Application Note
Initial Paper Design Process
FMCW Radar for EEC 134 Quarter 2
By Eric Andler
Choosing components for your first RF system is a daunting task{ Every component has a long list of attributes
that must compliment all the other parts of your system in very specific ways. Often one can be mid-stream in
the decision-making process and find that an earlier ‘work around’ has cascaded into a series of much larger,
more difficult problems to overcome. Perhaps the largest waste of time in the initial design phase is to make
choices on components in a random order where one oversight can lead to having to take several steps
backwards. This note is intended to extol a few lessons learned by someone who has just completed the process
of a full design. The initial design phase is extremely important and should be approached with a lot of careful
thought. This is especially true in the very short amount of time available in implementation of your design
during a ten week course. By approaching this design phase in a systematic manner, confusion and back tracking
can be kept to a minimum. This allows for more time in implementation, debugging and optimization. This
application note will focus less on the important properties to look for in each component (i.e. 1PdB in
amplifiers or conversion gain in mixers). Those aspects are covered in depth during quarter one lectures. Instead
this note will focus on an effective strategy for the order in which component decisions should be made.

A Note on Searching Mouser, DigiKey, Mini-circuits

When looking for components on websites such as Mouser, Digi-Key, or Mini-Circuits, | cannot emphasize
enough the use of filters in the search functions. There are often thousands (even hundreds of thousands!) of
components in a single category. It may seem tedious at first because many of the filter categories are not
standardized. For instance, looking for components that use 5 Vcc will have in the filter category +5 Vcc, 4.5 —
5.25 Vcc, 4.2 — 5.3 Vcc and a lot of other variations. Ctrl-left click is your friend here, select all of the ones that
apply. The few minutes it takes to filter your results correctly and completely will save a lot of time searching
later. One quirk about Digi-Key specifically is to make sure you chose ‘active’ status filter.
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Be sure to look closely at packages that components come in. All of your parts will need to be hand soldered,
which means that it is better to choose packages that are easier to solder in this manner. Packages such as those
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on the left, with all of the pins on the underside will be very difficult to mount by hand. You will save a lot of
soldering time by choosing components on the right with their pins sticking out in an easy to solder manner.
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Find Antenna’s First

The antennas will determine the high frequency band width for your entire system. You will want very
directional antennas, so pay attention to the lobe shapes. Note that dipole antennas don’t work for this
application. Be sure to get a decent gain (at least 5 or 6 dBi). Also, don’t be afraid to use your coffee cans from
qguarter one, they are surprisingly very good. For our year most groups ended up using one commercially bought
antenna and one coffee can.

Decide on an Operating Voltage (Vcc)

Make that decision now and stick with it. +5V or +3.3V are most common voltages available. It is probably best
to only chose one of those and try not to mix. Using diferent bias voltages throughout your system will probably
just needlessly overcomplicate your design for now. Both +5V and +3.3V have their advantages and drawbacks.
+5 Vs slightly more common, but you should be able to find everything you would need at +3.3V. Obviously
using +3.3V should reduce the system power consumption. There are a lot of components that use bi-polar
voltages, such as +/- 5V. This is especially true for the baseband components (baseband subsystem not covered
in this note). Again, many advantages and drawbacks to unipolar vs bi polar.

Design Transmitter

The first component of the transmitter you will want to find is the VCO. This is a very important part of your
system. Be sure that the VCO will output the proper frequencies, which is dictated by your antennas. You will
also want to check the Vtune values for those frequencies and make sure that these would be easy to make into
a triangle wave with your function generator: Next you will want to find an attenuator and a power splitter.
These are fairly straight forward. Next you will want to find a good high frequency amplifier. Paying attention to
linearity is perhaps more important for the transmitter amplifier than any other amplifier. It may be worth the
extra money and power here to get the amplifier with highest linearity here. You’ll be shooting for an overall
output power from your transmitter of at least 10 dBm. Really 15 — 20 dBm would be more ideal.

Link Budget and Power Received Calculations

You will want to use some sort of cascade analysis tool on both your transmitter and receiver. Analog Devices
offers a free software named ADsimRF (download here). Note that this program can be a bit buggy on Windows
10, mostly it doesn’t often save very well. It worked fine for our group, but may be worth the effort of searching
for a different software. These cascade analyses should let you know if you are working close to non-linearity of
your amplifiers, and give you an idea of what the power will be at each component.


http://www.analog.com/en/design-center/design-tools-and-calculators/rf-and-synthesis-tools.html
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Once you've used the cascade analysis on the transmitter and double checked that all components should be
working within recommended regions, you will want to do some calculations on the free space path loss. This
should give you an idea on the power you can expect to be received. Here you should use the Friis’ formula for
path loss.

GG N2
r = Pttig
(AT R)

Here P, is power receiver, P; is power transmitted, G: and G is antenna gain, A is operating wavelength, and R is
distance to object.

To see if the transmitter is sending enough power to reach your desired maximum distance, you will want to
solve the Friis’ formula for R. For P, you will want to use the minimum received power that could be ‘read’ by
your system. A good number to use is the thermal noise floor. Noise floor at room temperature is easy to solve.

It is approximately:
—174 + 10log(BW) (dBm)

Here BW is the operating bandwidth of your entire system. For your radar system, this means take the
bandwidth of your low pass filter at the end of your baseband system. For quarter 1 system this would be 15
KHz (which gives a noise floor of -132 dBm).

Design Receiver

This is perhaps the part of your initial design phase that will take the most trial and error. It requires a lot of
plugging in different components and re-checking the overall system. The cascade analysis tool becomes very
important here.

First thing you may want to do is write a MATLAB script that calculates the free space path loss at different
distances, especially your minimum and maximum operating distances. Here is a simple one that we wrote:

Rmax=60; %Max target range (m)

Rmin=1; %Min target range (m)

s =.09; %target surface area (m”2)

G=6.58; %Antenna Gain (dBi)

freq =2.4e9; %System operating frequency (Hz)

Pt = 15; %Power out of transmitter (dBm)

| =3e8/ freq; %operating wavelength

G = 107 (G/10); %convert gain to Sl units (W)

Pt = 10~((Pt-30)/10); %convert power to Sl units (W)

%power received with target at 1 meter

Prmin = Pt*(GA2)*(1*2)*s / (64*(pi*3)*(Rmax”4));
Prmin = (10* (log10(Prmin))) + 30;

disp(Prmin);

%power received with target at 60 meters

Prmax = Pt*(GA2)*(I12)*s / (64*(pi*3)*(Rmin~4));
Prmax = (10* (log10(Prmax))) + 30;

disp(Prmax);
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Then you will begin to choose components such as band pass filters, amplifiers, and a mixer.

Plug all the necessary attributes into the cascade analysis tool for each of the components you have chosen. You
will want to check the ‘Input Rx sensitivity’ to make sure it is similar to the thermal noise floor that you
calculated earlier. In theory, this sensitivity measure is the minimum power that your receiver can detect. Then
you will want to plug the minimum and maximum received power numbers you calculated earlier in the
MATLAB script. With the cascade tool, you will be able to easily check that all of your amplifiers are operating
within their linear regions. You will also want to check the output power and voltages. For most ADC's you will
want and output voltage to be on the order of mVpp. If you are using the soundcard on a computer (such as you
did in quarter 1) you will want an output voltage on the order of a few hundred mVpp.

As a side note: be careful when choosing a mixer that the LO power is high enough. This is not covered in the
cascade analysis. You will want to check the power coming out of the splitter of your receiver is at or above the
minimum power requirement of your mixer. For example, is you chose a +7 dBm mixer, then the power coming
out of the splitter needs to be at least +7 dBm.
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e e |G Output Power (rms) | -65.55 | dBm Noise Figure| 311 | dB oIP3[ 31.81 | dBm
Input Power | -103 [ aBm | Output Voltage (rms) | 16.69 | mVims Output NSD | -133.4 | dBm/Hz P3| -56 | dBm
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