


signals. This can be very useful, especially for weaker stations, with a minimum input sample rate of
1.5Msps. (Note: The maximum adjustable sample rate of 3.2Msps cannot be used yet - as it is in the
experimental stage and shows clear dropouts during playback).

Unfortunately, very large computing power is required, so the PC used should have a clock
frequency of at least 2GHz, otherwise you will continuously fight dropouts. It is best to try the limit
on your own computer using a nice piece of music on FM reception to find out the maximum  of the
sampling rate.

5. The complete "machine"

The appearance has changed very little compared to the
145MHz version in Part 1. But now there is a new LNA, a
modified filter circuit and of course the much larger "RTL-
SDR.COM-Stick" with its metal housing and the SMA input
as shown in Fig 22. In addition, a 3dB SMA attenuator is
inserted between the bandpass filter and the calibrator to
improve filter termination. And a special tool is also shown.

There were some bad surprises. Although the sensitivity and
reception are virtually identical to the 2m version of Part 1,
random switching to the FM band and FM reception at
90MHz, some radio stations suddenly became audible and
clearly visible in the spectrum and waterfall. Anyone who
has experienced this will sigh compassionately, because that
means an endless and tedious search until the radiation is
removed. The observed signal levels are in the range of
0.02µV to 0.2µV!

Fig 21: This is
the convincing
consequence of
switching to
350kHz band-
width

Fig 22: This the complete receiver inc-
luding SMA torque wrench



List of all remedial measures taken:

  a The SMA connections between the individual components were only "hand tightened". The
use of the tool shown in Fig 22 (official SMA torque wrench) has already brought some
improvement. In addition, no shielding covers should be missing and all four cover screws
must be tightened correctly.

  b The +5V supply voltage fed via an SMB connector and shielded coaxial cable of the
preamplifier and calibration module should have a 4.7µF SMD ceramic multilayer capacitor
mounted on board (e.g. from the company REICHELT, size 0805 - 16V). The previous
decoupling of the supply voltage with a simple LC filter only reduced signals that want to
sneak into the module.

The additional 4.7µF capacitor complements the existing decoupling of a wideband Pi circuit
and prevents the out of band interference signals picked up by the preamplifier from leaving
the module via this path and settle in elsewhere. Yes, yes, this insanely high overall gain ...

c Then the RTL SDR.COM stick was disassembled and examined closely. As a result, the
housing and especially the gap between housing and USB connector is now sealed with
conductive silver. Then even the SMA input was "Leakey" because the inner toothed washer
used for securing under the mounting nut likes to be quite oblique and so a tiny gap remains
inside - even if it is tightened well (which unfortunately not all are). The brutal remedy was:
omit the toothed washer completely and tighten the nut very well. That is the plan.

d Some small "folding ferrites" from China were ordered on eBay to fit cables with a
diameter of 5mm. They were fitted on the USB cable to the PC and on the line to the switch
that turns the 50MHz Calibrator on and off.

Now it was quiet and therefore the complete stick could now be filled with insulating thermal grease.
This increases the thermal inertia and thus the short-term frequency stability considerably. Thanks to
the additional built-in TCXO module in the RTL-SDR-Stick, the set frequency is quite stable after
switching on and the deviation drops quickly below 1 ppm.

6. Measurement results

Compared to the 2m version, a number of new insights into the correct operation flowed into the
project - especially thanks to constant progress on "HDSDR".

The most important change seems to me to be an extra tiny addition in the upper right corner of the
RF spectrum (Fig 23). It is a "Clip control of the A to D converter in the RTL2832U chip" and

measurements with a precision measuring signal generator show that
this transducer is really very nicely dB linear up to the maximum
value (Fig 24). But exceeding only 1 to 2dB of the maximum
allowed value (indicated by the display of !!! Clip!!!) produces a
screen full of new interference lines (Fig 25) due to saturation. This
is of course a nice thing, because you now know exactly how far you
have to reduce the "RF Gain" with tuner control off.

Fig 23: Tiny little window
with the clipping indicator



A measurement was made to determine the behaviour of the clipping display. It showed that the dB
linearity of the R820T2 tuner chip leaves nothing to be desired. In the clipping display, the display is
only in step with the S-meter up to 10dB below the clipping point, because for still lower input
signals an indication as "green area" is sufficient (from the HDSDR version 2.76 the display
becomes "RF <-30dBFS" = 30dB under full scale used). Fig 26 shows the very good curve of the

stick. Sensitivity is good as shown in Fig 27.The transmit signal level is -120dBm (0.22µV) at f =

Fig 25: A level increase of 1 to 2dB is sufficient
to produce this forest on new spurious lines

Fig 24: The clipping display is convincing and
excellent, at first sight the warning seems to be
correct

Fig 26: There is nothing like
exact measurement. Here you
can see how wonderfully linear
the AD converter works in the
IQ demodulator of the
RTL2832. However, the clipp-
ing display only runs parallel to
the cursor display over an area
of up to 10dBFS exactly 

Fig 27: Once again, at an input
level of -120dBm (0.22µV) at f
= 435MHz, you can reach more
than 30dB away from the noise
spikes



435MHz and this gives an indication of -91.9dBm on the screen. The peaks of the noise reach a
maximum of -123dBm and so you can proudly read a S/R ratio of a good 30dB.

The "EXTIO menu" is where the most important settings can be made, it shows:

  a Sampling rate of 1.5 mega samples per second

  b A tuner bandwidth of 2050kHz

  c A set maximum tuner gain of 49.6dB

  d R820T tuner AGC disconnected and RTL AGC off

The operating mode is "CW".

The "Resolution Bandwidth RBW" in the RF spectrum is 17.6Hz.

Here is an important note:

RBW is not the receiver bandwidth but the smallest possible frequency step in the spectrum. It is
calculated according to the relationship

Smallest frequency step = RBW = 1 / data collection time in the time domain

If the RBW is reduced it not only improves the frequency resolution of the presentation, but it also
drops the "noise floor" and the background noise on the screen. This is of course paid for with a
higher computational effort.

The following question was waiting for an answer:

At what input level is the R820T2 tuner chip itself at the limit, even if you reduce the gain (tuner
gain) to zero dB?

To do this, start at f = 435MHz with the maximum "Tuner Gain" of 49.6dB (the AGC is off) and
increase the signal level up to the clipping display. The level is recorded and then the "Tuner Gain" is
gradually reduced via the corresponding slider (note: this is not continuous, but only in the stages
that the chip manufacturer intended). Each time the new signal level for "clipping" is read.

Fig 28 shows the result. You can clearly see the linear range - and when the input stage in the tuner
chip is getting too much (and who is bothered by the slightly stepped course of the trace in the linear
range, the signal level could unfortunately only be changed in 1dB increments).

So you can complete this project satisfied.
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Fig 28: With this trick (via the
clipping indicator and tuner
gain setting), you can see exac-
tly the input level where the
tuner chip is working linearly


