[image: image23.jpg]




http://dreamcatcher.asia/cw
 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 



Objectives

i) To measure important characteristics of the frequency mixer with a spectrum analyzer (SA)
ii) To understand the frequency conversion principles of the frequency mixer
Equipment Required

i) Keysight N9320B 3 GHz RF Spectrum Analyzer
ii) Keysight N9310A RF Signal Generator
iii) ME1000 RF Transceiver Kit (Receiver Unit)
Accessories Required

i) 2 × SMA(m)-to-SMA(m) coaxial cable
ii) 1 × SMA(m)-to-SMA(m) jumper cable
iii) 1 × USB cable
iv) A PC running Microsoft® Windows XP/Vista®, pre-installed with the RF Trainer Control Panel software
IMPORTANT:

Turn off the training kit when not in use. The kit will turn off automatically when no mouse or keyboard action is detected for more than 10 minutes. Always ensure that the casing is grounded and the cover is latched up before powering up the device.
1. Introduction

1.1 Basic Equipment Setup
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Figure 1 – General Equipment Configuration for Mixer Measurement Using a SA

2. Determine the Local Oscillator Input Level Using a SA
We must determine the local oscillator (LO) input power level to the mixer by connecting the LO directly to the SA as shown in Figure 2. 
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Figure 2 – Equipment Set Up for LO Input Level Determination
1. Connect the output of the frequency synthesizer module directly to the SA.  

2. On your PC, launch the RF Trainer Control Panel. Select the RX Unit from the board selection and click Connect to RF Trainer. In the Frequency Synthesizer Control area, click Frequency Synthesizer Off/On to power up the synthesizer. Set the frequency to 818 MHz. You will see the frequency synthesizer PCB LED light up on the trainer when it is powered on.
3. Set the following settings for SA:

Center frequency:  
818 MHz

Span:  


10 MHz

RBW:  


100 kHz

Attenuation:  

30 dB (or auto)
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Exercises
a) What is the power level displayed on the SA when the LO is powered on?

LO level measured at SA, Psa_LO @818 MHz = __________ dBm

Note: 
Use the marker function Search Peak if necessary.
b) Determine the actual output power level of the LO.

Actual LO output power, Plo 
= Psa_LO + Loutput_path 

 



= __________ dBm + __________ dB 
= __________ dBm

Where, 

Loutput_path = Lcable_sa + Lhalf_path 
(Cable/Connector/PCB trace losses found previously)

3. Conversion Loss Measurement

Take note of the following notation used in mixer measurement:
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Pin_RF: Input RF power into the mixer’s RF port

Pin_LO: Input LO power into the mixer’s LO port

Pout_RF: Output RF power from the mixer’s IF port

Pout_IF: Output IF power from the mixer’s IF port

Pout_LO: Output LO power from the mixer’s IF port

Pout_sa_RF: Output RF power from the mixer’s IF port measured at the SA

Pout_sa_IF:Output IF power from the mixer’s IF port measured at the SA

Pout_sa_LO: Output LO power from the mixer’s IF port measured at the SA


Figure 3 – Notation Used in Mixer Measurement
1. Make the connection as shown in Figure 1. Click Mixer Off/On to power up the mixer. You will see the mixer PCB LED light up on the trainer when it is powered on.

2. On the RF Trainer Control Panel, click Connect to RF Trainer. In the Frequency Synthesizer Control area, click Frequency Synthesizer Off/On to power up the synthesizer. Set the frequency to 818 MHz. You will see the frequency synthesizer PCB LED light up on the trainer when it is powered on.
3. Use the following settings for the signal generator (SG):

CW frequency:  

868 MHz

Power: 


 –15 dBm
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4. Use the following settings for the SA:

Start frequency:  
10 MHz

Stop frequency:  
900 MHz

Input attenuation:  
20 dB (or auto)

RBW:  


100 kHz (or auto)
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Exercises
a) Plot the mixer output spectrum from 10 MHz to 900 MHz in the following graph by identifying all the origin and converted tones (such as LO, RF, or RF ± LO) and their respective output power levels.
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Output RF power measured at SA @868 MHz, Pout_sa_RF = __________ dBm

Output LO power measured at SA @818 MHz, Pout_sa_LO = __________ dBm

Output IF power measured at SA @50 MHz, Pout_sa_IF = __________ dBm
b) Determine the actual input and output RF power. Use the Linput_path (dB) and Loutput_path (dB) values from the previous lab. 
Input RF power from the SG, Psig_gen = −15 dBm

Actual RF input power into the mixer, Pin_RF 
= Psig_gen − Linput_path @868 MHz






         
= −15 dBm − __________ dB 
= __________ dBm

RF output power measured at the SA, Pout_sa_RF = __________ dBm

Actual RF output power from the mixer, Pout_RF 
= Pout_sa_RF + Loutput_path @868 MHz






            

= __________ dBm +__________ dB 
= __________ dBm

c) Determine the actual IF output power. Use the Lcable value from previous lab.

IF output power measured at the SA, Pout_sa_IF = __________ dBm

Actual IF output power from the mixer, Pout_IF 
= Pout_sa_IF + Loutput_path @50 MHz


              



= __________ dBm + __________ dB 
= __________ dBm

d) Determine the actual LO input and output power. Find the jumper cable loss that connects LO_in to RF_out, Ljumper as in Lab 1.

LO input power measured previously, Plo = __________ dBm

Actual LO input power into the mixer, Pin_LO 
= Plo − Ljumper @818 MHz

                



        
= __________ dBm + __________ dB 
= __________ dBm

LO output power measured at the SA, Pout_sa_LO = __________ dBm

Actual LO output power, Pout_LO 
= Pout_sa_LO + Loutput_path @818 MHz

= __________ dBm + __________ dB 
= __________ dBm

e) Calculate the conversion loss of the mixer.

Conversion loss 
= Actual input RF power (dBm) – Actual output IF power (dBm)



 
= Pin_RF − Pout_IF


= __________ dBm – __________ dBm 
= __________ dB

f) Calculate the RF-to-IF isolation of the mixer.

RF-to-IF isolation 
= Actual input RF power (dBm) – Actual output RF power (dBm)



   
= Pin_RF − Pout_RF


   
= __________ dBm – __________ dBm 
= __________ dB

g) Calculate the LO-to-IF isolation of the mixer.

LO-to-IF isolation 
= Actual LO input power (dBm) – Actual LO output power (dBm)



= Pin_LO − Pout_LO 
= __________ dBm – __________ dBm 
= __________ dB

4. Gain Compression Measurements 

1. Use the same setup as shown in Figure 1.

2. Use the following settings for the SG:

CW frequency:  

868 MHz

Power:  

–15 dBm
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3. Use the following setting for the SA:

Center frequency:  
50 MHz

Span:  


10 MHz

Input attenuation:  
30 dB (or auto)

RBW:  


100 kHz (or auto)

Averaging:  

On
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4. Determine the actual IF output power levels at different RF input power levels.
Exercises
a) Fill in the table below. Use Linput_path (dB) and Loutput_path (dB) values found in the previous lab.

	SG Input Power, Psig_gen (dBm)
	Actual RF Input Power,

Pin_RF (dBm)
	IF Output Power Measured at SA,

Pout_sa_IF (dBm)
	Actual IF Output Power, Pout_IF (dBm)

	−15
	
	
	

	−14
	
	
	

	−13
	
	
	

	−12
	
	
	

	−11
	
	
	

	−10
	
	
	

	−9
	
	
	

	−8
	
	
	

	−7
	
	
	

	−6
	
	
	

	−5
	
	
	

	−4
	
	
	

	−3
	
	
	

	−2
	
	
	

	−1
	
	
	

	0
	
	
	


b) Plot Pout_IF as a function of Pin_RF in the graph below.
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c) At what output power level is the gain decreased by 1 dB compared with the gain at a very low input power level?

P1 dB output = __________ dBm

P1 dB input = Output P1 dB output − Gain = __________ dBm

5. Image Frequency Rejection 

Image frequency is an undesired input frequency in a mixer that produces the same IF as the desired input signal. An image must be rejected prior to mixing because once it has entered the IF chain, the image will be indistinguishable from the desired signal and impossible to filter out. Image rejection is accomplished by placing the necessary filter before the mixer.
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Figure 4 – Image Frequency Illustration
1. Use the same setup as described previously.

2. Change the settings for the SG to explore the effect of image frequency.

CW frequency:  

768 MHz 

Power level:  

–15 dBm 
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3. Change the settings for the SA to explore the effect of image frequency.

Start frequency:  
10 MHz

Stop frequency:  
900 MHz

Input attenuation: 
20 dB (or auto)

RBW:  


100 kHz (or auto)
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Exercises
a) Plot the mixer output spectrum from 10 MHz to 900 MHz in the following graph.
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4. Change to the following settings for the SA to determine the image frequency power level:

Center frequency:  
50 MHz 

Span:  


10 MHz

Input attenuation:  
30 dB (or auto)

RBW:  


100 kHz (or auto)

Averaging:  

On
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Exercises
a) What is the effect at the IF frequency if an image frequency entered the mixer?
b) What is the power level of the image frequency displayed on the SA?

Image frequency @50 MHz, Pimage = __________ dBm

Note: 
Use marker function Search Peak if necessary.
c) How do we reduce the image problem?

d) Connect the RF bandpass filter module before the mixer and determine the power level of the image frequency displayed on the SA.

Image frequency @50 MHz after filtering, Pimage_filter = __________ dBm
e) Calculate the image rejection provided by this filter. 

Image rejection 

= Pimage_filter − Pimage
= __________ dBm − __________ dBm

= __________ dB
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N9320B setting: 		“[ ]”: Hardkey; “{ }”: Softkey


Preset to default settings: 	[Preset/System] > {Preset}


Center frequency: 		[FREQUENCY] > [818] > {MHZ}		


Span: 				[SPAN] > [10] > {MHZ}


Attenuation: 			[AMPLITUDE] > {Attenuation} > [30] > {dB}


RBW: 				[BW/AVG] > {Res BW} > {100} > {KHZ}





N9310A setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Frequency: 		[Frequency] > [868] > {MHZ}


Amplitude: 		[Amplitude] > [+/-] > [15] > {dBm}


Turn on output: 		[RF On/Off]





N9320B setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Start frequency: 	[FREQUENCY] > {Start Freq} > [10] > {MHZ}	


Stop frequency: 	{Stop Freq} > [900] > {MHZ}


Attenuation: 		[AMPLITUDE] > {Attenuation} > [20] > {dB}


RBW: 			BW/AVG] > {Res BW} > {100} > {KHZ}





N9310A setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Frequency: 		[Frequency] > [868] > {MHZ}


Amplitude: 		[Amplitude] > [+/-] > [15] > {dBm}


Turn on output: 		[RF On/Off]





N9320B setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Center frequency: 	[FREQUENCY] > [50] > {MHZ}		


Span: 			[SPAN] > [10] > {MHZ}


Attenuation: 		[AMPLITUDE] > {Attenuation} > [30] > {dB}


RBW: 			[BW/AVG] > {Res BW} > {100} > {KHZ}


Averaging: 		[BW/AVG] > {Average}





N9310A setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Frequency: 		[Frequency] > [768] > {MHZ}


Amplitude:		[Amplitude] > [+/-] > [15] > {dBm}


Turn on output: 		[RF On/Off]





N9320B setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Start frequency: 	[FREQUENCY] > {Start Freq} > [10] > {MHZ}	


Stop frequency: 	{Stop Freq} > [900] > {MHZ}		


Span: 			[SPAN] > [10] > {MHZ}


Attenuation: 		[AMPLITUDE] > {Attenuation} > [20] > {dB}


RBW: 			[BW/AVG] > {Res BW} > {100} > {KHZ}





N9320B setting: 	“[ ]”: Hardkey; “{ }”: Softkey


Center frequency: 	[FREQUENCY] > [50] > {MHZ}		


Span: 			[SPAN] > [10] > {MHZ}


Attenuation: 		[AMPLITUDE] > {Attenuation} > [30] > {dB}


RBW: 			[BW/AVG] > {Res BW} > {100} > {KHZ}


Averaging: 		[BW/AVG] > {Average}
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