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Photo A. The breadboard Gunn-diode osciUator. The
waveguide flange is relieved to clear the 2-56 frequency
adjustment screw. The positive supply connection is to
the turret terminal of the diode mount.
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The amateur 10 CHz
band offers many fa sci­

nating opportunities for
both communications and
experimentat ion. Antennas
of very high ga in are of
practical size so that many
tens of miles may be
spanned with good re liabil­
ity. The band is a natural
for linking of VHF and UHF
repeater s , control of
repeaters. or control of
remote base stat ions. Ac­
tivity in the band has been
limited by the lack of a
good low-cost rf source. A
number of transmitters and
receive rs have been built
usi ng su rp lus k lys tr on
tu bes, but since surp lus
items a re not ge nerally
available to eve ryone,
t hese designs are difficult
to duplicate. In addition.
the development of repeat­
e r command links or inter­
ties req uires that the equip­
ment be rel iable and com­
patible with other solid­
state gea r. Klyst ron-based
des igns with the nece ssa ry

high-voltage dc supplies
are certainly not desirable.
Gunn-diode oscillators of­
fer an attractive alte r­
native. Properly applied,
they will provide up to
severa l hundred milliwatts
of stab le lo w-no ise rf
power.

Cunn-diode technology
has been with us for about
ten years. In that time. the
device has moved from a
lab curiosity to a ma instay
of microwave engineering.
There has always been
both commercia l and mili­
tary demand fo r an inex­
pens ive solid-state mic ro­
wave rf sou rce . In response
to this need , the tec h­
nology has been pushed
rapidly and the price of the
diodes has fallen to the
point where co mme rci a l
applications such as radar
intrusion alarms. speed
meters. and door openers
are common. The price of a
10 milliwatt X-band diode
is now less tha n ten dolla rs .
More powerfu l dev ices



cost more but are st ill quite
reasonable. Actua lly, some
very practical sys te ms may
be bui lt with a f Ocmilliwatt
transmitter. Using a 3-foot
d ish with 36 dB of ga in and
a 1Q.-m il Jiwatt so urce, one
obtains an effective rad i­
ated power of 40 Watts!
That is more t han ample
for most applications,

My objective in wr iting
this article is to c rea te
so me inte rest in x-band
opera t ion and to show how
easy it is to get started . I
will desc ribe the operation
of Gun n diodes a nd pre­
sent a practica l osc illa to r
design . The osci llato r tu nes
the entire 10,Q.-10.5 GHz
band with a power capa­
bility of more than 20 milli­
watts. The oscil lator is easi­
ly reproduced and is very
reliable . One unit has been
operating fo r a lmost th ree
years and seve ra l others
have been built. They a ll
have wo rked perfectly, so I
have a lot of confidence in
the design.

This is a new area to
many amateurs, so I will
describe some tests and
t rad e-o fts that may be
made to optimize a Gun n­
diode osci lla to r for par­
ticular app lications. The
effects of load mismatch
upon the power ou tput and
frequency of the osc illa tor
were measured and data
was taken for two d iode
ty pes. I will desc ribe both
the tests and the resul ts ob­
tained . Afc or phase lock­
ing require s electronic tun­
ing of the osc illator. The
frequ ency of Gu nn-diode
osci lla tors may be con­
trolled to a lim ited extent
with t he d c supply vo ltage.
1made some tests to deter­
mine how useful thi s can
be and will d iscuss the re­
sults. App li cations for this
design are numerous and
my objec tive is to give as
much practical data a s
possib le to aid you in put­
ting the ci rcu it to work in
your system.

So m uc h fo r science!
Ma king a Gunn o scillator is
fun only if you ca n do

Fig. 1. Negat ive-resistance
osc ilfator. Land C are the
reso nant ci rcuit elements .
R represen ts all losses, in­
cluding output power. The
negative resistance of the
Cunn diode is represented
b y -R.

so mething with it. Pa rt of
the a rtic le describes a s im­
ple transceiver whic h may
be made by adding a mixer
to t he bas ic oscillator. This
is an ideal dev ice for get­
ting started on t he band . It
ha s two immediate uses; as
a sim p le tra nsce iver for
communications, and as a
Doppler rada r. A Doppler­
rad a r processor is includ­
ed . The processo r tu rns the
transce iver into an effec­
tiv e spe e d meter , door
opener, kid watche r, intru­
sion a la rm, or whatever.

The t ransceiver may be
used as a wideband FM link
by modulating the dc bias
supp ly and using an FM
tuner or rece iver as an i-f
st rip. The bas ic osc illators
are useful as tra nsmitte rs
or as re ceive r loca l osc il­
lators in e it he r wideband
o r narrowband FM sys­
tems . Hopefu lly, so meo ne
will use the design as a
st a rt ing point fo r an opera­
tio nal repeater command
link or other X-band system
app lication.

Gunn O sc illa tor Operatio n
Gunn os ci llato rs a re

negative-resistance osci l­
lators. Fig. 1 is a sc he mat ic
of a negat ive-resistance
oscil lator modeled as a
conventionallC oscillator.
If t he land C were truly
lossless and no power we re
taken from suc h a circu it, it
would conti nue to osci l­
late on ce st a rted . Rea l
componen ts do have losses
and t hese are lumped into
the loss re sista nce, R, of
Fig. 1 . Any output power
taken from the ci rc uit is
also a loss, and that is also
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Fig. 2. Cunn-diode voltage­
vs.-current plot. Above the
thresho ld v o l tage, the
curve reverses and the cur­
rent decreases with incress­
ing voltage.

incl uded in R. The effec t of
a nega t ive resistor is to p ro­
vide ra ther tha n consume
power. Th is is a theoretical
concept, but o ne that ca n
be reali zed in prac t ice . An
lC ci rc u it hav ing mo re net
nega ti ve re sista nce t ha n
pos itive loss res is ta nce will
prov ide sus t a ined osci lla­
tions at the resonan t fre­
quency of t he ta nk. In prac­
ti cal ci rcuits, t he nega t ive
R is supp lied by tunn e l
d iodes, Gu nn d iodes, lm­
patt diodes, and some tra n­
sisto r connec t ions . A Q
multip lier is an example of
t he negat ive-resistance
co ncept. As t he Q is in­
c reased, t he ci rcuit sud­
den ly breaks into sustained
o sci llations; mo re negat ive
R is be ing introd uced into
the ci rc uit t han there is loss
and t he circ uit ta kes off.

A Cunn-diode osci llato r
is simp ly a mic rowave cavi­
ty reso na tor to prov ide the
l C circuit and a negative
resista nce in the form of a
Gu nn diode .

Gunn diodes a re made
of gall ium arsenide. The
GaAs material can have
e lectrons in either of two
co nd u c t io n band s. T he
electro ns in o ne band ha p­
pen to have muc h higher
mobi lity tha n in the other
band. Elect ro n mob ility is
the measure to the rate of
t ravel of elect ro ns in t he
mate ria l. Greate r mobil ity
means highe r ve loci ty. In
the absence of an app lied
elect ric f ield (voltage
ac ross t he material ), elec­
trons are in t he high mobi li­
ty band. As the vo ltage
across t he materia l is in-

DIODE VOl TAGE

Fig. 3. Cunn-d iode os cilla­
tor power vs. diode voltage.
The peak power voltage
wilf be different a t different
frequencies.

cre ased, more move to the
low-mob ility ba nd . The
elect ron mobi lity in t he
mater ia l as a whole then
becomes t he average of
t he high a nd low mobi li­
ties. Th is means that the
ave rage ve locity of an
elect ro n d rops. Increasing
vo ltage d rops the velocity
fur ther.

Electric current is the
measure of the number of
e lect rons pass ing a point
per second . In posit ive
resistances, the curre nt in­
c reases with increas ing
vo ltage. In other word s, the
average elec tro n ve loci ty
inc reases wit h voltage. In
GaAs , the ve loc ity drops
w it h in cre a sing vo ltage .
Th is mea ns t ha t the cu rrent
a lso drops as the voltage is
increased and we have a
negative resista nce .

The electric f ie ld intens i­
ty w he re the current begins
to dec rease is ca lled the
th res hold f ie ld . Fig . 2
shows the curre nt-vs.-vo lt­
age c u rve fo r a Gun n
diod e. The current init ial ly
ri ses as the voltage is in­
creased . At t he thresho ld
vo ltage, the curve reverses
and the cu rrent sta rts to
fa ll. This occurs at a fie ld
intensity of 3200 volts per
ce nti meter in GaAs .

This see ms like a lot of
voltage, but t he a ctive
region of t he d iode is made
qu ite thi n a nd t he t hresh­
o ld fie ld occu rs at app lied
voltages of only a few vo lts
in actua l di odes. The nega­
t ive-res istance region o c­
curs just above t he t hresh­
o ld voltage , and some­
whe re a bove t hat point
oscillations will sta rt.
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Fig. 4. The Cun n-diode osci/Jator assembly. No te that ttve
flanged end of the dio de (the cathode] is grounded b y the
diode-mounting screw.
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mount at 13 GHz. Withou t
the lo ss ma teri al. the
oscillator went weakly at
13 GHz and no ou tp ut was
obtained in the amateur
band . With the parasitic
su pp ressor present , it
always works at the co rrec t
frequency and starts easily.

Osci lla to r Construction
The Gun n oscillator is

construc ted from standa rd
1.0" by OS' X-band wave­
guide. The EIA and JAN
designat io ns for this gu ide
are WR-90 and RG-52/U re­
spect ive ly. The osc illator
cav ity is a o ne-ha lf-wave­
length resona to r with a c ir­
cu lar ou tput-coupling iris.
Fig. 4 is a side view of the
internal osci llator asse m­
bly. The d iode is mounted
ac ross t he na rrow dimen­
sion of the guide and is
paralle l with the electric
fie ld in the cavity. The
diode and its mount effec­
tive ly short the guide in the
plane of the d iode-mount
centerline . Thus the reso­
na nt length of the cavity
extends fro m the center of
the diode mount to the
plane of t he coup li ng iri s.
The presence of the iri s
lowers the resonant fre­
quency of the cav ity slight­
lv. To ensure th a t the band
may be t uned, the cavi ty is
made about 10 percent
sho rt. The cav ity is then
tuned to the desired fre­
quency with the 2~5b tun­
ing screw. This is loca ted at
a point o ne-qua rter wave
from the iris. The electric
field intensity is greatest at
that point and the screw
has the most effect. The
cavity tunes the 10.0- to
10.5-GHz band and seve ral
hundred MHz above and
be low with the dimensions
given.

Gunn diodes come in a
variety of package sty les.
Mo st use an inte rna l "flip­
c h ip" co ns tr uct io n to
make the heat sink the
cat hode. This pe rmits use
of po siti ve-bia s supplies
wit h respect to the heat
si nk . This does, however,
inc rease the package cost.

poses . Frequency cha nges
of more than 20 MHz can
be obta ined with a 2-volt
supply c ha nge . Some
amplitude change a lso oc­
cu rs, but most FM com­
munications systems or
mixer LO s can handle
amplitude variations of up
to 3 d B wit h no problem.

Gun n diodes have a
prob lem with low-tempera­
t u re st a rting . Both the
power peak voltage and
sta rting voltage increase as
the diode te mperature is
lowered . Be sure to op­
e ra te an osci llato r well
above th e ro om-te mpe r­
a ture starting vo ltage if
low-tempera ture operation
is inte nded .

Build ing a successf u l
Gunn osci llator reduces to
t he essential p roble ms of
se lec t io n of an appropriate
d iode a nd installi ng it in a
suitable resonator. Either
coaxial- o r waveguide­
cavity resonators may be
used . Low-stab il ity designs
having several GHz of tun­
ing range a re genera lly
done in coax cavities . High­
stab ility designs tend to
use wavegu ide because of
the higher cav ity Q which
may be obtained . O ne ma­
jor factor in gett ing an
osc illa tor to work is the sup­
pression of spurious reso­
nances in the cavity. The
Gunn device has negative
resistance over a wide band­
widt h and wi ll osci llate
easi ly at resona nces other
than the desired one if care
if not taken. Re so nances in
the bias chokes or feed­
th rough capacitor, higher­
o rde r waveguide modes,
and coaxia l modes involv­
ing the d iode mou nt are all
poss ible culp rits. An effec­
tive cure for some of these
problems is t he inclusio n
o f a lossy mater ial in the
cav ity a t a po int w he re
energy is di ssipated o nly
by t he undesi red re so ­
nan ce . This so lut ion was
app lied to my osc illa tor in
the form of a p iece o f pen­
cil lead positi oned to ab­
sorb ene rgy from a coaxia l
re sonance in the d iode
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cha nged by adj us t ing the
e lectron vel oc ity rather
tha n the diode thickness. It
is thi s mechan ism which
makes the Gunn osci llator
tunab le with supply volt­
age.

Fig. 3 shows t he effect of
supply voltage upon the
power output of the oscil­
lator . At some voltage
above the t hreshold , the
e lect ron ve locity is appro­
priate to supp ly negative
resistance to the tank cir­
cu it. Osci lla tions sta rt. As
the supply is increased, the
optimu m transit time ve­
loc ity is obtained and a
point of maximum power
output o ccurs fo r th at fre­
quency. If the tank is tuned
to a no ther frequency, a
s light ly different su pp ly
vol tage will yie ld max­
im u m powe r o u t p ut.
Above the maximum pow­
e r voltage. t he power dro ps
off and oscillations fina lly
cease. A typical low-power
X-band diode will have a
th res hold voltage of 3 o r 4
volts and will o pera te from
6 to 10 volts .

Cha ng ing the tra nsit
time by adjust ing the sup­
ply in effect " pushes" the
resonant frequency of the
t ank ci rc u it. The d iode
wants to make negative R
at a different freq uency
tha n the tank, but the high
Q cavi ty resonator domi­
nates a nd o nly a slight fre­
quency shift is o bta ined .
This is e no ugh to be prac­
tic a l fo r some afc pu r-
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Fig. 5. Cunn-diode package.
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There is one catch. The
thickne ss o f the diod e
mu st be made to match the
travel time of t he elec trons
at the desi red freq uency of
osci llation. This is to en­
sure that the proper phase
re la t io ns occur between
the electric fie ld a nd elec­
t ric cu rrent. The diode
t hickness must be one
"transit time length," so
that the electron t ravels
the length of the d iode in
o ne rf cycle. In othe r
words, the d iode thickness
must be chose n with the
o pe ra t ing freq uen cy in
mind , and no t any diode
will work at any frequen cy.
Thi s is not as bad as it
seems. Wh il e diodes a re
cha rac te rized at a par­
t icu lar freq uency, they will
work over ranges of up to
two to one.

As expla ined above, the
applied voltage va ries the
electron velocity . Thus a
diode of a given t hickness
may be voltage-tuned to
optimize operation at a
pa rticular frequency. In ef­
fect . the transit time is
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Photo B. Interior view o f the oscil/a tor cavity. The Gunn diode is mounted between the
heat-sink. post and the 10-32 diode-mounting screw. The end o f the resistive probe is to
the right o f the mounting post. The 2-56 frequency adjustment screw protrudes into the
cavit y from above and in front o f the diode-mounting post. The bote in the shorting block
to the left o f the diode mount is for a trial loss probe location.

l ow-power d iodes can be
made in " no n-fl ip" pack­
ages provided a means is
prov ided to re move he at
from the a node . To do this,
an effect ive but dc-isolat­
ed heat sink is required.
This osci lla tor is des igned
to use " no n-f lip" d iodes
whil e ha ving the desirable
feature of a p o sitive
power-supply input with
re sp e c t to w a ve g uide
gr o und . Fo r " no n-f lip"
diodes such as the Alpha
type DGB-6844C o r Mic ro­
wave Associa tes type
49508 used in this oscil­
la to r, the a node is t he heat­
sink end of the package as
ind icated in Fig. 5. The
cathode is the e nd with the
sealing flange. Fig. 4 shows
the cathode (fl anged) end of
the package inserted in the
grounded diode-mounting
sc rew. If other diodes a re
tried in the oscilla tor , be
sure to de term ine wh ich
e nd of the package is t he
a node . Remem ber that
unless a diode is desig­
nated a " no n-flip" type, t he
cathode will most like ly be
the heat-sink end of the
package.

Fig. 6(a) is a detailed
drawing of the waveguide
cav ity. The diode mount is
insta lled in holes Band C.
Be su re to hold the dimen­
sion from t hese ho les to
the face of the flange to e n­
sure that the cavity will
resonate in the band . There
a re several va rieties of
waveguide flange. The in­
te nt of t he cavity d rawi ng
is to use a flange such as a
UG-39/U. The wavegu ide
will pa ss throu gh t he
flange and sho u ld be f lus h
with the face . This will
ma in ta in the proper dimen­
sion fro m diode mount to
the output iris.

The shorting block, Fig.
6(b), is made from a piece
of alumin um. The photo of
the breadboard version of
the osci lla to r shows a
s lig ht ly longer shorti ng
plug. This was to pro vide a
hand le for ease o f adjust­
ment during the in it ial
design . Make your sho rt as

indicated in Fig. 6(b), as it is
correct. Ho le " E" in the
shorting block is fo r inser­
tion of a re sistive pro be of
common mechanical-pen­
ell lead . as shown in Fig. 4.
This is the lossy materi al
whi ch s u p p re ss es th e
undesired spurio us osc illa­
tion at 13 GHz. An a lter­
nati ve a pproac h to the
sho rting block is to use a
simple plate soldered in
the plane of the inne r sur­
face of the block. This may
be somewhat easie r to
bu ild , but the probe insta l­
lation is more di ff icu lt .
This op tion applies to t he
os ci lla to r o nly. The trans­
ce ive r ve rs ion descr ibed
below requires that the
sho rt be removable a nd the
block show n sho uld be
used .

The diode m ou n t is
shown assembled in Fig. 4
and the detail par ts are
sketched in Fig. 7. The
mount has to do severa l
things a t o nce - match the
low diode impedance to
the cavi ty, d iss ipate he at
from th e diode, and apply
dc bias to the diode whil e

keeping the rf inside the
cavity. The heat-sink post,
Fig. 7(b), is made from
0.312-inch al uminum rod.
It is first d rilled through
with a number 52 d rill to
clea r the anode e nd of the
diode . This gives a mini­
mum clearance hole diam­
e te r for improved hea t
sinking. It is then dri ll ed a t
one end o nly to a depth of
0 .100 inch and tapped fo r a
2-56 thread .

The diode heat-sink post
is mounted in the cavity
with a 2-56 threaded tu rret
te rmina l which wi ll be the
pos itive supply connec­
tion. Insulation is by means
of a nylo n was he r o n the
e xte r io r of t he guid e ,
Tefl on TM sleeving o n the
t hreaded portion of the ter­
mina l, a nd a mica sheet in­
su lato r between the diode
post a nd the interior wall
of t he wa ve gu ide . The
mica forms the insulator of
a pa rallel plate capaci tor
co ns ist ing of the diode
post a nd the interior wall
of the waveguide . I used
.OO3-inch mica c ut from a
TO-3 tra nsi stor insula to r.

The ca paci ta nce is more
than 20 pF and it is essen­
tia lly a short ci rcuit at 10
GHz. No rf leakage occurs.
A sma ll amount of heat­
sink compound should be
app lied to eac h surface of
the mica insul ator. Clea n
off th e exce s s af te r
assembly as it co uld cause
power loss o r freq uency
drift if left in the cav ity.

The 10-32 diode-mou nt­
ing sc rew is made from
e ither brass o r aluminu m.
Bra ss is permissible from a
thermal sta ndpoint be­
ca use most o f the heat
flow is from the a node end
of the d iode .

The waveguide output
fl ange is so lde red to the
o utput e nd of the cavity
wavegu ide . Take care tha t
the surface of the fl ange is
flu sh with the end of the
waveguide. Spac ing it back
will inc re ase the length of
t he cavity. O ne caut io n:
Choke-s tyle fla nges shou ld
no t be used o n the oscill a­
to r. They will not properly
clamp the o utpu t iris p late
and this may c hange the ef­
fe ct ive c avity size. Fl at
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Fig. 6. Oscilla tor cavity details. (a) Waveguide cavity.
M ake fro m standard .500 x 1.00 X~band guide, EIA WR-90
or JAN RG-52/U. [b) Shorting block..

Hole Data

In o rde r to ensure that
the design was sound and
to ob tain enough informa­
tion to he lp others app ly
t he circuit to their projects,
I took a lot of data to
cha rac te rize the c irc uit .
With t his info rma t io n, the
oscil lator may be used with
some advance know ledge
of how it will behave. The
description of the tests per­
formed is provid ed in case
o t he rs who can get aho ld
of the gear wish to repeat
the test s o r test thei r own
osc illato r d e sig ns , and
to indi cate to those who
will just bu ild the circuit
how the data is obtained.
Before getting into the rf
test ing , here are a few cau­
tions with rega rd to dc
power supplies for Gu nn
osci llators.

De power must be ap­
plied to Gunn di odes with
some care . The negative­
res ista nc e effect extends
down to de, as illu strated
in Fi g. 2. This can cause d c
supp ly regulators to misbe-­
have. Generally, a series­
pass regulator ge ts very
confused when de c reasing
the vo ltage inc reases the
current being drawn . The
reg ulator m ay oscil late
and overshoot. The Cunn
device may we ll di sappea r
in t he ensuing excitement.
Fig. 8 shows a safe method
of powering the osc illator.
A current-lim ited supply is
used. In shunt with the sup­
ply is a husky zener d iode
which limits the maximum
vo ltage whi ch can be a p­
plied to the osci llator to a
value of a volt or so above
the operat ing voltage . This
will p revent burnout on
turn-on transien ts or if the

diode , Put a tiny amount of
heat-sink goo on the diode
anode and cathode pin s.
Remember the heat-sink
end goes to the capacitive
mounting post. The flanged
end is the cathode and goes
to gro und . Tighten the
10-32 sc rew so it is just
sn ug. If a lock nut is used ,
hold the 10·32 sc rew from
rotati ng whi le the lock nut
is to rqued . This will pre­
vent c rush ing t he diode
package. The fina l ste ps
are to insta ll the tuning
sc rew and the output iris.
The iris is clamped be­
tween the output flange
a nd t he flang e on the
mating waveguide. Sta rt
out wit h the .290- inc h­
di amete r iri s. The o scil ­
la to r is now re ady for test.

Operation and Test
Upon completion of the

oscill ator, it may be put to
use in your parti cu lar ap­
plication. My objective in
writing this article was to
give an easily-reproduced
design which c o u ld be
used fo r a va riety of appli­
ca t io ns from rec e iver lOs
to s im ple transmitters. The
test equipment to com­
pletely c ha ra c t e rize a
microwave oscillator is not
all that co mplex, but it cer­
tain ly isn' t found at your
co rner e lec tro nics outlet.
So me amateurs have ac­
ce s s to commercial or
surplus test gear which is
of great aid in getting
sta rted on X-band . Others
have on ly a scope and
YOM and will build thi s
oscil lator o r the t ran s­
ce ive r version described
later o n as a fir st pro ject in
X-band .

Function

Cavity tuning screen
Diode-mount ground screw
Diode-mount dc input
terminal
4-40 short mount ing screw
Resistive probe

Assembly of the oscil­
lator should be done in the
f oll owin g o rd e r. Fir s t ,
so lde r the out put flange to
the cav ity and remove all
flu x. Next, in st al l the
d iode-mounting post as
described above . Do not in­
sta ll the diode itself. Install
a re sist ive probe of .040­
inch soft penci l lead in the
hole in the short ing block.
It should extend into the
cav ity 0.150 inches. It may
be he ld in place by means
of tape o n the outs ide sur­
face of the block until the
osc illa to r is tested. After
testing, secu re the probe
with a drop of glu e . The
sho rt ing block is next in­
se rted into the cav ity and
faste ned with 4-40 hard­
ware . This hardware sho uld
be tightened to the fin al
torque pri or to instal ling
the diode . If it is tightened
afte r the diod e is installed ,
the resu lting deformation
of the cavity may break the
diode. Now in stall the

Data

Tap 2·56 far side
Tap 10-23 near side
Drill #35

Drill #32
Drilllt60

D
E

Hole

A
8
C

flanges shou ld be used.
The intent of the remov­

abl e ou tp ut-co upling iri s
plate is to permit easy ad­
justmen t of the o ut pu t
coup ling. Some ap plica­
t ion s, suc h a s re ceiver
local osci llato rs, req uire
only a few milliwatts of
power. The power may be
redu c e d a nd st a b ili ty
grea t ly increased by using
a sma ller iris.

The iris plates may be
made from ten- to forty­
thou sandths co p pe r o r
brass sheet. I used 10­
thousandths co ppe r sheet.
Th e iris h ol e is the
wavegu ide centerline. The
output hol e di ameter may
be e ither .290 o r .320 inch­
es as di scussed in the sec­
tio n on test ing. Sma lle r
diameters can be used to
reduce power output. If
the iris is mu ch larger t ha n
.320. the cavity Q becomes
very low and the osc illator
does not work bel ow 10 .5
GHz.

10.5 GHz

Minimum and Maximum Power Into 2 to 1 vswr vs. frequency

10.1 GHz 10.2 GHz 10.3 GHz 10.4 GHz10.0 GHzDiode # Current
rnA

1 140 15·29 mW 17-28 mW 18-32 mW 15-35 mW 20-34 mW 22-34 mW
2 150 18-34 mW 20-34 mW 20-34 mW 19-30 mW 18-34 mW 18-48 mW
3 150 17-25 mW 17-28 mW 20-35 mW 18-38 mW 21-37 mW 20-35 mW
4 100 9-22 mW 9-19 mW 10-25 mW 10-22 mW 10-22 mW 10-22 mW
5 125 9-20 mW 7·21 mW 9·1 8 mW 12·24 mW 14-25 mW 25-12 mW

Table 1, Oscillator performance vs. load vswr and freq uenc y. This table indicates the oscillator power output for five
differen t diodes at frequencies from 10.0 to 10.5 GHz. The load vswr was varied through all phases of a 2 to 1 mismatch.
Diodes 1 th rough 3 are Alpha t ype DGB 6844C operated at 8 volts. D iodes 4 and 5 are M icrowave Associa tes t ype MA
49508 operated a t 7 vol ts.
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Fig. 7. Diode-mount details. (a) Diode-mounting screw. (b)
Diode heat-sink post. The diode heat-sink post is fi rs t
drilled through with a number 52 drill. The hole is then en­
larged to a number 50 size and tapped for the 2-56 turret
terminal. The number 52 diameter must be maintained fo r
a depth o f at least 0.070 inches to assure proper heat
transfer from the diode.

your use, review the tests
and tes t da ta I ob ta ined .

A shift in load imped­
a nce will c ha nge both the
frequency and power out­
p u t o f any osc illato r,
crystal , t.C. o r a microwave
type. I made several tests
to evaluate the effect of
load shifts on this circuit.
In addition , the ability to
tune the frequency of the
circu it with the supply was
tested . I fo und that if the
load vsw r is less than 2 to 1
a nd its phase is stab le, the
freq ue ncy will p retty well
stay put. If the vsw r is con­
t roll ed and it is less than 2
to 1, the supp ly may be
used to mak e correc tions
in the osci llator freq uency
of up to 20 MHz.

Fig. 9 is a so rt of sche­
matic of the waveguide
setup I used to test the
o scil la tor. The set up
a llows the power outpu t
a nd fr e qu en c y t o b e
measured and a vswr o f
a ny desired ma gni tude and
phase to load th e osc il­
lator . The osc illato r is con­
nected to the ma in line of a
cascade of three dire c­
t ional couplers. The first
couple r samples the out­
put power and frequency.
The power is detected and
displayed on meter M3. A
cavity waveme te r in t he
line a bsorbs power at its
re sonance and causes a
" suck-o ut" o r dip on M3
when tuned to the cscn-

la tor freq ue ncy. The next
two couplers form a retlec­
tome ter wh ich reads the
forw ard a nd ref le cted
power from the load as
seen by the osci lla tor. Ml
reads for wa rd power and
M2 reads reverse power.

At the ou tput of the last
coupler, a device ca lled a
s lide-screw tuner is con­
nected. This is followed by
a matched waveguide
load .

The slide-screw tuner is a
si mple way to get an ad­
justab le vswr of a ny phase .
It is usefu l in load tests
suc h as th is or as an imped­
ance-matc hing device . The
VHF equiva lent is a si ngle­
stub tu ne r which may be
moved a long t he line .
Mec hanica lly. the slide­
screw tuner consists of a
probe through the broad
wall of the waveguide
(o f te n a screw) whic h
travel s in a slot in the
wavegu ide wall. The probe
is suppo rted by a slide
plate o n the outs ide of the
gu ide . The probe when in­
se rted into the gu ide is
eq uiva lent to a capaci tor,
the va lue of which is pro­
portiona l to the depth o f
penetration. The depth of
penetration con trols the
magnitude of the imag­
inary part of the vswr thus
created. The position of
the probe a long the guide
cont rols the pha se . The
rea l part of the load is sup-
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the supply. If the dc line
has only de o n it, you can
assume that all is well . If
oscillations a re p resent ,
they a re generally of high
amplitude (seve ra l volts)
a nd a re easi ly detected. If
thi s doe s occur, o ne fi x is
to adjust the R and C of Fig.
8. Redu ction of the hole in
the coupling iri s plate may
al so help. No diffi cul ty was
encountered with supply
osci llations fo r a varie ty of
Cun n diodes tri ed in the
cavity provided the c ircuit
of Fig. 8 was used . De sup­
plies included commercial
and home-built bench sup­
plies and the three-ter­
minal regulators used in
the Dopple r processor de­
sc ribed below.

To se t up the osci llato r
fo r test, th ere a re o nly
t hree adjustments: the tun­
ing sc rew to set the fre­
q ue ncy, t he o ut pu t iris
dia mete r which determines
load stabi lity a nd power
o utput. and the depth of
the parasitic suppression
probe. The tuni ng sc rew
shou ld be set at minimum
penetrat ion of the cav ity.
The re sistive probe should
penetrate about .150 inch­
es into th e cav ity. With the
.290-in ch ir is installed , the
osci lla tor sho uld make at
least 10 mill iwatts of o ut­
put. If it does no t a ppear to
be osci llat ing o r if it is
oscillating weakly (a - 20
d Bm output), insertion of
the res ist ive probe to a
grea ter depth is indicated
because the d iode-mo unt
resona nce at 13 CHz may
be in the act. The three
model s of the osci ll a to r
worked fine with the probe
at .1SD-inc h penetration , so
you should no t ha ve to ad­
just it. It is not ve ry critica l.
O nce osci llat ions a re o b­
tained, the tuning screw is
used to set the o perati ng
freq uency. The unit will
easily tune the 10.0- to
10 .5-GHz band with either
d iode insta lled.

The se lec t ion o f o utpu t
iris diame ter depends upon
applicat ion. To determine
which diameter is best for

supp ly osc illates . A series
RC circuit consis ting of a .l
JiF capaci tor in series with
a 33-0hm resistor keeps
t he supp ly impeda nce
down in the low megacycl e
region a nd prevents low­
frequency breakup of the
osc il la tor output. With the
diode s specif ied, the heat­
sink e nd of the package is
the anode and the diode is
inst all ed with thi s e nd in­
se rted in the capaci t ive
mounting post. The flanged
end of the diode is the
cathode and is grounded to
the waveguide with the
10-32 mounting sc rew.

A word about current
limiters. The threshold cur­
ren t of the Cunn device is
mu ch hi ghe r than the o pe r­
at ing current. The curre nt
limit er o n the su p p ly
should be set we ll above
the threshold curre nt. For
the d iodes used here, 500
mA is a good setti ng.

If the current limiter is
se t at the o perati ng cur­
ren t, the supply will limit
on the low-voltage side of
the thresho ld voltage and
the o perating voltage wi ll
no t be ac hieved . From Fig.
2 it may be seen tha t there
are two points at which the
diode will d raw the sa me
current, o ne above and o ne
bel ow the threshold vo lt­
age . Don ' t worry about
protect ing the diode from
excessive curre nt. In this
case, lowering the voltage
increases current, so a nor­
mal current limiter does
no t hel p . Just set up the
supply fo r the proper volt­
age a nd make sure the cu r­
ren t limi t is set to 500 mA.
Then connect the Cunn­
diode ci rcu it. If the cu rre nt
limite r is se t as above, it is
okay to just switc h the sup­
ply off a nd on with the
power switc h. Do not turn
up the voltage slowly be­
cause the d iode will be
subjected to more current
than if power is suddenly
applied . Using the se meth­
ods, I ha ve ye t to lose a
C unn device. Sup ply osci l­
lations may be checked by
connec ting a sco pe ac ross
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to 80 MHz with the large
iris. In add it ion. the osci l­
la tor would not o perate
bel ow about 10.4 C Hz. At
the heavy load ing caused
by the la rge iris. insuffi­
cient negat ive R was ava il­
able and the osc illa tions
sto pped . This is because
the opt imum ope ra t ing fre­
quency for thi s diode was
above 10.5 C Hz for the par­
ticular dc voltage applied .

The .32Q-inch diameter
turned out to be a good
size. High power output
and pretty fair stability
were obtained . The data in­
dicates how a litt le rf
power can be traded fo r a
lot of frequency stab ility .
For low-power a pp lications
suc h as re cei ver lo cal
os ci lla tors. 1 would use a
sma ll iris. The improve­
ment in frequ en cy stab il ity
for va rying loads is ce rtai n­
ly worth it.

The d c supply vo ltage
may be used to ad jus t t he
oscillator frequency slight­
Iy. This is a simp le way to
make an afc system if done
carefully. The tuning ra nge
is not as great as can be ob­
ta ined by putting a va rae­
tor d iode in the cav ity. bu t
it is an easy approach. The
tuning range is limited by
the amount the supp ly can
be cha nged before the os­
ci lla to r qu it s. For sma ll
diodes such as those used
here. a va riation of p lus or
mi nus 1 volt from the
nominal supply of 7 o r 8
vol ts seemed reasonable.
lower voltage inc reases
the c u rre nt and power
drops . Increased vol tage
will al so drop the power
a nd the o sci lla to r w ill
event ually qu it as the elec­
trons are slowed from the
opti mu m tra nsit-time ve­
loc ity .

I te sted the osc illa tor
into a matched load and
measu red the degree of
freq uency " pushing" tha t
co u ld be obtained . The
sma llest iris was used since
an afc system wou ld re­
q uire that the best osci l­
la tor load-stability option
be used.

shows the data for 10 to
10.5 GHz in 100 MHz ste ps.
In my osc illator. the Alpha
diodes gave slightly more
power o utput. An ave rage
output was obtained of
about 25 milliwatts fo r
most Alpha diodes at most
frequencies . The ave rage
for the MA device s was a
bit le ss . a b o u t 1 5
milliwatt s. Diodes cou ld
be s u bs ti t u t e d in th e
oscillator with no adjust­
ment and the frequency
would c ha nge o nly a few
MHz. This da ta was take n
with a .32Q- inc h iris in­
sta lled on the osci llator.

In o rde r to determine
the effect of va rious iris
sizes. I next made a set of
tests with di ffe re nt iris
d iamete rs and used the
same d iode. Iris sizes of
.290. .320. and .380 inches
in di ameter were tried . The
pulling was again tested
with a 2 to 1 vswr. I found
that the effec t was consid­
erable . Table 2 shows the
re su lts. Increasing the iri s
hole size inc reased the o ut­
put power by abou t 2 dB.
The effect o n the freq uen­
cy stability and cavi ty Q
(de te rmi ne d f ro m the
amount the osci lla tor can
be pulled) was significant .
The pulling increased from
21 MHz with the sma ll iris

forward power indi cated
by M1 . A ra tio of forward
to re fl ec ted power of 9 .5
d B corresponds to a 2 to 1
vsw r.

The shift in load im­
ped ance caused the read­
ing on M1 to change also as
the p robe was inserted into
the line. The idea is to get
the 9.5 dB difference with
the probe inserted . The ini­
ti al va lue of M1 is not of
conce rn. as it will a lways
cha nge as the probe is in­
serted . I then had a 2 to 1
vswr load on my osci lla tor.
The next step was to move
the pro be o f the slide­
sc rew tuner a long the line
and record the extremes of
power a nd/or freq uency.
During t hese tests. a spec­
trum analyzer was often
used in pla ce o f t he
wa ve meter to speed the
me asurement process, but
the waverneter approach
works fine. It just takes
longer.

First. I measured the ef­
fect of load vswr on the
osc illa tor power ou tput for
5 diffe rent Gunn diodes.
Three Alpha type DC B
6844( diodes were tested
at thei r normal opera ting
voltage of 8 volts . Then
two Microwave Associates
type 49508 diodes were
tested at 7 vo lts . Table 1

Photo C. The part iafl y-assembled oscillator. The breadboard version of the oscillator ;s
shown with the shorting block and iris removed. The lossy resistive probe extends from
the shorting block into the cavity, The removable iris plate perm its the output coupling to
be easily adjusted.

plied by the w aveguide
load beyond the tuner . By
moving the probe along
the guide. a fixed vswr load
is ef fec tive ly ro t ate d
through a ll phases.

I tested my osci llator
with load vswrs of 2 to 1.
Mo st waveguide ci rc u its
into which suc h a n osci l­
lator will o pera te may be
tuned below a 2 to 1 vswr
without much difficulty, In
addition . the phase of most
loads will stay put. A 2 to 1
vswr of vari abl e phase is
probably the worst load
that might he expec ted in
mo st applications.

The fi rst test I made was
lo ad pull ing . This measures
how much the power out­
put a nd frequency shift as
the load vswr is rotated
through all phase s. The
se tup of Fig. 9 is used. The
osci lla tor was connected
and the center frequency
se t by means o f the tuning
sc rew.

The slide-sc re w tuner
wa s initia lly com plete ly
out of the wavegu ide. so
the o sci llator todd was o n­
ly the matched waveguide
termination . To obtain a 2
to 1 vswr. the slide sc rew
wa s inserted into the guide
until the reflec ted power
indicated by M2 increased
to a leve l 9.5 dB bel ow the

-.-
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Table 2. Effect of iris diameter. This tab le shows the effect of iris diameter upon the power
output and frequency stability of the oscillator as the load is varied through all phases o f
a 2 to 1 vswr. The test frequency was 10.5 CHz. Diode number 3 was used for th is test. The
osci/fator would not operate below 10.4 CHz with the .380-inch iris.

Iris Diameler Power Output Frequency Pulling loaded a
Inches Milliwatts MHz peak to peak

.290 15 t0 32 21 250

.320 22 to 40 40 131

.380 35 to 45 80 65
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sized targets at ranges up
to 100 feet or so.

A number of the com­
mercial Doppler radars
used for door openers,
speed meters, or intrusion
dete ct ion use a simple
"d iode in the guide" mixer
fo r rea so ns of cost. In this
approac h, a mixer diode is
simply placed in a section
of waveguide between the
Gunn oscillator and the
anten na-mounting flange .
No ferr ite circu lator is used
for tra nsmit-receive signa l
separa t ion. At best, th is ap­
proach is £> dB poorer in
perfo rmance than if a cir­
cu la tor is used, but it is
simp le to make and work s
quite well for many ap­
plications.

In operation, a portion
of the tra nsmitted energy is
intercepted by the mixer
d iode. For co m mun ica­
tio ns, thi s se rves as the
loca l oscil lato r, and in a
Doppler system it serves as
the zero-velocity frequen­
cy reference. The amount
of energy that is coupled to
the diode must be con­
trolled so that there is
something left to radiat.....
In my design, this was done
by o ffsett ing t he diode
from the cente rline of the
waveguide . The electric
field intensity is maxim um
at the centerline of the
guide and falls off toward

.I ~ "

It£GULA'[l) •
.L. l £NU I CItOO(oc _ ,

~.' "l ·"OH.ATE
cu••u n u .'" - - I VO\.T ...

\ * A" r
GOlOU N

X-Band Transceiver
I added a simple mixer

to the basic oscillator to
make an effect!ve X-band
t ra nsceiver. My app lica­
t io n was for Doppler radar,
bu t the device is equall y
useful for com m u nica­
tions. W he n mated with
the Doppler processor de­
scribed in the next section,
t he u nit will provide
positive detection of ma n-

Fig. 8. Dc power-supply circui t lo r testing Cunn-diode
oscilla tors. The zener-diode voltage should be about 1
volt more than the intended operating voltage for the
o scillator.

an afc system, the oscilla­
tor sho uld be mechanically
tuned to t he desired fre­
quency while monitori ng
the supply voltage so that
it may be centered with t he
loop closed . Because the
amount of tuning that can
be obtai ned is so limi ted,
this approach will ensure
that all of the range is
available to cope with ther­
mal dr ift. If the load
cha nges significantly, the
loop may we ll lose control.

The real key is to keep
the load vswr as low as
possib le . Thi s will
min imize the effect of
cha nges in lo a d p ha se
upon t he osci llator fre­
quency.

This concludes the test
da ta I obta ined . Hopefu lly,
it is complete enoug h so
that the osci llator may be
put to use in yo u r X-band
com ma nd lin k or what­
eve r.

high with load vswr, the
range is - 25 to + 17 MHz.
The os cillator passed
through the reference fre­
q uen cy somewhe re be­
tween 7.0 and 7.5 volts . In
th is case, the su pp ly cou ld
be used to afc the osci l­
lator back to the sta rt ing
frequency. With t he osci l­
lator pulled below the op­
erating frequency, t he
range of adjustment with
the supply was from - 25
to - I) MHz. Nowhere in
the range of supply-voltage
adjustment did the oscilla­
tor return to the initial fre­
quency. In this case, an afc
loop could not correct t he
frequency sh ift due to load
pu lling . It cou ld only ap­
proach within I) MHz and
would " hang up" on the
low side as ind ica ted in the
fourth co lumn of Tab le 4.

O ne other facto r is ev i­
dent from these resu lts.
The modulation sensitivity
va ries a lot as a funct ion of
load . For the matc hed load
case, the shi ft fo r a 0 .5-volt
change from 8.5 to 9 .0
volts is only 3 MHz . With
the oscillator pulled high,
t he change in frequency as
the supply is va ried fro m 7
to 7.5 volts is 30 MHz. Wit h
the o sc illa tor pull ed low
(column 4), the frequency
cha nge fo r t he same sup­
ply-voltage shift is only 7
MHz.

My co nclusio n is that an
afc or phase-lock system
that uses the supp ly volt­
age is feasible, but with a
few caut io ns. The load
vswr t hat t he osci llator
sees sho u ld be low if a t a ll
poss ible, a nd it certa inly
sho u ld be cont ro lled .

If this is not done, the
loo p may lose range o r go
unstable . When setting up

The three Alpha d iodes
were used fo r this test. I se t
the cavity to 10.5 C Hz with
the de supply at 8 volts.
The vo ltage w as then
changed plus and minus 1
volt in o ne-ha lf ste ps a nd
the frequency shift noted .
The data is in Table 3. All
d iodes behaved t he same.
The freq ue ncy could be
shifted down about 15
MHz and upwa rd about 8
MHz. The power va riation
was only 4 mi lliwatts out of
about 15 mill iwatts aver­
age. This is Quite accept­
able for most applica tio ns.

Afte r making this test , I
began to wo nde r what ef­
fect the load vswr would
have on the f requency
" pushing" se nsit ivity of the
oscillator. An especially
unfort unate change in load
could pu ll the oscillator so
far that it could not be
returned to the co rrect fre­
quency by " pushing" with
t he d e supply. In order to
cut down the time to take
t he data, on ly a single
diode sample was tested.
The great simila rity of
results for the other tests
indicates that t hese results
are p ro bably va lid fo r the
othe r di odes. Alpha diode
number 1 was used with
the .29a-i nc h iri s on the
cav ity out put . Fir s t , I
va ried the supply voltage
as before and noted the fre­
quency shift obtained with
a matched load. Table 4
shows the data . Next, the
vswr was increased to 2 to
1 a nd the frequency was
pulled up the band as far as
po ssibl e (the de supp ly was
retu rned to 8 vo lts d uring
this ad justment). Next, I
va ried t he supp ly again
and noted the frequency
relative to the o riginal
8-volt center f requency.
Finally, the osci llator was
pulled down the band as
fa r as possib le with the
lo ad vswr a nd the data wa s
ta ke n again .

From the d ata, it may be
seen that the range of ad­
justment with a matched
load is -15 to +8 MHz .
With the frequency pulled
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cu t. Make up the ir is pla te
from copper or brass sheet
so mewhat thinner th an the
saw blade. Instal l the iris in
the saw cut and so lder into
p lace . Tak e some care in
this. All fo ur wa lls of the
guide must be soldered to
the iris p late on both sides.
If not, yo u will create a
tru ly marvel ous slot anten­
na! Remove a ll flux after
solderi ng.

The mixer diode is in­
stalled in a mount similar
to the Cunn-diode mount.
The mount parts are as
indicated in Fig. 7. The mix­
er post is made from
0.25Q.-inch rod stock rather
than the .312-inch-diame­
ter stock used fo r the Cunn
diode . The mixe r-mount
parts are assembled into
the guide in exactly the
same manner as the Cunn­
d iode mount . There is one
d iffe re nce. No hea t-s ink
goo is required for the mix­
e r diod e. Hol e A o n the
mixe r side of t he iris is fo r a
ground Jug to re t urn the
mixer lo ad resistor to the
guide. This re sistor is used
to prevent static burnou t
of t he mixer di ode du ri ng
initial testing.

In asse mbling the tra ns­
ce iver, first cut the guide to
length and then drill and
deburr all hol es. Tap ho les
as required . Mak e the saw
cut and instal l the iris.
Solder the output flan ge to
the mixer section as ind i­
cated in Fig. 10 . Use a large
C-c1amp to heat sink the
iris area whe n insta lling the
ou tpu t fla nge. This will pre­
vent the so lde r ho ld ing the
iris pla te from ru nning .
Remove all flux . The two
diode mounts may be in­
stalled next. Then install
the shorting block with
lossy probe in the end of
the osci llator cavity . In­
stall the tuning screw. In­
stall the Cunn diode. Con­
nect a 5k resistor from the
mixe r-diode output ter­
minal to the ground lug.
Now install the mixe r diode
using ca re not to damage it
with static. Pick up the
t ransceiver body with o ne

Diodes in the sma ll (dou­
ble prong o r MQM) pack­
age are made by Micro­
wave Assoc ia tes, Alpha
Microwave, and Hewlett­
Packa rd, to name a few
vendors. I used the H-P
5082-2711 di od e in my
t ra nsce ive r. Thi s is a
Sc ho ttky ba rrie r type.
Other diodes wh ich shou ld
work include the Alpha
type DMF6106 and the MA
type 4<X>06. These a re also
Schottky types . A point­
contact type which may
prove cheaper to buy is the
Alpha type D5523C. The
poi nt-contact diodes will
work as well as the Schott­
ky diodes in most applica­
tio ns . Re me m ber when
o rde ring these diodes to
get aho ld of a da ta sheet
because they are graded
fo r no ise f igu re . The
numbers above I se lected
fo r worst noise figure and
lowest cost. By changing a
suff ix o r add ing one, the
noise figure gets be tter and
the price gets worse . No
diode listed above has a
noi se figure of more t han 9
dB. You can get 6.5 dB, but
boy, it will cos t!

Transceiver Construction
Photo F shows the bread­

board version of the tran s­
ce ive r. Photo D shows the
final version wh ich e lim i­
nates the two flanges cou­
plin g the osc illa tor to the
mixer. It is mounted upon
the Doppler processor box.
The integrated ve rsion of
t he transce iver is made
from a single section of
X-band wavegu ide . The
osc illator section is iden­
t ic al t o t he sepa rate
osc illa tor circuit just de­
scribed . All of the interna l
detail s are the same with
t he exception of the cou­
pling iris; it is soldered
d irec tly into the guide .

Two flanges are elimi­
nated and a nicer assembly
is achieved. To install the
iris. first cut through three
of the fou r wa lls of the
waveguide, as ind icated in
Fig. 10. O ne broad wall and
the two narrow walls are
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three-qua rters of a wave­
length from the plate.
Since impedances repeat
every one-half wave, the
th ree-qua rter-wave posi­
tion is equivalent to t he
qua rte r-wave locat ion .
This was done to pu t the
diode fa r enough from the
iris fo r the energy from the
oscillator to re turn to the
no rmal TE1 0 mode pattern.
I was concerned that the
de sired coupli ng to th e
d iode might be d iffic ult to
obtain near the iris and
didn 't want to spend a lo t
of time in optimizat ion of
the circ uit.

The mixer d iodes used in
my tr an sc ei v er we re
chosen because they are in
a package simila r to the
o nes hou sin g the Gunn
diodes. The same sort o f
mount is used and all of
the pie ces are the sa me
with the exception of the
post, which is smaller. I
purpo sel y av o ided the
1 N23 ty pe of pack a ge
because it is hard to moun t
a nd a second set of hard­
ware would have to be
designed for it.

"cFucrOMcrc"
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the sides. It is zero at the
side walls since they effec­
tively short the field .

1 posit ioned the diode
mount 0 .250 inches from
the outer wall of the wave­
guide . At this location,
a bout one-half of t he
e ne rgy from the Cunn os­
cillator is intercepted by
the d iode. The rest con­
t inues down the gu ide to
t he a ntenna .

The iris o n the Cunn-os­
cillator ou tput po rt is not a
perfec t sho rt , bu t it does
present a very high vswr to
the gu ide. This is fi ne fo r
the osc illato r coup ling be­
cause the goa l is to mis­
match the osci lla to r so
that it is decou pled and the
cavity Q remains high. It
also effec tive ly sho rts the
gu ide behind t he mixer
diode for energy e nte ri ng
the transceive r from the
ante nna . The presen ce of
the iris mea ns that the elec­
tr ic field will be maxim um
about one-quarter wave up
the guide from the iris
pla te because it has to be
nearl y zero at t he iris.

I placed the mixer diode

Diode If' Diode 1f2 Diode 1f3

Dc supply Freq. Pout Freq. Pout Freq. Pout
voltage Shllt mW Shift mW Shilt mW

7.0 -15 14.2 - 18 20 -15 19
7.5 - 7 14 - 10 17 - 8 21
8.0 0 14 0 16 0 20
8.5 +5 15 +6 17 +6 19
9.0 .. 8 15.5 + 10 18 .. 10 17

Table 3. Frequency pushing with supply voltage. This data
shows the effect of supply voltage upon the oscilla tor fre­
quency with a matched load. The iris diameter was .290
inches. The oscillator was tuned to 10.5 GHz with the sup­
ply at 8 volts to establish the initial reference frequency.

Fig. 9. Schematic o f the Gunn-oscillator test setup.
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hand whil e holding the
diode in the other. This will
put the transceiver and the
d iode at t he same po ten­
tial. The n install the d iode
in t he t ra nsceive r. The
Gun n diode is more rugged
and may be ha nd led nor­
mall y, so th ese cautio ns do
not app ly to it. In my ve r­
sion of the Doppler rad ar, I
located the .1 ~F capac itor
and 33-0hm resisto r com­
ponents of the Gunn-d iode
de supp ly c irc uit o n a sma ll
tie st rip. This t ie strip is
mou nted to the wavegu ide
by the same screw that
ho ld s t he short ing b loc k in
place. These parts a re visi ­
b le in the photo.

The t ransceiver IS now
ready to be tested . -

Photo D. The Doppler radar assembly. The final versio n of the X-band transceiver is
mounted to a box which contains the Doppler processor to fo rm a self-contained Dop­
pler radar. The 10k-diode load resis tor may be seen to the rear of the coax cable which
connects the mixer outpu t to the processor card. The 33-0hm resis tor and 0.1 J1F
capacitor are mounted on the small term inal strip and connected to the Cunn-oscilla tor
dc input term inal. The 2-56 cavity frequency adjustment screw is no t installed in this
photo. One of the two LEOs used for adjus tment is visible under the horn antenna.

Transceiver Test
Arrange a power supp ly

fo r the Gu nn diode as de­
scribed p rev ious ly. Ap ply
power a nd test fo r supply
stab il ity w it h a scope. If
eve rything is o kay, the os­
ci llator shou ld be operat­
ing. Connect a vo lt mete r
(20,000 O hms/vo lt) to the
mixer-di o d e ou t p ut. Do
t his with care. Gro und both
meter leads to the wave­
gu ide and then connec t the
positive lead to the di ode
output. The di ode shou ld
be rect ifying some of the rf
ene rgy and a vo ltage of a
few ten t hs of a vo lt wil l be
present. lf the d iode volt­
age is negat ive with re­
spect to ground , t he d iode
is in backwards . This is of
no co nce rn in mo st ap­
pI ica tions.

If no vo ltage is mea­
su re d, t he re a re three
possi b ilit ies : The d iode is
no good, t he Gu nn is going
at 13 GHz a nd no power is
coming ou t of the osci lla­
tor, o r pe rha ps the tuni ng
screw is in too fa r and is
sho rt ing the cavity. First,
back out the tu ning sc rew
until it is out of t he guide.
Nex t, try a no th e r mixer
d iode. If t his does n't help,
remove the shorting blo ck
from the cavity and verify
the pencil -l ead probe inser­
tion . If it is o kay, then

make su re t hat it is soft
penc il lead, wh ic h has
more ca rbon in it. Re­
asse m b le t he osc illato r
w ithout t he p robe. Se t up
as befo re a nd a pply power.
O bse rve the vo lt mete r o n
the mixer diode and slowly
insert the lossy pencil-lead
p robe into t he cav ity
through the hol e in the
sho rting block. If a diode­
mount osc illa t ion was t he
problem, t he mixer di ode
will sudden ly ind ica te the
presence of rf whe n th e
probe kill s t he sp urious
osci lla t ion.

O nce t hings are go ing,
some interesting tes ts can
be made . The o pen wave­
gu ide flan ge is not a bad
antenna . The ga in is a bout
5 dB ! Poin t the bus iness
e nd of t he transceiver o ut
into the room and connect
a scope across the mixer­
d iode ou t pu t. W ith the
scope gai n at 10 to 100
millivolts per d ivis ion and
ac coup ling, the Doppler

shift o n moving people is
quite readil y see n. Add ing
a good ante nna will gre atl y
incre ase th e return. Hook­
ing the mixer out put into a
hi-f am p lif ier with a good
low-frequency speaker is
also enterta ining. Peo ple,
fans, and ca rs make really
stra nge Doppler noi ses.

If yo u bu ild two trans­
ceivers o r an osci llator and
tra nsce iver, the foll owing
test is interesting. Set them
up a bou t 6 feet a pa rt with
t he wavegu ides pointed at
each other . O bse rve t he
mixer out put of one unit o n
a scope whil e tun ing it
ac ross the freq uency of the
ot her. The di ode-mount ca­
paci ta nce measures about
13 pF, so a bandwid th from
d e to seve ra l megacycles is
obta ined without tun ing
the mount a t i-f. As th e fre­
que ncy of one un it a p­
proa ches that of the other,
the be at may be seen o n
the scope . Th is is the i-f fre­
quency crea ted by mixing

the two X-band signa ls. As
t he fr eq u en c ie s a re
brought closer, the bea t
freq uency drops and then
it will suddenly va nis h. This
ha ppened at about o ne
MHz wit h my units. At first
this seems st range, since
t he mixer mount w ill work
down to a d c i-f freq ue ncy.

The a nswer is th at the
tw o os ci l la to rs have
locked together and are
now o n the same frequen­
cy. Fur ther t u ni ng wilJ
eventua lly pull them apa rt.
This is a n exam p le of injec­
tion phase locking. In some
high-power sou rces, injec­
t ion lo cking is used to ob­
ta in more power th an a
sing le di ode will supp ly by
lo ck ing seve ra l units to­
gether. As you can see, not
much power needs to be in­
jected to lock o ne to
another.

Communications
The tra nsceive r ma y be

used for com mu nica t ions.
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mixer:
Sensitiv ity:

- 86 d Bm
-100d Bm

Photo E. The Doppler processor card. Signal flow is from right to left across the bottom of
the card. Ul is located at the lower right, U2 in the center, and U3 at the left of the card.
The analog pulse-counter circuitry is in the lower left-hand side of the card below U3. The
voltage-regulator circuits are at the upper right near the inpuUoutput terminal block.

An FM tuner mak es a good
i-f strip fo r getting sta rted.
Most of the tu ners have a
pretty fai r no ise figu re, but
gett ing a proper ma tch to
t he mixe r is also importa nt
if good results a re to be
ac hieved . Mo st modern
microwave re ce ivers so lve
t his prob lem by putting a
pream plifier right at t he
mixer. I recommend doing
the sa me. A good low-no ise
dual -gate FE T p rea mpl ifie r
will ove rcome any defi­
ciencies of the FM rad io
and wil l enable the mixe r
to be ma tched to a we ll­
controlled amplifie r input
imped ance . The preamp li­
fie r can the n drive a cable
to the rece iver.

The i-f impedance of the
mixer will be a funct ion of
the diode curre nt an d will
be from 200 to 500 O hms.
The d iode mou nt has a ca­
paci tance of abo ut 13 pF.
This should be tuned out
wit h an ind uc tor wh ich
also serves as the dc re turn
fo r the diode, as in Fig. 11.
The ind ucto r and d iode­
holder capacitance should
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be re sonan t at the i-f fre­
quency . The resul ting re al
impedance is then matc hed
into the pream plif ie r.

FM mod ula t ion of t he
Gu nn diode is simply a
matte r of modu lation of
the power-supply vo ltage.
Be su re to li m it the pea k­
to-pee k exc ursion of the
supply to prevent damage
to t he d iode. A good modu­
lator approach would be to
ac couple the audio into
the re fere nce sou rce fo r
the dc regula to r. This will
offset t he reference and
force the dc voltage from
the supp ly to fol low the
aud io. The supply must be
capab le of mov ing at
audio ra tes. This mea ns
th at giant filter capacitors
on t he output cannot be
used. In add it ion , some
form of modu lation limit­
ing should be prov ided so
t hat dev ia t io n is con­
tro lled . Reme mbe r, the os­
cillator can be deviated
severa l MHz per vol t of
supp ly change. If a stan­
da rd FM rad io is used as
your i-f strip, only 75 kHz

of peak dev iation is need­
ed. So only a few hundred
mill ivo lts of audio are re­
qui red on the dc supply.

The commun icat ions
range that you can get with
this t ra nsce ive r is ve ry
much dependent upon the
anten nas used . The no ise
figure is fair ly decent, and,
with a 200 kHz bandw idth
FM tuner fo r an i-f strip,
sensitivities of -100 d Bm
o r so should be obtained .
The path loss at 10 GHz for
10 miles is 136 dB.

As an example, consider
the use of a pair of 20 dB
gai n ho rns and about 10
mi lliwatts of power. The
power at the rece iver mixer
and output carrier-to-noise
ratio are:

Tra nsmitte r
output: + 10dBm

Transm itte r anten na
gain: +20dB

Rece ive r anten na
ga in: +20dB

Path loss (10 GHz & 10
miles): - 136 d B

Power at the rece ive r

Output ca rrier-to-noise
ra tio: + 14 d B
Th e actua l sig nal-to­

noi se ra t io wil l be some­
what bette r because of the
FM improvemen t resu ltin g
from the high mod ulation
index if the full 75 kHz
deviation is used. By go ing
to a pa ir of 3-foot dis h
anten nas. a ga in of about
36 dB is obtained. This will
improve each end of the
link by 16 dB fo r a tota l
ga in in SNR of 32 dB over
the case above. Of course,
t he improved 5NR can be
traded fo r greate r range at
the ra te of an add itiona l 6
dB of loss for each dou­
bling of the distance .

Do ppl er Processo r
The x-band transce ive r

may be used as a n effec­
tive Doppler radar fo r pro­
tecting t he goodies in you r
ham shack fro m burg lars
by add ing the Doppler pro­
cesso r section described
next. Dopp le r radars re­
spond only to movi ng re­
flec tors, and, if proper ly
employed, can p rov ide
nea rly fo o lp roo f protec­
tion against intruders. The
trick is to ac hieve a very
low fa lse-a la rm rate so the
circuit is not cont inual ly
" crying wolf."

The Doppler effect re­
fers to an apparent sh ift in
the freq uency of a radio
signal whic h occurs if the
transm itter is moving rel a­
tive to the receive r. The
amount of frequency off­
set that occurs is dete r­
mined by both the trans­
mitter frequency a nd the
velocity of the tra nsm itte r
relat ive to the rece iver .
The frequency sh ift is given
by the simple fo rmula: F =
to X VIC. F is the shift. fo is
the transm itter freq uency.
V is the ve locity difference
and C is the speed of light.
The frequencies are in Hz
and t he ve locities in meters
pe r second. In the rada r
case, the signal expe ri­
ences the Do ppler effect in



Dc supply Frequency shift Frequency shift Frequency shilt
voltage matched load osc. pulled high osc. pulled low
Valls vswr 1.1 to 1 with 2 to 1 vswr with 2 to 1 vswr

7.0 - 15 MHz - 25 MHz - 25 MHz
7.5 - 7 MHz +5 MHz - 18 MHz
8.0 0 MHz + 10 MHz - 14 MHz
8.5 +5 MHz + 13 MHz - 7 MH z
9.0 +8 MHz + 17MHz - 6 MHz

Table 4. Effect of load vswr on frequency pushing. This table indica tes the effect of load
vswr upon the cen ter frequency and tuning sensitivity of the oscilla tor. Note that when
the frequency was pulled low, the initial frequency could not be restored with supply
voltage. Diode number 1 was used with a .290-inch diameter iris.

Fig. 10. X-band transceiver waveguide. The func tion and
size o f the fe ttered holes are the same as in the table in Fig.
6.
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cated .
The seco nd stage of the

processor, U2, also uses
the CA 3130. Positive fe ed­
back around th e amplif ier
is empl oyed to obta in a
sq uaring am plifie r. The o b­
jec t ive is to turn t he com­
plex s ine-wave Do ppl er
a ud io in to a series of
10-v ol t p e ak -t o -p e ak
sq ua re waves . The input
c ircui t of U2 is a bit novel
a nd requires so me explana­
t ion. The voltage d ivider
consis t ing of R7, R8, and
R9 forms the referen ce for
bo t h t he inve rti ng and
nonin verting inputs. This
reference vo ltage is about
5 volts . The 6.8-0hm re­
s istor, R8, ensures that the
vo ltage at the invert ing in­
p ut is a lways about 34
milli volts more po si tive
than the noninverting in­
pu t. In the abse nce of an
a ud io input signa l (which is
ac coupled), the op amp is
alwa ys d riven to ground
potential be cause of the in­
tentiona l 34 millivolt off­
se t introdu ced between the
inverting and noninver tin g

I ~STJl L L SHORT BLOCK
FA R END PER f IG. 4 .

)- .~OO·"r- ~. -------- ~~{gv a

LOO" 8 J 'c

L '
",,~,,~::~,~ """
.2 aO - . 29~ D' A . MAn FRQM I~ STAL L OUTPU T
.020 TO O~O BRJlSS FLJl ~ Gf T ~IS END.

,
'" . (7\+ 1."', .. \' \V f---'-

ages. Thu s the c irc uit w ill
interf a c e dir e c tl y wi th
CMOS and, in t he case of
th e sq ua r ing a m p l ifi er
stage, will provide an out­
put swing eq ua l to the su p­
p ly vo ltage. Thi s saved
some parts.

The noninverting input
of U1 is biased at + 5 vo lts
by the voltage d ivide r, R3
and R4. Input capac itor C1
a nd res is to r R1 form a hi gh­
pass filte r with a 4-H z cor­
ner freque ncy . R2 and C2
fo rm a 40-Hz low pass . The
amplif ier gain is se t to 60
d B by feedba ck resistors
R5 and R6. Capaci to r C5 is
used to obta in a 40-Hz
high-pa ss ro llo ff in t he
feedback network. The 68
micro farad capac itor, C4,
in conj u nc t io n with R6,
causes t he gain to de crease
bel ow 4 Hz. The ampl ifier
ga in is un ity at dc so the
o ut put s its a t the inpu t bias
po int of + 5 volts in the
a bsence of an inpu t signa l.
Hi gh-freq uency compensa­
tion of the preamplifier re­
qu ires a 100 pF capacitor
from pin 1 to pin 8 as indi-

real person is o bta ined in
about 2 seconds.

The proce ssor has fo ur
ma jor sections: a n input
pre amplifi e r, a sq uar ing
amplif ier, a pu lse counter,
a nd an output thresho ld
detec tor . It a lso co nta ins a
power supp ly for t he pro­
cess ing c ircu its an d a
regul a tor fo r the C u nn­
diode osci llator. Two LED
ind ica tors are provided to
aid in setting the ci rc uit
se ns it ivity . O ne b lin ks
when Doppler is present;
t he othe r ind ic a te s a n
a larm-dec is ion o utput. Fi g.
12 is a schematic d iagra m
of the c irc uit

The inp ut pre am plifier
has a 4-40 Hz bandpass
which is o bta ined by RC
roll otfs in the inpu t and
fe edback netwo rks. The o p
amp, U1 , is an RCA ty pe CA
3130 FE T input op a mp. I
used thi s part in all three
stages of the processo r be­
cause it has a number of
adva ntages for this type of
circ u it. The high-input im­
peda nce permits good low­
frequency re spo nse wi th
sma ll (0.1 1J.F) capac itors. If
a 741-type a mplifier were
used , some tru ly hu ge
va lues wou ld be required
to obta in response to 4 Hz.
The FET input stages a lso
permit the CA 3130 to run
from a sing le-e nded supply
w ith the commo n-mode in­
pu t vo ltage at t he inpu ts as
m uch as o ne-ha lf vo lt
be low ground . This was
hand y in the last stage .
Finall y, the output sec tion
of th is chip is a CMOS in­
ve rte r used as an a mplifier.
This pe rmits the output to
swing wit hin 50 milli volts
o r so of the su pply vo lt-

both direc tions of propa ga­
tion, to a nd from t he tar­
get. He re, t he resu lting
shift is doub led fro m the
va lues given by t he fo r­
mula.

The Doppler effec t is
used in a variety of radar
ap p lic a t ions w he re mea­
sureme nt of speed o r sep­
aration of moving fro m sta­
tiona ry targets is desired .
The police speed meters
are one exa m p le, o f
course, but othe rs inc lude
air sea rch radars which use
Dopp ler to re ject ground
cl utte r (gr o und does n' t
move) and accept airplanes
(which a lways move).

If an intrus ion-detection
radar operates at 10 GHz,
t he m a x imum Do p p le r
shift obta ined with a wa lk­
ing pe rson as a ta rget is
about 40 Hz. The lower end
of the Do ppler range ex­
tends to very low frequen­
c ies. I used 4 Hz as t he
lower band edge of the p ro­
cessor after obse rving the
Dopp le r o utput o f t he
transce iver on a scope and
determining that there is a
lot of ene rgy near d e: some
of us d on't move a ll tha t
fas t! In any event, t he 4-40
Hz processing bandwidt h
seems to work well in prac­
tice.

The object ive in the pro­
cesso r design is to o btain
pos it ive t arge t detection
wit h a low fa lse-a la rm rate.
The circuit has to have
some "sma rts" so that it
does no t trip o n the f irst
cycle or two of 4-40 Hz
audio to come out of the
Dopp ler mixer. In o rder to
obta in a n a la rm o utput,
the p rocessor require s that
a large number of cycles of
Do pp le r occ ur within a
re lative ly short spa n o f
time and that more recent
events be given greate r
we ight th an th ose wh ich
occu rred man y seconds
ea rlie r . T h is fe at ur e
preve nts noi se from caus­
ing si ngle-eve nt fa lse
a larms, and , as a conse­
q uence, the c irc uit a lmost
never produces a false out­
pu t. An alarm o utput on a
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Fig. 11. Connection of an i-f p reamplifier to the X-band
transceiver. C is the shunt capacitance of the diode mount
(abou t 13 pF). Inductor L tunes the mount capacitance to
the i-f freq uenc y and p ro vides a dc return for the crys tal
current. A 3N200 or simila r dual-gate FEr would make a
suitable preamplifier.

inputs. This offset is suffi­
cient to overcome the
worst case input offset of
the op amp and ensu res
tha t the output vol tage
always swings to gro und .
This is done so th at the LE D
drive r, Q1, is no rmally off .

The particular configu­
ration used was c hosen
because it is independent
of both supply-voltage and
resistor variations . No
p recision parts a re re­
quired.

The Doppler signal is
coup led into the sq ua ring
amplif ier input from the
p rea mplif ier stage via
capacitor C6 and gai n con­
trol R10. When R10 is set to
full gain . less than 50
millivolts of Doppler at the
input to the squaring
amplifier is sufficient to
obtain a j Ovolt peak-to­
peak square wave output
fro m U2. The presence of
Doppler causes LED - 1 to
flash at the Doppler ra te .

The circuitry following
U2 is the heart of the pro­
cessor. It is here that the
low false-alarm rate is ob­
tained . In effect, the circuit
is a n analog pu lse counte r
with a sho rt memory. The
first section, consist ing of
C7, R13, and CR1, is a recti­
fying differentia tor. It con­
ve rts the square waves
from U2 into a series of
short positive-going pulses.
The shunt diode rectifier
clips all negative-going
edges so only the positive
pu lses remai n.

The se po sitive pu lses
cha rge (8 th ro ugh R1 4.
The series 1 N914, (R2,
prevents the accumulated
charge from discharging
back th rough R13 to
ground . The effect of R14
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is to make the narrow
positive pulses into a cur­
rent source. As a result, the
voltage accumulated in (8
is a fu nc tion of the number
of input pu lses . The ci rcuit
is esse n t ia lly a p u lse
coun te r wit h an a na log
voltage output.

This approac h is simpler
and cheaper than a digital
counter and can be made
to " fo rge t" at any rate
desi red . The object ive is to
have t he ci rcuit slow ly
reset itself if an insuff icient
num ber of pul se s a re
counted. This is a way to
give more recent events
more weight in dete rmin­
ing if there is an intruder
present . Two groups of
pulses separated by a short
interva l in time should set
off the a larm . Simi la r
groups spaced wide ly
a part in t im e (seve ra l
min utes apa rt) shou ld not.
The " fo rget-it" funct ion is
obtained by R17, whic h
slowly disc harges C8. Ad­
justment of R17 allows the
circuit to have any mem­
ory time requi red .

The output of the ana log
pu lse counter is app lied to
U3, a no the r (A 3130 c p
amp. U3 fu nct ions as both
a h igh-imped ance com­
parator and as a one-shot
multivibrator. The invert­
ing input of the amplifier is
referenced to + 2 volts by
R15 and R16. The voltage
from the analog pu lse
counter is app lied to the
no ninverting inpu t. When
this vo ltage is less than + 2
vo lts, the outpu t of U3 is 0
volts . When the input ex­
ceeds + 2 volts. the output
of theCA 3130 goes to + 10
volts and the ci rcuit
becomes a one-shot.

The one-shot functions
as follows : C9 is initially
discha rged via CR4. CR3 is
reverse biased, which ef­
fectively disconnects C9
from the inpu t to U3. Thus,
the o nly capacitor in the
pulse counte r circ uit is C8.
When the output of the (A
3130 goes to + 10 volts,
CR3 beco mes ~orward bi­
ased . and since C9 is essen­
tially discharged. the volt­
age at the no ninverting in­
put of U3 is nearly 10 volts .
This positive feedback
hold s the output of U3 at
+ 10 volts . (9 starts to
cha rge through R1 7 and
t he vo ltage at t he no nin­
vert ing inpu t fall s toward
ground at a rate deter­
mined by the R17 and (9
time constant. C8 is also in
the act, but to a lesser ex­
tent because of its lower
capacitance rel a t ive to (9.
Eventua lly, the vo ltage at
pin 3 drops below + 2 volts
and the circuit resets. The
output voltage from U3
t hen returns to grou nd
potential. The output pulse
width is more than one sec­
ond with the values shown.
The arrangement of the cir­
cu it is convenient in that
longer pu lse widths may be
obtai ned by increasing the
va lue of ( 9 without any ef­
fect upon the ana log pu lse
counter. In one version of
the ci rcu it. the output
pulse width was increased
to 3 minutes by increasing
(9 to about 60 ",F . In this
app lication. the ou tput
pu lse operated an alarm
ci rc ui t d irect ly fo r a
d-minute interval.

The LED dr ivers. Q1 and
Q2, are 2N2222 or simi lar
NPN tra nsistors connected
as emitter followers. Just
about any LEO will work. I
used the high-efficiency
HP 5082-4650 types which
ma ke a lot of light from
only 10 mA of cu rrent. If
lower-effi ciency LE Os a re
used, t he 820-0hm resis­
tors. R1lJ and R19, may be
reduced in va lue to obta in
more cu rrent. Note that the
LEO d rive r collectors are
re turned to the unregulat-

ed + 'l z-volt line and not to
the + 10-volt regulated
supply. This is intentional.
The current pulses created
by the LED drivers could
get back into the low-leve l
input stages and cause an
osc illat ion via the +10
supply line . By using the
connec tion indicated. the
voltage regula tor isolates
the low-level stages from
these current pulses .

The Doppler processor
operates from a nominal
12- to 15-volt dc input.
Higher voltages can be
used if the hea t sinking of
the supply reg ulators is im­
proved . A to-volt supp ly
was c hosen for the op
amps to ensure sufficient
" ove rhe ad" to maintain
the voltage regulator in
regulation . The (A 3130s
req uire at least 8.5 volts to
rea lly work we ll. The regu­
lator for the Gunn-d iode
osc illa to r su pp lies + 7
vo lts a nd is compatib le
with the Mic rowave Asso­
ciates Gunn diodes. The
8-volt Alpha parts will also
work from this voltage .

The regulator circuit was
designed to supply the
7- and 1o-volt requirements
using standard 5- and 8-volt
j-te rmina l reg ulators of the
M( 7800 se ries. Seven volts
is obta ined by offsetting
the common terminal of
U4. a MC7805 CP, .2 volts
above ground. This is ac­
complished with emitter
follower Q3, which has its
base referenced to a divid­
ed sample of the z-volt
regu la tor output. The sam­
ple is der ived from d ivide r
R22-R24. Resistor R24 is a
select in test va lue and is
used to adjust the circuit to
exactly 7 volts of output.
The divider canno t be fixed
because of the wide out­
put-voltage tolerance of
U4 and the variations of
Vbe of Q3. The + 10-volt
reg u lato r is ma d e by
referencing the common
te rmina l of an 8-volt three­
termi na l regu la tor chip to
the + 2-volt source at the
emitter of Q3. The current
from the common terminal



Photo F, X-band tra nsceiver breadboard. The X-band transceiver was developed by add­
ing a simple "diode in the guide" m ixer assembly to the breadboard oscilla tor. The cou­
pling iris is clamped between the mating waveguide flanges .

to ground fo r both c hips
runs th roug h Q3. An emit­
ter follower was used
rather than a simple resis­
tive divider to provide a
low-impeda nce constant
voltage sink for this cur­
ren t and to avo id the
necessity for hi gh-dissipa­
tion low-value resi stors in
th e vo lta ge-d iv ide r net­
work .

Doppler Radar Construc­
tion

The complete Do ppler
radar is packaged in a 5.5"
x 1.5" x 3.0" minibox as in­
dicated in the photos . The
Xvb a nd trans c e iver is
mou nted to the top ex­
teri or su rface of the box
with a cla mp whic h grips
the waveguide. The Dop­
pl er p roc esso r c a rd is
mounted inside the box
and attached to the same
surface as the waveguide .
The card is mo unted wit h
numbe r 6 sc rews and
space rs . This a rrangement
make s it possible to
remove the bottom cover
for te st o r s e rv ic i ng
without d isturbing any wir­
ing. The sensitiv ity co ntro l
and input/outpu t terminal
strip are moun ted o n o ne
side o f the box. The lED in­
dicators were moun ted on
one end of the bottom
cover a nd connec ted to the
circuit ca rd with long leads
to permit easy re mova l of
the cover.
. The Doppler proce ssor
card is constructed using
coppercl ad PC board and
push-in standoff termina ls.
Wiri ng is a ll point-to-poin t .
The re is no parti cul ar
magic in the layout except
to keep the signa l fl ow in
o ne direction. The circuit
does have a lot of gain , but
no d ifficu lty with osci lla­
tion was encoun tered . Just
keep the o utput portions of
the ci rcui t from being
routed nea r the prea mp li­
fie r input. Signal flow is
from right to left in the
photo of the c ircu it card .
U1 is in the lower right­
hand corner of the ca rd
and U3 is in the lower left-

ha nd corner. The three
large pa rts to the left of U1
are capac ito rs fo r a 12Q-Hz
not ch filter that was
deleted from the ci rcuit .
They are not requi red and
are not indica ted on the
processor sc hemat ic. The
vo ltage regulator chips, U3
and U4, are mou nted to the
c ircui t ca rd . This arrange­
ment pro vides su ff icien t
heat sinki ng fo r the power
dissipated at input vo lt­
ages up to 15 vo lts .

The output from the
Doppler mixer is c o n­
nected to the processor in­
put at termi na ls T5 a nd T6.
Shielded ca ble is used to
preven t noise pickup. The
mixer d iode on the X-band
transceiver has a n ou tput
term inal a nd a ground ter­
m inal . A 10k re si st or
shou ld be connec ted from
the o utpu t te rmina l to
grou nd . This serves two
purposes: It provides a de
return for the Doppler mix­
e r and it se rves to ensure
discharge of the coupling
capacito r, C1, in the
Do pp ler-proc e ssor pre­
ampl ifier. The o utput ter­
minal o f the mixer is con­
nected to inpu t terminal T5
on the processor via the

shielded center conduc tor
of the input cable. The
ground te rminal on the
mixer is co nnected to T6 on
the processor with the coax
cab le braid .

The connections to the
mixer from the preampli­
fier should be made prior
to final insta ll at ion of the
mixer diode . This is done to
redu ce the danger o f diode
bu rnout d uring the solder­
ing o pera tion.

The Gu nn-diode oscil­
lator portion of the X-ba nd
t ransceiver is powered
from te rminal T7, the 7-volt
out put of the p rocessor
voltage regula to r.

Doppler Radar Operation
and Test

So me init ial test ing o f
the Doppler proce ssor may
be perform ed indepen­
dently of t he X-hand cir­
cu itry. This is useful to
isolate any prob lems with
the processor.

After c heck ing the wir­
ing, apply 12 to 15 volts dc
to the p rocesso r supp ly in­
put termina l, 13. l oad the
+ 7-vo lt regul ato r with a
50-Ohm, 1-Watt res istor .
This will draw 140 mA from
the osci llator supp ly and

wi ll simu la te the Cu nn­
oscillato r load. Measure
the + 7-volt regu lator out­
put . It will not be exact ly 7
volts . Adjust the se lect in
test resistor, R24, to obtain
7 volts within a tolerance
of p lus or minus 250 milli­
volts . The vo ltage at the
outpu t of the + 10-volt
regulator should be checked
and will be pretty c lose. 9.5
to 10.5 vo lts is acceptable.
Voltages less than 9.5 will
cause perfo rmance of the
op amps to degrade. If all
is well , the voltage at t he
emitter of Q3 will be just
about 2 volts. If this is the
case and the t o-volt supp ly
is wrong o r inopera t ive, the
problem is with U3. If both
supplies a re wrong, the
problem is with U4 and Q3.

O nce the de su pply is
opera ting, the rest of the
circu it m ay be tes te d.
Whe n power is first ap­
plied , the large capacitors,
C3 and C4, must c ha rge. U1
will be inoperative for
about 20 seconds, so do
not worry if thi ngs don' t
work immed iate ly a fte r
power-up.

Apply a 2Q-Hz aud io sig­
nal to the preampli fier in­
put. Use plenty of attenua-
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Fig. 12. Doppler-signal processor schematic. This circuit provides a 1().. volt CMOS-compatible logic output when a Dop­
pler return is received. The output stage will provide up to 2 mA of output current to an external load.

tion. 50 or 100 microvolts
rms should be suff ic ient.
U1 has a gain of 1000 (60
dB) and will easily provide
the 50 millivolts of input
required to drive U2 to full
output.

Increase the input to U1
untiI5()'100 millivolts is ob­
tained at test point T8. Set
R10 for maximum sensitivi­
ty and c heck for a square
wave at terminal T1. The
amplitude shou ld be 10
volts peak-to-peak.

At thi s point, LED in­
dicator 1 shou ld be illumi­
nated . Removal of the
audio input or a decrease
in gain adjustment will
ca use the LED to go out. If
it remains on, check to see
if pin 6 of U2 has returned
to ground. If pin 6 is at
+ 1 0 volts instead of
ground, then there is a
problem in the input biasl
offset circuit of U2.

With the square wave

present at T1 , a series of
sharp pulses shou ld be ob­
served at the junction of
C7 and CR1 . The pulses
shou ld be positive-going
and have an amplitude of
several volts. The pulse
will be in phase with the
positive edge of the
squaring-amplifier output.
A small negative-going
pulse will occur in phase
with the falling edge of the
square wave, but will be
clamped to - 0.8 volts by
CR1 .

If all of this is working,
then U3 will have decided
that a target is present and
will have a +1().volt out­
put at T2 .

Remove the audio input.
T2 sho u ld go low in a few
seconds. Apply the audio
input. T2 will go high in
about 2 seconds. If the
voltage at pin 3 of U3 is
observed on a scope or
very high impedance

meter, it will be seen to ri se
slowly upon application of
audio input. If the input is
removed prior to reaching
the + 2-volt threshold , it
will be seen to decay as
R17 discharges C8.

If the 2-volt threshold is
reached, the monostable
trips and the voltage at pin
3 will jump up to nearly 8
volts as the positive feed­
back is coupled from C9
via CR3.

LED 2 should be illumi­
nated whenever a signal
has been applied for more
than 2 seco nds.

Upon c o m p le t io n of
testing, the processor may
be operated with the
X-band transceiver. When
first connecting the trans­
ce iver to the processor, be
sure to observe the cau­
tions with regard to con­
nection of the mixer diode.
Do ensure that C1 is dis­
charged and make the

mixer-diode c o nne ct io ns
with the diode removed
from the mount or with the
mount sho rted. Al so, be
sure to check for oscil­
lation of the C unn-diode
supply regulator . I en­
countered no difficulty as
long as the .1 ,..:F capaci to r
and 33-0hm resistor oscil ­
lati on suppressio n network
was used at the Cunn­
oscillator power terminals.

Place the unit in opera­
tion and connect a sco pe
to T8 and a d c VTVM to pin
3 of U3. Walk in front of
the waveguide output and
observe the Doppler wave­
form on the sco pe . The dc
voltmeter will indicate the
charge and discharge of
the pulse-counter circuit.
LED 1 will blink whenever
there is motion and LED 2
will be illuminated when
enough Doppler cycles
have been cou nted to give
an alarm indication.
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Fig. 13. High-current driver. Th is circuit uses a high-current
Darlington power tra nsistor [Mo torola MJ 3000) and will
boost the output capability of the Doppler processor such
that loads up to 2 Amps at 24 volts ma y be driven. The
d iode is to prevent inductive k ickback damage to the tra n­
sistor if inductive loads are connected. The two unlabeled
resistors are included o n the monolithic Darlington chip.

mand links for repeaters.
Doppler radars are inter­

esting projects in them­
se lves. The Doppler pro­
cesso r presented in this ar­
ticle is a practical design I
developed to deal with real
intruders. Two such units
have been in operation for
several years with sa t isfac­
tory resul ts. I am sure th at
someone will find other
uses for this handy form of
motion detection .

This article would not be
complete withou t a word
with regard to the " rad ia­
tion hazard ." Much has
been written of late wh ich
alleges a " mic rowave radi ­
ation hazard ." A lot of this
is uninformed specu latio n.
It has been known for years
that microwav es (and
lower-frequency rf) cause
heating of tissue and that
high-power so urces suc h as
radars are hazardous.

A major diffi culty oc­
curs in attempting to ex­
trapol ate the observations
for sho rt exposure to high­
power so urces to long ex­
posure t o low -power
so urces. At present, the
permissible level for con­
tinuous exposure to micro­
waves or low-frequency rf
is not known. Certain stan­
dards have been proposed
(10,1 , or 0.1 milliwatts/sq.
cm) in an attempt to be
supe r safe until more data
is accumulated.

Conserva tive sta nda rds
are one thing. The real
qu estion is thi s: What pre­
ca ut io ns sho u ld be o b­
served in amateur micro­
wave act ivit ies? I apply the
sa me rules that I have used
and obse rved as a working
microwave engineer in in­
du st ry for the pas t 15 yea rs.
They apply equa lly to mi­
c rowave proje cts as to
your 2 meter kilowatt. Do
not stay in situations of
high-power density fo r long
periods. Do not sta re into
the o utput of a waveguide
source for any period of
time at sho rt di stances. The
level fall s off rapidl y with
distance and is negligible
beyond seve ra l inches for
low-power X-band so urces .
Remember that a high­
power VHF transmitter is
equa lly hazardous if you
in si st in holding the anten­
na or sta nd ing within a
wavel ength of it. Time is
al so a factor . The low­
power de nsity recommen­
dations assume exposure
on a co nt inuo us basis. This
is se ldom the case in a hob­
by act iv ity, In sho rt, use
common se nse.

I hope that thi s article
ha s pr ovided a sta rt ing
po int for some interesting
projects. I will look for­
ward to hearing from
anyone who e it he r builds
the equ ipment o r who has
further questions. •
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Conclusion
In writing thi s article, I

have tried to inspire in­
terest in X-band microwave
pro jects at seve ral level s.
The theory of C unn-osc tl­
la tor operation and a basic
oscillator design are there
for those who want the
" how-to" information to
build one into a communi­
cat ion system of their own
design.

The x-band transceiver
presented is far from an op­
timal gad get (espec iall y in
terms of noise figure), but
it does provide a simple
and inexpensive veh icle for
experime nta t io n in both
X-b and communications
and Doppler radar. I would
like to see someone mount
two tran sceivers at the
fo cus of a pair of 3-foot
dishes and have a QSO or
two. A num ber of years
ago, a friend se nt fast-scan
TV over a 100G-foot path
using a similar arrange­
ment. By add ing et te n­
uators at the re ceiver, a
1O-mile path was s imulated
with good results. X-band
offers plenty of oppor­
tunity for TV experiments
and for truly secure co m-

Antennas
I use a sma ll horn having

a length of 2.5 inches and
an aperture of 2.3 and 3.0
inches . This is not a n
especially good horn de­
sign from a side lobe stand­
point, but it se rves the pur­
pose. Horns a re easy to
make and have the adva n­
tage that their gain and
beamwidth are easily cal ­
culated . You ca n make a
horn which will almost ex­
actly cover the area to be
protected.

out hi s ca r!
The unit may be installed

in a wood cabinet and will
work right through materi­
als such as one-quarter­
inch paneling or plywood.
Wallboard and plaster at­
tenuate the signal and tend
to mitigate the effects of
passing autos if the unit is
properly positioned.

For these tests, the open­
ended waveguide is suff i­
cient antenna. The gain is
about 5 dB. A range of 10
feet or so will be obtained
with this antenna.

The Doppler frequency
may be counted by co n­
ne cting a fr equ ency
counter to T1 . Use a gate
time of one seco nd . The
count acc umulated will be
the total number of Dop­
pler cycles averaged ove r
the one-se cond interval.
Observation of the scope
will confirm that the Dop­
pler waveform is complex
and is not a single frequen­
cy.

The processor outpu t is
a CMOS-compatible logic
level that goes from 0 to
+ 10 volts when a target is
detected. In my applica­
tion, CMOS logic was used
to process inputs from a
number of se nsors. The
output may also be inter­
faced directly with othe r
devices. The CA 3130 out­
put stage will source or
sink 5 milliamperes, which
is suff icient to drive an out­
put buffer or relay driver
for higher current loads.
Fig. 13 is a suggested buffer
for load s of up to 2
Amperes .

If the radar is to be used
as an intrusion detector,
se t it up for a couple of
weeks in the intended loca­
tion . Connect an e lect ro­
mechan ical co unter to the
output to re c ord fal se
alarms. This will permit op­
timi zati on of the sensitiv i­
ty setti ng and installation
without creating a lot of
bothersom e fal se a la rms.
The circuit has plenty of
sensitiv ity and will see a
person at up to 100 feet
with a 20 dB gain antenna.

Avo id in st allation s
which look directly at a
street. Autos have a large
radar c ross sec t ion (as
most of us know by now)
and are dete cted at a
greater distance than peo­
ple. What you definitely do
not need is a noisy device
which inform s you that
your neighbor is backing
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