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ECE 440L 
 

Experiment X:  Binary Phase Shift Keying 

    and Frequency Spreading 

(2 weeks) 

 
I. OBJECTIVES 
 

Week 1.  Upon completion of the BPSK experiment, you should be able to: 
 

1. Construct and test the BPSK system described in Figures 1 and 2. 

 a.  Prove that the audio is being sampled at approximately 1 kHz. 

 b.  Use proper cut-off frequencies for anti-aliasing and reconstruction filters. 

 c.  Adjust system to obtain signal voltages with the appropriate amplitude and phase. 
 

2. Obtain time and frequency domain displays for the 25 kHz and 50 kHz carriers. 
 

3. Using 4-bit linear PCM and a 100 Hz squarewave for the analog input signal, obtain 

time and frequency domain (PSD) displays for: 

 a.  The PCM Encoder (TTL) data and the PCM (NRZ) data. 

 b.  The  BPSK Channel. 

 c.  The output of the demodulating multiplier and the PCM reconstruction filter. 

 d.  The output of the PCM Decoder and reconstruction filter. 
 

4. Apply an audio input.  Connect system output to the scope and audio amplifier. 

 a.  Adjust system gains to obtain signals of the appropriate amplitude and phase. 

 b.  Obtain time domain and PSD displays for the BPSK Channel. 

 c.  Adjust the output filter to, alternately, hear and suppress the distortion. 
 

5. Using the audio input, compare the BPSK Channel PSD and sound “quality” for: 

 a.  25 kHz carrier frequency vs. 50 kHz carrier frequency) 

 b.  7-bit linear vs. 4 bit compander. 

 

Week 2.  Upon completion of the BPSK-Spread-Spectrum experiment, you should be able to: 
 

1. Construct and test the BPSK-Spread-Spectrum system described in Figures 1 and 2. 

 a.  Use proper cut-off frequencies for anti-aliasing and reconstruction filters. 

 b.  Adjust system to obtain signal voltages with the appropriate amplitude and phase. 
 

2. Using 4-bit linear PCM and a 100 Hz squarewave for the analog input signal, obtain 

time and frequency domain (PSD) displays for: 

 a.  The  BPSK input to the spreader.. 

 b.  The spread-spectrum signal in the BPSK-Spread Spectrum channel. 
 

3. Design an experiment to investigate effects of the length of the PN sequence. 

 a.  Form a clear set of objectives 

 b.  Specify the system gains and selector switch positions. 

 c.  Use proper cut-off frequencies for anti-aliasing and reconstruction filters. 

      Include effects of carrier frequency. 

 d.  Clearly present results and conclusions. 
010810 
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II. INTRODUCTION to Week 1. 
 

Figures 1 and 2 show the block diagram and connection diagram of the BPSK system to be 

investigated for this experiment.  The purpose of the system is to digitize audio range signals 

and transmit the PCM data stream via BPSK.  The carrier frequency shown is 50 kHz and the 

the bit-rate is approximately 1000 bits/second. 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig.1.  Block Diagram for BPSK System. 
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III. PRELAB for Week 1.  See Appendix following Page X-8. 
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1. Write the theoretical Power Spectral Density for a BPSK signal when the shift angle 

is 180 degrees.  State it or derive it.  Provide clear definitions of the variables and a 

reference for your starting point. 

 

 HINT:  It looks like [ sin(x)/x ]
2
. 

 

2. In Figure 2, a 50 kHz squarewave is input to the 60 kHz low pass filter.  The filter is 

effective at rejecting frequencies higher than 60 kHz. 

 

 a.  Does it make sense that the output of the filter is a 50 kHz sinewave? 

      Prove your answer. 

 

 b.  A 25 kHz squarewave input to the filter also produces a clean 25 kHz sinewave. 

      How is that  possible? 

 

 

IV. EXPERIMENT. 

 

 Perform experiments required to meet the stated objectives. 

 Record your procedures and results. 
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IV. INTRODUCTION to Week 2. 
 

Figures 3 and 4 show the block diagram and connection diagram of the Frequency Spread 

BPSK system to be investigated for this experiment.  The purpose of the system is to digitize 

audio range signals and transmit the PCM data stream via Spread Spectrum BPSK.  The 

carrier frequency shown is 50 kHz and the the bit-rate is approximately 1000 bits/second. 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig.3.  Block Diagram for Spread BPSK System. 
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V. PRELAB for Week 2. 
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1. Write the theoretical Power Spectral Density for a BPSK signal with shift angle of 

180 degrees, carrier of 25 kHz and bit rate of about 1 kHz that has been spread by a 

PN sequence with a bit rate of about 100 kHz.  State it or derive it.  Provide clear 

definitions of the variables and a reference for your starting point. 

 

2. Prepare your experiment design for the Objective 3. 

 

 

 

IV. EXPERIMENT. 

 

 Perform experiments required to meet the stated objectives. 

 Record your procedures and results. 
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Unfiltered BPSK Spectrum. 

From RF Design, April 2004 
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