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Introduction

– Keysight oscilloscopes do measure very well RF signals.

– Consider Keysight RF oscilloscopes for measuring Amplifier AM/PM, AM/AM & 

Gain Compression on complex modulated (WLAN, LTE etc.) signals.

– Consider economic RF scope solution for E band measurements (60 to 90 GHz) 

using 4 GHz scope and  E-band mixer.

– Consider OMNIRADAR Timofey.Savelyev@omniradar.com

mailto:Timofey.Savelyev@omniradar.com
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Agenda

– Oscilloscope as Spectrum Analyzer

• RF specifications for Oscilloscopes: Noise floor, Signal to Noise, phase noise

– Demonstration measuring Amplifier AM/PM, AM/AM & gain compression 

• using complex modulated (WLAN, LTE etc.) signals and 2 channel oscilloscope  

– Demonstration 60 GHz OMNIRADAR  measurement using 4 GHz oscilloscope
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Agenda

– Oscilloscope as Spectrum Analyzer

• RF specifications for Oscilloscopes: Noise floor, Signal to Noise, phase noise

– Demonstration measuring Amplifier AM/PM, AM/AM & gain compression 

• using complex modulated (WLAN, LTE etc.) signals and 2 channel oscilloscope  

– Demonstration 60 GHz OMNIRADAR measurement using 4 GHz oscilloscope
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Block Diagram: Spectrum Analyzer vs Real-Time Oscilloscope

Spectrum Analyzer Oscilloscope
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Oscilloscope Noise Floor: Getting Noise Density from Data Sheet Vrms Noise

V/div dBm Ref Level dBm/Hz Noise 

1mV/div -28 dBm -158 dBm/Hz **

2mV/div -28 dBm -158 dBm/Hz

5mV/div -24 dBm -156 dBm/Hz

10mV/div -18 dBm -154 dBm/Hz

20mV/div -12 dBm -150 dBm/Hz

50mV/div -4 dBm -143 dBm/Hz

100mV/div +2 dBm -136 dBm/Hz

200mV/div +6 dBm -130 dBm/Hz

500mV/div +16 dBm -124 dBm/Hz

1V/div +22 dBm -118 dBm/Hz

50 mV/div and 8 GHz  BW

50mV/div = 400mV full scale (Vpp) equals -4dBm range.

1.4mV rms noise: 

(1.4mV x 1.4 mV) / 50  = 0.000392 mW

10*log(0.000392) = -44 dBm

-44dBm spread/divided over 8GHz bandwidth 

-44dBm – 10log(8E09)  =  

-143dBm/Hz noise density

From S-Series Data (8 GHz model)
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Oscilloscope Noise Density (dBm/Hz) from Vrms Noise
Example S series oscilloscopes (20 Gsample/sec, 10 bit)

50mV/div = 400mV full scale (Vpp) = -4dBm range.

4mV rms noise = -44dBm @ 8GHz = -143dBm/Hz

From S-Series Datasheet.

V/div dBm Ref Level dBm/Hz Noise 

1mV/div -28 dBm -158 dBm/Hz 

2mV/div -28 dBm -158 dBm/Hz

5mV/div -24 dBm -156 dBm/Hz

10mV/div -18 dBm -154 dBm/Hz

20mV/div -12 dBm -150 dBm/Hz

50mV/div -4 dBm -143 dBm/Hz

100mV/div +2 dBm -136 dBm/Hz

200mV/div +6 dBm -130 dBm/Hz

500mV/div +16 dBm -124 dBm/Hz

1V/div +22 dBm -118 dBm/Hz

Translated (calculated) to RF-Speak!

(8GHz Model Only)
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dBm Ref Level dBm/Hz Noise 

-24 dBm -157 dBm/Hz

-18 dBm -157 dBm/Hz

-12 dBm -152 dBm/Hz

-4 dBm -146 dBm/Hz

+2 dBm -140 dBm/Hz

+6 dBm -132 dBm/Hz

+16 dBm -126 dBm/Hz

+22 dBm -120 dBm/Hz

Oscilloscope Noise Density (dBm/Hz) from Vrms Noise

Example V series oscilloscopes (80 Gsample/sec, 8 bit)

50mV/div = 400mV full scale (Vpp) = -4dBm range.

2.09 mV rms noise = -40.6 dBm - 10log(33e9) = -146 dBm/Hz

From V-Series Datasheet.

Translated (calculated) to RF-terms

(33 GHz Model Only)
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Signal to Noise Ratio: Dependent on Measurement Span
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S-Series SNR vs Measurement Span @ 0 dBm Range

7 bits ENOB  ~ 42 dB SNR @ 8GHz

~ 80dB SNR @ 1MHz
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Screenshots Signal to Noise Ratio on S series scope

Measurements on a 1 GHz sinewave. Notice different spans & rbw

1 GHz span 10 MHz span 
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Screenshots Signal to Noise Ratio on S series scope

Measurements on a 1 GHz sinewave. Notice different spans & rbw

1 GHz span 
10 MHz span 

Still 10 MHz span        Vertical scale adjusted

What starts to 

become visible?
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VSA 89601B Screenshots: Signal to Noise Ratio on S series scope 

Same measurements on a 1 GHz sinewave. Using 89601B + Oscilloscope

1 GHz span 10 MHz span 
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Oscilloscope Phase Noise: Improvements over 1 Generation
Phase Noise Example

DSO9000

-106 

dB/Hz

S Series

-120 

dBm/Hz
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RF specifications listed in oscilloscope datasheet 
Page 14 datasheet Keysight Infiniium S-Series 

“Spectrum analyzer RF language” 

in an Oscilloscope time domain 

environment
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Oscilloscope portfolio RF Performance 

S-Series 
Typical Values 

V-Series 
Typical Values 

Z-Series
Typical Values

Noise Density / DANL* -160 dBm/Hz -159 dBm/Hz -160 dBm/Hz

Signal to Noise Ratio / 

Dynamic Range 
108 dB 111 dB 112 dB

Absolute amplitude 

accuracy
+/- 1 dB (0 to 7.5 GHz)

+/- 0.5 dB (0 to 30 

GHz)

Third Order Intercept +21.5 dBm +28 dBm +26 dBm

Phase noise (@ 1 GHz)

10 KHz offset -121 dBc/Hz -125 dBc/Hz -122 dBm/Hz

100 KHz offset -122 dBc/Hz -131 dBc/Hz -126 dBm/Hz

Spur Free Dynamic 

Range (SFDR) -72 dBc -67 dBc -73 dBc

Refer to respective data sheets for measurement conditions.
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Agenda

– Oscilloscope as Spectrum Analyzer

• RF specifications for Oscilloscopes: Noise floor, Signal to Noise, phase noise

– Demonstration measuring Amplifier 

• Spectrum

• AM/PM, AM/AM & gain compression using complex modulated (WLAN, LTE etc.) 

signals and 2 channel oscilloscope  

– Demonstration 60 GHz OMNIRADAR measurement using 4 GHz oscilloscope
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Power Amplifier Distortion Analysis

– Generate and measure the same signals that 

are going to be used with the DUT

– A scope can monitor modulated input and 

output waveforms to provide live distortion 

measurements using real- world signals.

Customer PA/DUT for analysis
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Demonstration Amplifier Distortion

Amplifier Distortion 

in the frequency Domain 
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Amplifier output Amplifier input 

Amplifier 

Splitter 

10 bits 20 Gsample/sec S series Osciloscope

RF Signal

1 GHz 

Input waveform 

Output waveform 

Input Spectrum 

Output Spectrum 
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Demo Amplifier Distortion: 1 GHz sinewave

Distortion Test using Scope only

- 20 dBm input signal on Amp

Amplifier output signal 

Amplifier output signal 

-20 dBm input 

0 dBm input signal on Amp

Amplifier output signal 

Amplifier output signal 

0 dBm input 
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Demonstration Amplifier Distortion

Amplifier Distortion Test 

using VSA+ Scope
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Amplifier output Amplifier input 

25 Msymbol/sec

64-QAM signal

Amplifier 

Splitter 

10 bits 20 Gsample/sec S series Osciloscope

EXG   generator 

89601B VSA 
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Demo Amplifier Distortion: 64-QAM signal 

64 QAM input signal 

AM/AM 
output 

AM/PM 

Gain 

Compression 

Distortion Test using Oscilloscope + 89601B VSA software
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Amplifier Compression visible in constellation plane    

input  

output 

1 GHz RF carrier with 64-QAM  25 Msymbols/sec on Amplifier input  
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Agenda

– Oscilloscope as Spectrum Analyzer

• RF specifications for Oscilloscopes: Noise floor, Signal to Noise, phase noise

– Demonstration measuring Amplifier AM/PM, AM/AM & gain compression 

• using complex modulated (WLAN, LTE etc.) signals and 2 channel oscilloscope 

– Demonstration 60 GHz OMNIRADAR band measurement using 4 GHz oscilloscope
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Wideband Applications & Spectrum Analyzers 
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UXA (50 GHz, 1000 MHz wide)

PXA (50 GHz, 510 MHz wide)

PNA  (67 GHz, narrow IF )
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Wider Signals With Spectrum Analyzers 

– New: 1 GHz analysis bandwidth on 50 GHz UXA 

• Widest signal analyzer BW on market

• Fully integrated to minimize setup                                                

complexity and footprint

• Factory-calibrated IF phase & magnitude 

for better EVM measurements

– New: 255 and 510 MHz analysis bandwidth on 50 GHz PXA

• Widest bandwidth in compact classic 4U form-factor for drop-

in legacy replacement

Simplifying analysis of the latest wideband signals
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Wideband Applications & Oscilloscopes 

Carrier Frequency (GHz)
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Wideband Applications & Smart Mixers
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E-Band WB smart mixers

E-band Extended Bandwidth “Smart” USB Mixers 

Model #: M1971E 

Application: Wide bandwidth (2 GHz) modulation 

for the following segments :

• 57-66 GHz 802.11ad / WiGig

• 60 GHz Unlicensed Wireless Backhaul

• 71-76 GHz, 81-86 GHz Licensed Wireless Backhaul

• 76-81 GHz Automotive Radar

To complete wide 

bandwidth

mm- Wave analysis 
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Configuration1: Mixer + SA + Scope for E-Band 60-90 GHz

LO/IF

USB

73 GHz Measurements

EVM= 2.7%

DUT

mmWave

section

DUT

IF section

DUT

Baseband
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Configuration2: Mixer + Sig gen + Scope for E-Band 60-90 GHz

73 GHz Measurements

DUT

mmW section

DUT

IF section

DUT

baseband

USB

IF

LO

USB/LAN

MXG

M1971E 

Mixer
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Demonstration 60 GHz OMNIRADAR radar measurement

OMNIRADAR evaluation kit

Operated by Timofey Savelyev

Radar System Architect

Omniradar Eindhoven office

Timofey.Savelyev@omniradar.com
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Conclusion

– Keysight oscilloscopes do measure very well RF signals.

– Keysight RF oscilloscopes do measure Amplifier AM/PM, AM/AM & gain compression 

on complex modulated (WLAN, LTE etc.) signals.

– For E band measurements (60 to 90 GHz) an 4 GHz scope and a E-band mixer 

provides an economic solution.

– OMNIRADAR has good FMCW and Doppler radar solutions Timofey.Savelyev@omniradar.com

mailto:Timofey.Savelyev@omniradar.com

