermined length; and

a termination extension transmission line having a
predetermined length substantially equal to the length of the
input port extension transmission line and including said
substrate and coupled between the isolation port of the second
transmission line and the termination impedance and in series

with the first quarter-wave transmission line.

5. A directional coupler in accordance with Claim 4
further comprising:

a third transmission line electromagnetically coupled
to the first transmission line and having a coupled port and
an isolation port and wherein said third transmission line
includes said substrate; and

a second quarter-wave transmission line including
said substrate and having a first end and a second end said
first end of the second quarter-wave transmission line coupled
to the isolation port of the third transmission line and said
second end of the second quarter-wave transmission line

coupled to a second termination impedance.

6. A stripline directional coupler comprising:

a substrate;

a first transmission line comprising an input port and
a thru port and including said substrate;

a second transmission line electromagnetically coupled

to the first transmission line, the second transmission line
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comprising a coupled port and an isolation port and wherein

the second transmission line includes said substrate;

a first quarter-wave transmission line including said
substrate and having a first end and a second end, the first
end of the quarter-wave transmission line coupled to the
isolation port of the second transmission line, the second end
of the gquarter-wave transmission line coupled to a first
impedance;

a third transmission line electromagnetically coupled
to the first transmission line and having a coupled port and
an isolation port wherein said third transmission line
includes said substrate; and

a second quarter-wave transmission line including the
substrate and having a first end and a second end, said first
end coupled to the isolation port of the third transmission

line and said second end coupled to a second impedance.

7. A directional coupler in accordance with Claim 6
further comprising:

an input port extension transmission line including
said substrate and coupled between a signal input and the
input port of the first transmission line and having a
predetermined length;

a thru port extension transmission line including said
substrate and coupled between the thru port of the first
transmission line and a signal output and having a
predetermined length;

a first termination extension transmission line having
a predetermined length substantially equal to the length of

the input port extension transmission line and including said
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substrate and coupled between the isoclation port of the second
transmission line and the first impedance and in series with
the first quarter-wave transmission line; and

a second termination extension transmission line
having a predetermined length substantially equal to the
length of the thru port extension transmission line and
including said substrate and coupled between the isolation
port of the third transmission line and the second impedance

and in series with the second quarter-wave transmission line.

8. A directional coupler in accordance with Claim 6
further comprising:

an input extension transmission line including said
substrate and coupled between a signal input and the input
port of the first transmission line and having a predetermined
length; and

a second extension transmission 1line having a
predetermined length substantially equal to the length of the
input port extension transmission line and including said
substrate and coupled between the isolation port of the second
transmission line and the termination impedance and in series

with the first quarter-wave transmission line.

S. A directional coupler tolerant of substrate
material and process variations, the coupler comprising:
a first transmission line defining an input port and

a thru port;
a second transmission line electromagnetically coupled

to the first transmission line and defining a first coupled

port and a first isolation port;
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a third transmission line electromagnetically coupled
to the first transmission line and defining a second coupled
port and a second isolation port; and

a first quarter-wave transmission line coupled between
the isolation port of the second transmission line and a first

impedance.

10. A directional coupler in accordance with Claim
9 further comprising:

a second quarter-wave transmission 1line coupled
between the isolation port of the third transmission line and

a second impedance.

11. A directional coupler in accordance with Claim
9 further comprising:

a first extension transmission line coupled between
a signal input and the input port of the first transmission
line and having a predetermined length; and

a second extension transmission line having a
predetermined length substantially equal to the length of the
input port extension transmission line coupled between a

signal output and the thru port.

12. A directional coupler in accordance with Claim
10 further comprising:

a first extension transmission line coupled to the
first quarter-wave transmission line and in series with the

first impedance; and,

a second extension transmission line coupled to the
second quarter-wave transmission line and in series with the

second impedance.
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13. A directional coupler comprising:

a first transmission line including an input port and
a thru port;

a second transmission line electromagnetically coupled
to the first transmission line and defining a first coupled
port and a first isolation port;

a third transmission line electromagnetically coupled
to the first transmission line and defining a second coupled
port and a second isolation port;

a first quarter-wave transmission line coupled between
a signal input and the input port of the first transmission
line; and

a second quarter-wave transmission line coupled
between a signal output and the thru port of the first

transmission line.

14. A directional coupler comprising:

a first transmission line including an input port and
a thru port;

a second transmission line electromagnetically coupled
to the first transmission line and defining a first coupled
port and a first isolation port;

a third transmission line electromagnetically coupled
to the first transmission line and defining a second coupled
port and a second isolation port;

a first extension transmission line coupled between
a signal input and the input port of the first transmission
line;

a termination impedance;

a first quarter-wave transmission line coupled to the

isolation port of the third transmission line; and
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a second extension transmission line substantially
equal in length to the first extension transmission line, the
gsecond extension transmission line coupled between the first

quarter-wave transmission line and the termination impedance.

15. A directional coupler comprising:

a first transmission line including an input port and

a thru port;

a second transmission line electromagnetically coupled
to the first transmission line and defining a first coupled
port and a first isolation port;

a third transmission line electromagnetically coupled
to the first transmission line and defining a second coupled
port and a second isolation port;

a first extension transmission line coupled between
a signal output and the thru port of the first transmission
line;

a termination impedance;

a first quarter-wave transmission line coupled to the
isolation port of the second transmission line; and

a second extension transmission line substantially
equal in length to the first extension transmission line, the
second extension transmission line coupled between the first

quarter-wave transmission line and the termination impedance.
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dégradation de la directivit¢ du coupleur causée par des
¢carts d'impedance entre les lignes de transmission
(42, 44) et les impedances (56) de source, de charge
et/ou de terminaison. En raison de la formation sur le
méme mateériau substrat des lignes de transmission
(42, 44) et de la ligne de transmission quart d’onde
(534, 62) supplémentaire, la directivite du coupleur est
insensible a la valeur de I'impédance caracteristique des
lignes de transmission (42, 44). Cela permet de recourir
a des mateériaux de substrat et a des procedes de
fabrication moins onéreux pour la construction dudit
coupleur directionnel a ligne microruban.

I*I Industrie Canada  Industry Canada

(CANADIAN INTELLECTUAL

(11) (21) (C) 2,231,847
86) 1996/09/13
87y 1997/03/20
45y 2001/04/03

coupler directivity caused by impedance mismatch of the
transmission lines (42, 44) with the source, load and/or
termination 1mpedances (56). With the transmission
lmmes (42, 44) and additional quarter-wave transmission
lme (54, 62) formed on the same substrate material,
coupler directivity 1s insensitive to the value of the
characteristic 1mpedance of the transmission lines
(42, 44). This allows the use of less expensive substrate
materials and manufacturing processes during stripline
directional coupler construction.
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