HS400 – Electrical Frequency Control of the oscillator 

The HS400 contains a very useful and high quality reference oscillator.  We all need a frequency source that we can rely on to set up the local oscillator in our transverters and any frequency counters that we may have.  This 5MHz reference oscillator is just the job to use as a reliable local source.  It was the author’s intention to control this oscillator by locking it to MSF or another reliable source and these modifications are intended to allow us to do that.  The previous modification showed how easy it was to get out a buffered 5MHz output to a socket on the back panel.   This modification allows us to electrically fine tune the crystal frequency and will ultimately allow us to set it to 5MHz manually (and later automatically) to within a few parts per 10^10. 

Anyone who has seen the schematic diagram for the HS400 will have noticed that a provision for electrical frequency control is in place.  How strange then that it doesn’t work!  The reason for this is that whist the external wiring is in place; Toyocom does not fit the internal components into the reference oscillator.  To fix this problem we will need to get inside the reference oscillator can and make connections to the internal stabilized supply and then fit a Varicap diode and series resistor to the crystal circuit.   

One Varicap? – well, I believe that using only one diode can theoretically produce some phase noise and that two diodes back-to-back minimise this effect.  However, this 5MHz  reference oscillator using only one diode has been used as a source for the Manchester 10GHz beacon and no significant phase noise has been heard in the receiver. I am reluctant to put in extra components unless I’ve experienced the need for it. 

Schematic correction

Before we get deeply involved, it is a good idea to check the cable between the reference oscillator and the adjacent PCB.  In the two units modified so far this cable did not agree with the circuit diagram.  The circuit diagram should be:-

 The Orange wire from  SKT C/pin2 connected to SktA/pin 4 (not 2 as shown)

 The Blue wire from  SKT C/pin7 connected to SktA/pin 2 (not 4 as shown)

Getting to the oscillator PCB

You will need to remove the oscillator can from the HS400.  The procedure is

1. Turn the top panel screws a quarter turn (opposite ways!) to release the top panel.

2. Locate the Reference oscillator can at the opposite end to the mains transformer.

3. Unplug the connector and slacken off the two clamp fixing screws to release the can.

4. The can will then slide out towards the front of the HS400 unit.

Move the can over to a clean area of bench and have a small tray handy to hold the collection of screws to be removed.

To strip the unit,

1. Unfasten the four small cross-point screws (with washers) on two sides of the can.

2. The base and assembly will then be able to be pulled out by means of the projecting screwed rods.

3. Unwrap the insulating fibre material and put this to one side.

4. The PCB in which we are interested is the small top one and can be worked on without any further dismantling at this stage.

The modification,

1. Fixing the Varicap diode and associated capacitor and resistor.

The Varicap diode used by the author was a small plastic (SOD323) 17pF (at 0V) type. The types likely to be suitable are the Farnell  BB149A (316-2837) or alternatively (in SOT23) the Farnell, BBY31 (300-0310) or BBY39 (316-3076).
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The Varicap diode is soldered across the points marked “GND” and “VC”.  Also from “VC” is connected the (short) end of a wire ended 150K resistor. The other end of this resistor is connected to a wire and insulated with sleeving. The other end of this wire is soldered to the blue wire termination pad on the lower PCB.  This wire provides an external connection for the frequency control voltage. 

A wire is soldered between the point marked “V-REF” on the oscillator PCB and the green wire termination pad on the lower PCB. This connection provides an external connection to the internal +8.2V Zener stabilized supply.

The fixed capacitor (of about 20-30pF) in parallel with the trimmer may have to be reduced in value by a few pF to allow for the extra capacitance of the Varicap diode connected across it.  However the trimmer has a range of 2-30pF and therefore depending on where it was initially set,  the trimmer may be able to accommodate the addition of the Varicap – so try it – it worked with my unit.    As crystals age they rise in frequency and therefore require more capacitance to bring them back down.  In fact with crystals such as these - over twenty years old – it is not uncommon to find that the adjustment has insufficient range to bring them back on frequency – so a bit of extra capacitance may well be a help rather than a problem.  If you do need to change the capacitor, ideally it should be a silver mica type  as used originally, but a Low K ceramic dielectric type has been used without a problem. 

Units with an inductor as a series element

You may find an inductor in place of the series capacitance – In the initial experiments this was left in but it was then discovered that the trimmer would not bring in the correct frequency when the Varicap was added and a tiny surface mount capacitor was added in series by breaking the track to the crystal. However in the final clean-up,  the SMD capacitor and the inductor were both removed and replaced by a single 150pF ceramic capacitor.

2. Completing the wiring to the base socket

Access to the base connector is now required in order to connect the missing wire.. 

1. Remove the four screws which fix the lower PCB to the baseplate.  You will see a green wire going to pin 5 of the connector in the baseplate.  

2. Apply a soldering iron, and with tweezers or fine pliers, gently slide the wire off  pin 5 and put it onto pin 2 (the pin next to that with the white wire).  

3. Refit the lower PCB to the baseplate.

Reassemble the unit.

1. Wrap the insulating fibre round the heater, but keep the new wire links outside the fibre.  This keeps the heating of the wires to a minimum and permits the use of PVC insulation for these wires.

2. Slide the assembly back into the can and refix the four screws and washers.

Conclusions and future direction

With the modification as it stands, the oscillator will have the facility of fine tuning by means of the external potentiometer and this facility can also be used to lock it to another source

In spite of the oscillator being temperature controlled, it is still very slightly affected by changes in external temperature – this causes a slight change in frequency over the day of two or three parts in 10^10.    The specification of the HS400 is 5 parts in 10^10 per day (ageing rate) and this may have been true when the unit was new and had a high ageing rate.  As readers will know, the ageing rate decreases with time. Now, after over twenty years of ageing, the effect of ageing is minimal and the ambient temperature change is now the main source of error.  The ageing rate of the authors reference oscillator is so small that it is only detectable over a long period of time – it averages to about 2 parts per 10^10/month!  This demonstrates the value of well used second hand parts – it’s expensive and difficult to get this kind of stability off the shelf!

The author has used the unit as described above and locked it to the GPS time signal, by using a Motorola UT+ GPS receiver and the Brooks Shera GPS controller PCB.  This works well and now that the US Department of Defense have taken the deliberate jitter off the system, averaging over a time constant keeps the crystal reference to about 1 part in 10^10.  See the UKuG website for links to more info.  There, you will also find the design for a tiny PCB to generate the required negative 5V 14mA supply from the regulated 12 Volt supply in the HS400 (see www.microwavers.org/sw ).

Work is currently proceeding on minimizing the small temperature effect and increasing the averaging period to try to obtain a further improved accuracy of 1 part in 10^11 or better.  This of course is totally unnecessary for amateur requirements but it is another interesting challenge!  It would probably be about the limit of what can be achieved with a crystal oscillator using a temperature controlled oscillator within a temperature controlled enclosure – in order to obtain an accuracy of about 0.1Hz at 10Ghz.

Uses of the reference oscillator

The reference oscillator is a useful basis of frequency measurement but there are more direct uses of it.  For example, why set up your LO using a frequency counter referenced to the reference oscillator if you can use the reference oscillator directly to drive the LO.  If a Droitwich receiver were locked to the reference oscillator a stability of about 1 part in 10^9 or better could be achieved (within 10Hz at 10GHz) – this would be useful for the roving microwave enthusiast.  If this system is taken up then it implies a shift in our approach to LO design, with a trend to using a 5 or 10MHz based PLL as the basis for frequency generation rather than using specific crystals in the 100MHz region.  This is along the lines of the article by Andy Talbot (G4JNT) – General Purpose Synthesizer- Microwave Newsletter - June 1998.  The main point of which is that the accuracy is provided by the reference oscillator once only for all bands and also that there is significant flexibility in setting the frequency.   With the newer PLL’s direct generation of up to 3GHz can be achieved without the use of multiplier chains and one of these could be used as a direct replacement for the DDK004  2.6GHz multiplier chain.  With the PLL, it is possible to program the LO for operation over a much wider range of each of our microwave bands than the 2MHz we currently use.  
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