


And that was a complete success ...
(Small Private Note: The whole receiver is only about 2cm x 2cm and the assembly consists of 0402
SMD components. You need some spare sticks to practice until you get hang of the change ....).

Other important things are:
A) Installation in a milled aluminium enclosure with screwed-on cover
B) Conversion of the MCX antenna input to an SMA plug connector as used for all devices

C) Filling of the complete enclosure with nonconductive heat transfer paste because the power
dissipation of the stick is approximately 1W. You can burn your finger on the antenna input of the
stick after one hour.

6. The calibrator module

The basic idea was actually quite simple:

Take one of the small commercially available 50MHz SMD crystal oscillators and change its output
signal (fairly symmetrical rectangle) to something like a needle. In practice it is simple to obtain a
short pulse by differentiating the rectangular signal and clipping the negative half by a comparator
circuit. The remaining positive pulse is amplified by an MMIC and fed into the signal path between
the bandpass filter output and the stick input via a small directional coupler. Its harmonics range is
then up to 2000MHz and with nice frequency values (50MHz / 100MHz / 150MHz ...) to display on
our SDR Receiver. This calibration spectrum can be switched off (using a toggle switch on the tristate
input of the crystal oscillator) and a directional coupler was used at the output of the MMIC so the
signal path does not notice this additional device. A small additional circuit with a red LED indicates
when the calibrator is in use.

In order to achieve the desired high accuracy of the calibrator a "counter output" was added. Now
you can adjust the frequency accuracy of the 50MHz crystal oscillator with a high precision
frequency counter (calibration via DCF77) and check for deviations with the next "calibration mark"
in the spectrum. Since most SDR display programs have a display frequency shift in "1 ppm steps"
you can quickly see on the screen how far it deviates from the calibrator and correct it.

By the way:

A frequency counter connected to the counter output of the first circuit (tested without the low pass
filter on the counter output) did not show the frequency. After a little puzzling the solution was
found:

The counter input was not happy with the short pulse. Therefore a Chebyshev lowpass filter with N =
5 and a cut-off frequency of 55MHz was inserted in the output circuit to give to a "sinusoidal like
waveform".

Success:

Immediately after switching on 50,000.020Hz was displayed on the counter.
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7. A look at the finished building blocks

First the LNA

Next the bandpass filter

Calibration
ON / OFF

A great deal of effort went into the
Calibrator module

From BPF E
To Directional

DVB-T-Stick +5V  Coupler




And here we have the DVB-T stick (with and without thermal grease)

8. Results and experiences

To complete the receiver, the program "HDSDR" was downloaded from The Internet and installed
together with "ExtlO-RTL2832.dIl". Studies have shown that it is superior to “SDR#” especially at a
low sampling frequency and a small Resolution Bandwidth “RBW”. But you will also need "zadig.exe"
to install the correct USB driver for the Stick to operate. Once this is setup it should be

straightforward to use (full instructions can be found under [4]).

You will be able to see the smallest input signals (f=145MHz):

144500 144600 144800 S 4 0 145100 145200 145300 145400

80

“l”" Input signal - B S
110 (Vine = 0.22uV) ca. 30c¢
120

30

FrSs ™ sy USE"- Y BW e DR

At an input level of -120dBm (Vinc = 0.22uV), a signal-to-noise ratio of 30dB can still be achieved at
approximately 8Hz bandwidth. The amplification ("Tuner Gain") was set to full and the "Tuner AGC"
switched on (gives a further 10dB more gain).

Remark:
The RBW = resolution band width is NOT the actually used receiver's bandwidth! RBW is calculated
by this formula and means:

RBW = resolution band width = minimal frequency spacing between two lines in the spectrum =
1 / time for collecting samples in the time domain

Example:

If you wish a frequency resolution of 1 Hz in your spectrum then you must sample for 1 second....and
if you have a time distance of 1 pus between two adjacent samples you get a million of samplesin 1
second in the time domain. Reflect the result file size and the necessary computation speed for the
conversion to the frequency domain by the FFT and for a greater circuit...



Device: Tuner Gain

{1)+ RTL2238UHIDI 45.6dB
jl| Direct Sampling: lemil

Sample Rate:

1.8 Msps -

Buffer Size:

e Carrier (80 dBm)

TunerAGC [ [f | 50 H r 4
Frequency Caomection: ATLAGE [T] : | i
14157 ppm Offset Tuning (V]

+150Hz

Then the input level was increased to -80dBm (Vinc = 22uV) and the Tuner AGC switched off. There
were some initially unexplained additional spectral lines in the displayed spectrum. Riddles, a frown,
and the question, "What is that?"

It takes a while to reach the solution because you have to analyse the individual frequencies. Then it
becomes clear: the high quality, but already somewhat mature, precision signal source
(an"HP8640B") has some mains supply modulation on the signal.

The work never ends ... and the development of the 70cm and 23cm versions are already in progress
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