ATV Transmitter from
a Microwave Oven!

Low-cost high-power microwave operation has arrived.

by David Pacholok KASEY|

_ WARNING
 The fllowing construgiion pro-
Ject 15 not intended for novice
* buiidarst i you are nat qualiiad o
3 WORI wilth SO00 volts and 500 Watts
. ‘of microwave pawer, DO NOT ar-

he majority of the amazsur spec-

rum allacarion lies abave 1300
MHz, yer when you scan those hands,
you rarely hear anything but band
noise. Hams have let these regions lay
fallow becausc of the idea thut mi-
crowave cquipment is complex, capen-
yive, or just unavailable,

Tobe sure, there are concepts unigue
o microwave design. but they are net neces-
satily harder v gresp than those in lower
frequancy RF design. And. as microwave
applications find a larger place in sociery, as
with ovens, and satellive TV, afforgahility
and avaitahility of surplus micrawave equip-
TENE CONRtantty increages.

Projeri Features

The goal {or this project was o provide an
inexpensive, relatively simple high power
MUCTOWAYE [EnSmilter using a4 microwave
oven fs the foundation. This projocl meets the
firllowing gonls:
wLonw cost—less than 3200,

*High power cutput—250 Waits ninimum.
*Parts readily available from consumer elac-
tronic supply houses.

*Emiczion type compatible with standard
low-coRt B/W relevision receivers.
*Frequensy of #mission in the 2390-2430
MHz smateur band, comparible with Mulri-
point Distribution System (MDS) TV down-
convernters, (Hirrarically, rhese downcon-
veriers have heen migused o Cpiraret”
television movic distriburion at 2156 and
2162 MHz, They have beon widcly sold
through agazine advertiscments e clec-
rronic fles markets, so there are tens of thou-
sands of then in existence )
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Fhote' 4. Wavegnide sharing plate, o prevent the mi-
crowive RE frown enrering the cooking chamber, and o
reflect this energy back to an E-fieid probe.
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Figare 1 {iraph showing frequency versus fy
For the magnerrow. This shows that owpw
frequensy ie (non-tinearly) relared to curreni
I PR PO QREIFN.

=The hagic transmirsr seheme iR wiapable o
nther smigRinn mndes, such as narrowband
FM, with phase-lnck circuitry descnbod
By,

Trludification Description

A microwave oven megaciron is 4 seif-
contained, crossed-ficld power oscillator.
Built-in cavilics primariky deterauing oscilla-
tion frequency . with anode voltage and mag-

netic fisid having a secondary effcct
oo this. '

First, | modified the magnetnon cavi-
tv 1a couple RF 1o @ mansmission Line
instzzd of to the oven compartment. 1
removed the ioteoor radome/splattar
cover, ficld stirrer bliodes, and mag-
netron output makching section, Next, [
shorted the wavegnide open end with &
platc {Photo A} and installed an B-fleld
probe te couple the RF 1o an N-connec-
tor cutput jack. {(Photo B shows the
details of the construction of the E-field
probe.)

Magnetron current, valtage, and fre-
quency wers measured and piotted in-
dependently ro quantify performance in
this modified cavity, In power outpul
v&, cathode curment measurements, for
apower am range of S0-400 Watts, and
& cathode current of 50-250 ma, 1
found a very lincar relationship. See
Figure 1 for the (requency vs. curment
curve. This duts suggests that!

1. The 2M1E9A magnetron js & cur-
reni-operated devics, The anode-to-
cathode volloge chinges only about 1 per-
ceol, with a 2.1 change in cathode current I,
2. Power output is 8 linear fusetion of 1.

3. Culpyt frequency is a non-linear (but
monotonic) function of I, with increseed
curTent causing an cperating frequency in-
cressé, The Average frequency “pushing’
coefficient is about 0. 1 MHzmA , with & usc-
fol frequency swing of about 20 MHz.

What Mode To Use?

The above conclusions ruled out AM
double~sideband video, because of e large
incidental F3 that would result, On the other
hand, an FM devialion of 2 MHz wouid cause
incidental AM of only 15-20 percent, 5o 1
investigaled wideband FM video trens-

Ta check compatibility with existing TV
receivery, Tused an FM videe-mndulared sig-
nzk generaor o5 0 signal source for an MDS
downonverier and & 5-inch monochrome re-
velver. I got a fair goality plenurs with the
1elevision adjusted for IF slope derecrion, and
with syne and vertical lock achieved ar dovia-
tionsof 700 kH2 1 3.0 MHz, The bast picture
quality occurred o 2.2 MHz deviation.

Maodulatar CIrcuit Descriptivn
The maodulator serves two purposcs. First,



it is @ high-voltage current source with high
open-loop gain, seting the magnetron cur-
rent o0 a known value, and establishing a
frequency and power output. See Figure 2.
UZ, a 78OS S-volt regulator. establishes a
reflerence voliage adjusted by RS and R6.
This voltage is applied to the non-inverting
input of high-speed op amp UL, which drives
source follower Q1. The output of Q1, plus
R9 and R7. provide negative feedback to U1
inthe ratio 5.7:1. Atequilibrivm, Q1's drain/
source current produces a voltage dropacross
R11 that equals 5.7 times U1"s non-inverting
voltage.

Temporarily ignoring screen grid cucrent,
plate current equals cathode curreat in V1
(#,b combined). Since V1's cathode current
equals Q1's drain current, Vi rises or falls
until the V1 grid 1-to-cathode bias causes
Ip =l =1p = I5. V1 is therefore 2 ground-

ed-grid voltage amplifier with a current gain
of unity, with enough voltage capability o
drive the magnetron. However, to an input
voltage at Ul, a transconductance amplifier
is formed. with transconductance given by:

LI (R 1y
Aav ( R7 (R11+R9+m =20

Bandwidth of this amplifier must be suffi-
cient for the modulator's second 56—
video modulation. This must be 4.5 MHz, if
you want 1o include the audio subcarrier.
Frequency response measured with a current
probe m the plate leads of V1 was down 4 dB
a4 5 MHz. Adding C6 (1200 pF} provides a
pole for this frequency, flatening the re-
sponse to beyond 6 MHz. C1 and R8 serve to
coupie an external 4.5 MHz subcarrier gener-
ator 1o the modulator,

A floating screen supply of about + 100
volts is provided, with R28 included to limit
screen dissipation. The floating supply al-
lows only plate current (magnetron current)
to be included in the control loop. Additional
components with functions are:

#R3, R14, and R15, which prevent parasitic
oscillation in Ul and V1.

*R12 and R13, which aid current sharing in
Vlaand Vb,

*D3, which protects Q1 in the case of V1
arc-over.

*Conventional power supply rectifiers, fil-
ters and blesders.

Waveguide/Cavity Operation

The waveguide circuit is deceptively sim-
ple: The oven’s TEyg waveguide feed (from
mbe to cavity) is shorted with a copper plate.

400500 wam consumer micTowdvé Ovan. Suitible models

Oven
intlude Hotpoint REEDOE, Whinpool MWW 1000XS-D or MW
120005-0, Tappan £6-1007- 10002, and Gosgstar ER-4020. © -

Viab SJERSLOS ’

vz 201894 or ZMZ28A magnetron

o1 VNBALF o grnilar powar FET

i LFAST wicebund op amg

w2 TBOS regulator

01,02 1NS001

o3 " UN4TED, BV, 1W zener dicde

O 1 amp, 200 PTV brage recifier

s 10 KV, 250 ik diode RIS . :

gt-uw lc:.-:ﬂﬂg' AlgG-RZY. ATOkeRm, WZW o :
o uF caramic T . Magnatron and filament ransionmer

cz 10 uF, 25V T2 11?M!umm:mﬁ

C3.c4 100wk, 10V T3 117 WAL I 12,6 VAC 450 ma

=3 JI0yF, B3 MY 0-200 mA DG

=] 1200 pF pobyrtyrene 51 . EPST.5A25W -

G7.ce 0.1 uF carama f Ji Type "N lsmaie panel moyns connecior
AT uF, 150V . .
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Figure 2. Transmitter schematic,
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(See Phono A). Ths is analoges m
4 codzial or microstrip shert,
where wavefronts are reflected
back with o §30 degree phase in-
version. At & quarmer puide wave-
length from the shar:

Ag—

A
wAReyt =

where Ao = IX guide brosdwsll
dimension.

The reflection is in phase with
the incident wave from the mag-
nerron, and an E-field probe (see
Photo Bj is inserred ar this voltage
maximum. Ordinarly, maxzimym
pawer transfor pecurs when this
probe it Af4 in length. Deliberately
shurteming the probe introduces a
repetive mnismuich al the magretron curput
port. Afler an wuknewn number of degrees
rotation witlin the feed strocture (Matsushila
would not provide tube daie), this cawses thie
taagnatron (o be pulled lower in fregqueney by
eote 25 MHz from its design frequency.,
engtititty begal amateatr band operation.

Floating (O peratinn

Cme importane teamere of thic canversinm i
the modificanian of the igh voloage power
suppty for flosling vperation. The original
power {ransformer hed one cod of the sec-
ondary grounded Lo the rame. Iiifed tus end
and attached it to a high-volage load wirc.
Thig rodification eliminates the need o float
the entire modolator above wround. which
alen requires video-bandwidlh opuo-isoly-
tors. ITi-par 1asts at fwice the rated voltage
confirmed thar 1ha medification was reliable.

EME Anyune?

Marrow band FB { =5 FH* deviationd re-
quires # clean RE zource low in neise and
incidentul FM. You can use the phass-lock ar
frequency-luck toop, #s shown in Figure 35,
with the poa-imverting inpuot of 17 | equivalenr
ter the varactor comrol voltage in a conven-
tiotial VCO.

The following noles discuss scotions of
the phase-lock cireuit, wnd tell how w

Photo B. E-freld probe construction deiails.

wirg this citenir into fhe ransminer ondt,

Hefor to Section 4 oo the schematic—the
evertone VA circuic. The enrire unit should
be lemperature controlled ar 70°C by erys-
tal ovens,*” or something simitar. The assil-
totor drifls ac around 100 Hz per degres,
causing about |.6 kHz per degree for the
frequency oul drifl. Stability is traded off for
simplicity in this design.

Refer to the 151,85 MM crystal in the

- VXD cirenit. Choeose this crystal aller you

build rhe aven video transmiter aod measure
the stahle aperating frequency rangs vinig
one UBPSES and 2 600 MHz counter.

Mow refer to rthe crystal oscillator tank
coily. 1o the upper might of the erysral on the
schematiz. You fabricaa thiz by winding six
lurms ol #24 wirc on a 3.3 k %W carhon
resistor, Then, wind one tum of feedback
winding, tighity coupled, and onc tum of
output windiog, lwwsely coupled,

Now leok gt Section B, the cunncction be-
tween the VX0 und the [OC, There is about
0.6V PEF for 300 Hz VX0 deviulion, which
resilts in about 5 kHz of magoeton devia-
vien. The VXO deviation is Linsat up 10 abuul
+ 1t kHz output (roagnetront deviation.

Tn Section C, the IOC is cheap "u' dirry, but
plenry effective, The Handback has a bet-
ter—and mare complicated -—version of this.

Finally, ar Sectien ¥, find the two-foot lead

of RG.174 that comes off pin 6 of
the LF357 IC. Auach this to pin 2
of U1 in the rransminer circuit
{Figurs 2). Refare doing this, how-
ever, be sure 10 remove the 4.5
MHz audicr subcarrisr at RE, and
the video input.

You have now convered the mi-
crowave Uven transmEter oo use
wilh NBFM { +35 kHz) voice mode!
Mow adiust the maynelron cavity
probe length wnd R6 undil te mag-
netron locks vp ot all times during
the maguetron anode warmup (5-7
niinutes).

Transmiiter Improvements

for NHFT¥] .
*Rypass DI ard DH-THT with
00008 v 0,001 WF 3KV minimum caps. This
reduces “hum hars™ in the picomire and lnw-
level audin buze in the NBFM mode.
slgplate the metal caze of the 074 WF (on T1)
capacior from ground with plastic blncks,
nylon serews, or other means. This will also
reducc hum bars and burz.

*|Ising mmsulated mardoiis, isolac T1 lam:-
nations, #nd frame from ground, Thes will
[urther reduce hum bars and buzz, apd will
resull in beler nsulation in T1 after mods.
sDisconnect e magnetren filament
feedtheough (rom ground! Otherwise vou
won't get full video bandwidih, and the
NEFM mwode PLI filter won't work (no
phase margin) . Ses Fhotos C and D,

FPerformance

Spactrum analysis indicated the perfor-
manze of tha rransmimer. The 15t Bessel null
display (1 = 160 mA ¥V, = 3500V, Mod.
mdex = 2.4, Mo treq. = 1 MHz, and
center freq. of 2,431 Gliz) shows rhar the
modulation is prmarily Fh.

Additivmal -Cummem.s and Observations

The {ollowing, notes may or may nof apply
b the system if the MEEM phase-lnck sygem
is installed,

Wanm-up drifl is significent over the first
ten minates of Gpernlion, represcoting ebout

Phowos C, D, Disconneciing the mageiron filamenr feedeivaugh from grownd. Dwill owr the rivety (Phovo C) and push feedthrough 3/16* o shaer
metal bax of magnerron, ard ten cpavy in place (Ehote DY,
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Phote E. Mirrowave lewkagr detector—a
it for this prijece!

15% of the availzhle mning range (2,5 MHz).

Avoil mugnetron “miditg,” appearing
on g spectrny anafyzer as 8 comb instead of §
CW signal. This van be caused by a VSWER,
gréater than 1.3:1, or by operation below
about 50 ma . If low power operation is de-
&ired, rajse the fHament volugo o 3.4 = 1.6
¥, since internzl RF coauributcs o proper
filament {zathode) temipetamre in normal op-
cration.

IF uzed with a rrne FM television recciver,
such &5 a modified satellite TVRO unit, the
simplc pre-emphasis network shown un the
schematic diagram will improve video S/N
by up 1o 10 dB. Alza, TYRO receivers use
greater than 20 MHz IF handwidrh, greatly
reducing the ¢ffects of warm-up drift.

Smal] “*hum burs'' are visibie in the pic-
mre, due tw the {loating high voltage power

supply. This effect is coused by the &0 Hr
switcling of the diodes, varying the capagi-
fance 10 ground at the magnetwn cathude.
Thers trangients are out of the control loop.
Grounding the powcr supply and fioating the
madulater at high volage is a solution, a5 is
floaung the magneiron and caviy. BEither
would imcrease clrewil complextty and in-
Creusc exXporure to hazardouy voitapes,

As with any non-kocked oscillator, 2
change in syrtem Inad impedanee will chanpe
the frequency of aperation. A high power
isolator jx onc solurian, albeit an capensive
one. Tused a stretch ling v measure the lowd
pulling effects of 2 1.5:1 VEWR over all
phase angles. The froquency changed +6
MHz a5 the phass angle varied. At the: design
frequency of 2430 MHz, alf medulasing
products should remain wilin the amateur
bamd. This iz nar a wrivial problem,
and may require line trivuning or line
stretehers to place the phase angle ina
stable regivn, The inwest possible an-
tenma VSWR, is the best solution to the
line-pulling problem.

Bewars!

Remember, for this projecr,
SAFETY [5 PARAMOUNT! This
teansmaitter has 4 kY DC und high
PUWET TICTOWAVE Snergy Present.
Use s microwave lerkage detector 1o
check the imteprity of the modified
unit fsee Phowe E). You can buy an
ineapensive detector suitable for the

job. Also, retzin the doar interdocks {1 in-
stalled the modulator in the now-pnused
cooking cavity.) Antennas can casily have
high gain at rthis frequency—D0 NOT
POINT THEM AT PEOPLE OR OTHER
LIVING BEINGS!

Although thix is nota **high parfotmance™
television tranvmitter, it reprecsmts & low-
¢enst effort W achicve significant power our-
put at microwave freguencics.

Readers interested i finding out mere
ahor this project can contact the author for
details, at Crearjve Bleciromics Conseltants,
1815.W. Higgins Road, Sleepy Holfow, IL
0118, Telephone: (312 328-5675. MR

Artfcle muterials, excapt the phase-fock sys-
temt, were drgum from the March 1989 Daue
af RF Design.

Bloro F. The complete mivroweve oven ATV bramamit-
terunit. The rranemizrar civegdt is focated in the oven's
cocking chambar,



