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                136kHz portable transmitter.
   The transmitter described here has been developed over the last few
   months of operating on 136kHz and incorporates a number of refinements
   to the original, very simple design.
   In order to radiate a useful signal on 136kHz one either needs a
   superb aerial and a few Watts or a normal sized aerial and a few
   hundred Watts. Portable operation with long wires or kite-supported
   aerials can be a way for the operator with a small garden to get on
   the band. A 100mtr end fed wire, at a sensible height, will have a
   radiation efficiency of a few points of a percent requiring 500W or so
   to give the allowed 1W ERP. These factors give the design brief for
   the TX, it must produce as near to 500W as possible, it must run off a
   car battery, it must be small and it must be capable of withstanding
   misuse.
   A quick calculation tells us that a 12V operated TX producing 500W
   must draw 50A or more from its supply so we must use some pretty hefty
   output devices. I have been using power mosfets in 160/80 linear amps
   for a few years and decided to try them in this application which is
   much closer to their intended role.
   Circuit description.
   The rig is crystal or VFO controlled and uses Philips Locmos 4000
   series chips to generate push-pull square-waves on 136kHz from the
   high frequency source. The basic divider chain requires an input at
   1.36Mhz which comes either directly from the VFO or from the 13.6Mhz
   crystal via a further divider. The 4013 D-type must divide by two in
   order to produce its push-pull output so the 4017 decade counter is
   strapped to divide by five by connecting Q5 back to the reset pin. The
   136kHz square-waves are fed to the TC4426 driver chip via 1k resistors
   so that undue loading of the 4013 outputs does not take place when the
   driver chip is has no supply (key up). An interlock to prevent damage
   to the output devices, should the drive fail, is provided by the 4538
   re-triggerable monostable. This chip is clocked by the 272kHz signal
   at the output of the 4017 and, if the signal stops, the output goes
   low turning Q4 on and preventing keying via Q3.
   For stability, the VFO or crystal oscillator is left running all the
   time that the rig is on. It causes no QRM because no 136kHz signal is
   generated until the divider chain is energised when switching to TX
   mode.
   When the key is pressed and drive is present, Q3 is turned on allowing
   12V to be applied to the driver chip, which drives the output FETs
   into conduction. Some may wonder why I use a complex keying system
   rather than just passing the drive through a gate. The answer is
   key-clicks. If the TX were to be turned on and off at the rise-time of
   the drive waveform the sidebands, even after the filtering provided by
   the high Q aerial, would extend well outside the band. Q3 turns on and
   off fairly slowly and the gentle rise and fall of RF is aided by the
   fact that the output mark space ratio of the 4426 gets less as the
   volts drop…. Don't use its' non-inverting sister, the 4427 as the mark
   space ratio increases on that one and the drive waveforms overlap.
   The power mosfets are operating in class D/E, either hard on or turned
   off and so dissipate very little power and only require a small
   heatsink. They must be kept reasonably cool, however, as their
   internal resistance rises with temperature.
   The output transformer steps the voltage up by the amount chosen by
   the output selector switch. The more turns on the secondary, the more
   voltage and hence the more power into 50 Ohms.
   Up until now we have been dealing with square-waves which are rich in
   odd harmonics so an output filter is required before we dare apply
   this to an aerial. This is the part of the design that has given the
   most problems, there's a lot of harmonic energy to dissipate and some
   heating of components will take place. The filter roll-off frequency
   is set quite high at about 220kHz as there is virtually no second
   harmonic to worry about. When used in conjunction with the usual high
   Q aerial tuning system the harmonic output is well supressed. Those of
   you with full-sized quarter wave aerials and no ATU may require more
   filtering!
   The receive pre-amp uses a pair of Toko 12VX coils in a top-coupled
   band pass filter with a j-fet to make up for the insertion loss. If
   more gain is required, make the j-fet an amplifier with 100R in its
   source and 1k in its drain and connect the drain straight to the base
   of a BC183 emitter follower with a 470R emitter resistor.
   Parts list.
   Component Qty. Supplier Part No. Approx price
   HEF4001 1 Farnell 384-434 60p
   HEF4017 1 Farnell 384-720 £1
   HEF4013 1 Farnell 384-630 70p
   HEF4538 1 Farnell 386-339 £1.50
   TC4426 1 Farnell 295-024 £1.80
   Q3, ZTX718 1 Farnell 663-244 50p
   Q4, BC213B 1 Farnell 356-700 8p
   Q1/2, HUF75343G3 2 Farnell 247-042 £3 see note *
   Q5, BF245A 1 Farnell 352-044 35p
   CH1 core 1 Farnell 559-570 £2
   T1 core 1 Cirkit 55-03801 £10 see note **
   TX LPF cores 2 Mainline T200-2 £4
   RX filter coils (Toko) 2 Bonex 719VXA-A017AO 72p
   RX filter 56pF C 1 Farnell 105-886 15p
   RX filter 2200pF C 2 Farnell 105-889 22p
   TX filter 10nF C 2 Farnell 106-370 30p
   TX filter 4n7 C 1 Farnell 106-363 30p
   TX filter 2n2 C 2 Farnell 106-362 25p
   TX filter 22nF C 1 Farnell 106-371 40p
   Decoupling 2u2 C 1 Farnell 286-928 £1.50
   0.1uF decouplers 10 Farnell 143-680 27p
   Relay 1 Farnell 910-739 £2.30
   Case 1 Farnell 518-876 £13
   VFO tr. BC183 1 Farnell 356-580 15p
   1mH choke 1 Farnell 608-609 25p
   22pF C 1 Farnell 105-056 20p
   330pf C 1 Farnell 105-063 20p
   1nF C 6 Farnell 105-066 20p
   *Note re FETs. Slightly better devices with a lower “RDS on” are
   available; type HUF75345G3, part no. 247-030 at £5.42 each plus VAT.
   **Note re T1. If you can source Philips ferrites, the 58mm toroid type
   58/40/17.5 3C85 is a much better core than the Cirkit one and will
   stand 1kW output! (Cirkit now seem to have a £50 min order so that
   rules them out anyway…) They are available from Arrow on 01279 626 777
   part no. 420605G at £6.23 plus VAT each. Unfortunately they have a
   minimum order of £25 but if enough people want them I will buy a
   quantity and supply them at cost.
   Contact me by e-mail at [email protected] or by post at the address
   at the end of the article.
   Unspecified parts, resistors and capacitors etc. are standard types.
   You will also need;
   Some 0.4W resistors.
   VFO variable capacitor, about 100pF
   Heat sink.
   Insulating washers for fets.
   Connecting wire and thick power wire.
   35A or 50A car fuse and holder
   Diode for relay.
   TX switch.
   Meter and shunt for 50A full scale.
   Key, aerial and rx sockets.
   Silcone rubber sealer.
   Double sided copper-clad board.
   5 way rotary switch.
   Short length of 5-core braid-screened cable.
   Suppliers.
   Farnell 01132 636 311
   Cirkit 01992 444 111
   Bonex 01753 549 502
   Keytronics 01279 505 543
   Mainline 01162 777 648
   Construction.
   The VFO is constructed in a small box made from pieces of double-sided
   copper-clad board soldered together. Leads of components should be
   kept short and a bit of silicone rubber or candle wax could be applied
   to hold parts firmly to prevent frequency wobble. The VFO frequency
   will be divided by ten so a hundred Hertz drift at VFO frequency will
   only be 10Hz at output frequency. Even so it is worth using good
   quality polystyrene Cs in the VFO to counter the positive temperature
   coefficient of the other components. The VFO should be routed to the
   4001 squarer via a short piece of coax. This gate, strapped as an
   amplifier, has a very high gain, leads must be kept short and
   decoupling Cs applied across each chip to guard against instability.
   I built the CMOS circuitry on strip-board taking care to keep the
   tracks short and earth all unused inputs.
   The TC4426 chip is capable of driving 1.5A into the gate capacitances
   of the big FETs and the decoupling Cs must be fitted close to the chip
   with short leads. The 6R8 series resistors are actually mounted on the
   gate pins of the FETs, the resistor leads forming the connections to
   the strip board. The strip board should be grounded to the earth plane
   as near to the FETs as convenient via a short lead.
   Be careful to ensure that the power supply to the low power stages is
   very well decoupled from the high power section. If you are using the
   rig at home you can get away with a simple, unregulated but well
   smoothed, 12V high-current supply for the output stage and a small
   regulated (250mA or so) PSU for the other bits.
   The FETs are static sensitive devices and can be destroyed by careless
   handling.
   They should be mounted so that the source leads are soldered straight
   down onto the ground plane. It is good idea to solder the 47k
   resistors from each gate to ground first, to prevent static build-up
   during construction.
   Having applied a very small amount of heat-sink compound to both sides
   of the transistor insulating washers, the FETs should be clamped
   firmly down to the heat sink and a test made to check that the drains
   are not shorted to it.
   The output transformer (T1) should be constructed from a few inches of
   five-core screened cable wound four times through the ferrite toroid.
   Use a cable with a thick braided screen as this forms the four-turn
   primary and carries a lot of current. The inner cores are connected in
   series to form the secondary. A switch selects the appropriate tap
   (joints between inner cores) to produce the amount of power desired.
   The primary centre-tap is made by carefully removing some of the outer
   plastic sleeve to expose the braid and soldering a thick wire onto it.
   Take care to tease the braid away from the internal conductors before
   soldering or you may melt the insulation.
   The wiring between the transformer and the switch will carry high peak
   voltages and should be well insulated and screened from the low-power
   circuitry. Similarly the output filter, which should be constructed on
   a separate piece of copper-clad board.
   The most critical components are the dust-iron cores, T200-2s may be
   expensive and require a lot of turns but they work better than most.
   To get the correct inductance you will need about 65 turns of 1mm
   wire. Use a small computer fan running on TX +12V to keep the toroids
   cool. I mounted the toroids on foam pads and stuck them down with
   silicone rubber. It is difficult to get suitable Cs in the values
   required so the filter Cs are made up from smaller ones, the 12nFs are
   10+2n2 and the 27nF is 22+4n7. At the filter output there should be a
   good sine-wave at up to 350W into 50 Ohms. Large deviations from 50
   Ohms will cause the filter components to get hot.
   Remember; the source and drain connections to the output devices have
   to carry up to 70A and must be made using thick wire and good solid
   joints! Very thick power cables should be used to connect the rig to a
   battery, power drops off quickly if the Volts drop much below 12. The
   HUF75345G3 and similar devices must not be used above about 15V
   supply.
   Testing.
   Get the VFO and CMOS stages working first, you should be able to hear
   the 136kHz signal from the 4013 on your RX by placing a probe near the
   chip. You can safely key the drive into the mosfets with no power
   applied to them (remove the fuse). Check with a scope that you have
   complimentary 12V square waves on the two gates, don't worry if the
   waveform is a little rounded off, it is due to the high gate
   capacitance of the FETs.
   Connect the TX to a 50 Ohm load and, having selected the first tap on
   SW2 (one-turn secondary) apply power to the FETs via a 12V car bulb or
   something similar to limit the current. The FETs should draw no
   current when there is no drive. Press the key and the output stage
   should draw a few amps and produce about 15W into the dummy load. Any
   sparks or smoke at this stage is a bad sign……
   If all seems well you can remove the current limiting and continue
   tests, increasing the power by selecting taps, key the rig in short
   bursts and check for overheating of FETs and cores, there should be
   none yet.
   Never key the rig into open circuit, especially at the high power
   settings. Do not turn the tap switch under power, it will spark and
   may damage the contacts and possibly the FETs!
   The TX is sensitive to load and some method of measuring the impedance
   of the aerial system is desirable. Most good SWR bridges will give a
   useful indication of match at 136kHz but the power readings will be
   low. My Diawa reads 20W forward power when the rig is generating 350W!
   Always monitor the current to the output stage, try to keep the
   key-down current below 60A to be sure of staying within the limits of
   the FETs.
   The receive band-pass filter will need tuning up. Try and use a signal
   near the centre of the band when adjusting as it is quite sharp.
   Expected output power at the different switch settings with a 12V
   supply (approximate):
   Tap 1 ( one turn secondary ) = 12W
   Tap 2 ( two turn secondary ) = 50W
   Tap 3 ( thre turn secondary ) = 110W
   Tap 4 ( four turn secondary ) = 200W
   Tap 5 ( five turn secondary ) = 310W
   Possible variations
   Any reasonable power FETs should work, a low rds-on (less than 0.01
   Ohm) is desirable, a suitably large current rating and a Voltage
   rating of four times the supply rail. The HUF75343G3 FETs from Farnell
   are only 55V rated so cannot be used above about 14V. They do have the
   advantage of a very low rds-on which makes them efficient. You could
   use any similar 75A device such as the Ixys IXFH75N10 which is
   available from Keytronics at £6 each. These are 100V devices and could
   stand a supply of up to 25V.
   Connecting four FETs, two in parallel on each side, will give more
   power and make the rig nearer to indestructable!
   Any even multiple of output frequency could be used as a drive source,
   the 4013 must be left to do its divide by two but any other division
   ratio could be used ahead of it. It may also be OK to take in 136kHz
   and generate the complimentary square waves with a squarer and
   inverter….
   A 73 kHz version works fine using exactly the same circuit, just
   double all the component values in the output filter.
   Warning: If you apply 300W or so of 136kHz to a high Q aerial system,
   the Voltage on the wire will be over 10kV. Most insulated wire will
   break down and arc across to anything nearby. Keep all aerial wires
   well clear of everything and use good insulators. RF burns hurt, I
   know!
   Good luck.
   If you have any problems or suggestions e-mail me at
   [email protected]
   © G3YXM 1999
   Updated 1/1/2000
   Dave Pick
   178 Alcester Road South
   Kings Heath
   Birmingham
   B14 6DE
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