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Understanding Precision EVM Measurements

A New Approach: Frequency Domain EVM

VNA Based Solution

Measurement example

Now to Precision Digital Pre-Distortion (DPD)

Characterizing the Amplifier

Direct DPD drive

Extracting the Model

Applying the Model and Checking Perofrmance

Summary
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C R E AT I N G  I Q  WAV E F O R M  F R O M  D ATA
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A R O O T  R A I S E D  C O S I N E  AV O I D S  I N T E R - S Y M B O L  I N T E R F E R E N C E

Symbol Points Symbol Points
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A T H I S   C O N S T E L L AT I O N  I S  T H E  I D E A L  O R  R E F E R E N C E  WAV E F O R M

Symbol Points Symbol Points
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T H E  WAV E F O R M  I S  D I S T O R T E D  ( C O M P R E S S E D )  B Y  T H E  A M P L I F I E R  U N D E R  T E S T
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AT  T H E  R E C E I V E R ,  T H E  S I G N A L  I S  S A M P L E D :  F R O M  H E R E  I T  I S  A L L  D I G I TA L

Sampled PointsAnalog Signal
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F I R S T  S T E P  I N  D E M O D U L AT I O N  I S  F I LT E R I N G :  N Y Q U I S T  C R I T E R I A

Before Filter After Filter

Filtering Reduces Maximum 
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N E X T  T H E  S I G N A L  I S  S C A L E D  ( T Y P I C A L LY  T O  T H E  R M S  VA L U E )

Reference Waveform
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A L L O W S  A D I R E C T  C O M PA R I S O N  O F  T H E  R E F E R E N C E  A N D  T E S T  S I G N A L

Symbol Point

Sample Point
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E VA L U AT I O N  T H E  D I F F E R E N C E  B E T W E E N  R E F E R E N C E  A N D  T E S T  S I G N A L S
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6 4  S Y M B O L S ,  R E P E AT E D  T W I C E ,  Q P S K

One Period
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S Q U A R E - R O O T  O F  T H E  S U M  O F  T H E  S Q U A R E  O F  T H E  D I F F E R E N C E  I S  E V M
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• For Periodic Waveforms, each period can be represented completely either in the time-domain 

(waveform) or frequency domain (spectrum)

• If the Waveform is sampled sufficiently (follows Nyquist criteria), any point in time on the waveform 

can be computed from the time samples, and an FFT of the time samples gives an exact frequency 

spectrum.

• The EVM is the sum of the square of the errors in the time domain: squaring the error makes it 

equivalent to the “error power”

• Power in the time domain must equal power in the frequency domain (when considered over an 

entire period of the waveform).  This idea is called “Parseval’s Theorem”.

• PNA-X measures in the frequency domain. We can measure the error in the frequency domain, 

and therefore we can compute exactly the error in the time domain.

E V M  I S  C O M P U T E D  F R O M  E R R O R  S A M P L E S  I N  T I M E :  W H AT  A B O U T  F R E Q U E N C Y ?
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6 4  S Y M B O L S ,  R E P E AT E D  T W I C E ,  Q P S K

Signal BW

1/(signal period)

Signal Period
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6 4  S Y M B O L S ,  R E P E AT E D  T W I C E
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6 4  S Y M B O L S ,  R E P E AT E D  T W I C E ,  C O N S T  A M P L I T U D E  AT  T H E  S A M P L E  P O I N T S
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I F  A S I G N A L  I S  A R E P E T I T I V E  WAV E F O R M ,  T H E  E VA L U AT I O N  O V E R  A N  E X A C T  

P E R I O D  ( O R  N  T I M E S  P E R I O D S )  G I V E S  E X A C T LY  T H E  F R E Q U E N C Y  D O M A I N  

2 2

2 2

( ) ( )

( ) ( )

N N

N N

I t Q t
EVM

I t Q t

 + 
=

+

 
 

For Periodic Signals, Evaluating the 

delta I and Q in the frequency domain 

is identical to the symbol EVM in 

demodulated in time.
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• Software option of PNA-X that 
characterizes distortion of the 
device under modulated stimulus 
condition

• Simple & easy setup. 
Measurement setup fully 
integrated in PNA-X

• Leverages state of the art 
calibration for the best accuracy

• Single connection and single 
touch for existing VNA 
measurements. New feature 
enables ACPR, EVM and NPR.

• Only solution in the market that 
provides lowest residual EVM

PSG + M819X AWG

PNA-X

VXG M9384B signal generator

44GHz, 2GHz BW

MXG

Or...

Or...

Modulated source such as:

M9383A/B

Or...
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D I R E C T,  S I M U LTA N E O U S  C O M PA R I S O N

IMS2019 Industry Workshop

PNA-X with 

modulation distortion

Power Divider

UXA

10 dB

M8190A AWG

PSG

t
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M E A S U R E  O N  U X A U S I N G  V S A S O F T WA R E
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M E A S U R E  O N  P N A - X  U S I N G  M O D / D I S T A P P L I C AT I O N
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M E A S U R E  O N  U X A U S I N G  V S A S O F T WA R E

Amplifier at 1 dB 

Compression
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M E A S U R E  O N  P N A - X  U S I N G  M O D / D I S T A P P L I C AT I O N

Amplifier at 1 dB Compression
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2 3 0  M S Y M B O L / S E C  Q P S K
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M E A S U R E  O N  U X A U S I N G  V S A S O F T WA R E

Notice Peak 

Error is 3.2%

Symbol 

Spacing is 

about 12%



27 319-BU764

M E A S U R E  O N  P N A - X  U S I N G  M O D / D I S T A P P L I C AT I O N
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M E A S U R E  O N  U X A U S I N G  V S A D E M O D S O F T WA R E

Notice Peak Error is 

10.25%

Error is larger than 

Symbol Separation/2.  

Symbol Skipping!

Reported EVM is 

Lower than true. value
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M E A S U R E  O N  P N A - X  U S I N G  M O D / D I S T A P P L I C AT I O N

This EVM is higher 

than demodulation; 

but because we 

compare output to 

input (rather than 

recomputing input 

symbols) we have 

an accurate 

measure of EVM.
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M E A S U R E  O N  U X A U S I N G  V S A S O F T WA R E

Maximum EVM for 64 QAM is ~8.7%, even with noise
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Recently Introduced DEC 2022
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S TA R T  W I T H  A N  A M P L I F I E R  I N  D I S T O R T I O N

{At Amplifier Output

Model the Amplifier using DPD input and 

output wave measurement

Manifest includes DPD factors

Waveform Description

Ideal This is the desired Ideal

waveform, which is the

default modulation file

currently selected in the

Modulate tab of the

Modulation Distortion

Setup dialog.

Ideal DPD The model is applied to

the Ideal waveform to

create the Ideal DPD

waveform. This waveform

does not have source

correction applied.

Corrected DPD Ideal DPD waveform with

source correction applied.

~Ideal DPD DUT input signal with

DPD and source

correction applied. This

approximates the Ideal

DPD waveform.

~Ideal The DUT output signal

with DPD and source

correction applied. This

approximates the Ideal

waveform. Most of the

distortion from the DUT is

tuned out of the signal at

this point.
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S TA R T  W I T H  A N  A M P L I F I E R  I N  D I S T O R T I O N
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S TA R T  W I T H  A N  A M P L I F I E R  I N  D I S T O R T I O N
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S TA R T  W I T H  A N  A M P L I F I E R  I N  D I S T O R T I O N  
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F I R S T  D O  A D I R E C T  D P D  ( M O V I E )



38 319-BU764

A F T E R  D I R E C T  D P D :  N E A R LY  P E R F E C T  O U T P U T  O F  0 . 1 9 %  E V M ,  - 5 0  D B C  A C P R
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S E T  T H E  E X A C T  D P D  A S  T H E  A M P L I F I E R  C O N D I T I O N

Normalized Mean 

Square Error (NMSE)

Expressed in the 

Frequency domain.
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A P P LY  T H E  M O D E L  T O  T H E  WAV E F O R M  0 . 6 8 %  E V M
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E V M = 0 . 8 5 %  ( E Q U A L I Z E D ) ,  A N D  A B O U T  0 . 2  D B  U N F L AT N E S S
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E V M = 0 . 6 2 %  ( E Q U A L I Z E D )  ( A N D  S L I G H T LY  L E S S  U N F L AT N E S S )
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E V M = 1 . 0 %  ( N O T  E Q U A L I Z E D ) :  M O D E L  F L AT N E S S  E R R O R
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Sam Kusano 4-JUN 2022

Communications Solutions Group

Note:

Dynamic gain model on PNA-X and ADS/SV is in early stage of 

development. Result shown in this slide is preliminary.
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Ampleon BLM10D3438

Frequency Range: 3400 – 3800MHz

Gain = 34dB

P1dB = 44dBm

Application: Final stage PA for small cell, Massive MIMO



20dB

Term

VXG 

772D
40dB

100W

20dB

UA

Pin Pout

20dB

AR 75S1G6C

Gain = 54dB

P(sat) = +49dBm

F =1-6GHz

1
0
M

H
z

6dB

+4dBm

-20dBm

DUT

Gain = 34dB

F=3400-3800MHz

15dB

+37dBm

15dB Red: Targeted average power for 

nonlinear characterization

5dB

20dB

Nominal Source Amp setting 

on MOD: ~27dB 

Vd

Vc Vp

http://141.121.151.233/FrontPanel.asp

http://141.121.151.233/FrontPanel.asp


DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.8dBm (Efficiency = 40%)



DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.8dBm (Efficiency = 40%)



DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.8dBm (Efficiency = 40%)



EVM is -31dB even after 

Direct DPD.

This is because the 

original waveform is 

already distorted by the 

Crest Factor Reduction 

(CFR)

DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.8dBm (Efficiency = 40%)



Use Pin and Pout after direct DPD to generate 

dynamic gain model.

• Pin: Measured spectrum at input (This is pre-

distorted waveform)

• Pout: Measured spectrum at output (This is 

linearized waveform)

Pin Pout

Model extraction

Compact waveform

Apply extracted model to original waveform for 

verification

Model Application



DUT: BLM10D3438 TA1525

5GNR_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.7dBm (Efficiency = 40%)



Use Pin and Pout after direct DPD to generate 

dynamic gain model.

• Pin: Measured spectrum at input (This is pre-

distorted waveform)

• Pout: Measured spectrum at output (This is 

linearized waveform)

Pin Pout

Model extraction

Compact waveform

Apply extracted model to original waveform for 

verification

Model Application

Using Optimize, FW automatically finds appropriate model

Model error (NMSE) is estimated -33.4dB.



DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.8dBm (Efficiency = 40%)



DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.8dBm (Efficiency = 40%)



Use Pin and Pout after direct DPD to generate 

dynamic gain model.

• Pin: Measured spectrum at input (This is pre-

distorted waveform)

• Pout: Measured spectrum at output (This is 

linearized waveform)

Pin Pout

Model extraction

Compact waveform of QPSK

Apply extracted model to 16QAM waveform for 

verification

Model Application



DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_Fulfill_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.7dBm (Efficiency = 40%)



DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_Fulfill_SR491p52_CFR7p5.wfm  Original signal: 1ms (1SubF)

Pout  (Avg) = +37.7dBm (Efficiency = 40%)
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