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ME1000 RF Circuit Design
Lab 3
Low-Noise Amplifier Characterization 

Using RF Analyzer
This courseware product contains scholarly and technical information and is protected by copyright laws and international treaties. No part of this publication may be reproduced by any means, be it transmitted, transcribed, photocopied, stored in a retrieval system, or translated into any language in any form, without the prior written permission of Acehub Vista Sdn. Bhd.  

The use of the courseware product and all other products developed and/or distributed by Acehub Vista Sdn. Bhd. are subject to the applicable License Agreement. 

For further information, see the Courseware Product License Agreement.
Objective

i) To characterize a low-noise amplifier (LNA) with reflection and transmission measurement using an RF analyzer (RFA).
Equipment Required

i) ME1000 Receiver unit
ii) Agilent N9912A Fieldfox RF Analyzer (with the NA option)
Accessories Required

i) 2 x SMA(m)-to-SMA(m) coaxial cable
ii) 1 x USB cable

iii) A PC running Microsoft® Windows XP/Vista® with a minimum of 512 MB RAM, and pre-installed with the RF Trainer Control Panel software (Refer to the ME1000 Quick Start Guide for the installation procedure)
​​​​​​​​​​​
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
Basic Equipment Setup
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In measuring a high gain amplifier, it is possible to overload the amplifier input. This will cause the unit to saturate and produce a significant non-linearity in the output signal which will possibly damage the unit. It can also damage the test equipment due to high power amplification. You should either add more attenuation to the input or output of the amplifier or reduce the RF power of the signal source before repeating the measurement. 
The RF OUT port of the RFA generates a sinusoidal wave. The wave interacts with the device-under-test (DUT) and the result is captured by the RF IN port of the RFA. Thus RF OUT is always connected to the input of the DUT and RF IN is connected to the output of the DUT.

In this lab, you need to set the RFA to the Network Analyzer (NA) mode. When performing a transmission or an S21 measurement, carry out the calibration procedures from Lab 1 with the SMA cables on both the RF OUT and RF IN ports of the RFA before you proceed. The cable and connectors on the RF OUT port of the RFA should be as short as possible and of high quality.

Note: 

If your RFA comes with Option 111 (‘QuickCal’), you will be able to perform external calibration on the RF OUT port for reflection or an S11 measurement. Refer to the Agilent N9912A User’s Guide for the detailed procedure.

When viewing signals, the [Freq/Dist], [Scale/Amptd], and [Marker] hardkeys are the most helpful. When the [Scale/Amptd] hardkey is pressed, the {Autoscale} option can be quite handy, but you will rarely use it  as you get more comfortable with manipulating the display. 
Note: 
Use the marker ([Marker] hardkey) to record your readings. The marker is used to obtain a reading at a particular frequency or amplitude. For simplicity, you may wish to use the Marker Function or Marker Search option to search for maximum and minimum points.
2. Transmission Measurements

1. Set the RFA (N9912A) to the NA mode for S21 measurement.

2. Perform the ‘Normalization’ calibration as in Lab 1 from 2 MHz to 4 GHz with the LOW output power setting.
3. Use the following settings to determine the insertion loss of the filter:
Format 
:  Log magnitude

Measurement
:  S21
Scale

:  Autoscale


N9912A setting: “[ ]”: Hardkey; “{ }”: Softkey 

Set to the NA mode for S21 measurement: [Mode] > {NA} > {S21}
Set the Start Frequency to 500 MHz: [Freq/Dist] > {Start} > [500] > {MHz} 

Set the Stop Frequency to 4 GHz: [Freq/Dist] > {Stop} > [4] > {GHz} 
Set the output power level to LOW: [Meas Setup 4] > {Output Power} > {Low}
Scale: [Scale/Amptd] > {Autoscale}
Perform Calibration: Normalization

4. Connect the LNA as shown in Figure 1.  
5. Launch the RF Trainer Control Panel software from the PC. Select RX Unit from the board selection and click Connect to RF Trainer. In the RX Unit Control area, click LNA Off to power up the LNA. You will observe the LNA PCB LED light up on the training kit, and the button text change to LNA On.
6. Adjust the vertical scale (use Autoscale if necessary) to view the complete S21 magnitude trace from 500 MHz to 4 GHz.
Exercises
Observations/data recording
a. Find the maximum gain, and the frequency at which it occurs.   

Gmax = _____ dB at ______MHz

b. Find the frequency below the maximum gain at which the gain is reduced by 3 dB from the maximum gain. 

Gmax –3 dB occurs at _____ MHz 
c. Find the gain at 868 MHz.

Gain at 868 MHz = _________ dB

d. Find the gain flatness.

Gain flatness = ± _______ dB

e. Explain why the gain drops as the frequency increases.

f. Is this gain a voltage or power gain? Explain.
7. Reverse the connections on the LNA to determine the isolation, i.e., connect the RF OUT port to the OUT terminal of the LNA and the RF IN port to the IN terminal of the LNA. Use Autoscale if necessary to view the complete waveform. This waveform is the S12 waveform since we are now sending the sinusoidal wave into the LNA output and sample its response at the LNA input instead.
Exercises
Observations/data recording
a. Find the isolation at 868 MHz.

Isolation at 868 MHz = _________ dB
[Note: Use averaging, smoothing, and smoothing aperture if necessary]

b. Elaborate the importance of isolation in an amplifier.

3. Reflection Measurements
1. Reconnect the LNA as shown in Figure 1.

2. Set the N9912A to the NA mode for S11 measurement. Make sure that the output power level is set to LOW. Keep the coaxial cable at the RF OUT port of the RFA as short as possible.  
3. Use the following settings to determine the insertion loss of the filter:
Format 
:  Log magnitude

Measurement
:  S11
Scale

:  Autoscale


N9912A setting: “[ ]”: Hardkey; “{ }”: Softkey 

Set to the NA mode for S21 measurement: [Mode] > {NA} > {S11}
Set the display to the Log magnitude format: [Meas Setup] > {Format} > {LogMag}
Scale: [Scale/Amptd] > {Autoscale}

 Exercises
Observations/data recording
a. Find the minimum input return loss, and the frequency at which it occurs.   

Min return loss = _____ dB at ______MHz

b. Find the maximum input return loss, and the frequency at which it occurs.   

Max return loss = _____ dB at ______MHz
c. Find the input return loss at frequency of 868 MHz.

Return loss at 868 MHz = _________ dB

[Note:  Use the marker function to search for maximum and minimum points]

4. Change the settings to display the SWR.

Format 
:  VSWR

N9912A setting: “[ ]”: kHardkey; “{ }”: Softkey 

Format: [Meas Setup] > {Format} > {VSWR}
 Exercise
Observations/data recording
a. What is the standing wave ratio at 868 MHz?

SWR at 868 MHz = 1: _______
5. Change the settings to display the Smith Chart for input impedance measurement.

6. From the Smith Chart, you can read the magnitude and phase of the reflection coefficient. From these you can convert the reflection coefficient into a complex form, and finally convert the reflection coefficient into input impedance Zin via 
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Format 
:  Smith Chart


N9912A setting: “[ ]”: Hardkey; “{ }”: Softkey 

Format: [Meas Setup] > {Format} > {Smith}
Exercises
Observations/data recording
a. What is the input impedance at 868 MHz?

Input impedance at 868 MHz = ( ______ +  j _______ ) Ω
b. What is the equivalent inductance (H) or capacitance (F) of the reactance?

Equivalent inductance = ____ H      OR      Equivalent capacitance = ____ F

c. Explain the matching condition at the input.
7. Reverse the connections on the LNA to determine the output return loss, i.e., connect the RF OUT port of the RFA to the  OUT terminal of the LNA and RF IN port of the RFA to the IN terminal of the LNA. This waveform is the S22 waveform since we are now sending the sinusoidal wave to the LNA output and sample its reflection with the terminated IN terminal.

8. Repeat steps 3 to 5 to characterize the S22 in terms of its output return loss, VSWR and output impedance.
 Exercises
Observations/data recording for output return loss
a. Find the minimum output return loss and the frequency at which it occurs.   

Min return loss = _____ dB at ______ MHz

b. Find the maximum output return loss and the frequency at which it occurs.   

Max return loss = _____ dB at ______ MHz

c. Find the output return loss at 868 MHz.

Return loss at 868 MHz = _________ dB

[Note: Use the marker function to search for maximum and minimum points]
Observations/data recording for output SWR
a. What is the standing wave ratio at 868 MHz?

SWR at 868 MHz = 1: _______
Observations/data recording for output impedance
a. What is the output impedance at 868 MHz?

Output impedance at 868 MHz = ( ______ + j _______ ) Ω

b. What is the equivalent inductance (H) or capacitance (F) of the reactance?

Equivalent inductance = ____ H      OR

Equivalent capacitance = ____ F

c. Explain the matching condition at the output.
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Figure � SEQ Figure \* ARABIC �1� – General Equipment Configuration for LNA Measurement Using the RFA
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