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The research reported in this document covers the
period from June 1954 to June 1956, and was spon-
sored by Air Force Cambridge Research Center, Air
Research and Development Command, under Contract
AF 19(604)1154, Tri-Plate transmission line devel-
opment was also sponsored in part by the National
Bureau of Standards under Contract CST-1365, and
developments resulting fromthis and other contracts
held by Sanders Associates, Inc. have been included

in this book.
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Comparison of Tri-Plate line and waveguide realizations of the
same RF front endunit. The Tri-Plate line fabrication has one-
eighth the weight and one-sixth the volume of its waveguide
counterpart.



















































































































































38 TRANSITIONS AND COUPLINGS

4, Mechanical strength.

5. Reversibility (the facility of me-
chanically reversing the faces of
one of the components. )

A basic feature of these junctions is the overlap. An
overlapis desirable for both mechanicaland electrical
reasons, Two versions of the overlaphave been devel-
oped, each with its own advantages and disadvantages.
The first is the ordinary lap-joint. In this form, the
termination of the line is cut at right angles tothe cen-
ter line. One side-plate or laminate of the assembled
line is cut a fixed-length longer than the other side, so
that it overlaps. With good workmanship, this junction
can be made to satisfy the listed requirements except
that of reversibility. A photograph ofa typical straight-
lap junction with clamp is shown in Fig, 3-1,

As indicated, the two connected components are held
together with a box clamp. The transmissionline is cut
to a width that, when boxed in, will be below cut-off for
the TE;, ymode at the highest frequency of interest.
The edges are cut parallel to the centerline and equi-
distant fromit. This ensures good alignment. The over-
lap of each component must, of course, be equal, so

Fig. 3-1 Assembly of a typical Tri-Plate lap junction with clamp.









3-3  TRI-PLATE TO COAXIAL LINE TRANSITIONS 4]

In-line transitions have been used with microwave air-
dielectric lines with very good performance, but because
of mechanical difficulties, due to extremely small di-
mensions in some solid dielectric-filled lines, thistype
of transitionis less practical for ground-plane spacings
less than 1/4 inch.

Fig. 3-4 Tri-Plate male and- female coaxial connectors.

The right-angle male and female transitions to co-
axial-line shownin Fig. 3-4are a satisfactory solution
to the mechanical problems encountered in the in-line
type of transition.

In these transitions, the center-pins of the coaxial
connectors are fastened to the centerstrip of one-half
of the Tri-Plate line by means of an eyelet which is
pressed through the Tri-Plate laminate into a hole in
the end of the connector center-pin and then soldered.
The Tri-Plate ground-plane around the connector cen-
ter-pin is cut awayto the same diameter as the insula-
tor in the connector. The body of the connector is fas-
tened to the line with screws which pass through both
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halves of the Tri-Plate line and thread into the connector
body. These screws servealsoas shorting -pins to main-
tain proper voltage balance between the ground-planes
of the line. The characteristic impedance of the Tri-
Plate line is made to equal that of the coaxial line. The
standing wave ratio of this transition, which is plotted
in Fig. 3-5as a function of frequency, showsthat ithas
ausable frequency band of over two octaves. Right-angle
Tri-Plate and waveguide transitions to coaxial line are
compared in Fig. 3-6. Fig. 3-7is an exploded view of
a Tri-Plate female coaxial connector.

e
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Fig. 3-5 Broadband performance of the type of female coaxial transition
shown in Fig. 3-4.

Fig. 3-6 Comparison of right-angle Tri-Plate and waveguide transitions to
coaxial line.
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Fig. 3-8 Tri-Plate line to coaxial line transition, modified for use through X-
band.

3-4 Tri-Plate to Waveguide Transitions

In chapter VIlof this handbook: a Tri-Plate X-band
series-slot antenna will be described. A natural conse-
quence of its development was the application of such a
slot as a transformer for coupling Tri-Plate to X-band
waveguide, Although both utilize 1/16-inch copper-clad
teflon-fiberglass (GB112T), their design parameters
differ since the impedances presented to the slots are
not the same. Thistransition, using a one-eighth by . 90
inch series-slot, is illustrated in Fig. 3-9.

After etching the center-conductors, the slot, and
eyelet locations: the two halves of the Tri-Plate
line are fastened together with eight 1/16-inch eyelets
around the slot. Four screws are then used to fasten
the Tri-Plate sandwich to the waveguide flange. The
slot is symmetrically positioned in the E-plane of the
guide with the short dimension of the slotin the direction
of the narrow dimension of the guide. This properly
orients the tranverse E-field of the series-fed slot for
coupling to the waveguide.

Since a slot is etched on only one side of the line, it
represents an unbalanced impedance discontinuity that
normally would excite the parallel plate mode andresult
in some wasted power and undesirable radiation leakage
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from the centerline of the probe.

The construction of the one-half by one-inch wave-
guide X-band transition is illustrated in Fig. 3-11. In
addition to clamping the 30-ohm Tri-Plate line securely
against the waveguide flange, the metal backing-plate
with a 0.250-inch-wide channel serves the purpose of
suppressing the parallel-plate mode that would other -
wise be excited in the vicinity of the slot and cause un-
desirable radiation from the edges of the Tri-Plate line.
Since the slot width is not a negligible fraction of the

Fig. 3-11 Tri-Plate line "to wave- guide X-band probe transition.

guide wavelength, a potential difference exists across
the slot. A waveguide mode therefore exists in this
0. 050-inch-long (thickness of waveguide wall) section
of waveguide below cut-off, This assumes that the outer -
conductors of the Tri-Plate line make intimate contact
with the slot. The power represented by this waveguide
mode is only slightly attenuated over this short length,
and if the confining channel were not present, it would
propagate freely between the ground-planes and radiate
at the edges. With the backing-plate present, however,
the channel and waveguide-flange form a section of wave-
guide below cut-off that is sufficiently long and narrow
to effectively attenuate all of the unwanted waveguide
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the Tri-Plate line would be
terminated in a matched Tri-
Plate load, and for each of
many different probe lengths
the waveguide-short would
be adjusted for a minimum
input VSWR as measured on
a waveguide slotted line. Ul-
timately, the required com-
bination of probe-depth and
short-position would be de-
termined. In designing these
transitions, however, it was
recognized that the short
would present a relatively  Fig. 3-13 C-band Tri-Plate line to
pure shunt susceptance at the waveguide probe fran-
plane ofthe probe and serve AR

to cancel out the shunt susceptance of the probe, leav-
ing a shunt conductance of 1. 0 for the matched condition.
Therefore, at the design frequency, the Tri-Plate line
was terminated in a matched Tri-Plate load, while the
waveguide was terminatedina matched waveguided slot-
ted line, the probe depth was then adjusted so that the
normalized conductance component of the input admit-
tance, referred to the centerline of the probe, equalled
2.0, and the susceptance component was capacitive.
The latter condition ensured minimum probe-depth and
minimum distance of the short from the probe. Next,
the waveguide load was replacedby a sliding short which
was adjusted so that its inductive input susceptance at
the plane ofthe probe cancelled out the capacitive sus-
ceptance ofthe probe. Effectively, this left a total nor-
malized input admittance of g = 1.0 and the transition
was matched.
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Fig. 3-15 X-band Tri-Plate to waveguide transition employing
magnetic coupling.

As shown in Fig. 3-15, the center-conductor of the
one-eighth-inch-thick, teflon fiberglass (GB112T), Tri-
Plate line is gradually taperedto a width of 0. 033 inches
and terminates in a loop with an outside radius of 0. 172
inches. Over-all line-width is symmetrically cut down
to 0.4 inches over the required length to form a probe.
Both Tri-Plate ground-planes are terminated a short
distance away from the end of this probe, so that the
loop in the center-conductor (sandwiched between the
two sheets of dielectric material which form Tri-Plate
line) extends into the waveguide, unbounded by the outer -
conductors. A rivet is soldered to the termination of
the loop and forms electrical contact with the ground-
planes. The probe is then inserted the proper distance
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Fig. 4-3 VSWR of a typical Tri-Plate termination

uses a tapered length of 377§l /& Uskon cloth, is under
1.1, from 1.6 KMC to at least 10 KMC.

The second method of constructing matched loads
and fixed pads, shown at (b) in Fig. 4-1, consists in
placing the lossy material in intimate contact with the
current-carrying surface of the center-conductor. This
requires separating the etched centerstrips from the
dielectric, inserting the absorbing material, and re-
placing the centerstrips. An alternate technique would
be to plate center-conductors on the surfaces of two
short sections of lossy material and attach these lossy
sheets to the inner faces of thetwo Tri-Plate laminates.

Fig. 4-4 Disk load fabricated in Tri-Piate line shown with
commercial disk-type resistor
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As a final step, the center-conductors plated on the
lossy sheets would be connected to the contiguous etched-
centerstrips of the regular line by short strips of copper
foil,

Short coaxialterminations can be packaged neatly in
Tri-Plate line. One such termination is shown in Fig.
4-4 and consists of a coaxial, carbon-coated, 50-ohm
disk-resistor, the center of which is connected to the
Tri-Plate center-conductor by an eyelet. The outer-
conductor of the disk-resistor is shorted to the Tri-
Plate ground-plane by a hollow cylindrical cap. Loads
of thistype have beenmade with a voltage standing wave
ratio of less than 1.1 up to 4 KMC.

/\/
1 \
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')\)

Fig. 4-5 Variable attenuator in Tri-Plate line

Printed strip-transmission lines have one unique
advantage over other types of line in that the path along
which the energy flows can be etched in practically any
imaginable configuration with relative ease. This facility
has made possible the design of the flat Tri-Plate vari-
able resistive attenuator* (shown in Fig. 4-5), which
is currently being marketed by Sanders Associates, Inc.
The center-conductor of this attenuator describes an
arc. When a properly-shaped card made of lossy material
is rotated over the center-conductor, it will cut this

*Patent applied for.
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Fig. 4-8 Tri-Plate short-circuited single- and double-stub
tuners

Fig. 4-9 Open-circuited double-shunt-stub tuner, show-
ing a) assembled unit, b) open-circuited rotors,
& c) centerstrip configuration
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a) assembled

b) slot, tab, and centerstrip configuration

Fig. 4-12 Tri-Plate “tab tuner"
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Fig. 4-18 VSWR for four 1N369A ("“Tri-polar’’) crystals in a Tri-Plate
crystal holder

Fig. 4-19 Two centerstrip configurations for simple power dividers: a) in-line,
and b) tee
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Fig. 4-21 Two possible combinations of power dividers: (Left] three equal
in-line divisions, and (right) three divisions into four equal lines.

\\‘ |
Fig. 4-22 Series of three unequal power divisions designed to obtain
equal power in each of four parallel arms
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leading to output transitions. Thus, equal amounts of
energy are delivered to four different lines. The length
of the four output-arms is not critical and could very
conveniently be shortened.

Fig. 4-25 VSWR for four-way power divider shown in Fig. 4-24
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Because the four arms are in shunt with the ring, it
is necessary to make the characteristic impedance of
the ring larger than that of the arms by a factor of W,
in order to obtaina reasonably good matchover a broad
frequency-band, Unlike a matched waveguide-magic-tee,
the isolation is a function of the electrical spacing of
the arms and is, therefore, more frequency sensitive.
Maximum isolation is obtained when the arm-spacing
is exactly equal toa quarter -wavelength, sincethe volt-
age incident on the isolation-arm from one side of the
ring is then exactly equal in amplitude, but opposite in
phase, to the voltage incident on that arm from the other
side of the ring. Ideally, complete cancellation occurs
and no power enters the isolation arm. In practice,
junction effects and imperfect loads on the two output-
arms preventthe realization of perfectisolation, irres-
pective of the type of transmission line used to make
the ring.

Fig. 4-28 Center conductor configuration of a
band-balanced mixer
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Thus, it can be used as a substitute for the hybrid ring
discussed in the previous section.

Figure 4-33 is a photograph of a typical Tri-Plate
branch-line coupler with four Type-N coaxial fittings
at the terminals. The coupling section of this unit con-
sists of two 50-ohm lines joined by two 92-ohm branch-
lines each \/4 in length and spaced \/4 apart. Coupling
and directivity for this unit are shown in Fig. 4-34,
Directivity is better than 20 DB over a 9% band, and

Fig. 4-33 Tri-Plate branch-line coupler

coupling is constant at 5.5 DB. The measured value of
coupling is in perfect agreement with the value calcula-

ted from the equation given by Sferrazza®,
2
Coupling = 10 log 4% (4-6)
4+Y%4+YO

where Y is the ratip of characteristic admittance of the
branch arm tothat of the main arm. Deviations from the
optimum quarter-wavelength spacing between branch-
lines will affect directivity. Similarly, deviations in
length of the branch-lines will affect coupling.

Data for the 3 DB branch-line coupler shown in Fig.
4-35is givenin Fig. 4-36. In this unit, the useof trans-
former sections in the main lines allows a characteristic
impedance in the branch-lines which is equal to that of

sSferrazza, loc. cit.
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Fig. 4-34 Coupling and directivity for Fig.4-35 3 DB branch-line coupler in
branch-line coupler shown in Tri-Plate line
Fig. 4-33
the input and output arms. The isolation characteristics
are not as good as those of the hybrid ring. However,
there is some physical space saved with this component
since the loop-periphery measures only one wavelength.

Quarter-Wave Stub Coupler

A typical Tri-Plate directional coupler consisting of
two stubs spaced \/4 apart, capacitively coupled to the
main line, and directly coupled to the auxiliary line, is
shown in Fig. 4-37. Some of the energy introduced into
the main line at A is capacitively coupledtothe auxiliary
line by the stubs. This energyarrives at point D in phase
and is, therefore, reinforced, regardless of stub spa-
cing. In the reverse direction, the path length is twice
the stub spacing (S) and the energy arrives at pointC
in phase-opposition, and is, therefore, cancelled. The
stub lengths are kept as short as is practicable inorder
to obtainthe best match-characteristics in the auxiliary
{ine. The usable bandwidth of this type of coupler is in-
sufficient for some applications and may be increased
by the use of more stubs. Coupling is controlled by
varying the gap spacing (E). The coupler shown has
20 DB coupling and 18 DB directivity at 4.2 Kmc for a
gap spacing (E) of . 015 inches.

Parallel-Line Couplers
The parallel-line coupler is useful over an octave of
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Fig. 4-37 Tri-Plate quarter-wave stub coupler

frequencies and can be designed togive coupling values
in the range of 10 to 40 DB. This type of coupler con-
sists of a straight section of line, (A-B) in Fig. 4-38,
very close to which (in lateral spacing)is placeda paral-
lel and auxiliary line (C-D). A voltage will be induced
in the auxiliary line when energy travels from Ato B
in the main line and a portion of that energy will be
delivered to the terminal at C. The reverse-coupling
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action of this contra-directional type of coupler is ex-
plained in detail by Oliver6. The length of the auxiliary
or coupling arm is usually made to equal a quarter-
wavelength at the center frequency. Provided a good
impedance match is secured at the output terminal (B)
and at the coupling terminal (C), flat coupling and di-
rectivity characteristics are obtained over an octave of
frequencies. Coupling, directivity, and VSWR data for
the coupler shown in Fig. 4-38 are plotted in Fig. 4-39,
fully demonstrating the wide-band characteristics of
parallel-line couplers.

For large coupling, the effect of coupling upon the
characteristic impedance of the two lines must be taken
into account. A complete treatment of these effects and
how to compensate coupled lines is given by Seymour
CohnT”.

Fig. 4-38 Parallel-line directional coupler showing (a) center-strip configuration
and (b) assembled coupler

Long-Slot Coupler

The long-slot directional coupler is another embodi-
ment of the second type of coupler -fabrication previously
mentioned. Two Tri-Plate transmission lines are used

6. M. Oliver, "Directionol Electromognetic Couplers,” IRE Proceedings, Vol. 42, pp. 1686-92,
November 1954.

75. B. Cohn, “Shielded Coupled-Strip Transmission Line,” IRE Transactions on Microwove Theory
and Techniques, Yol. MTT-3, October, 1955.






















































100 FILTERS

The characteristic impedance of the stub is cal-
culated from equation (5-20).

F 3
l-m 2X ¢
sz_ : XL+ - (5-34)
m m
and gince X, = 2R and Xc = —i-
> L= = —,
. . ( l-mZ ) . R
JXmj = j — R-j] — (5-35)
m m
= -jmR
Therefore, from equation (5-3)
Zm2 = m R tan ——————meZ (5-36)
xr
9 .
T 2lIx1.3x 107 x2.92x 1.58
3 X 1010
92 ohms.

Fig. 5-5 Centerstrip configurations of three low-pass
filters designed to cut-off at 1.3 KMC
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Low-pass filters (with m-derived end-sections and
with three, four, and five constant-k intermediate sec-
tions), which were designed (in accordance with the
outlined procedure) to cut off at 1.3 KMC, were fabri-
cated at Sanders Associates, Inc. in 50-ohm Tri-Plate
line. The centerstrip configurations are shown in Fig.
5-5, while Fig. 5-6 shows an external view of one of
these filters. Attenuation versus f{requency is plotted
for all three filtersin Fig. 5-7. The first spurious res-
ponse for all three filters occurs at approximately 3.7

Fig. 5-6 Tri-Plate low-pass filter with cut-off frequency at 1.3 KMC
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Fig. 5-7 Attenuation vs. frequency for three low-pass filters fabricated in
Tri-Piate line with three, four, and five intermediate sections
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110

Fig. 6-2 Two possible dipole radiating devices for Tri-Plate transmission line
(Patent applied for.)

common to add a cavity onone side of the ground-plane.
If the depth of this cavity is adjusted to present an in-
finite impedance across the slot, it is obvious that the
slot-impedance will be doubled, If the cavity depth is
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Fig. 6-7 A typical L-band slot, series fed from 50-ohm Tri-Plate line.

impedance slot for this antenna is shown in Fig. 6-8.
With the aid of the sketch of this same single-slot an-
tenna in Fig. 6-9, the following conclusions have been
made in regards to mode-screw placement. Distance

12" should be not more than one-halfinch. (With a spacing
of less than one-half inch, no advantage is gained.)

Distance 'b' decreases bandwidth if made small, but
increases waveguide mode-propagation if made large.
Resonant length is inversely proportional, while band-
width is directly préportional, to distance ''c'. The
prototype of this L-band single-slot antenna showed a

VSWR of no more than 1,75 over a 2.2%. band.
With continuous mode-suppressing walls, the radia-

tion conductance of a slot may be calculated!. However,
for a slot design which is usable in two-dimensional
arrays, continuous mode-suppressing walls are suffi-
ciently difficultto achieve as to nullify many of the ad-
vantages of Tri-Plate line for antennas. Hence, mode
suppression in all antenna-slots fabricated in Tri-Plate
line to date has been achieved by the use of shorting pins.
All parameters, including the number, size, and location
of the shorting pins, have been adjusted empirically.
Eyelets, rivets, or screwshave been used for this pur-
pose.

JArthur A. Oliver, "The Radiotion Conductance of a Series Slot in Strip Transmission Line".
1954, IRE Convention Record, Port 8.
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ot

Fig. 6-13 4-slot H-plane array and its associated power divider
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While the input VSWR of 1. 10 for the 4-slot H-plane
array at the design frequency of 9375 MC was reason-
ably good, the VSWR of 1. 41 forthe4-slot E-plane array
was rather high. The latter was attributed to mutual
coupling between adjacent slots in the E-plane. Since
the voltage across an individual slot decreases to zero
at the two ends, thereis inherently less coupling between
adjacent slotsin the H-plane thanthere is in the E-plane.
This voltage-taper effect was further evidenced by the
H-plane array's having side lobe intensities approxi-
mately 3 DB lower than those of the E-planearray. The
half-power beamwidth of the 4-slot E-plane array was
23.5°, while that of the 4-slot H-plane array was about
20.0°.

The composite4 x 4 array {eed-systemand slotsare
shown in Fig. 6-17. It is apparent that the feed-system
is a combination of the power—dividers used in the two
types of 4-slotarrays. Input VSWR is shown in Fig. 6-18.

Fig. 6-17 Composite 4 x 4 slot-array (o) feed, and (b) slots









6-3 Slot Arrays 123

HEHHHH R
HHHEHEYHY

(0B)

IVE POWER

RELATIVE POWER (0B)
s
—
T

RELAT
|
4

L]

-40 -30 -20 =10

® DEGREES ¢ DEGREES

Fig. 6-22 E-plane radiation pattern Fig. 6-23 H-plane radiation pat-
of 4 x 6 slot array tern of 4 x 6 slot array

DB and -14.6 DB to -14.5 DB and -15.0 DB.
Admittance plots of thetwo 4 x barraysare presented

in Fig. 6-24. Thereference plane for each was approxi-

mately one-halfinch on the input side of the initial power -
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Fig. 6-26 Twin X-band Tri-Plate array

split. VSWR was corrected for line attenuation. The
final input VSWR, as a function of frequency, for these
two arrays is shown in Fig. 6-25, Fig. 6-26 is a photo-
graph of the complete twin-X-band Tri-Plate array.
FEach array has a separate waveguide transition.
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Since the characteristic impedance of the lineis de-
pendent upon the line's capacitance per unit-length, a
given line can be used for any frequency, provided that
the width of the line, (S), is such as to be below cutoff
for other modes at the highest frequency to be used.
This indicates a primary advantage of Tri-Plate slotted
lines: in additionto the possibility ofusing the same line
over a wide range of frequencies, lines of varying im-
pedance can be inserted inthe case with little difficulty.

Certain practical approaches to the design of Tri-
Plate slotted-line sections have been evolved. The slotted
section consists of a length of standard Tri-Plate line,
of the desired impedance, from which the top ground-
plane has been partially removed. The line is inserted
into a slotted metal case which is so dimensioned that
the Tri-Plate l.ne's center -conductor is centered under
the slot cut in the top wall of the metal case. As previ-
ously mentioned, the internal width of the metal slotted
sectionis suchas tobe below cutoff for undesired modes
at the highest frequency to be used. The section is then
mounted on a probe carriage in the same manner as a
conventional waveguide slotted-section, as shown in

Fig. 7-5 Tri-Plate slotted line enclosed in slotted metal case
and mounted on probe carriage.
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Fig. 7-8 Finishing touches on base-plate for S-band hybrid ring.

of America, Keuffel & Esser Co. alsodistribute aplas-
tic-impregnated giass cloth which is very stable dimen -
sionally but is somewhat more difficultto work with than
the other materials.

In those areas where the copper conducting surface
must be retained on the etched laminate, the baseplate
must appear dark to the camera. For this reason, a
contrasting ink or material must be applied to the sur-
face of the drawing. There are several such materials
which photograph well and are easily applied. Probably
the most important of these is Zipatone, a thin red ace-
tate-film with a wax surface which can be cut toany de-
sired shape. With this material, outlines can be followed
with a knife, substantially decreasing the amount of
error which is the inevitable result of pencil thickness.
The film is placed on the baseplate and pressure is
applied to fix it to the surface. A roller or burnishing
tool isused to remove air bubbles from betweenthe two
surfaces.
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In cases where tolerances must be very close, and
the camera cannot handle extra-large baseplate draw-
ings, the original drawing may be reduced as much as
possible and a preliminary negative made from it. A
contact printis then made andused as a second baseplate
or as part of a new drawing, making further reduction
possible,

Precision camera facilities are not readily available
and it may be necessary, with any particular drawing,
to go through a trial and error process to adjust the
camera and drawing to obtain the necessary accuracy.
In addition, an adequate technique must be developed
with regard to measuring the negatives.

After the baseplate has been prepared, cross hairs
are fixed to the drawing for later reference measure-
ments and the plate is sent to the photographer.

Fig. 7-9 Technician placing S-band hybrid ring baseplate in copy
camera vacuum frame.

Although the present technique can be applied with
almost any big camera (with due attention to spherical
aberration, etc,), the best apparatus to use is a copy
camera such as that shown in Fig. 7-9. In the picture,
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the silk screen and offset printing processes. However,
to obtain the accuracy and definition required for most
microwave printed circuits (where line-width tolerances
of the order of . 001" and line definition are important)
the photo-etching technique is far superior.

The metal-clad laminated sheets must be free from
pit-holes or dents. First cleaned with pumice, they are
then baked to evaporate moisture fromthe surface pores
of the metal. The sheets are cooled and the sensitive
emulsion is applied to the surface. The sheets are cen-
trifuged under heat to form an even dry film of photo
resist. It is desirable to keep the emulsion as thin as
possible; when the emulsion is too thick, the etching is
less accurate.

Fig. 7-10 Preparations for exposing the sensitized Tri-Plate
ground-plane in ultraviolet light.

As shown in Fig. 7-10, the prepared metal-clad plate
is placed in a vacuum frame, masked with thenegative,
and then exposed to ultraviolet light, With a perfect
negative, three minutes of exposure is sufficient when
using Kodak Photo Resist. With an indistinct negative,
up to ten minutes exposure is possible. Time is not
particularly critical with this material. However, with
an emulsion such as '"cold-top" enamel, exposure time
is extremely critical and a high degree of definition is
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Fig. 7-11 Washing dye off exposed Tri-Plate components.

difficult to obtain. This more than offsets the advantages
of this latter type of emulsion (including that of allowing
a dye to be applied with the emulsion itself and thus
avoiding an extra step in the process). The negatives
are developedin the appropriate solution, (trichlorethy -
lene for the Kodak Photo Resist). The Kodak negatives
are treated with Kodak Photo Resist dye, which will
show up irregularities (or pinholes) in the image. They
are then washed, as shownin Fig., 7-11, anddried. (The
dye will not wash off where the resist is polymerized. )
At this time pin holes or other breaks in the surface
can be retouched. Outline irregularities demand rejec-
tion of the exposure.

Fig. 7-12 Etched components Fig. 7-13 Final cleaning to re-
being removed from move photo resist from
etching tank. copper.
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both ground-planes and center -conductors - may be silver
plated. While silver plating has no electrical signifi-

cance, because only the non-current-carrying surfaces
are exposed toplating, it has some protective value and
affords a surface which is more easily soldered.

e) Assembly

The assembly process will vary, depending on wheth -
er a complete RF system, such as a receiver, or 2a
simple component for test purposes is to be fabricated.
Generally, separate components demand the more pre-
cise technique, since such units must be matched to
other lines. Lap joints, for instance, must be accurate
in dimensions to make good connections.

The first step in the assembly is to rough out the
component along the cutlines with a bandsaw as shown
in Fig. 7-14. The component is then inserted in a jig,
such as that shown in Fig. 7-15, and shaved carefully
down to the cut-lines by hand. For this job a sharp wood
chisel or an Exacto-knife may be used. For sometypes
of dielectric materials such as Rexolite, filing may be
necessary.

A small high-speed drill such as that shown in Fig.
7-16is needed to bore screwor eyelet holes in materi-
als such as Teflonglass (Continental Diamonds' GB112T).
Because of the glass filler, this material is difficult to
drill accurately. (Accuracy is mecessary since the holes
are often used for line-up purposes. ) Cutting the holes
can be dome as part of a single punch operation where
production-line techniques are warranted.

I i X

Fig. 7-14 Roughing out S-band Fig. 7-15 Shaving hybrid ring
hybrid ring along cut- down to cut lines.
lines.
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The two halves of each component are then fiited
together and the center -conductors can be expected to
register to a close tolerance since the opposite sides or
laminates are etched from alternate sides of the same
photo-negative. Alignment to within a few thousandths
of an inch is assured by matching the drill holes. This
procedure is adequate from the standpoint of accuracy
except for special cases. The most economical means
of permanent assembly is to use small eyelets which
can be inserted in the line and peened by means of an
eyeletting machine as shown in Fig. 7-17. Where dis-
assembly is necessary for measurement work or design
changes, small screws canbe substituted for the eyelets.

One of the final stages in the Tri-Plate line assembly
processis that of cutting accurate terminations and lap-
joints with the aid of a jig and knife as shown in Fig.
7.18. With some units it is desirable to enclose the

edges of the Tri-Plateline. This is easily accomplished
by forming soft copper channel and soldering it to the
outer plates.

Fig. 7-16 Fig. 7-17

High speed drill . Assembly of Tri-
bores eyelet holes Plate hybrid ring:
in Tri-Plate hybrid peening eyelets.
ring.

Fig. 7-18 Trimming termination of
S-band hybrid ring
{(Notice overlap for junctions).























