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     Finding a parabolic dish with a suitable surface for Millimeter band work is not an 
easy matter.  Size and surface accuracy become very important factors in its selection.  
The larger the dish the higher the gain and the more critical its aiming.  This becomes 
very apparent at 47 Ghz and even more so at 78 Ghz.  At 78 Ghz the gain of a 1-foot dish 
is ~ 45 dB and the resulting beam width at the 3-dB points is a mere 0.93 degrees.   
     A dish useable for these frequencies can be found in the Edmund's Optics catalog.  
There are three sizes available - 12, 18 and 24 inch.  I chose to use the 12 inch model for 
ease of handling, mounting and aiming.  It’s stock number is T53-875 and sells for 
$39.60.  The parabolic surface accuracy is excellent.  Aim the dish at the sun, hold your 
finger at the focal point (3 inches), and be prepared for pain!  The dish is spun from .040 
inch aluminum and has a rolled lip around the outer edge.  There is a ¾ inch hole in the 
center and the surface is basically a parabolic mirror. 
     The remainder of this article will describe a method of mounting the dish to a box 
containing a 78 Ghz transverter, and a method of feeding the dish using hobby brass 
tubing as waveguide.  It is not the intent of the writer that this be a construction article 
but rather a sharing of ideas and applications leading to successful Amateur contacts on 
78 Ghz.  Dimensions for many parts will not be given or specified as they will vary from 
application to application.  The basic schemes, part sizes and steps will be listed to help 
in understanding the concepts. 
 
THE OVERALL PICTURE 
 
     For the following description refer to Figure 1.  The dish is connected to a PVC end 
cap by using 0-80 flat head stainless steel machine screws.  2-56 or 4-40 screws may be 
used if care is taken in precise drilling for the tapped holes in the beveled edge of the cap.  
An aluminum spacer is captured between the back of the dish and the end cap.  Screws 
hold the rear of the end cap to the aluminum box containing the transverter parts.  A 1/8 
X 1/8 union passes through a clearance hole in the box and end cap and is screwed into 
the aluminum spacer.  K&S 1/8-inch hobby tubing is used as waveguide and passed 
through, and held by, the compression ring in the union.  It continues through the 
aluminum spacer, extending into the center of the dish through the sub reflector hub and 
into the rear of the IMU horn.  Loosening the coupling union nut allows the tubing to be 
moved forward or backward to position the horn at the proper location. The sub reflector 
hub can be adjusted forward or backward to adjust the sub reflector. 
 
 
 
 



 



     
 
 
 
 
 
 
 
THE BITS & PIECES 
 
      Refer to Figure 2.  The 2 inch PVC end cap is cut back on the open end to the shoulder 
on the inside surface.  This was originally used as a stop when used on PVC pipe. It is cut 
back to this point to get some “meat” for mounting the dish.  This edge is also tapered to 
fit the rear contour of the dish.  Take a facing cut across the rear of the cap, locate the 



center and drill a clearance hole for the 1/8-inch pipe union.  Put this part aside 
temporarily, as the next one is also require for locating the dish mounting holes. 
 
     Refer to the spacer block in Figure 2. It is made using 1 inch OD 6061T6 aluminum 
bar stock cut to ~ 7/8 inches.  Machine one end of the piece to have a ¾ inch hub around 
the center.  This hub should fit snugly into the center hole of the Edmund's dish.  Cut a 
contour from the outside edge of the piece to the hub to fit the contour of the dish around 
the center hole. When done correctly the hub will be flush with the inside dish surface  
and fit perfectly to the rear contour.  Locate, drill and ream to 0.125 a center hole in the 
block.  Determine how much material has to be removed to trap the spacer snugly 
between the PVC cap and the rear of the dish. Take small facing cuts off the spacer until 
it just fits.  There should be no “rocking” of the parts when properly fitted.  With a 9/32 
drill open the center hole approximately two thirds of the way through the block and tap 
with a 5/16-24 NF tap.  To ensure the tap is started straight chuck it into a drill press and 
start the tap by hand turning the spindle until the tap has started.  Loosen the chuck, 
lower the table, and remove the spacer along with the started tap.  Finish the taping job 
with a tap wrench.  Two to three threads are sufficient to hold the brass union. 
      
     Very little machining is required on the coupling union. The center section is enlarged 
with a #31 drill and after assembly will be reamed using a 0.125 reamer.  The 1/8-inch 
waveguide should be a smooth sliding fit through the union with only slight resistance.  A 
portion of the threaded end that screws into the spacer can be removed if desired as only 
2 to 3 threads are needed to engage the spacer block. 
 
     The sub reflector hub is made from 5/16 inch OD brass rod ~5/16 inch long.  A center 
hole is drilled with a #31 drill and reamed to 0.125.  The hub needs to be a smooth sliding 
fit on the 1/8 inch waveguide tubing.  Drill 3  #52 holes spaced 120 degrees in the center 
of the shoulder around the center hole.  All 3 holes need to be the same depth in the hub.  
On the opposite end, drill a #55 hole on the side and tap 0-80 for the nylon locking screw. 
 
     Place the dish on a flat surface open end down, with the spacer block in the center 
hole.  Cover this with the PVC cap and center everything up.  With a sharpie marker, 
trace a line around the outer rim of the end cap onto the back of the dish.  Remove the 
cap and measure the thickness of the cap rim.  Transfer this thickness to the back of the 
dish and locate the three mounting holes for mounting the dish to the cap and thus 
capturing the spacer block between the two pieces.  The three clearance holes for the 0-80 
FH screws are countersunk to make the heads flush with the surface of the dish.  Three 
holes are drilled and tapped for the 8-32 screws for mounting the end cap to the 
transverter enclosure. 
 
     Machining the sub reflector was a challenge!  With a CNC equipped lathe it would be 
an easy task, but without it the job becomes very repetitive.  Before attempting this I refer 
you to the excellent articles by Martin Farmer, G7MRF and Paul Wade, W1GHZ1.  Both 
of these articles explore the geometry and mechanics of the Cassegrain Feed System. 
Entering your specific data into G7MRF’s spreadsheet will give you the shape as well as 
the X and Y data for machining the sub reflector.  Refined by interpolation, and rounding 



out to .0005 inches, resulted in data on these axes for 80 cuts across one half the diameter 
of the sub reflector. The results of these small cuts can be seen as a slightly stepped edge 
shown in the magnified view of the sub reflector in figure 2. 6061T6 aluminum, 3/8-inch 
thick is used for the sub reflector.  It is first turned to your chosen diameter. (I chose 
40mm for 78 Ghz) Three holes are drilled with a #51 bit 120 degrees apart and 0.050 
inches in from the edge. These will be later tapped 0-80 to accept the sub reflector 
support rods. Mount the piece in the lathe making sure that it is set true and centered.  My 
lathe fortunately has DRO capabilities on the X and Y axis.  Set the cutter tip to the 
center of, and just touching the work piece, then set the DRO to 0 on both the X and Y 
axis.  Crank the cutter to the outside edge and start making the 80 cuts to form the sub 
reflector shape.  Make all your cuts in the same direction to minimize error.  The reflector 
is finished by filing and sanding to obtain a smooth mirror like finish.  Application of 
Flitz polish will enhance the mirror finish.  The holes on the outer edge can now be 
tapped 0-80. 
 
     Three pieces of 1/16 brass rod (K&S 1626) are required to assemble the sub reflector 
to the sub reflector hub.  The pieces are 3 inches long.  One end of each piece is turned 
down to 0.055 for a distance of 3/16 of an inch and 1/8 of an inch of this is threaded 0-80.  
All 3 pieces must be the same.  The 3 pieces are screwed into the sub reflector snugly and 
the protruding threads at the rear are each given a drop of 5-minute epoxy to lock them in 
place.  When the epoxy has hardened bend each rod ¼ inch from the sub reflector surface 
such that the opposite ends are touching each other and are equal lengths.  These ends are 
now bent outward exactly 3/8 of an inch from the ends at a slight angle for insertion into 
the 3 holes in the sub reflector hub.  Make sure the rods are bottomed out in the holes of 
the sub reflector hub.  When everything looks in alignment solder the 3 rods to the sub 
reflector hub.   
 
ALIGNING THE SUB REFLECTOR 
 
     Insert the 1/8 waveguide tube through the hub with the end up close to the surface of 
the sub reflector.  Tighten the nylon set screw to retain in place.  Now spin the assembly 
slowly (in a lathe, drill press or by hand) noting the edge of the reflector.  There should 
be no wobble or shifting as it is rotated and the end of the waveguide should remain at the 
center of the sub reflector surface.  To correct any misalignments slightly bend one or 
more of the supporting rods.  Small adjustments are likely to make big changes so 
proceed carefully.  Figure 3 shows the sub reflector assembly mounted on the dish.  The 
distance from the dish surface to the open end of the IMU horn is ~2 inches and the 
distance from the IMU horn to the surface of the sub reflector is ~ 0.748 inches.  These 
will vary slightly in any given system depending on the feed, sub reflector diameter, and 
other factors. Note the heat shrink tubing holding the horn to the waveguide. This is 
required to hold the waveguide tightly into the IMU horn. Please excuse the dust particles 
showing up in the picture!  My XYL hasn’t seen this else she would be after me to clean 
it up!  One of the nice thing about the Edmund’s dish is that by using a flashlight you can 
get things into the “ball park” easily.  More on this later after a brief description of the 
IMU horn for 78 Ghz. 
 
 



 

 
 
 
Figure 3 - The sub reflector and IMU horn mounted to the 1/8-inch waveguide tube on 
the Dish.  Note the three 0-80 mounting screws flush with the surface.        
 
THE IMU HORN FOR 78GHZ 
 
     Figure 4 shows the basic measurements for the IMU horn for 78 Ghz.  Construction is 
rather simple but requires some machining of brass rod.  The larger portion of the horn is 
constructed using K&S 5/16-inch brass tubing. The taper and smaller diameter portion is 
accomplished by machining a brass rod to the dimensions shown.  A construction article 
for the 78 Ghz horn is shown elsewhere in these Proceedings. 
 



Figure 5 on the following page shows the entire dish with the feed and sub reflector 
attached.  Please note the dust is missing!  Figure 6 on the same page shows the various 
transverter components mounted in a Bud CU3007 box.  Note the three mounting screws 
for the PVC end cap and the lock nut on the waveguide union on the upper left.   
 



 
                                                               Figure 5 
 

                                                              
                                                             Figure 6                                       



     The mixer module is to the right and uses a DB6NT board mounted in a milled 
aluminum box.  A waveguide slot is cut in the side and the waveguide output of the X3 
module connects to supply LO injection at 38Ghz. The X3 module, a CTR960459102R01 
was obtained from Will Jensby, W0EOM.  It was later learned that this module would 
also work as a X2, X3, or X6 multiplier and was used in a second 78 Ghz transverter as a 
doubler for LO injection.  The Control and IF module enables PTT operation and 
switches and amplifies the 432 IF between receive and transmit.  One of the renowned 
MAR-6’s is used as an IF amplifier in receive mode.  The MAR-6’s were handed out in 
just about every Amateur Radio conference on the planet!  
 
     The whole assembly shown is sitting on a test jig for mounting to the tripod when the 
box cover is removed. 
 
 

 
 
                                                             Figure 7 
              Intense light into IMU horn from flashlight 30 feet across a darkened room 
 
THE END RESULTS 
 
     After assembly the Cassegrain feed can be quite easily adjusted to near optimum by 
setting up the dish in a darkened room or basement. See Figure 7.  Place a flashlight 20 to 



30 feet out in front of the dish and aimed at its center.  Next look into the IMU horn 
opening.  You should see a concentration of light inside the horn.  Adjust the position of 
the horn and the distance from the horn to the sub reflector to maximize the intensity of 
the light. When properly adjusted you will see maximum light in the feed horn. Standing 
at the source of the light you will see a yellowish disk almost filling the dish area.  This is 
a reflection from the brass inside the horn. If a signal source is available on 78 Ghz it can 
be used for making the adjustments. One other point that should be mentioned – make 
sure that when you mount your mixer that the probe on the printed circuit board feeding 
into the circular waveguide is horizontal.  The waveguide tubing is short (~ 2.5 inches) 
and straight therefore losses should be minimal and any polarization rotation negligible.  
    
     The scheme of the dish, IMU horn and sub reflector is the same for 47 Ghz.  The only 
difference being larger sizes.  The brass hobby tubing used on 47 Ghz is 3/16 inch 
(0.1875 OD).  The waveguide tube, brass union, spacer hole, sub reflector hub, and IMU 
horn are all larger.  The same size and shape sub reflector can be used. 
 
     Although the transmit power of the X2 harmonic mixer, believed to be in the range of 
10 to 30 microwatts is low, several contacts have been made on the 78 Ghz band with the 
equipment described.  The last and furthest contact was with Tom, WA1MBA at a 
distance of 41 km.  Copy was Q5/S3 on SSB indicating that the distance can be stretched 
even further using CW.  We just have to pick a dry day and find another LOS location 
further away. 
 
     Any comments or questions regarding this article can be directed to the author at: 
w1ril@juno.com 
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