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[57] ABSTRACT 
If strip transmission lines are enclosed in a conducting 
shield, the shield acts as a waveguide and spurious 
waveguide modes, which interfere with stripline trans 
mission. are excited. A waveguide mode suppressing 
structure is disclosed which selectively suppresses the 
waveguide modes over a certain frequency range and 
also physically provides support for a dielectric sub 
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MODE SUPPRESSOR FOR STRIP TRANSMISSION 
LINES 

BACKGROUND OF THE INVENTION 

This invention relates to strip transmission lines in 
cluding stripline and microstrip lines and more specifi 
cally to mode suppression techniques for such lines. 
These lines are used for building passive networks and 
for interconnecting active devices in hybrid integrated 
circuits. As used herein, strip transmission lines are pla 
nar structures containing two parallel conductors; one 
conductor is called a ground plane and the other is 
called a conductor strip. A number of conductor strips 
may be used with a single ground plane to produce a 
plurality of circuits. A stripline is a'strip transmission 
line in which the ground plane and dielectric substrate 
which supports the conductor strip are separated from 
each other by a material whose dielectric constant is 
less than that of the substrate. A microstrip line is a 
strip transmission line in which the ground plane and 
strip conductor are separated from each other only by 
the solid dielectric material upon which the strip con 
ductor is mounted. Strip transmission lines are often 
shielded by a conducting channel which suppresses ra 
diation' from the transmission lines and reduces cou 
pling between circuits. However, the surrounding chan 
nel and the ground plane form a waveguide-like struc 
ture and undesired waveguide modes may be excited 
above a certain cutoff frequency. These spurious wave 
guide modes can be suppressed in accordance with 
prior art techniques by dimensioning the channel width 
and height to be less than one-half of the electrical 
wavelength at the operating frequency of the strip 
transmission lines. However, this limitation on channel 
size imposes restrictions on the number of strip con 
ductors which may be deposited on a given substrate. 
In addition, undesired waveguide modes excite spuri 
ous resonances which may also limit the performance 
of nonlinear devices associated with the strip transmis 
sion line. It is therefore desirable in order to minimize 
circuit losses to use large cross-section channels and to 
provide suitable mode suppression without restricting 
the channel dimensions. 

SUMMARY OF THE INVENTION 

The invention is directed in part to modifying the 
shielding structure which encloses the transmission 
lines by placing at least one groove of approximate 
electrical depth one-quarter A, where A is the wave 
length at the operating frequency of the transmission 
line, in the side wall of the channel. This groove runs 
along the entire length of the channel. It may also sup 
port the dielectric substrate to which the conductor 
strip is affixed. 
The waveguide mode suppression technique dis 

closed is suitable for building compact, economical, so 
lid-state sources and frequency converters in the mi 
crowave and millimeter-wave frequency range. The se 
lective suppression of undesired waveguide modes per 
mits substantial increase of channel dimensions thereby 
allowing great freedom in microstrip circuit design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section view of a shielded stripline 
structure found in the prior art; 
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2 
FIG. 2 is a cross~section view of a stripline structure 

illustrating side wall grooves and resistive thin ?lms in 
accordance with the invention; 
FIG. 3 is a cross-section view of a microstrip struc 

ture in accordance with the invention; and 
FIG. 4 is a cross-section view of a stripline structure 

with vertically oriented grooves in accordance with the 
invention. 

DETAILED DESCRIPTION 

FIG. 1 shows a cross-section view of shielded strip 
line structure known in the prior art. A rectangular 
conducting shield 100 encloses a dielectric substrate 
101, a conductor strip 102 which is affixed to the sub 
strate 101 and a ground plane 105. The substrate 101 
is held in place by supports 103 and 104 in opposite 
side walls of shield 100. These supports perform no 
electromagnetic function and only provide physical 
support for the dielectric substrate. In the prior art, 
waveguide mode suppression is accomplished by re 
stricting both the height h and width w of shield 100 to 
less than half an electrical wavelength at the operating 
frequency of the stripline. 

In accordance with the invention, the shielding struc 
ture which encloses the transmission lines is modified 
by placing at least one groove of approximate electrical 
depth one-quarter 7t, where A is the wavelength at the 
operating frequency of the transmission line in the side 
wall of the channel. This groove runs along the length 
of the channel and may support the dielectric substrate 
to which the conductor strip is affixed. 
When a plurality of circuits are enclosed, each having 

different operating frequencies, a corresponding plu 
rality of grooves or tapered grooves of appropriate 
depths may be used. For devices such as transmitter 
pump oscillators, ?xed frequency oscillators, reciever 
local oscillators, path length modulators, the operating 
frequency is a single ?xed frequency. For devices such 
as stable ampli?ers or injection-locked amplifiers, 
where the circuit operates over a wide band of frequen 
cies, the approximate center of the band is taken as the 
operating frequency of the circuit. 
The groove stores electromagnetic energy. Electro 

magnetic ?elds are excited inside the groove and at a 
certain frequency, couple in accordance with Max 
well’s equations, with ?elds outside the groove, causing 
the groove to present a high impedance to surface cur 
rents in the shield side walls. These currents and their 
undesired waveguide modes are thereby suppressed. 
Suppression is directed primarily to the fundamental 

mode or the longitudinal section magnetic (LSM) 
mode. The fundamental mode is the lowest order mode 
which propagates in the channel in the absence of a di 
electric other than air between the conductor strip and 
the ground plane. If a dielectric other than air is pres 
ent, the lowest order mode propagated is called the lon 
gitudinal section magnetic (LSM) mode. The higher 
the operating frequency, the greater the number of pos 
sible waveguide modes which will be above their cutoff 
frequencies and which therefore may propagate, but 
for the range of frequencies in which communication 
systems work, it is usually necessary only to suppress 
either the fundamental or the LSM mode. Where the 
fundamental waveguide mode or the LSM mode is sup 
pressed over a limited stop band, spurious resonances 
due to coupling of either of these modes to external cir 
cuits are also suppressed. 
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The groove acts as a resonator or impedance trans 
former and a thin ?lm resistance can be used in con 
junction with the resonator to increase the bandwidth 
of the device by increasing losses for undesired modes. 
The width of the stop band can also be increased by 
varying the depth of the groove along the channel 
length or by using a plurality of grooves each of a dif 
ferent uniform depth located at various places in the 
shield side walls. 

Selective suppression of vertical currents occurs be 
cause the thin ?lm affects the LSM or fundamental 
mode but does not affect strip transmission line modes 
since electromagnetic fields associated with these latter 
modes are between the conductor strip and ground 
plane and current associated with these modes is al 
ways perpendicular to the corresponding electromag 
netic ?eld. Accordingly, these latter modes have only 

. longitudinal currents. The resistive thin film is there 
fore not lossy for the strip transmission line mode since 
this mode has a ?eld pattern which is different than that 
of waveguide modes. 

In FIG. 2 a conducting shield 200 comprises two side 
members 210 and 211, having grooves 201 and 202, a 
ground plane member 212 and a top member 213 par 
allel to the ground plane.vThe shield 200 encloses a di 
electric substrate 203, the ground plane 212 and con 
ductor strips 204 and 205 af?xed to the dielectric sub 
strate. The shield con?nes most of the electromagnetic 
energy to channel space 206 located between the di 
electric and ground plane to prevent energy loss and to 
reduce interference and coupling with other circuits. 
Some electromagnetic energy is con?ned by the shield 
in channel space 207 located between the dielectric 
and top member 213. In addition, the shield protects 
enclosed circuits from external atmospheric in?uences 
such as humidity which causes corrosion and gives me 
chanical protection to circuit elements. If the shield is 
composed of insulating material coated with metal or 
is formed from an alloy which has a low expansion co 
efficient, dimensional stability is provided and this will 
make the enclosed circuits operate independently of 
the external ambient temperature. The metal coat pro 
vides the energy shielding property described above. 
To avoid leakage, the shield must be at least thicker 
than three skin depths (several micrometers) where 
one skin depth is the approximate depth of penetration 
of electromagnetic energy. Otherwise, the shield thick 
ness is determined to give mechanical and structural 
strength to the shield structure. The shield 200 is con 
veniently manufactured in two separate pieces which 
may be bolted together at seams such as 215 and 216. 

If the dielectric substrate extends into the grooves 
201 and 202, the substrate dielectrically loads the 
grooves thereby producing an electrical depth of 
A0/4 x/“eT' where E3 is the relative dielectric constant 
and k0 is the free space wavelength. The dielectric con 
?nes and holds electromagnetic energy to a region 
within the channel spaces 206 which is normally be 
tween the ground plane and the conductor strip pat 
tern. 

Resistive structures which may be thin ?lms or lossy 
dielectric material are used to enhance suppression ca 
pability. Resistive thin ?lms 208 and 209 may be depos 
ited on the substrate 203 and positioned in the vicinity 
of the groove 201 and 202. A portion of the thin ?lm 
lies between the substrate and an edge of the groove. 
The thin ?lm must extend from the groove beyond the 
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4 
shield side member into the channel space 206 but pre 
cise placement of the film is not critical. Typically the 
resistive thin ?lms 208 or 209 may be made of metal 
material; they may be deposited by conventional tech 
niques such as evaporation, sputtering or thick ?lm 
processing. Alternatively, the resistive structure may be 
formed by doping a portion of the dielectric 203 with 
an ingredient such as boron or niobium which makes 
the dielectric lossy. If this dielectric is lossy in the vicin 
ity of the opening of the groove into the channel space, 
it will function similarly to resistor 208 or 209 which it 
replaces. Typically, the lossy ingredient can be incor 
porated into the dielectric by diffusion or ion implanta 
tion. 
FIG. 3 shows another embodiment of invention in 

which the grooves in the side members are placed adja 
cent the ground plane. The embodiment of FIG. 3 is 
otherwise similar to that of FIG. 2, and like functioning 
elements are identi?ed by numbers having identical last 
two digits. 
FIG. 4 shows a strip transmission line structure which 

operates similar to the structure of FIG. 2 and electri 
cally like functioning elements are identified by num 
bers having identical last two digits. The structure has 
a shield 400 which consists of conducting structures 
420 and 421 separated by dielectric 403. Grooves 401 
and 402 extend vertically from dielectric 403 into the 
side walls of conductor 420. Their depths are chosen so 
that they behave as an impedance transformer with re 
spect to undesired vertical currents in the channel walls 
and appear to these currents as an open circuit. In FIG. 
4, the electrical depth of the vertical grooves 401 or 
402 is one-quarter It and the grooves are located in the 
center of their respective side walls, which each extend 
an electrical distance A from the channel to the exterior 
boundary. The resulting distance of one-half A between 
the exterior boundary of the side wall and the center of 
the vertical groove establishes a short circuit. Alterna 
tively, the electrical depth of the vertical groove is one 
half A and the electrical distance from either side wall 
to the center of its‘associated vertical groove is one 
quarter A . The dielectric 403 insulates the two parts of 
the shield from one another. This physical arrangement 
makes fabrication and assembly of the entire shielded 
strip line structure easy and inexpensive. 
Conductor strips 404 and 405 are supported by the 

dielectric material. Two strips are shown for illustration 
only and it is understood that in FIG. 4, as in FIGS. 2 
and 3, any plurality of conductors may be used. This is 
in contrast to the prior art where the limitation of the 
shielding channel dimension restricted the number of 
conductor strips which could be deposited. Resistive 
thin films 408 and 409 which are positioned between 
dielectric 403 and one of the shield conducting struc 
tures 420 and extend into channel 407, act to enhance 
suppression. It is understood that alternatively the di 
electric may be made lossy to perform the same en 
hancement function in this or any other embodiment of 
the invention. 

In all cases it is to be understood that the above de 
scribed arrangements are merely illustrative of a small 
number of the many possible applications of the princi 
ples of the invention. Numerous and varied other ar 
rangements in accordance with these principles may 
readily be devised by those skilled in the art without de 
parting from the spirit and scope of the invention. 
What is claimed is: 
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l. A transmission device comprising: 
a ground plane member; 
a dielectric substrate; 
a conductor pattern supported by the dielectric; 
a shield having two parallel side members, a top 
member and the ground plane member parallel to 
the top member, the shield being positioned to en 
close the dielectric and the conductor pattern 
within a channel space; 

means for suppressing modes associated with vertical 
currents, said means including a groove in at least 
one side member of the shield, said groove being 
dimensioned and positioned to appear as an open 
circuit to the vertical currents; . 

a resistive thin ?lm being positioned between the di 
electric substrate and shield and extending partially 
into the groove and partially into the channel. 

2. A device as described in claim 1 wherein the elec 
trical depth of the groove varies along the length of the 
side member. 

3. A transmission device comprising: 
a ground plane member; 
a dielectric substrate; 
a conductor pattern supported by the dielectric; 
a shield having two parallel side members, a top 
member and the ground plane member parallel to 
the top member, the shield being positioned to en 
close the dielectric and the conductor pattern 
within a channel space; 

means for suppressing modes associated with vertical‘ 
currents, said means including a groove in at least 
one side member of the shield, said groove being 
dimensioned and positioned to appear as an open 
circuit to the vertical currents; 

the shape of the groove being rectangular and the 
electrical depth of the groove being approximately 
one-quarter A where A is the operating frequency 
of the transmission device. 

4. A device as described in claim 3 wherein the por 
tion of the dielectric substrate adjacent to the channel 
is lossy. 

5. A device as described in claim 3 wherein a resistive 
thin film is positioned between the dielectric substrate 
and shield and extends partially into the groove and 
partially into the channel. 

6. A transmission device comprising: 
a ground plane member; 
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6 
a dielectric substrate; 
a conductor pattern supported by the dielectric; 
a shield having two parallel side members, a top 
member and the ground plane member parallel to 
the top member, the shield being positioned to en 
close the dielectric and the conductor pattern 
within a channel space; 

means for suppressing modes associated with vertical 
currents, said means including a groove in at least 
one side member of the shield, said groove being 
dimensioned and positioned to appear as an open 
circuit to the vertical currents; 

the groove of approximate electrical depth one 
quarter A being positioned vertically in the side 
member and said groove opening onto the dielec 
tric substrate, said center of the opening of the 
groove being an electrical distance one-half A, 
where )t is the operating frequency of the transmis 
sion device, from the edge of the side member 
bounding the channel space and an electrical dis 
tance one-half A from the exterior edge of the side 
member. 

7. A transmission device comprising: 
a ground plane member; 
a dielectric substrate; 
a conductor pattern supported by the dielectric; 
a shield having two parallel side members, a top 
member and the ground plane member parallel to 
the top member, the shield being positioned to en 
close the dielectric and the conductor pattern 
within a channel space; 

means for suppressing modes associated with vertical 
currents, said means including a groove in at least 
one side member of the shield, said groove being 
dimensioned and positioned to appear as an open 
circuit to the vertical currents; 

the groove of approximate electrical depth one-half 
A being positioned vertically in the side member 
and said groove opening onto the dielectric sub 
strate, the center of said opening of the groove 
being an electrical distance one-quarter A, where A 
is the operating frequency of the transmission de 
vice, from the edge of the side member bounding 
the channel space and an electrical distance one 
quarter A from the exterior edge of the side mem 
ber. 

***** 


