P5024B 20GHz faceless VNA: LNA 

On this experiment you will perform basic measurements on a Low Noise Amplifier
Equipment:
P5024B (with 3.5mm connector savers) + N7555A  ecal
HMP4040 Power Supply
Mini circuits ZFL-500-BNC amplifier, 50M-500MHz, 25dB Gain
Mini circuits ZX10-2-12-S+ Splitter/ Combiner 2-1200MHz
SMA cables + BNC to SMA adapters


The VNA is already calibrated using the N7555A e-cal for the following stimulus conditions:
	Start = 50MHz			points = 901
	Stop = 500MHz		Port 1 Power = -20dBm
	Step = 500KHz
(Cal set can be loaded by: Response > Cal > Cal Sets & Cal kits > Cal Sets … > Select “AMP-ZFL-500”)
The DC power supply is set to +15V

1. Use the Menus “Instrument > Trace” and “Instrument > window”, to add new traces and windows to replicate this configuration:  
(notice that both windows are assigned to Channel 1 “Ch1”)


The two windows you set are assigned to Channel 1, that means that they share the same stimulus (power / sweep) and response (calibration). A VNA can however display multiple channels, by sequentially switching settings. Each channel can have its own calibration and multiple windows and traces. 
The P5024B can handle up to 500 independent channels and 500 windows.
 
2. Add a new channel below Windows 1 & 2.
Instrument > Channel > Add channel …
3. Select the Ch2 window and for now assign the same stimulus and response settings as for Ch1:
Response > Cal > Cal Sets & Cal kits > Cal Sets … > Select “AMP-ZFL-500”
4. Add one trace for S21 in LogM and one trace for S21 Phase in degrees


5. Do the measurements make sense?

Swept-Frequency Gain Compression Measurement (1-dB Compression)
This technique consists on setting an S21 measurement in swept frequency mode, freeze the trace and slowly increase Pin to detect the first frequency at which 1dB compression occurs;
1. [bookmark: swout]On window #3, place a marker mid-span on the Trace #7 S21 LogM 
2. Adjust the analyzer's scale to 1 dB per division:
Select Tr7, Response > Scale > Scale > Set to:


3. The current trace, for P1 power of -20dBm, will be your reference. You will need a new trace for increased powers to look for the point where the gain is 1dB lower than the reference. 
Store the trace in memory and display Data/Mem,
Right click on Tr7 > Memory … > Select “Data -> Memory” and
Trace view options = Data and Memory Trace  
4. Gradually increase the source power until a 1-dB decrease in gain is observed over some portion of the trace. 
(it should be somewhere near Pin of -12dBm to -15dBm, do not go too far to protect Port 2)
5. Use markers to locate the frequency where the 1-dB decrease in gain first occurs. Note this frequency for use in the following measurement.




Swept-Power Gain Compression Measurement (1-dB compression)
This technique consists on having the VNA ramp up the power on Port 1 to find the 1-dB Compression point, but at a fixed frequency.
1. Select window 3 (CH2). Set an S21 measurement in the power-sweep mode. 
Stimulus > Sweep > Sweep type
Include the following settings:
· Set the CW frequency to the frequency noted in step 5 of the previous measurement of swept-frequency gain compression.
· Enter the start and stop power levels for the sweep. The start power should be in the linear region of the amplifier's response (typically 10 dB below the 1-dB compression point). The stop power should be in the compression region of the amplifier's response.
Example:


2. Make sure the scale is still set to 1-dB per division.
3. Use markers to find the input power where the 1-dB decrease in gain occurs.
· Use a reference marker
· Or: right click on marker and Search for “Compression”

P5024B 20GHz faceless VNA: BPF

In this section you will perform measurements on Band Pass Filter

	Equipment:

· P5024B (with 3.5mm connector savers)
· N7555A  ecal

· Mini circuits ZX75BP-1034-S+ 
                   978-1090MHz BPF



· SMA cables + BNC to SMA adapter1
	


· Start by removing the previous setup
· Turn OFF the RF:  Stimulus > Power > RF Power [ON/OFF]
· Preset the VNA
· Turn OFF the DC power supply
· Disconnect the LNA, but keep the SMA cables connected to the VNA
· Make sure
· Connect the BPF between Ports 1 and Port 2 of the VNA using the SMA cables
This is a passive and reciprocal device.
 What does that mean in terms of your setup?
· Recall saved state from disk:  File > Recall State > ZX75BP-1034-S.sta (NOT .csa)
The window on the top shows all four S-Params. The window on the bottom S21.
Notice that the windows have different start and stop frequencies, and for that reason are assigned to different channels.
At this stage the VNA is NOT Calibrated. You will soon need to perform calibration for each channel.
· Do the measurements on Window 1 make sense?
·  Window 2 is a close up of the pass-band region. Notice how the phase trace wraps around every 360o. This is a way to show that the phase is continuously decreasing.
But such slope is to sharp for our short BFP + adapter, it is mostly caused by the length of the 2 SMA cables.
This is a hint that the measurement plane is not near the BPF and we need to perform calibration.
· Calibrate Channel 1
· Select Window 1
· Replace the BPF with the Ecal Kit.
· Response > Cal > Other Cals > Ecal …      
select 2 Port Ecalon Ports 1 & 2,  and and follow the prompts
· Calibrate Channel 2
· Follow the same process as for Ch1
·  Look at the S21 phase on Channel 2. 
This is the phase delay introduced by the BPF. In the bandpass it is meant to be as linear as possible, but it is difficult to tell from the trace.
Right click on label Trace 6 S21 Phase > Format Group Delay
This is a measure of deviation from linearity.
· To learn more about Group delay:  
Help > NA Help > Search: Group Delay measurement 



ENA E5061B 3GHz VNA: Reading the Smith Chart

In this section you will get familiar with reflection measurements on the Smith Chart by experimenting with simple sample circuits built on a training board called the MegiQ SandBox 

Equipment:
ENA E5061B 3GHz VNA,  
MegiQ VNA-Sandbox
1x SMA to UFL cable

1. Preset the VNA, this also sets Power to 0dBm
2. Set START = 400MHz, STOP= 3GHz
3. Connect the SMA to UFN cables to P1
4. Perform calibration:
The sandbox includes its own UFL Open, Short, Load, and Thru calibration standards. A calibration file called “ideal” has been created for these and stored on the ENA. 


· CAL > Cal Kit > ideal    (this is to load the calibration coefficient file)
· Calibrate > 1-Port Cal >    (one port only for reflection measurements)
1. Connect the cable to the open standard, press Open
2. Connect the cable to the short standard, press Short
3. Connect the cable to the load standard, press Load
4. Done
4. Select the Smith Chart plot
· Format > Smith > R+jX
5. Connect the cable to each standard and confirm on screen that the measurement matches the corresponding graph on the board. 
Do the results make sense?
6. Test circuit #32 for a parallel resonant circuit with parallel resistor.
· Set a marker: MARKER > Marker 1 , navigate the curve with the scrolling wheel to see in what direction the frequency increases.
Compare the results with the corresponding diagram. (Notice that the diagram is for a 400MHz to 4GHz and we are limited to 3GHz by the ENA). 
· Try to make sense of the curve. What causes its shape? You can use the VNA Sand Box User Guide (see pg 20) to check your answer














7. Keep practicing with any other 1-Port circuits on the sandbox.



Measuring 3rd order intercept point (IP3)
Typically, to measure IP3, two tones of different frequencies are applied to the input of the amplifier and its output is monitored with a spectrum analyzer. 
Being a 4-port instrument, the P5024B has a IMD personality that allows the user to combine P1 and P3 with a splitter/combiner to feed P1 to the DUT. The output is then measured with P2.

https://ez.analog.com/

1. Preset the VNA and Turn OFF the Output of the power supply
2. To create a Swept IMD measurement: 
Response > Meas > Meas Class … [IMD] > Swept IMD






Select OK. Then right click on trace to choose desired measurement variable
set to OIP3

First I connected output of splitter/combiner to SA to show the 2 tones sweeping in frequency.
Then I connected to DUT to measure IP3
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