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A 200-Watt Push-Pull Class-E AM
Transmitter for 1710 kHz

Max Carter

Input power (DC voltsx DC amps): 220 watts
Output power (AM rating; into 50-ohm resistive load):
about 205 watts
Peak envelope power (PEP; at 100% modulation): 820 watts
Operating frequency: 1.71 MHz

This transmitter is based, more or less, on equapoesented
in a 1988 Mark Malloryarticle detailing a single-ended class-E

output stage for a 1-watt transmitter operatinthen160-190
kHz LowFER band. The present circuit is a push-pasiign
and achieves about 93% efficiency at 1710 kHz. difeiit
should be adaptable to transmitting in the 160-meden band
with slight component value changes, or to anydesgy
within the medium or longwave bands (0-2 MHz) bijdwing
the design steps given below. The 'as-built' trattentan be
tuned about 100 kHz either side of 1710 kHz (168001kHz)
without modification.
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The transmitter has the same basic layout as any AM

transmitter, though it may differ in specifics. fobk diagram

of the as-built unit appears below. Refer baclktis diagram as

the parts are explained in the article below. Itemasked

"external" are not described (except in a geneggl)wn the

article.

AM Transmitter Block Diagram
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The transmitter's output amplifier circuit is shoinrigure 1:
{Figure 1)
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The amplifier circuit consists of two of the MaNotircuits
connected in a push-pull configuration with a caugpl

transformer acting as both the finals' tank indactgaand output

matching device. The push-pull configuration allausrent
sharing between two transistors while the transésrpmovides
great flexibility in matching the amplifier to add. The push-
pull configuration also greatly reduces the sedasuonic
content of the output signal, lowering the demamdshe
output filtering.

The .0055 uF value for the capacitors tied to gdoainthe ends

of the output transformer primary was determinednfr
Mallory's equations, as was the inductance ofrdmestormer
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primary. The number of turns specified for the sfarmer
primary winding was determined from the winding rtHar the
specified core.

The output power of Mallory's 1988 prototype wapiatd by
selecting an appropriate tap on the final tank abolu In a
similar manner, the output power of the present (@ithe
specified power supply voltage) is determined ey th
primary/secondary turns ratio of the output transter. The 8-
to-18 turns ratio shown on the schematic was sedetct take
full advantage of the current available from thevposupply.
To state it another way, the ratio shown adaptditiad-stage
10-ohm output impedance to the unit's 50-ohm ougedline
(load) impedance.

The output filter consists of the output couplirapacitor C2
and series inductor L1. This type filter satisfiles basic
requirement for class-E operation: The final 'stesoutput
load at the fundamental frequency only. Higher orde
harmonics are blocked and the filter presents h imgpedance
back to the amplifier stage at those frequencibs. dutput
filter has a Q of 5.

The IRFP350LC MOSFETs in the final are low gatergba

types (the 'LC' in the part number). This type dasduced gate

drive power requirement compared to 'standard'stype
Additionally, class-E operation substantially cdadbe ‘Miller
effect’, a dynamic interaction between the FETandrand
gates caused by inter-electrode capacitancesgefurtducing
the drive power requirement. Adjustment of the psOvariable
capacitor (C1) across the primary (between thendraif the
output transistors), along with SYM and BAL adjustits in
the exciter, serve to fine tune the transformanpry to
acheive optimal class-E operation. After adjustmemb watts
of drive power easily drives the final stage tofuts 200-watt
output.

The output transistors are mounted on a 5.5"x5&tdminum
heatsink. A small fan circulates air across thddiela The
driver transistors are mounted on a small boardntsslu
directly on the output transistor leads.

The push-pull drive signal for the power amplifieideveloped
by the exciter circuitry shown in Figure 2. Thisctiit's
adjustability is the key to obtaining optimal effincy of the
class-E output stage:
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An input signal must be provided to this circudrfr a signal
generator, crystal oscillator, VFO or other solat&@WICE the
operating frequency, 3420 kHz in the case of thiewals
transmitter. (The carrier source for the as-buiit is a
programable synthesizer.) The CD4013 flip-flop des the
input signal by 2 and delivers 'perfect’ 50% dujgle drive
signals to the exciter output gates. A ground @n th
standby/operate input at the bottom of the cirendbles the
output gates. A telegraph key could be connectdtispoint
for CW code operation. The DELAY BAL and SYM corigo
are adjusted during tune-up to optimize operaticth®
transmitter's driver and output stages. The diigeads are
buffered and delivered to the driver transistoesshort lengths
of shielded wire.
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Construction

If you'd like to reproduce this transmitter, thergmnents and
values shown should work as advertised at 1710uditry a
42-volt power supply.

Fixed capacitors should be mica dielectric or |I08FRRype
where indicated; the values shown can be made tp wi
smaller-value units in parallel. C2 should be agraitting type
air or vacuum variable. The output transformer jaryn
windings should be made with AWG 16 or heavier wiree
secondary should be of AWG 18 or heavier. Coresrdtian
the one shown (the biggest one | could find) candez with
the number of primary turns recalculated (see beldve core
material should be type-2 powdered iron.

The output transistors should be mounted to thesheawith
insulating hardware. The heatsink should be grodnde

A 160m version of the 200-watt transmitter can b by
following the schematic in all respects exceptthar following
change: substitute .0044 uF capacitors for theS@F5units
shown at the ends of the output transformer primanging.

If you'd like to try the circuit at other frequeasior power
levels first carefully read the Mallosticle, then decide at
what frequency you'd like the transmitter to ope@isually in
the range from 10 kHz to 2 MHz; seequencybelow), at what
power level (taking into account the available posugpply
voltage and current), and the required output logzedance
(typically 50 ohms), then:

1. Calculate the inductor and capacitor values aad |
resistance per thequationgyiven in the article. (Here's a
calculator) The calculated inductance value will be for
both sides (all windings counted) of the center-tapped
primary.Two of the calculated capacitors will be
installed.
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About the Calculatior

The class-e equations assume a 50% duty
cycle drive signal. Their application to this
(or any) real-world transmitter circuit is a
function of the switching characteristics of
the transistors used in the circuit. Generally,
as frequency is increased, gate charge times
become an increasingly larger fraction of the
on portion of the duty cycle. The result is a
shortening of on-time as frequency is
increased. (See also thiequencyparagraph
below.) The adjustable exciter (Fig 2)
provides for duty-cycle adjustment during
tune-up, compensating for this effect. The
adjustable exciter also allows the designer to
take some liberties with calculated
component values.

The calculated L value for the as-built transmitter is 1.07
uH. The calculated C value is 4829 pF. The installed
value is 5500 pF.

2. Consult the ﬁtablefor the core selected and calculate

the number of turns needed for the calculated itzohoe.
(Calculatehere) Round up to the nearest even whole
number.

The AL value for the T-400-2 core in the as-built

transmitter (fromthe table) is 185. The number of turns
calculatesto 7.6. That number was rounded up to 8.

3. Calculate the primary/secondary turns ratio nédéde
transform the amplifier impedance (the load reaista
determined in step 1) to the load impedance (50s)hm
The turns ratio is the square root of the impedaate,
ie.,

— 2
Zp/ZS— (Tp/Ts) . (calculato)

All of the primary windings (both sides of the centap -
the number determined in step 2) should be coumtesh
calculating the primary/secondary turns ratio. Nt
the primary turns by the turns ratio to determime t
required number of secondary turns.

4. Wind the secondary, spacing the turns evenlyratdiie
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core. Cover the secondary with electrical tape.

Wind the primary in 'bifilar' style over the secary,
spacing the turns evenlplfotg. The total number of
turns on the primary should equal the value detegdhin
step 2. Divide that number by 2 and wind an equal
number of turns on each side of the center tap.
Calculate the values for L1 and C2. The reacwnte
these components should be at least 5 times the loa
impedance (i.e., @ 5) at the operating frequency.

( LC calculator | coil calculator)

Tune-up:

1.

Establish a no-load condition on the transmhier
disconnecting any antenna or dummy load from the
output connector.

Set the power level switch to 'low' and power the
transmitter.

Monitor the DC voltage across the 1-ohm driverent
monitor resistor; adjust C1 and the DELAY BAL and
SYM controls on the exciter for MINimum driver cant
(<200 mA).

Connect an oscilloscope through 10x probes taltams
of the output transistors; verify dual ‘classagveforms
at the drains. Peak amplitude (voltage) of therdrai
waveforms should be about 3 times the power supply
voltage.

Shut off the transmitter and connect a resig+®hm
load (Bird Termaline or similar) to the output cewtor.
Connect a 10x oscilloscope probe to TP 1.

Power the transmitter (still set to 'low’) anguatithe
output coupling capacitor (C2) for maximum amplgud
of the output signal sinewave. Maximum purity o th
output signal (prettiest sinewave) should occuwratear
the point of maximum amplitude.

Set the power level switch to 'high' and readjust
output coupling capacitor as above. (Subsequent
adjustments to C2 can be made with the unit's tineal
wattmeter - see below.)

All adjustments may be repeated at this timeif want,
but little improvement will be obtained if the wdeen
requirement in step 4 was met. Strive for maximum
output power, best signal purity, highest efficipand
lowest driver current. Minimum driver current is a
secondary requirement. Driver current will be close
minimum in a correctly adjusted transmitter opegti
under load but not necessardyminimum. Driver
current should be around 175 mA at 1710 kHz and
proportionately higher at higher frequencies. Nag®
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that, depending on the transmitter's physical lgyou
grounding and shielding, oscilloscope waveformsveig
at pointsother than TP 1 may benreliable when the
transmitter is operating under load.

The transmitter's final current ammeter and volenshould be
used to check for proper loading on the outputestdhe
supply voltage divided by the current should e@ieut 80%
of the load impedance calculated in design stelpo¥e (10
ohms for the as-built transmitter). Thus, for timi'a 42-volt
power supply, the correct DC current is about a2tps [42/
(.8x10)=5.25]. Output power is calculated as fobow

P = (E,42.828)/50 (calo.

The transmitter is tolerant of reactive (high VSW&Jds.
Mismatches can be tuned out by adjusting the outpugpling
capacitor (C2). However, depending on the natutbef
mismatch, the transmitter may not deliver the daled output
power in that situation. Remember that the trartemstoutput
power is limited only by the capability of the paveaipply. If
the non-reactive (resistive) component of the lio@gledance is
less than the amplifier's design load impedanaeathplifier
will dutifully try to deliver the extra current, psibly
overheating the power supply. If the load's norctiga
component is greater than the design impedanceutpet
power will be less than calculated. As mentionkd,amplifier
can be designed to operate into almost any loaédiapce -
refer back to construction step 3 above - but eyipgpan
external tuner, like the one shown in Figure 7 Wels usually
a more practical approach to unusual or unknowredapce
situations.

Pushing the Limits
Power:

Input power of the presently built unit is limitégt its power
supply (42 volts@5.25 amps) to 220 watts in corirsu(CW)
mode, but the circuit components appear to be daodiat
least twice that. The 16-amp continuous currera®4 pulsed
current and 190-watt dissipation ratings of thePR50LC
FETs used in the as-built unit suggest the desigapable of
CW operation in the 500- to 1000-watt range whesdusith a
suitably hefty power supply, heatsink and cooliag.fFor AM
service, 250 watts is about the limit. (Remembat &h250-watt
AM transmitter must deliver 1000 watts, four timissrated
power, on modulation peaks.) Limit the power supgiitage
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to about 50 volts for AM service using an extermaldulation
amplifier, or 100 volts for CW (or AM using a sesig/pe
modulator). If you want more power, increase ¢t ent rating
of your power supply and calculate the output ti@mser
primary turns and primary/secondary turns ratimtich. A
possible substitution for the IRFP350LC is the IREELC
with twice the current handling capacity (and twilce drive
power requirement) of the '350LC. Other transist@asable of
higher voltages probably can be substituted ircttait but |
can't vouch for any in particular.

The T-400-2 core shown should be capable of pogwexis up
to a couple of kilowatts, but if your design cdtis more
power, stack multiple cores for higher current ¢alfis.
Stacking of cores will require recalculating prippmémrns per
the cores' winding chart. Add thg Aralues when stacking

cores. For example, stacking 2 cores, each with amalue of
185, will result in a total A value of 370.

The output transformer should be wound with wirauye
enough to carry the expected current with miningating loss,
as should inductor L1. Output coupling capacitorli€@wise
should be sized to handle the expected currenvaltage.
Consider using a vacuum variable for C2.
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Transmitting Capacito

Capacitors in transmitter service are subject to
much higher voltages than those encountered in
typical consumer electronic equipment. To
generate 200 watts in a 50 ohm load, for example,
requires about 280 peak-to-peak volts. This is not
the whole story however. The output filter of the
200-watt version of the class-e transmitter (L1 and
C2) has a Q factor of 5. This means that the actual
voltage across C2 is 280 x 5, or 140&)}.\During

modulation peaks, this voltage doubles to 2800
Vpp. Prudence suggests a minimal rating of 5000

volts for C2.

Frequency:

Class-E operation requires that final transistatgwng take
place during the part of the RF cycle when drailtage is zero
(seearticle). As frequency is increased, gate charge and
discharge times become an increasingly largerifnadf the
voltage-zero time. At some frequency above 2 MHzgates of
the specified IRFP350LC MOSFETSs will not have titne
charge and discharge sufficiently to fully turnamd off during
the zero voltage window. At that point the cirauitl no longer
be operating in class-E mode and efficiency wiljingo drop.
Unfortunately for transmitter builders considerthgs
transmitter for 80-meter operation, 200 watts asstE mode at
3.5-4.0 MHz probably is not do-able with this citausing the
IRFP350LC. Would-be 80m builders might considep@a-fvatt
version, substituting type IRF740LC (lower curreatings,
lower gate capacitance) for the '350LCs, or a 5@-wasion
using type IRF737LC. Experimentally bent buildengim try
different gate drive approaches, perhaps subsiifutigh-speed
MOSFET drivers, such as Microchip's TC1407, for the
2N2222/2N2907 circuits showhack

M odulation

The as-built transmitter is amplitude modulatedahyexternal
8-ohm transformer-coupled audio power amplifielyaged
from a public-address system, connected through the
modulation input terminals shown in Figure 1. Audio
amplifiers, tube or solid-state, meant for publitieess service
are ideal in this application since they are alnabstys of
transformer-coupled output design. Before conngdtie
modulator to the transmitter, a check should beaweaith an
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ohmmeter to make sure the output winding of the utradtbn
amplifier isfloating (i.e., not connected to ground). If there is a
ground connection, it should be removed. Connextdiminal
from which the ground connection was removed tdthe
modulation terminal on the transmitter. It may bsier to

isolate the negative terminal of the power supjplyyhich case
the modulator would be connected between the negati
terminal of the power supply and ground (see HigBw).

A modern solid-state linear or class-D audio poaraplifier,
perhaps meant for use in a high-fidelity home asgigiem or
high-powered car stereo, can also be used as alatodlut
the amplifier output terminals must 1) be isolaft@in ground
and 2) have very low terminal-to-terminal DC remigte (<0.5
ohm). If a check with an ohmmeter reveals thath of these
conditions are met, the candidate amplifier candseected
directly to the transmitter modulation input teradsmshown in
Figure 1, otherwise it must be coupled to the tratisr
through a transformer. A 500-watt (or larger) 120N(AC
isolation transformer is nearly ideal for this.

Note that the modulation transformer, be it the ulation
amplifier's output transformer or the isolation/pbg
transformer mentioned above, represents a DC aesistin
series with the power supply and will thus subtfemin the
voltage presented to the final amplifier. For exeanp amps
through a 0.5-ohm transformer winding would prodaaop
of 2.5 volts. Fortunately, an amplifier sufficigntiated to fully
modulate the transmitter typically will have anpmuitwinding
resistance low enough to produce negligible vol@égp. The
output winding of the PA amplifier used with thelaslt
transmitter measures about 0.25 ohms.
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Core Saturation in Modulation Transform

Core saturation occurs when the core's magnetic
flux density is increased to a point where the iron
in the core is fully magnetized and can support no
further increase. At that point the transformer has
reached the limit of its ability to transfer energy
and signal clipping will occur. Modulation
transformers are subject to saturation because the
transformer core is being magnetized both from
the alternating current (audio) flowing in the
primaryand the direct current (DC) flowing in the
secondary (supplying operating DC to the RF
amplifier). The problem of core saturation is
avoided in modulation transformers by employing
larger cores and/or cores with lower permeability.

The information needed to determine beforehand
whether a given transformer will be subject to core
saturation in a given transmitter - number of turns
core matarial, core cross-sectional area - is lysual
not known precisely when constructing with
surplus parts, but this conservative rule of thumb
seems to hold: Select a transformer weighing a
minimum of 1/2 pound (0.23kg) for every 10 watts
of transmitter power. For example, a 200 watt
transmitter would require a transformer weighing
at least 10 pounds (4.5kg). The rule applies to the
modulation amplifier's output transformer, if one
is in there, or to an external transformer.

When considering an amplifier's suitability for
modulation duty, it's usually not practical to
remove the output transformer and weigh it. In that
case, use the rule's corollary: Select a transforme
whosevolume (H x W x D) is 3.2 cubic inches

(50cn?) or greater per 10 transmitter watts.
Fortunately, an audio amplifier sufficiently
powerful to fully modulate a given transmitter will
usually be equipped with a transformer of
sufficient size for the job. The capacitor-coupled,
modified Heising modulation method shown
below avoids the core saturation issue altogether.
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An alternate method for coupling the modulation hfiep to
the transmitter is shown in Figure 5 below. Calladdified
Heising', this method does not require a floatlog-resistance
amplifier output - and thus no transformer - butkgoconly with
the specific type of power supply shown in Figurd@he
options for connecting a modulation amplifier te thansmitter
are summarized in Figure 3.
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(Figure 3)

Modu lator Connection Options
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B4 Mon-Isolated Transformerless Modulation Amplifier/

Transformer less Connection (Modiflied Heising)

Power Supply
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(FIG 5) ‘

Modulation Amp

a0

4}
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(HO DUTPUT XFMR2

=2

Modulator Power:

As with any AM transmitter, in order to achieve ¥00
modulation, the modulation amplifier must be capadflRMS
audio output power half that of the final RF anmiplik steady-
state DC input power, and a peak (instantaneowsd awtput
powertwice that value. Thus the as-built transmitter requires
110 watts RMS and/or 440 watts peak audio powen fifze
modulation amplifier. The peak power specificatigthe more
important of the two in determining if an amplifisrsuitable
for AM service at a given power level. Often the Rower
rating of an audio amplifier does not reflect tinepdifier's true
available peak power (which should be 4 times thSR
rating). The commercial PA amplifier used to modtkiltdhe as-
built transmitter, for example, is name-plate raaed50 watts
RMS, but peaks at about 500 watts. While the amephfill in
fact deliver 150 watts as measured with a true Rigl8neter,
at the 150-watt level the output is clipped. Thenaofacturer
has fudged the RMS rating. The "honest" RMS ratvwogld be
125 watts. Still, the amplifier is adequate for thepose of
modulating the 200-watt transmitter.

The test for amplifier suitability can also be sthin terms of
voltage, as follows: Peak-to-peak modulation (audio anenlif
output) voltage under equivalent load must be etat
greater thatwice the transmitter's power supply voltage.
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How to Check Amplifier Pow«

Unless you are sure of the candidate amplifier's
power rating, it should be checked under load with
an oscilloscope for suitability. To check the
amplifier, connect an audio tone generator (sét to
kHz) to the amplifier's input, connect the output t
a load resistor (8-ohm, 100-watt, for example),
connect the oscilloscope probe across the load
resistor, turn up the amplifier gain and read the
scope. Set the gain to just below the clipping poin
and calculate amplifier output power as follows:

Peus = (EPP/2.8283/R = (Epp¥/8R
(calg

Poeax= (EPKF/R

Epp] [\] ZIAY
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Negative Peak Limiting:

The modulation envelope can be monitored with an
oscilloscope connected to TP1 (sweep speed seaintd fier
division). Over-modulation will be noted as a filaithg or
pinchoff of carrier power at the envelope minimum. Pinchoff
occurs when negative modulation peaks exceed tvemo
supply voltage. At that point the instantaneousndvaltage on
the output transistors drops to zero (or lowensazy
instantaneous output power to drop to zero. Ovedutation
produces distortion in the transmitted audio andeaband
splattering of the transmitted signal. Also, driyitme drains of
the output transistors negative will cause the MBBF
internal zener diodes to conduct in the forwareédtion,
possibly causing failure of the output transistors.

Ideally, the modulation amplifier should be intizedly
incapable of delivering a voltage spike greatentivhat is
needed for 100% modulation, but practically the olatbr will
need to be limited in some way, either in the astihges ahead
of the power amplifier or between the power amgtifind the
transmitter. Over-modulation can be avoided withitidicator
and negative peak limiter circuits shown in Figdr& he
circuits are independent and each can be usedwitlithout
the other.

(Figure 4)
Negative Peak Liniter
Overmod Indicator

MODULATOR . (+)

INPUT -
Nesative Peak Limiter
FR382 143898
¥ ——» b TO CLASS-E FINAL
| .
- H 23008 Overmod Indicator
L Fr302 U 16U g ¢ 10 UDC
SEC: 5.8 UCT %
IR 18K 5 188K
CHOUSER S46-166MS) ;’1': * ; “E
[
_ 2
1H-
4.7
914 a7 L li }L
TANT
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The negative peak limiter circuit consists of ad-WDC power
supply connected to the positive modulation inputinal
through a high-speed, high-current rectifier diobkee diode is
reverse biased under normal conditions (mod inA00%).
When the input voltage drops below about 2 volits,diode
conducts and supplies current to the transmittendmtain a
minimal carrier output level. Also, some of theremt supplied
during negative peaks is forced back into the gnstgrage
capacitors in the main power supply, causing dsligcrease
in power supply voltage and subsequent increaagerage
carrier output power. The circuit eliminates s@ettg and
reduces (but does not eliminate) audio distortion.

The over-mod indicator functions whenever the inmlitage
drops below about 2.5 volts. At this point the 5i5%er is
triggered and lights the LED (mounted in the tratigrs front
panel). The LED will stay lit for about one-halfcead for each
excursion of the input voltage below the triggeinporhe
timer will be retriggered on each input excursiod a
continuous over-modulation will produce a contiflgui LED.

A series-type pulse-width modulator (PWM) can dsaused
to modulate the transmitter. In that case, sineanbdulation
power is derived from the transmitter's power sypaltention
must be paid during the transmitter's design ptassues like
power supply voltage and current, as well as oudfage
impedance, to properly incorporate the series natduin the
overall transmitter design. As a general rule @given output
power (full-carrier double-sideband) using a seneslulator,
the power supply voltage is specifiechattce that required for
CW service at the same power level and impedanitie av
current capability about 150% of the CW rating. Aiddally,
the power supply should be capable of delivericgraent
surge equal to or greater than 200% of the curesntired for
CW service. (The 200% surge requirement appliesjoAM
transmitter's power supply; see the power suppieadum
below.) To series modulate the as-built 220-wattgmitter, for
example, would require a power supply continuoustgd for
84 volts at about 8 amps (10.5 amps surge). Desitpulations
are applied at the chosen CW operating voltagdlepoint,

the voltage the transmitter operates at with nocaungbut. For a
series modulator adjusted to idle midway betweemttwer
supply voltage and ground (full-carrier double-8ided), the
design calculations are made at 1/2 the power guymilage, or
42 volts for the as-built, Fig-1 version of thersanitter.

One of several advantages of series modulatidraistihe

modulator is incapable of negative over-modulaticn,
driving the drain voltage on the transmitter's ME&SE into

http://maxmcarter.com/classexmtr/circuitdescripiibm| 1/11/200!



Class E AM Transmitter for 1710 kt- Circuit Description and Construction Det

negative territory (<0). Conversely, positive madidn is
limited only by the voltage and current capabibfythe
transmitter's power supply. These attributes canseel to
generate several variations of AM: full-carrier Btatsideband,
"super-modulated" AM and reduced-carrier doubleisanhd.

Shorting Jumper:

A shorting jumper should be placed across the natidu input

terminals in Figure 1 (and/or Figure 5) to opethtetransmitter

when a modulator is not attached.
Power Supply

The 42-volt/5.25-amp. power supply used in the @k-B0O0-
watt class-E transmitter is shown in Figure 5. Qatsed
entirely of surplus parts, it's very well behaved aperates
effortlessly.

(Figureb)

420/ 5.25A Power Supply
For 288HW Class—E Transmitter
CAS-BUILT

12-AMP

34 SL0 BRE RECT.

%l""“‘susm .

4.2 A * ,L

* MAME-PLATE

** MEASURED ACTUAL (-}I(

In order to acheive 100% modulation, an AM tranteni
power supply must be capable of providing, on atsteom
basis, twice the current required during steadieg@aw)
operation, 10.5 amps in this case. The supplygn%uses
inductive and capacitive energy storage to prosidelatively
stable output voltage during and between modulgieaks.
The filter/energy storage network that follows thetifier also
takes full advantage of the transformer secondamadable
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voltage and current without excessive componenimivay. The
military surplus transformer used in the as-builbh@y appears
to be under-rated by about 20% in the circuit.

While the as-built power supply is well matchedhe task of
powering the transmitter, almost any power supplsigh with
a full-time steady-state rating sufficient to acteethe desired
CW output level can be used. A grossly over-ratgaply
should be avoided, however. The power supply shioeld
electronically regulated or intrinsically curremntlted to 150%
or less of calculated transmitter final input catréThe supply
in Fig 5 is intrinsically limited.)

Power supplies with limited short-term output catreapability
can be easily upgraded for AM service by addintpeage
capacitor (minimum 1000 uF per peak amp) acrossutgut
terminals. Actively regulated supplies, howevenally can
NOT be modulated through the negative terminahefdtorage
capacitor, as shown in Fig 5. In that case, a biginent choke
having a reactance equal to or greater than aboht® at 50
Hz must be placed in series with the power supptput,
ahead of the storage capacitor.

The power supply should be provided with a slowabfase
sized at about 150% of transmitter DC input power

= 1'5(PDC inpu{EIine)’

I1‘use
placed in the primary/line side circuit only. Dotriese the DC
circuit between the power supply output and thedmaitter.
This configuration provides a softer shutdown ieecan arcing
fault occurs in the transmitter output filter ote@ma system.
Bitter experience has shown that MOSFETSs are mumie m
likely to survive such a fault when the fuse istlba line side of
the power supply.
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Wattmeter

A directional wattmeter is installed in the as-btrihinsmitter.
The circuit is shown in Fig 6:

(Figure6)
TO
OUTPUT Linear Scale
CONNECTOR Directional Hattmeter
CAS-BUILTS
le
1KU 180K
4= . +1BUDC
Hull
- ] Il
1K @
Ratoes IT%: CREFLY CFWD) e ¥ ]  scale
I=2R 2 J
A o] [y b T P 34.7
HE T—.: ADB3ISH| 2.2 1K
17 |0 | | $287 10 % : @ |,
<1y L: . . +
} [ : , .1
_']'_ |_ 2| 3| + ==
= (336) =
=

FROM L
OUTPUT v -
FILTER

(1) PRIMARY: INSULATED WIRE PASSED THROUGH CEWTER OF CORE!
SHIELDING: 1.25" COPPER FOIL WRAPPED AROUND
FRIMARY WIRE. GROUNMDED AT OME EHWD OMLY

(2) 238 MHZ 4-QUADRANT MULTIPLIER-
AHALOG DEVICES, WW.ANALOG. COM

(3) SCALE 8-388 WATTS (LIMEAR)
FULL SCALE CURRENT = 1 MA DC
CURRENT AT 20@ WATTS = .67 MA DC

The AD835 4-quadrant multiplier is connected asdter and
squaring detector. A scaled voltage sample, pickedt the
transmitter's output connector, is delivered tspirand 2, and
a scaled current sample, derived from a currensfaamer
(photg connected in series with the transmitter's oytisut
delivered to pins 8 and 1. The chip cross-addshamtiplies
the two signals, producing current flow (DC) in theter
directly proportional to the power flow in the temmitter's
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output circuit. A switch is provided to reverse fitease of the
current sample, allowing power flow reflected frdme load to
be read. True (real) power delivered to the loatesdifference
between the forward and reflected readings.

Calibration: Connect a 50-ohm resistive load totthasmitter
output; connect an oscilloscope to the output cotané€TP1)
through a 10x probe; power the transmitter; seEND/REV
switch to REV; adjust the NULL control for a reagiof zero
on the panel meter; calculate the forward powdokmws:

p= (Vpp/2.828)2/50 (calo);

set the FWD/REV switch to FWD and adjust the SCALE
control for a meter reading equal to the calculgeaer.

Addendum: Antenna

Readers may be interested in the antenna systetmisethe
as-built 1710 kHz transmitter. The schematic issshn Figure
1.

CFigure 7 )

1718 kHz Transmitting Antenna
(NOT TO SCALE>

+— TOPHAT: FOUR 2° (¢68CM)
><1_- HORTZONTAL ALUMINUM TU-
ANTENNA ELEMENTS

RADIATING ELEMENT:

TV ANTENMA MAST ——p a6 1T
< INSULATED)
aieietiuiivie 1

I T30 PF (MAX) |

! ' + GROUNDING SYSTEM:

EIGHT EVENLY-SPACED 141 (43M)
RADIAL WIRES BURIED 1" <2.5CM)
BELOW GROUND. THE SYSTEM IS

TRANSMITTER <+ ——

[}
]
— ! —
o : T ALSO CONNECTED TO SEVERAL
i ) G WIRE FENCES AND A WATER WELL.
! i
TR A mf—' ' wlm ' * BASE INSULATOR: 2’ (6@CM) L
Lo- - SEEEE - y 2% ¢(ID> PUC WATER PIPE
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The antenna system consists of three parts: Tathating
element, 2) the grounding system, sometimes ctlied
counterpoise, and 3) the transmisson line/matching network.
During planning and construction of the antennasé¢hgeneral
guidelines were followed:

e The radiating element should be constructed véistica
and made as tall and "fat" as possible. If the tleiod the
radiating element falls short of being a full qeart
wavelength at the operating frequency, a capacitia¢'
should be added. This makes the antenna look longer
electrically and thus improves radiation efficiency

o The grounding system should built to have the lawes
resistance possible. This minimizes ground heating.
Transmitter power dissipated in the ground is puster.

e The transmission line and matching network comptsen
should be chosen to be as free of losses as pas@ilat
usually a problem at 1.71 MHz.)

The transmission line is type RG-8 (though smdié&r-58
would work nearly as well), the roller inductorasilver-plated
type (almost all are) and the capacitor is a trattisig-type air

variable(photo)

Adjustment of antennas and tuners is typically maile an
inline directional wattmeter (Bird Thruline) or ke¢tometer
(VSWR meter). The preferred method for adjusting th
antenna/tuner is with a 50-ohm signal generatorZacdannel
oscilloscope as follows:

1. Connect the signal generator to the oscilloscaggist it
to the operating frequency and to a convenientuwiutp
voltage such as 2p\6 (this adjustment should be made

with the signal generatan-terminated, i.e., with no load
connected).

2. Connect the signal generator to the coax feedliriee
feedpoint (the near end of the coax) where thestraiter
would normally be connected.

3. Connect the oscilloscope, through 10x probethdaoax
center conductor where it connects to the antemmer t
(at the far end of the coax) and to the base oatitenna;
alternately adjust the tuner components for maximum
voltage on the base of the antenna and for a dipein
voltage at the end of the coax; fine tune the dagpl
capacitor for a 90° phase shift between the twtagels.
When the tuner is correctly adjusted, the voltagéhe
base of the antenna will be at maximum and theagelt
at the coax/tuner connection point will txee-half the
signal generator voltage set in step 1.
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4. Disconnect the test equipment; connect and ptveer
transmitter; verify minimal reflected power on the
transmitter's directional wattmeter.

The matching network component values shown inréigu
should be usable over a fairly wide range of raaljpélement
lengths. Optimal adjustment of the as-built anteocurs with
the tuning capacitor about half meshed and theraidductor
tap located about midway on the roller coil. Longatiating
element lengths require less inductance and m@a&ctance;
shorter lengths require more inductance and lgsscii@ance.

Would-be builders of a transmitting antenna forAKHz need
not follow the particulars of the circuit in Figure however,
the guidelines should be followed. The challengélbe to
radiate as much of the transmitter's output powgrassible so
as to produce the strongest on-air signal possibtandom
length of wire connected to the transmitter's ougmnnector
will not acheive that goal.

Building and tuning the 200-Watt Push-Pull ClasaNt
Transmitter should be hassle-free for an experence
constructor as long as the design steps and catistiinotes
are followed. The builder should also expect anavitieng to
expend equal time and energy constructing and guihie
antenna.

Thisarticleisprinter-friendly with M SInternet Explorer. Otherwise,
download this printer-friendly PDF version (363kB).
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