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REQUIREMENTS
UC 1: target detection with modern Radar 

systems 

Increased demand for higher test equipment 

sensitivity

• Lower DANL

• Higher Phase noise sensitivity

• Ability to detect small unwanted spurs and 

interferers

Next Generation of Signal and Spectrum analyzer: FSWX2

How can signal and spectrum analyzers

address those needs?

UC 2: Cellular con non-cellular standards tend 

towards higher signal bandwidths and higher 

modulation schemes

• Required EVM margin for test equipment 

represents a real challenge even for high-end 

signal and spectrum analyzers

• WLAN 802.11be – 4096QAM with EVM ≤ -38 

dB



REDUCE INHERENT RECEIVER NOISE

Cross-Correlation Approach
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► Since ݊௏ௌ஺1 and ݊௏ௌ஺2 are uncorrelated, applying cross-correlation and further signal

processing can cancel-out those noise terms for different measurements, e.g.

− Power spectral density

− EVM

Next Generation of Signal and Spectrum analyzer: FSWX



REDUCE INHERENT RECEIVER NOISE

Next Generation of Signal and Spectrum analyzer: FSWX4

► Cross-correlation-based setups (e.g. for 

EVM improvement) are already available

► A second measurement receiver and an 

external splitter are always required

► → Increased setup complexity

What if the instrument‘s architecture 
would allow to apply cross-correlation 

on the push of a button?



ONE RF INPUT
HIGH PERFORMANCE CROSS-CORRELATION BACKEND

Next Generation of Signal and Spectrum analyzer: FSWX5

► Same LO Frequency

► Splitter/ switch

►Additional local oscillator

► High performance digital backend / enhanced signal processing



APPLICATION USE CASE
CROSS-CORRELATION FOR SPECTRUM ANALYSIS (NOISE, HARMONICS)

► Current Situation

− Long Measurement Time (averaging)

− Only improvement in result flatness/std.dev

− No reduction in instrument noise

− DANL Limited
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► New Method

− Improved margin to Limit

− Reduced measurement time

− Increasing dynamic range

− Improved noise performance

− Realtime noise removal

− Patented X-Corr Trace Detector

Next Generation of Signal and Spectrum analyzer: FSWX



CROSS-CORRELATION FOR SPUR SEARCH

7 Next Generation of Signal and Spectrum analyzer: FSWX



APPLICATION USE CASE
CROSS-CORRELATION FOR EVM

► The Problem 

− EVM performance of instruments are not good enough in the “noise region”
− Traditional architectures are the limiting factor

► The Solution

− Improved EVM performance by leveraging novel internal architecture

Next Generation of Signal and Spectrum analyzer: FSWX8



APPLICATION USE CASE
CROSS-CORRELATION FOR EVM
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IS CROSS-CORRELATION ALWAYS NEEDED?
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COMPONENT TESTING – TRADITIONAL SETUP

Next Generation of Signal and Spectrum analyzer: FSWX12
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COMPONENT TESTING – TRADITIONAL SETUP

Next Generation of Signal and Spectrum analyzer: FSWX13
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Measurement uncertainty contributors

- Signal source (non-linearity, frequency response)

- Cables, … (Frequency response)
- Drivers (non-linearity, frequency response)

- Signal analyzer (Frequency response, noise)



COMPONENT TESTING – TRADITIONAL SETUP
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How to distinguish DUT distortions from

Measurement System Contributions?  

DUT or 

measurement 

system?
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STANDARD MEASUREMENTS – REFERENCE IS DIGITAL 
FROM THE GENERATOR

Next Generation of Signal and Spectrum analyzer: FSWX15
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MEASUREMENT – DOES IT MAKE A DIFFERENCE?
► Demo setup with two identical amplifier boards

► Input and output EVM are significantly different (10 dB)

− Input EVM = -37.6 dB

− Output EVM = -28.2 dB

► What kind of signal goes into the device? (PAPR, Original, Clipped?)

► Can we just subtract EVMs? Is linear power scale subtraction ok?

Next Generation of Signal and Spectrum analyzer: FSWX16



DUAL CHANNEL MODE

Next Generation of Signal and Spectrum analyzer: FSWX17

Two fully symmetric channels



COMPONENT TESTING – DEMO SETUP

Next Generation of Signal and Spectrum analyzer: FSWX18



FROM SINGLE CHANNEL TO RESIDUAL MEASUREMENTS
REFERENCE IS MEASURED AT DUT INPUT

Next Generation of Signal and Spectrum analyzer: FSWX19
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FROM SINGLE CHANNEL TO RESIDUAL MEASUREMENTS
REFERENCE IS MEASURED AT DUT INPUT

Next Generation of Signal and Spectrum analyzer: FSWX20
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- No signal left, only the error, 

therefore no direct display of 

the constellation

- Comparison of against “input 
signal” → Not standard 

compliant, as standards ask 

for comparison against ideal 

signal



RESIDUAL EVM

Next Generation of Signal and Spectrum analyzer: FSWX21



REMAINING MEASUREMENT UNCERTAINTY
► Level offset (from coupler)

Next Generation of Signal and Spectrum analyzer: FSWX22

► Calibration

► “absolute“ equalizer that forces: 
► “0” gain 
► “0” phase response 
► “0” group delay
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MEASUREMENT UNCERTAINTY OVERVIEW

Signal 

source

Cables

Fixtures

DUT Receiver

Noise   
Frequency 

response
   

Non-linearity  
Phase Noise   
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Addressable 

through residual 

measurements

Partly 

addressable 

through residual 

measurements

Addressable 

through cross 

correlation or I/Q 

noise correction



MEASUREMENT UNCERTAINTY OVERVIEW

Next Generation of Signal and Spectrum analyzer: FSWX24
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PRESELECTION
► State-of-the-art filters rely on YIG filters for

preselection

► YIG filters have many advantages

− Tunable over a large frequency range

− Steep roll-off between stop band and passband

− Good temperature stability

► … but they also have some limitiations

− Frequency response not very stable/repeatable

− Narrow bandwidth (usually 40 MHz) 

Next Generation of Signal and Spectrum analyzer: FSWX25



ONE RF INPUT
PRESELECTION
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► FILTER BANKS FOR PRE-SELECTION IN THE MICROWAVE RANGE 

▪ 5 times faster sweep  

▪ Higher level accuracy

▪ IQ analysis with image suppression

▪ Full Image Rejection up to max. available analysis bandwidth



APPLICATION USE CASE
LEVEL ACCURACY IN THE MICROWAVE RANGE

► The Problem

− Spectrum Analyzers need better level accuracy in the microwave range

− YIG filters are not stable / repeatable

► The Solution

− FSWX has a new linear/repeatable filter bank architecture

− Extreme flat frequency response

Next Generation of Signal and Spectrum analyzer: FSWX27
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FURTHER APPLICATIONS AND KEY PARAMETERS
► Pulse measurements

► Jamming signals

► Phase noise analysis

► Wideband phased array antennas

► Antenna alignment measurements

► Transfer function of a mixer

► Cross-correlation

► Phase coherent dual path architecture

► Filter banks for pre-selection

► 8 GHz of analysis bandwidth

Next Generation of Signal and Spectrum analyzer: FSWX28



THANK YOU
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APPLICATION USE CASE 
ESTIMATION OF MIXER CONVERSION LOSS

Transfer function of a mixer

− Upconversion mixer

− IF: 1GHz => RF B

− RF: 7GHz => RF A
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Matlab: Difference of spectra

Conversion loss
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APPLICATION USE CASE
WIDEBAND PHASED ARRAY / ANTENNA ALIGNMENT MEASUREMENT

Ref Antenna Mag/Amplitude Difference

Phase Difference

Group Delay

Any signal type

Meas & Ref Receiver
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