136kHz 1kW 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. Although it is a simple design it does require a reasonable level of home-brew experience to get it going without problems.

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.  An 80mtr dipole at a sensible height with the feeders strapped,  will have a radiation efficiency of a few points of a percent requiring 1kW or so to give the allowed 1W ERP. I therefore set out to design a TX  that  is reasonably small, produces as near to 1kW as possible and will withstand a few flash-overs etc.

I chose to use power mosfets in a switching design which gives very good efficiency so easing size and weight problems.
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Circuit description.

Drive section.
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, IC4, must divide by two in order to produce its push-pull output so the 4017 decade counter, IC2, 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, IC5, via 1k resistors. An interlock to prevent damage to the output devices, should the drive fail or the SWR be poor, is provided by IC3, a 4538 dual re-triggerable monostable and the gates IC1 and IC6. IC3a is clocked by the 272kHz signal at the output of the IC2 and, if the signal stops, the output on pin 6 goes low and, via the gates, stops IC4 producing output. Should the reflected power or the PA current rise to unacceptable levels the drive is also shut off. When the error signal stops, IC3b is triggered and by the same mechanism, stops the drive for approximately one second. This prevents the TX chattering on and off in the presence of a fault and gives the operator enough time to let go of the key! IC3b is prevented from triggering on power-up by the R and C on pin 13 (clear).

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.

Power stage.

The 4 power mosfets are operating close to class 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. I only show a pair of mosfets on the diagram but in fact each side of the push-pull pair has two mosfets in parallel.

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. Across the primary of the transformer the “Zobel” network (22R and 4n7 in series) reduces ringing which may damage the fets. The resistor will get warm and should be fixed to the heatsink.

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 suppressed. Those of you with full-sized quarter wave aerials and no ATU may require more filtering!

Power supply and keying.
The toroidal mains transformer has two 35V windings which are wired in series. When rectified the DC voltage is either 50V from the centre tap or 100V from the two windings. The transformer as supplied does not have a 12V winding but this is easily added by winding 30 turns of 16g wire through the toroid. Alternatively, a separate small toroid could be used for the 12V supply.

No regulation is used in order to keep the efficiency high, this means that very good smoothing is required. I used two 10,000uF 100V capacitors as smoothing on the main supply, these are expensive but any less will bring compaints of a poor note! At full output (about 15A PA current) the HT will drop to about 80V, this is normal.

The keying circuit uses a series mosfet with shaping of rise and fall times to prevent key-clicks. To turn this mosfet fully on, its gate must be about 5V positive of its source. As we require the full 100V to be applied to the PA we must generate a higher rail to supply the gate of the keying fet. Diodes D5 and 6 are supplied via a high voltage C from the 12V winding to produce an extra 20V for this purpose.
SWR and protection circuit.

The SWR bridge consists of T4 and its associated components. It is wound with a bifilar winding of 2x18 turns which forms the centre-tapped secondary and the coax inner passing through the centre forms the single-turn primary. The diodes D1 and D2 must be high speed devices capable of standing a few hundred volts. The complicated switching arrangement is to keep the loading on the bridge constant whatever the switch position.

The protection circuit which cuts the drive for about a second is triggered by poor SWR, via IC1B, or overcurrent signal from the Hall-effect device. The current trip uses the magnetic field generated by the choke CH1 to fire the Hall-effect device which is positioned near one end of the ferrite rod.

The receive pre-amp uses a pair of top coupled tuned circuits giving a band-pass response over the 135 to 138kHz range with very good attenuation of the long wave broadcast band and 100kHz Loran. A single J-fet (Q7) makes up for the filter loss. 

Parts list. 

Part
Type
Qty
Supplier
Part no
£ each part

IC1
HEF4001
1
Farnell
384-434
0.60

IC2
HEF4017
1
Farnell
384-720
1.00

IC3
HEF4538
1
Farnell
384-630
0.70

IC4
HEF4013
1
Farnell
386-339
1.50

IC5
TC4426
1
Farnell
295-024
1.80

IC6
HEF4023
1
Farnell
384-847
0.50

IC7
7812
1
Farnell
413-215
0.58

Q1,2,3,4
IRFP450  IR
4
Farnell
355-665
4.79

Alternative
IRFP450 Harris
4
Arrow
409356F
2.84

Q5
IRFP260
1
Farnell
438-522
6.62

Q6
BF393
1
Farnell
933-636
0.20

Q7
BF245A
1
Farnell
352-044
0.35

D1,D2
IN4936
2   (10)
Farnell
366-950
0.11

D3,4,5,6
1N4006
4   (10)
Farnell
365-257
0.15

Hall effect
OHN3040U
1
Farnell
405-656
2.30

BR1,BR2
35A  600V
2
Farnell
234-151
3.17

LED
HE red
1
Farnell
637-087
0.15

Washers
TO3P Heat pad
4
Farnell
936-753
0.56

RL1
12V coil
1
Arrow
429052G
3.92

C
10,000/100
2
Arrow
039366H
12.95

Clip for C
51mm
2
Arrow
013112C
0.66

C
22,000/25
1
Arrow
091958F
4.11

Clip for C
V3/H2
1
Arrow
013013R
0.52

C
100u/200V
1
Farnell
699-007
2.00

C
1u/63
2
Farnell
228-710
0.06

C
100nF
10
Farnell
545-892
0.10

C
10uF/25
1
Farnell
920-502
0.03

C
100uF/25
1
Farnell
698-568
0.90

C
47uF/25
1
Farnell
667-493
0.10

C
220uF/35
1
Farnell
667-420
0.16

C (swr br.)
22nF/250V
2
Farnell
303-8075
0.33

RX filter C
2n2
2
Farnell
105-889
0.17

RX filter C
56pF
1
Farnell
105-886
0.15

RX filter C 
20nF
1
Farnell
568-223
0.09

C
1nF
1
Farnell
635-147
0.07

Case
95x125x220
1
Farnell
518-876
11.0

TX Filter Cs
10nF/1.6kV
2
Farnell
577-832
0.66

TX Filter Cs
22nF/1.5kV
1
Farnell
106-371
0.35

TX Filter Cs
2n2/2kV
3
Farnell
577-819
0.72

TX Filter Cs
4n7/2kV
4
Farnell
577-820
0.59

R for Zobel
22R 25W
1
Farnell
345-090
1.33

Trim C
60pF
1
Farnell
303-872
2.64

C in parallel
47pF
1   (10)
Farnell
498-312
0.13

Decouple C
2u2/250V
1
Farnell
148-896
1.11

Mains trans
2x35V  530W
1
Farnell
177-945
35.9

T1
58mm
1
Arrow
420605G
6.23

CH1
Ferrite rod
1
Arrow
409653X
0.82

T2,T3
Toko
2
Bonex
719VXA-A017AO 
0.72

T4, Ferrite
Tube 15x11
1
Maplin
AN78K
0.64

Filter cores
T200-2
2
Mainline
T200-2
4.30

Alternative
T200-2
2
Bonex
T200-2


Meter
0.25mA FSD
2
Maplin
LB80B
3.40
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Bits for the simple VFO

Part
Type
Qty
Supplier
Part no
Price  £

Transistor
BC183
1

Farnell
356-580
0.15

choke
1mH
1
Farnell

608-609
0.25

C
22pF
1
Farnell
105-056
0.20

C
330pf
1
Farnell
105-063
0.20

C
1nF
6
Farnell
105-066
0.20

All the prices are exclusive of VAT and some of the cheaper items are subject to a minimum supply quantity so you may have to buy ten!

The ferrite toroid for T1 is only available from Arrow who have a minimum order of £25 so I've sourced the big Cs from there too, in order to reach this minimum. Alternatively, if enough people want the toroids I will buy a quantity and supply them at cost.

Contact me by e-mail at G3YXM@picks.f9.co.uk 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;

Lots of 0.4W resistors.

VFO variable capacitor, about 100pF 

Heat sink.

Connecting wire and thick power wire.

15A car fuse and holder.

TX switch.

Shunt for 15A full scale.

Key, aerial and rx sockets.

Silcone rubber sealer.

Double sided copper-clad board for ground plane

Two break-before-make 3 way rotary switches (one 3 pole).

Short length of 2-core speaker cable.  

Some 1.5mm (16g) emam copper wire for 14V secondary

Suppliers.
Farnell 
01132 636 311

Arrow

01279 626 777

Bonex

01753 549 502

Mainline
01162 777 648

Maplin

01702 554 000

Construction.
If you are going to use the VFO, it should be 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 silicon 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 IC5 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. It is probably best to use four resistors, one for each gate. The strip board should be grounded to the earth plane as near to the FETs as convenient via a short lead.

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 two 4n7 Cs should be connected straight from drain to source of the pairs of fets with short wires, they must be at least 1kV pulse rated.

The output transformer (T1) should be constructed from a few inches of two-core (figure-of-eight) speaker cable wound eight times through the ferrite toroid, this is connected as a centre-tapped primary by connecting one end of one winding to the opposite end of the other. The join is the centre tap. The secondary is wound over the top of it with 20 turns of thin wire tapped at 12 and 16 turns to connect to SW2. 

The Zobel network should be wired straight from drain to drain with short wires. The resistor must be in contact with the heatsink, it does not need insulating as its aluminium body is isolated.

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 900W into 50 Ohms. Large deviations from 50 Ohms will cause the filter components to get hot. 

Choke CH1 is made from a two-inch (50mm) piece of receiver type ferrite rod wound with about 20 turns of 1.5mm enamelled copper wire. The Hall-effect detector is placed near one end of this rod and the spacing adjusted to trip at about 20 Amps

Remember; the fet source and drain connections and all others carrying the 100V line have to pass up to 20A and must be made using thick wire and good solid joints! 

The power supply section of the rig is very simple but wiring should be short and thick to reduce heating and voltage drop. Switch SW4 should be a heavy-duty switch or perhaps a power relay. Both bridge rectifiers are the same although the 12V one could be smaller if desired. A simple 3 terminal regulator, IC7, provides plenty of capacity for the 12V relay and electronics. It can either be clamped to the case or to the ground plane copper clad board.

The fuse in the HT supply is one of the car type plug-in fuses which are available in 15A rating (blue).

Testing.

Get the PSU, 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, apply 50V to the FETs (SW4 in low position) with a resistor in place of the fuse 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 a few Watts into the dummy load. If the shut-down LED comes on you've either got a mis-match, the SWR bridge is connected backwards or it needs the 60pF C adjusting. Any sparks or smoke at this stage is a bad sign……

If all seems well you can remove the current limiting resistor 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.

When you are happy that the TX is working OK, load it up to 15A PA current and slowly move the Hall device nearer to the end of the ferrite rod (CH1) until the protection circuit trips. Move it just a tiny bit further away and fix in position with silicone rubber.

Never key the rig into open circuit, especially on the high HT Voltage. 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. The SWR bridge will give a useful indication of match but the power readings will need to be calibrated. Make sure you have the forward and reverse lines the right way round or the rig will shut down as soon as any power is produced! Trim the 60pF C for minimum reflected reading when the rig is transmitting into a 50 ohm dummy load. Always monitor the current to the output stage, try to keep the key-down current below 15A to be sure of staying within the limits of the FETs.

The receive filter will need tuning up. It is very sharp so use a signal near the centre of the band if possible.

Possible variations
Any reasonable high voltage power FETs should work, a low rds-on is desirable, a suitably large current rating and a Voltage rating of four times the supply rail. I have used IR ones in my TX, I have not tried the cheaper Harris ones but others have used them. In my version I have two meters on the front, one permanently monitoring current and the other switchable between HT Volts, fwd power and reverse power but one would do if you can't find a source of cheap meters. I got mine at a rally for £2 each.

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 800W or so of 136kHz to a high Q aerial system, the Voltage on the wire will probably be over 20kV. Most insulated wire will break down and arc across to anything nearby. Keep all aerial wires well clear of everything and use good insulators, many aerials have fallen down the moment the key was pressed, including mine… Remember that RF burns hurt and those Voltages could be very dangerous! 

Good luck.

If you have any problems or suggestions e-mail me at G3YXM@picks.f9.co.uk

No guarantees of performance are implied and no responibilty for loss or damage can be accepted. This project requires a high level of constructional experience.

© G3YXM 1998
Dave Pick

178 Alcester Road South

Kings Heath

Birmingham

B14 6DE
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