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Siemens E311b Shortwave Receiver

New Temperature Control
for the

2nd LO (VFO) Box

Note: this electronic temperature controller can easily be used in other applications!
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Siemens E311b, new 2nd LO Temp Ctrl

Preface: The Small Print
When using the information on these pages for your work please note the following terms and conditions. By using any
of the information presented you accept these terms. Thank you!

Restoration Projects Philosophy
The purpose of many restoration projects described here is to bring the antique equipment back into working condition
close to original specifications while generally preserving their historic electronic and mechanical design. This means that
often new components (e.g. capacitors) need to be used - in many cases NOS will not do - which sometimes require
small mechanical modifications to the set.
This treatment does not conform to "museum" standards that require everything to be left or restored to origi nal. This is
an entirely different approach. It is up to you to decide what you want to do.

Modifications and Homebrew Projects
The projects shown are for information only with the main goal to motivate fellow amateurs and hobbyists to start on
similar projects. Comments for improvements are always welcome. They are always "prototypes" and not a kit. You'll
have to find your own parts. No warranty is given nor implied that they actually work in your situation.
And please note that a modified piece of equipment looses its collector value - but brings joy to its successful operator!

Copyright
Some of the circuit diagrams, manual pages or software used and edited are covered by copyrights of their original
publishers and intended here for personal use only. No complete manuals can be found, there are already many sources
on the web for this purpose.
My personal designs are covered by the GNU licence agreements. Pictures and other documents may not be
republished without indicating the source.

Regulations
Many of the described obsolete radios (or computers) no longer fulfill today's requirements for e.g. electrical safety, EMC,
used bandwidth, levels of harmonics or spurs or intermodulation. While at times suitable corrective action is included in
my descriptions, many times it is not. It is your responsibilty to make sure your equipment conforms to the requirements
in your own country.

Safety while Working on the Projects
It is your own responsibility and all-important to always observe proper safety procedures in your work.
Some of these projects - certainly almost all vacuum-tube circuits - involve high voltages, some lethal
indeed. Make sure you understand what you are doing or else get some qualified help here. Just look
at this page to see some tips on this one.
Always "Switch to Safety" when you work on your equipment! Please pay attention to proper grounding
of all metal chassis and enclosures and consider the use of GFCI breakers to your shack/workbench.

This information and much more can be found on my website hb9aik.ch
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1. The Frequency Generation Scheme in the E311b Variant
To cover 1.5 to 30.1MHz the receiver employs two variable local oscillators to produce the
frequencies for the mixers. The first LO covers 2.9 to 31.4MHz and can be locked by a PLL
circuit1 in 100kHz steps to provide the 100kHz subbands covered by the second LO.
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While the stability of the locked oscillator is obviously only dependent on the 100kHz
OCXO (oven controlled crystal oscillator) used as reference, the second LO 930 to
1030kHz is free-running and the stability depends entirely on the circuit components and
the temperature of the 2nd LO box oven. As this receiver is used in TTY applications it
should remain on spot – even though the FSE30 TTY decoder has an optional frequency
correction circuit2.
The activity of both ovens can be monitored by lights on the front panel.
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2. What happened?
Operating the receiver to demonstrate some TTY reception, it did not work. Taken back to
the lab, the problem was quickly found and corrected 3, but it was also observed, that the
2nd LO temperature control did not work properly. The sensor inside the VFO had contact
problems and did clatteringly turn on/off the heater relay L on the chassis.
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Removing the bottom cover and the heater assembly showed the device pictured here
installed inside the LO box:

This special part4 is of course no longer available and a new solution needed to be found.
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3. Circuit Ideas
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The first thought was to look for a similar thermostat that could replace the device shown
above. Unfortunately a search did not produce an element with IMHO close enough
performance5 or mechanical fit required for this 2nd LO box.
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The next idea then was to use a semiconductor sensor and an op-amp comparator to
control the oven relay. Only drawback: no DC low voltage supply available in this tube
radio. However 6.3VAC heater voltage is there and can be used to derive DC power
which, to obtain a good temperature stability, needs to be stabilized.
1
2
3
4
5

The variable inductor L1 has a special magnetic part inside, that varies its magnetic properties in function
of an external magnetic field controlled by V11 thus changing inductance and frequency.
As a sidenote: this module in the FSE30 contains a servo controlled motor driving a variable capacitor!
Not only G9 in the audio module failed (it was replaced as was the relay E associated with it) but the
level meter was open circuit which caused the AGC voltage to drift to max and shut down the receiver.
While the circuit diagrams show 70°C, the item‘s limit is 75°C and this value was found to be correct for
the green front panel control lamp to extinguish. The 100°C contact is not used here.
Typically e.g. 75°±3°C starting value and 10°C hysteresis such as KLIXON™ 7BT2 series.
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As there is sufficient room below the VFO box to install a PCB with this circuit, this solution
was selected and is described here. A bit of an overkill perhaps, but as the performance
directly influences frequency stability of the receiver, this appeared acceptable to me.
4. Design of the new Temperature Controller
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My spare store provided a nice LM335 IC-temperature sensor which provides a linear
output voltage6 based on its body temperature. The TO46 metal case allows it to be
installed directly in the aluminum plate where the old thermostat was, clamped down
mechanically in an enlarged hole with its case connected to ground 7. The output pin is
routed through the feedthrough capacitor of the former thermostat and no other wires into
the closed box are required. The heater element remains clamped to the metal plate as
before.
The rest of the circuit is placed on a piece of PCB to be installed on the outside of the
bottom cover of the VFO box and is shown below. Refer to this picture and the circuit
diagram further below for the following description.

Temperature controller circuit board
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The LM335 is fed through a series resistor and the output signal goes through a low pass
filter to the inverting input of the LM741 op-amp comparator. The non-inverting input is fed
by a voltage divider with a 10-turn potentiometer which allows setting the controller‘s final
temperature. For stability metal film resistors and a good quality pot were used.
The comparator op-amp drives a BS170 MOSFET through a 2.7V zener which in turn
controls the 12V relay on the board. This relay then controls the original 24V unit L on the
receiver chassis8.
The hysteresis is produced by the positive feedback across the op-amp and was
6
7
8

Starting from typically 3.0V @ 25°C, the temp. coefficient is 10mV/°C = approx. 3.50V for 75°C.
Unfortunately there is no picture of this detail.
The relay L could be eliminated by running additional wires between the PCB and the relay location on
the chassis. I preferred not to do this, YMMV.
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determined during tests. There is a compromise between a small temperature difference
and the on/off activity of the control relays. The cycle is now a about two minutes with
approx. 4°C hysteresis (~38mV difference). Analysis with a scope showed no instability in
operation and while switching.
To obtain the necessary DC power the 6.3VAC heater supply was rectified using two
Schottky diodes and large capacitors in a voltage doubler circuit to obtain about 15-16VDC
unregulated. At first a LM7812 was used, but this needs a minimum of 3V across the IC
and this would perhaps be too close for a low line voltage. Therefore a different circuit was
selected based on a LM7805 to provide a voltage of about 11VDC only. It does not have to
be accurate but stable. A heat sink is not required.
The 12V relay is of the same Siemens type Trls154d as the rest in the receiver, the metal
case is optional (these were in my stock).
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5. Installation
The installation in the chassis is straightforward and shown in the picture below:

Circuit board installed in E311b receiver

Three holes need to be drilled into the bottom cover and studs installed to be able to fix the
PCB in place. While the box is open great care is required that no frequency determining
elements are touched or any foreign matter gets into this clean box. The thermal insulation
under the cover goes back on of course. To improve insulation you may consider to add
thin pieces of styrofoam inside also to the two sides (on the picture this would be to the
right and below) which provide space to slide it in. The 2nd LO calibration on my receiver
was still spot on after the installation.
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6. Circuit Diagram of the Controller
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The diagram shows the earlier described and pictured circuit :

_____________________
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