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Summary/ Important Tips

To make testing and debugging easier, it is important that you test each
individual part or block first before combining the whole system together. In this way,
you can have a clear idea where errors might occur, or fix some errors before anything
is burned or damaged when testing the whole system.

Baseband PCB Testing

Our baseband PCB is very similar to the quarter one PCB1, except that we used
different components, such as the amplifier. After we finished soldering our baseband
PCB below are the steps we took to test its functionality:

1. Check connectivity between components to see if the soldering is done correctly
or if your design is correct. We didn’t do this first for our testing which latter
cause a lot of errors and troubles.

2. (Check the voltage supplies! Voltage supplies including voltage output from the
battery to the system, the voltage output of the voltage regulator (LM317 in our
case), also the voltage output of the precision voltage reference (LT 1009 IC).
This is very important because, many components are powered by those
voltages, and if they are not correct, it might burn/damage the components.
When doing this step, just connect the voltage regulator and the precision
voltage reference component to the PCB to avoid any burning.

3. Check the waveform at the output of the DAC IC (Microchip MCP4921).
Program teensy with the triangle wave, and then connect the output of the DAC
IC to the oscilloscope to see if the output is a expected triangle wave.

4. Check the LPF and Gain stage. Start with inputting a low frequency (~100 Hz)
and small amplitude(100 mV) sine wave to the gain stage input, then observed
the waveform at the the LPF output. The sine wave you observed should have a
amplitude greater than 100 mV, and when you adjust the pot that determine the
gain of the amplifier, you should see the wave increasing its amplitude as well.
Then, slowly increase the frequency of the input sine wave, until you see a
distorted sine wave at the output to test the functionality of the LPF.

When we tested our LPF and gain stage, we see a slightly distorted sine wave at the
output even when the frequency is low, we noticed that there might be some errors.
We replace our amplifier with new components, but still the same result. As |
mentioned before, we didn’t do step 1 at first, actually we spending a lot of time trying
to figure out what is wrong with our LPF and gain stage. Then, we checked the
connectivity according to our schematic, and found that 2 resistors are suppose to
connect to 2.5V, but didn’t get connected because of the minor design error.
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RF PCB Testing

Our RF board and components are extremely small, which make soldering
much more difficult. Because being afraid that our components’ pins might be
connected all together, the first thing we do even before testing is to look at the
components on the PCB very carefully, to see if there is any noticable connection
errors.

* Very important. The checking DC connectivity step doesn’t work in the RF
board, because many components work only with high frequency, so checking DC
connectivity doesn’t help.

Below are the steps for testing RF PCB:
1. Test the transmitting side/route.

Input a constant DC voltage at the vco input. According to the VCO datasheet,
you can find out at frequency you should expect to see your output, and the power
output of the VCO. For example, when inputting a 5V DC voltage to the ROS-2490+
VCO, we should expect to so the output at 2386.2 MHz, and the VCO output voltage
should be 8.02 dBm (refer to figure 1).

Performance Data & Curves* ROS-2490+

V | TUNE FREQUENCY POWER OUTPUT | Icc HARMONICS (dBc) | FREQ. | FREQ. PHASE NOISE (dBc/Hz) FREQ | PHASE
TUNE | SENS (MHz) (dBm) (mA) PUSH | PULL at offsets OFFSET |NOISE at
(MHz/V) (MHz/V)| (MHz) (KHz) (2385 MHz
-55°C +25°C +85°C |-55°C +25°C +85°C F2 F3 F4 1kHz 10kHz 100kHz 1MHz (dBc/Hz)
0.00 | 32.97 | 22276 2218.2 22109| 744 764 7.69 [3093|-227 -29.7 -433 | 1.37 163 | -80.3 -1034 -1239 -143.8 1.0 -80.04
0.50 | 30.02 |2243.7 2234.7 22275| 746 7.64 775 |3098|-237 -31.3 -39.1 | 142 | 097 |-822 -1036 -1242 -1438 20 -88.06
1.00 | 30.15 |2259.1 2249.7 22426| 759 7.75 7.84 |31.04| -223 -285 -35.3 1.39 0.30 | -82.1 -103.8 -1244 -144.2 3.5 -93.59
1.50 | 31.28 | 22742 2264.8 2257.4| 762 7.83 793 |31.07| -214 -30.1 -36.9 | 142 072 | -81.5 -103.6 -1245 -1443 6.0 -98.85

2.00 | 32.55 |2290.2 2280.4 2272.7| 7.58 7.83 7.98 [31.12|-223 -295 -334 | 1.39 1.08 | -80.7 -103.7 -1246 -144.2 8.5 -102.03

250 | 34.34 |2306.6 2296.7 2288.7| 767 788 799 [31.17|-223 -30.3 -346 | 1.37 121 | -80.1 -103.7 -1245 -144.1 10.0 -103.57
3.00 | 35.17 |2324.0 2313.8 2305.4| 7.75 792 8.08 [31.20|-21.0 -28.7 -33.9 | 1.40 0.88 | -80.3 -104.0 -124.7 -144.4 20.8 -110.64
3.50 | 36.22 |2342.1 2331.4 2322.9| 783 8.04 8.13 [31.26| -206 -292 -31.8 | 1.31 0.43 | -81.0 -103.8 -1246 -144.4 35.5 -115.15
4.00 | 36.73 |2360.5 2349.5 2340.5| 7.80 8.05 8.18 [31.26| -21.3 -30.3 -34.7 | 1.27 1.49 | -80.4 -103.8 -1245 -144.4 60.7 -119.88
450 | 36.53 |2379.1 23679 2358.6| 7.81 8.08 821 [31.29|-210 -30.1 -346 | 1.20 166 | -805 -103.9 -1245 -1442 86.7 -123.09

5.00 | 36.26 |2397.4 2386.2 2376.7| 7.81 8.02 8.18 |31.32| -196 -27.5 -34.1 | 1.13 071 | -799 -1034 -1244 -1441 100.0 | -124.36
550 | 34.86 |2415.8 2404.3 2394.4| 787 801 811 |3142|-194 -287 -358 | 1.00 093 | -798 -1035 -1243 -1442 1481 -127.69
6.00 | 33.94 |2433.0 2421.7 2411.9| 8.05 815 8.13 [31.47|-198 -30.3 -343 | 0.92 151 | -80.1 -10385 -1245 -1443 177.0 | -129.37
6.50 | 33.05 [2450.3 2438.7 2428.7| 832 836 830 (3153|-201 -29.7 -351 | 0.85 153 | -79.8 -1034 -1245 -1443 2116 | -130.79
7.00 | 32.48 |2466.7 2455.2 2445.1| 847 8.62 849 [3157|-189 -295 -363 | 0.76 079 | -79.2 -103.4 -1244 -1442 3024 | -134.04

7.50 | 31.19 |24829 24715 2461.0| 851 866 863 [31.62|-193 -31.3 -330 | 072 | 080 |-785 -1035 -1244 -144.1 3615 | -135.22
8.00 | 30.27 |2498.8 2487.1 2476.7| 8.56 8.79 8.74 |31.70| -19.3 -31.1 -34.2 | 0.61 150 |-79.2 -1032 -1244 -144.2 507.5 | -138.36
8.50 | 29.64 |2513.8 2502.2 2491.8| 889 8.89 882 |31.78|-19.0 -30.1 -31.6 | 0.54 173 | -785 -1035 -1246 -144.4 606.7 | -139.97
9.00 | 29.18 |2528.9 2517.0 2506.5| 9.09 9.01 891 [31.80| -185 -29.7 -33.3 | 0.49 116 | -77.9 -103.4 -1245 -144.6 851.6 | -142.92
10.00 | 28.61 |2557.9 25459 2534.9| 9.47 937 9.26 (31.81|-189 -303 -320 | 040 | 095 |-788 -103.0 -124.0 -144.1 1000.0 | -144.12

Figure 1. ROS-2490+ VCO Datasheet
Then, go back to the design block diagram, to calculate what power you should get at
the transmitting antenna. In our design, shown in figure 2, the output power at Tx
antenna will be:
8dBm - 6dBm + 17.8dBm - 3dBm=16.8dBm
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Figure 2. Design Block Diagram
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Then, connect the transmitting antenna output to the spectrum analyzer to see if there
is a 16.8 dBm signal at around 2386.2 MHz. Figure 3 shown the result we got. (Which
is close to the expected output.)

Mkr 1 at 2.2732GHz

Ref: 10.0dBm

é f ; ~Ston: 246z
Center: -Hz S’\:veepi 600.0ms
. [Li

Figure 3. Output at the Transmitting Antenna

2. Test the transmitting side/route.
Input a sine wave that is slightly higher than the frequency you observed above
(which mean slightly higher than 2.2732 Ghz) into the LNA using the SMA connector




for the Rx antenna. Check the input signal of the LNA using a Probe (this can be
difficult and the signal you saw might not be accurate) compare it with the signal at the
output of the LNA. If the signal at the output is stronger (higher power) than the input
signal, this suggests that the LNA is working. Then check the signal at the mixer
output, which it should show a wave with the a frequency that is the difference between
the inputs of the mixer. Unfortunately, our mixer is not working and we didn’t see any
signal at the output. If your mixer has the correct output, you can move on to the next
testing.

Testing the Overall System

If both baseband and RF PCBs are working, now you can move on to test the
whole system. When setting up the system be sure to organize the wires to ensure
stable connection. It better to test the system in the lab room first. Connect the system
output into the oscilloscope, and see if there is a wave. Also, hold the metal plate and
walk further or closer to the antenna to see if the wave’s frequency change. When the
metal plate is closer, the frequency is lower, and when it is far away, the frequency is
higher. Figure 4 shown the output we observed in our system. If you don’t see a output,
here are some debugging tips:

1. Check all the components’ operating current and add them up. Look at the
current that is shown in your power supply. Does it match with your number? If not,
from those numbers, you can figure out which components are not operating.

2. Check the input of the VCO, is that the triangle wave you want?
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Figure 4. Signal at the System’s output



Then, you can connect the output to the audio jack and record the sound wave file. If
you look closely to the waveform on your record sound on audacity, you should see a
wave that is similar to what you see on the oscilloscope.

After, you can test the system in the hallway to get less distraction and longer distance.
If everything is working fine, you are good to test on the field!



