EA467 Comm Lab II:  Transmitters and Receivers


         (rev-c)  Fall  2007
Introduction:  This lab continues our investigation into the elements of the Link Equation.  The previous Antenna lab covered the two Antenna Gain terms (GT and GR) and the space loss term LS in the link equation.  The Transmission Line Lab covered the incidental losses term LI.  This lab will address the hardware involved in the Transmitter and Receiver terms, PT and PR.

Link Equation: 

PR = PT + GT + RT – LI - LS
Transmitters transmit with powers of Watts and consume significant power but often on a low duty-cycle.  The challenges of transmitter design are heat and peak currents.  Receivers on the other hand must be capable of detecting signals as weak as 10-12 Watts while maintaining good signal-to-noise ratio (SNR).  Receivers draw little power, but usually are on all the time so they have a 100% duty cycle and sometimes can require more average power than the transmitter’s average power.  The challenges of receivers design are sensitivity, selectivity, losses and noise.  Noise is ever present and gets worse with every stage of the receiving process, every length of cable and every connector.  
[image: image1.jpg][
]
2
]
o
o
4
®
@
o
<
3




                                          [image: image2.jpg]LABsat Transmitter





This lab uses our LABsat comm system to gain experience with transmitters and receivers and noise.   As you fully integrate your spacecraft, you will do Functional Testing to validate your spacecraft performance against these parameters..
LAB Groupings:   There are 3 group setups for Transmitters, 3 for Receivers and one for noise.
Part A.  Transmitters:  This experiment uses a PCSAT / LABsat transmitter to make typical measurements that are important in the design process.  You will measure power output versus power input and calculate efficiency.  You will also develop a performance curve for your transmitter over the range of voltages of your spacecraft bus and will measure the heat rise in the final amplifier stages that you will have to account for in your thermal design.  You will also observe any spurious emissions on a spectrum analyzer.
WARNING:  Do NOT exceed 14 Volts on the power supply or you will blow the transmitter!
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Lab Procedures:

1) Connect the Dummy Load to the transmitter output (Transmitters must always have a matched load on their output or they could be destroyed by excessive reflected power from a mismatched termination).  Set the meter to the times-1 scale using the times-10 SWR slug.  This makes the wattmeter read up to 10W full scale.

2) Notice the thermistor attached to the transmitter final amplifier transistor.  The transistor is soldered to the circuit board to act as a heatsink and a metal fin heatsink.  Record the initial temperature.   How well will this heat-sink work in space?  What will work better?
3) Set the power supply to 8 volts and current limit to about half setting.  Be CAREFUL about voltage!  Temporarily connect the power supply to the transmitter and record power supply Volts, Amps, the RF Power output and temperature.  Increase the voltage in half-volt steps up to 14 volts and take readings.

WARNING:  DO NOT CONNECT THE LEAD IN STEP 4 FOR MORE THAN 3 SECONDS 

4) For two more data points above safe ratings for this transmitter, disconnect the + lead from the power supply, adjust to 15 volts, and then BRIEFLY re-connect it for up to 5 seconds while taking another set of readings, then disconnect again.  Repeat for 16 volts.

5) Place your finger on the output transistor and other metallic areas of the transmitter to observe that generally, all the heat is generated in the final stage of the transmitter.

6) Set the spectrum analyzer to 350 MHz, 50 MHz/div, 0 dBm level.  Observe on the spectrum analyzer the 2nd, 3rd and 4th harmonics and any other spurious emissions.  Retune the S/A to look for the higher order harmonics.  Record their levels in dB relative to the carrier power at 145.825 (“so many dB down”).  Ignore the spike at 0 frequency.  All spectrum analyzers have a spike at 0 Hz.

Post Lab:  Plot the DC input power, RF output power, and temperature/10 versus voltage.  Based on these measurements, and the spectrum analyzer observations, comment on the impact of the transmitter on the design of a spacecraft and other payloads.  Compare the levels of the spurious emissions to the typical receiver sensitivity you observe in part B.  With a 10% transmit duty cycle, what is the average DC input power required by this transmitter?  If the transmitter is rated for operation at 12 volts.  How much could you degrade system voltage and still have a useful transmitter?  (meaning, RF output down by 3 dB).
Part B.  Receivers:  The most important aspects of a receiver are its sensitivity and selectivity and less important, its power requirements.  Selectivity means it has filters to block out unwanted signals that are not in its frequency band, while sensitivity indicates how well it can receive weak signals.  This experiment will measure the sensitivity and selectivity of a typical receiver that we have used in PCsats.

The typical block diagram of a receiver consists of a low noise RF amplifier to get the signal above the noise floor, then a mixer to heterodyne it down to a first Intermediate Frequency (IF) where it is amplified and filtered with very efficient amplifiers.  It is then often, mixed again to an even lower frequency and higher quality second IF amplifier and filters before being passed to the detector.  The detector demodulates the signal to recover the original signal from the carrier.  In this lab, you will use an FM receiver where the detector is called a discriminator.
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Lab Period:   NOTE:  You are familiar with Power in dB = 10 log(P).  But for this lab, some readings are in volts and since P = E2/R then Power in dB = 20 log (E).
1) Signal Generator Setup:   Connect the signal generator to the receiver as shown and set the amplitude to a -127 dBm by pressing the amplitude button, then keying in the value, and then pressing the dBm button.  Turn off modulation from the modulation section of the generator (press FM and then OFF) and toggle the RF ON/OFF button to off in the Carrier section.  Press the Freq button and key in 435.275 and press MHz.

2) LABsat Battery and O’scope Setup:  Carefully plug the receiver’s power pigtail into your LABsat battery panel.  The battery bus is a multi-voltage connector with 4.2, 8.4 and 12.6 volt taps.  Use the right hand of the battery connector to give you 12 volts, with the black pin on the bottom.  Set the O’scope to 0.5v per division, AC using a 1X probe (BNC coax) and time base to 0.5 ms.
3) Receiver Setup:  Prepare the receiver test circuit below carefully.  First set the Squelch and Volume control  fully CCW.  Connect the speaker and voltmeter and oscilloscope to the receiver audio output as shown.    Turn the Volume control up to a comfortable volume and adjust carefully to display as close as you can to 0 dBm on the AC (noise) voltmeter.  Press the SELECT button if needed to display dBm instead of millivolts.  Setting the audio level to 0 dBm and the voltmeter to read in dBm, will make lab adjustments and observations much easier so that  you do not have to constantly do the 20 log (V) conversion from volts to power.
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4) Measure Receive Sensitivity by observing output signal-to-noise SNR versus input signal level.  Proceed as follows.  With no input signal from the generator, the FM receiver should produce maximum noise power on the voltmeter (0 dBm).  Record this value as your reference.  Toggle ON the RF ON/OFF button and notice a weak signal beginning to be heard (observable by the lower noise level).  Record this signal (-127 dBm) and noise level on the voltmeter.  Now slowly step up the signal level, 1 dB at a time.  Continue increasing input signal level while recording reduction in noise level on the meter.  When you get to 10 dB of quieting (-10 dBm on the voltmeter), record and note the signal generator level.  This signal level represents what is called the receiver’s sensitivity measurement and is called the “10 dB signal-to-noise” sensitivity.    
5) Modulation Test:  At this 10 dB sensitivity, temporarily turn on the FM modulation (press FM) and adjust the deviation to 3 KHz and notice the quality of the tone signal relative to the noise.   You will be able to see and hear considerable noise still on the signal.  Do this for both 400 Hz and 1 KHz modulation tones.  This 10 dB SNR sensitivity is usually considered the minimum for voice communications.  Turn the modulation back off or it will mess up your noise-quieting measurements.
6) Improve the SNR:  With the modulation off, notice there is still quite a bit of noise on the signal.  Continue to make measurements of SNR versus signal generator level in 1 dB steps on the sig-gen until you see the noise power has dropped by 20 dB  from its initial value.  Record this “20 dB SNR sensitivity” level.  This means the signal is 100 times stronger than the noise and is considered a good quality signal.   Turn on the modulation as before and notice the modulation tone is quite pure now.  
7) 30 and 40 dB SNR: Turn off the modulation again and further increase the signal in 5 dB steps to achieve 30 dB and 40 dB noise reduction.   A SNR of 40 dB is considered the minimum for broadcast quality signals.  Continue to increase the signal generator level in 5 dB steps to -80 dBm on the sig-gen.  Notice how quiet the receiver is (Now what is the output noise level), and how pure the modulation is (turn it on to listen).  Post-lab you will plot these data points, as the output SNR versus input signal level.
8) Measure the  Selectivity or Bandwidth of the receiver by going back to the signal generator setting for 20 dB noise quieting (-20 dBm on meter with the modulation off).  Now change the signal generator frequency up in 1 KHz steps and record the noise power as you go.  Continue to tune upwards in frequency to where you see the noise power almost back to the original 0 dBm.   Do the same going down in frequency from the center.   Plotting this response against frequency will show the useable bandwidth of this receiver like the sketch below.
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Post Lab:  Plot the audio noise output levels in dBm against the signal generator RF input level in dBm to see the improvement in SNR as the signal level increased.  Was it linear?  There should be a knee which shows the FM threshold effect, below which, small improvements in signal produced a rapid improvement of output SNR.   This is the advantage of FM in providing superior quality signals above a certain threshold.  Plot the part 8 selectivity data to determine the useable bandwidth of your receiver. 
Part C.  Sun, Galactic and Terrestrial Noise:   The Link Equation allows you to calculate the Power Received (PR) but this does not tell you if the signal is detectible above the noise.  The limit to how much you can amplify a weak signal depends on how much stronger it is than all other contributing noise sources.   That is why we use the Signal-to-Noise Ratio or SNR as the actual measure of receive performance.   Often 10 dB or more of SNR is required for good communications, but values as low as 2.2 dB are possible with extreme processing methods.  (you will look at modulating methods in the next lab).
SNR = PR / No  

or:
SNR  = PR – No   in dB

Significant Noise contributors are the noise of the receiver itself, thermal noise of components and cables plus the noise from the Sun, ground and Galaxy.   Thermal noise is given by the Thermal Noise Equation:

No = K * T * B 

Where K is Boltzmann’s constant, T is the temperature in Kelvin and B is the bandwidth of the receiver.  Clearly a wider bandwidth receiver lets in more noise.
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Lab Period: (Plaza/Lobby)  Use the 5’ black dish configured for 4 GHz TV signals (down converted to 1000-1400 MHz).  Connect the dish to a Spectrum Analyzer and observe the signal level on the display.  Note, that this receive system LNA has an equivalent noise temperature of 70K.  This means the LNA adds the equivalent noise as a resistor at 70K.   The Ground and surrounding Buildings are at 300 K.  The average Sun Noise Temperature at 4 GHz is typically taken to be 28,000K, so you can see that it is quite easy to detect with our simple antenna.    
(reference: http://www.astro.columbia.edu/~koglin/papers/solar.htm).
 BE CAREFUL!  Do not let the antenna drop down against the mount or wrap around it and get stressed.

1. Point the dish off to an area of cold sky (not at the sun) and not at the GEO arc to the east and record the minimum signal level at a middle frequency around 1200 MHz.  This is the noise floor of the feed/LNA/downconverter  (at 70K) plus any Galactic noise in that direction.  If the receiver electronics were cooled to near absolute zero, then the receiver noise would be less and the only noise we would see would be the background cosmic radiation near 3K.

2. Have  your partner place his/her hand directly in front of the feed.  You should see a noise increase because your hand is at about 310 K noise temperature.

3. Point the dish towards Rickover building and take a new look at the average noise floor at 1200 MHz.  You should be able to see the noise increase due to the 300K noise temperature of the building.

4. Point towards the GEO arc (Southwest  towards Maury and up about 40 degrees).  You should be able to peak on a satellite and see lots of signals in the spectrum.  Jot down the peak power of several of the largest.  See how high they are above the noise.

5. Next, while avoiding the GEO Arc if possible,  point the dish at the Sun and peak for the maximum increase in the noise displayed on the bar graph.   (Look at Sun’s shadow at the center of the dish).  You might find this increase is not as much as you anticipated from a 28,000K source.  Even though the Sun is very hot and noisy, remember that it’s cross sectional area is only about 0.5 degree compared to the 4 degree beamwidth of our antenna.  Whereas with the dish pointed at the ground or Michelson, or your hand, the entire field of view was seeing 300k.  How much does the reduced .5 degree view factor reduce the noise power from the Sun (in dB) compared to the 4 deg wide antenna beamwidth.?
6. Another noise source is the center of our Galaxy.  In the fall, our galactic center (Milky Way) rises about 12 PM in the East.  Then you can point the dish at Sagittarius  (a strong radio noise source) and detect its noise peak at the galactic center.  If you are back in Rickover this afternoon, come try it.
Post-Lab:  Compare the Sun and ground noise powers to the cold sky measurements in dB.  Discuss your observations on sky noise sources and how this impacts the signal-to-noise ratio and Link Budget.  

Laboratory Report:   Your RECEIVERS lab report will have two sections.  The first section will address this lab, and the second section will include the details of the next lab (Receivers and Modulations).  Use the standard lab format for your report.  Describe the set-up, discussing data and results and writing conclusions.
Describe the lab’s purpose and provide a discussion of transmitter parameters as they affect spacecraft design and receiver functions and other parameters that affect the overall link budget (in your introduction), citing relevant laboratory portions demonstrating functionality. 

· Briefly describe the laboratory setup for each section of the laboratory procedure above, including block diagrams where appropriate.

· Complete all tasks in each section.  Complete the analysis and discuss the results by making comparisons between measurements and theory where appropriate.  Use figures and plots to support your conclusions.
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