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CREATING 1Q WAVEFORM FROM DATA
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A ROOT RAISED COSINE AVOIDS INTER-SYMBOL INTERFERENCE

EVM Measurements
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A THIS CONSTELLATION IS THE IDEAL OR REFERENCE WAVEFORM
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THE WAVEFORM IS DISTORTED (COMPRESSED) BY THE AMPLIFIER UNDER TEST
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EVM Measurements

AT THE RECEIVER, THE SIGNAL IS SAMPLED: FROM HERE IT IS ALL DIGITAL

Analog Signal

Connecting Minds. Exchanging Ideas.
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FIRST STEP IN DEMODULATION IS FILTERING: NYQUIST CRITERIA

Before Filter

319-BU764
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EVM Measurements
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NEXT THE SIGNAL IS SCALED (TYPICALLY TO THE RMS VALUE)
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Connecting Minds. Exchanging Ideas. EVM Measurements Tlme Allgnment

ALLOWS A DIRECT COMPARISON OF THE REFERENCE AND TEST SIGNAL
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Sample P0|nt—'1
Symbol Point
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emecnginss serngreiies - NNOtice and 1Q Waveform: | (re) and Q (im)

64 SYMBOLS, REPEATED TWICE, QPSK
. Trace Window - Keysight 89600 VSA Software -

File Edit Control Trace Markers Window Help
DI ). @ g i mE R RO Y. & Ml A %% 0% coornomal

B: Ch2 QPSK Meas Time |

S S

.l\/(\‘

15 Y - . -

U LAY,
Stop 127 svm

1_5Rng1 ki (-)ne IserIOd Mkrl 359.2 sym 646.2061 m
s Mf\um\ﬂ. f\ﬂﬂ {\ﬂ ﬁg\ mﬂw\}ﬂ, ﬂﬂﬂ (\m A fr

AR

VA U & Y v
Stop 127 svm
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Computing EVM

EVM Measurements
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EVM IS COMPUTED FROM ERROR SAMPLES IN TIME: WHAT ABOUT FREQUENCY?

 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.

319-BU764
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64 SYMBOLS, REPEATED TWICE, QPSK

. Vector - VNA-VSA
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help
|| (D Range To Peak Power (Default) ~ 0 = A G5 «iu = 0 || | I R M A

A: Ch1 Spectrum ~

Fng 10 dBm

dBm l Slgnal BW

Center b GHz Span 230 kMHz
Fes BYY 195 086 kHz TimelLen 195788 uSec

B: Ch1 Main Time T . . N - X
Fng 1 v T7(signalperioa)
0
dBEwpk

Loghdag

-0
dBvpk
Stant 0 Sec Stop 19575 uSec
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cmengins s NOtice and 1Q Waveform: Polar (Constellation)soo.

64 SYMBOLS, REPEATED TWICE

== Trace Window - Keysight 89600 VSA Software
File Edit Control Trace Markers Window Help

I | om &= o0 [ F R LA % o

A: Ch2 QPSK Meas Time ~ |

Fng 1 v
1.25

-1.25

-2.96342685 2.9634 26854

I INT REF I CAL: None
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64 SYMBOLS, REPEATED TWICE, CONST AMPLITUDE AT THE SAMPLE POINTS

o= Trace Window - Keysight 89600 VSA Software -
File Edit Control Trace Markers Window Help

|| ) ] B 55- R é::;h O H I | 22 uﬂ A 50% 0% Color Norma

B: Ch2 QPSK Meas Time ~

llllll

UﬂL W\ r\ U\ S

T
CEAVE I

1 Stream Measurement I INT REF I CAL: None 319'BU764
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IF A SIGNAL IS A REPETITIVE WAVEFORM, THE EVALUATION OVER AN EXACT

PERIOD (OR N TIMES PERIODS) GIVES EXACTLY THE FREQUENCY DOMAIN

EVM in the time domain: EVM = Z|AI (tN)|2 +Z|AQ(tN2)|
21+ 2 [ty

Parseval's [ |al)] +]AQM)[ dt= [ |Al(@)[ +|AQ(w)| da

Theorem
K-T FregSpan
2 2
For Periodic Signals, Evaluating the Z |A| (@,)] + AQ(wn)|
deltal and Q in the frequency domain EVM = |fredsean
is identical to the symbol EVM in \ > (@, o Q(a)n)|2
demodulated in time. FregSpan

319-BU764



aniIMS

EGO

emecnginss serngreiies [l Ulation distortion app on PNA-X with SG Wsm_

Modulated source such as:

:" —

« Software option of PNA-X that
;. | ' characterizes distortion of the
VXG M93848 signal generator - raw device under modulated stimulus
44GHz, 2GHz BW P T = ..
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

N i / provides lowest residual EVM

319-BU764



DAV Ex 1: 230 Ms/sec QPSK ,64- QAM at 5.5 GHz s;u.,.;

DIRECT, SIMULTANEOUS COMPARISON

M8190A AWG

\ .m._ u@ @‘—' .

PNA-X with
modulation distortion

UXA
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croweconmene. 230 Msymbol/Sec QPSK: 0.45% EVM at -  sso

MEASURE C!! JXXN JSINC VVsA SOFTWARE

Spectrum Analyzer 1 [VMA 1 WVIVA 2 v +
Swept SA Digital Demod Digital Demod

Q Meas Setup ¥ S

KEYSIGHT |mput:RF Input Z: 50 Q Aften: 0 dB Format: QPSK Center Freq: 5.500000000 GHz Modulation Eormat:
L @ Ct_)upling: DC Cormections: Off Preamp: Off Sym Rate: 230.4 MHz Trig: Free Run QPSK
Align: Auto Freq Ref: Ext (S) uW Path: Bypass Meas Intvl: 500 symbols .
Info BW: 1 GHz Equalizer: On < Modulation

1 1Q Meas Time (IQ) \J 2 CH Freq Resp (Log Magy Symbol Rate
Scale/Div 0.24 dB Ref Value 1.10 dB 230.400000 MHz

Points / Symbol
10

Filters
Meas Filter
Root Raised Cosine ¥ | Limits

S
s

o

Ref Filter
Raised Cosine

Global

Filter Alpha
0.08

-3.463 3.463 |Ctr: 5.5 GHz venigh: 1.8 GHz

3 Spectrum ¥ 4 Metrics v
Scale/Div 8.03 dB Ref Value -19.99 dBm

{ Advanced Setup

TX Power -7.46 dBm

< Constellation
Settings
EVM
Mag Error
Phase Error
Freq Error
Clock Error
1/Q Offset
SNR (MER) 46.91 dB
Quad Error 0.00°
Gain Imb. 0.00 dB
Rho 0.99993

< User-Defined
Filter Coefficient

Ctr: 5.5 GHz Width: 1 GHz
Res BW: 1.498 MHz Info BW: 1 GHz

| Jun 24, 2019 < ) (=~
- t.) ol ? 61554 PM () 4= 00 |» %

€ IEEE A 7 21 319-BU764
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MEASURE ON PNA-X USING MOD/DIST APPLICATION

Tr 2 Pin1 LogM 10.00dB/ -20.0dBm Tr 3 POut2 LogM 10.00dB/ -20.0dBm
Tr 4 MOnst2 LogM 10.00dB/ -20.0dBm Tr 1 ACPIn1 LogM 10.00dB/ -20.0dB

gM 10.00dB/ -20.0dB

Noise BW 1.00000 Hz

Tvoe Carrier Carrier ACP ACP ACP ACP VM EVM
w In1 dBm 'DulE dBln IBW Loin1 dBc LoCutZ dBe Upinl dBc UpCGulZ2 dBgf DistEq21 2 \DislUn21 2%
ACP+EVM -30.90 dBi -7.28 dBm P35.0 MH2 -53.57dBc  -553%9dBc -53.73dBc  -61.78dBc 0.45% 3.25%

319-BU764
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o cossnne 230 Ms/S QPSK: 6.65% EVM at +17 dBm

MEASURE ON UXA USING VSA SOFTWARE
Spechumanheer 1 (VA1 +

KEYSIGHT |nput: RF Input Z: 50 Q Aften: 34 dB Format: QPSK Center Freq: 5.500000000 GHz AvalHold Numbe
L Coupling: DC Comections: Off Preamp: Off Sym Rate: 230.4 MHz Avg|Hold: 18/100 vg|Hold Number
@ Align: Auto Freq Ref: Ext (S) pW Path: Bypass Meas Intvl: 500 symbols Trig: Free Run 100
Info BW: 1 GHz Equalizer: On Meas
ALEEL LY Standard
11Q Meas Time (1Q) Al 2 CH Freq Resp (Log Madgy Oon
Scale/Div 0.24 dB Ref Value 2.30 dB Off Meas Time
Average Mode
Amplifier at 1 dB G o] Do

Advanced

Compression v - Auto Couple

Meas Preset

Limits

Global

=

-3.463 3.463 |Ctr: 5.5 GHz

3 Spectrum 4 Metrics v

Scale/Div 10.00 dB

TX Power 17.00 dBm

Ref Value 10.00 dBm

EVM 35.06 %pk
Mag Error -22 05 %pk
Phase Error _ -6.75 “pk
Freq Error -239.45 Hz
Clock Error 758.33 Hz
1/Q) Offset -50.77 dB
SNR (MER) 2355dB
Quad Error 0.00°
Gain Imb. -0.01 dB
Rho 0.99547

Ctr: 5.513 GHz Width: 1 GHz

Res BW: 1.498 MHz Info BW: 1 GHz

. Jun 24, 2019 |, [ 3] ®
|E EE— HeNs k2550 2l Sl 319-BU764

i



o0 IMS °
s e 230 Msymbol/Sec QPSK: 6.73% EVM,

MEASURE CN PPYA-C 06 WG MOD/DIST APPLICATION

Tr 2 PInl1 LogM 10.00dB/ -20.0dBm

v

>Ch2- MOD Start 5.12500 GHz — —— " Noise BW 10.0000 Hz ' " Stop 587500 GHz
Tvoe Carrier Carrier Carrier ACP ACP ACP ACP EVM EVM
P In1dBr1 = Out2 dBm IBW Loin1 dBc | LoOut2 dBc Upinl dBc UpOut2 dB: DistEq212 DistUn21 %
ACP+EVM -6.27dBi\n 16.87 dBm 235.0 MHz -56.98 dBc -26.49dBc -62.58dBc -24.67 dBc 6.73% 7.99%

Amplifier at 1 dB Compression

319-BU764
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Connecting Minds. Exchanging Ideas. C o m p a rl s o n ove r P owe r Swe e p

230 MSYMBOL/SEC QPSK

-=+—EVMUXA --EVMPNA

EVM (%)
=
OoON

O N B O

-10 -5 0 5 10 15 20 25
OUTPUT POWER
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Connecting Minds. Exchanging Ideas.

Spectrum Anc.y ... . T
Swept SA Digital Demod

KEYSIGHT Ilir)l::t:li?':' DC
L > Nignp: A?.rio

MEASURE ON UXA USING VSA SOFTWARE

230 MS/Sec 64 QAM, 0.62%

Digital Demod \ Digital Demod Ll

Input Z: 50 0 Atten: 18 dB Format: 64-QAM Center Freq: 5.500000000 GHz
Comections: Off Preamp: Off Sym Rate: 230.4 MHz Trig: Free Run
Freq Ref: Ext (S) puW Path: Bypass Meas Intvl: 2000 symbols

Info BW: 1 GHz Equalizer: On

11Q Meas Time (1Q) A\

.680

2 Ermor Vector Time v

Scale/Div 990.00 m% Ref Value 0.00 m%

a
L]
[
]
]
-
]
-

M MNW /

+1
s,

3.680 |0.00 symbols 1999.00 symbols

3 CH Freq Resp (Phase) ¥

Scale/Div 1.19 deg Ref Value 5.94 deg

Jun 27,2019 | /3 od| (v~
E) P - ? th:qg:aspm O l:: O] [ .

4 Metrics L

TX Power 241 dBm

EVM 3.24 %pk
Wag Error 285 %pk
Phase Error == -3.73 °"pk
Freq Error -2364 Hz
1/Q Offset -56.458 dB
SNR (MER} 40.51 dB
Quad Ermor 0.00 °
Gain Imb. 0.00 dB

Width: 1.8 GHz

Source is Leveled

=

e, +

"’.’ ‘*
& o Qh.uk g ’Q_*ﬂ"“j

Notice Peak
Error is 3.2%

Symbol
Spacing is
about 12%

319-BU764



e, 230 Msb/S QAM, Same Signal (0.68% EVM) s

MEASURE ON PNA-X USING MOD/DIST APPLICATION

Tr 2 PIn1 LogM 10.00dB/ -20.0dBm POut2 LogM 10.000B/ -20.0dBm
Tr 4 MDist2 LogM 10.00dB/ -20.0dBm Tr 1 ACPIn1LogM 10.00dB/ -20.0dB
qM 10.00dB/ -20.0dB

__—_—__
___-F""“Wmﬂmm_

N I Y N/ e LA UL | W e
_!IMWMMMI-—

T bl el e vtdus .I .I. adlll
--HMM“W
--——-.ll
_—_[P’””“'MWNWIMH

Carrier ACP
3 Out2 dBm Loln1 dBc LoCOut2 dBc UpinldBe UpQul,
ACP+EVM -20.89 §Brn  2.4B dBm 235§ MHz -58.68 dBc -39.08 dBc -58.47 dBe

Tr 6 S21 0.500dBr 23.00B Tr 5 521 LogM 0.500dB/ 23.0dB
Tr 8 MGain21 LogM 0.500dB/ 23.0dB Tr 9 PGain21 LogM 0.500dB/ 23.0dB
Tr 10 MComp21 LogM 0.500dB/ 230dB Tr11 all LD-C]M 0.500dB/ 23. OdBm

25

24
23
22

21
205

Ch3: Start 5. 125DGGHz —_—— Stop 5.87500 GHz
Ch2: MOD Start 5.12500 GHz — — — i ] Stop 5.87500 GHz
T3 ch2  ntTrg [l Bw=160 [ 2024 s | SrcCal _ Source is Leveled

319-BU764
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Connecting Minds. Exchanging Ideas. 2 3 0 M S / S ec 64 Q A M , 1 ] 8 0/o EV M

MEASURE ON UXA USING VSA DEMOD SOFTWARE

Spectrum Analyzer 1 |VMA 1 VIMA 2 Y VIMA 4 +
Swept SA Digital Demod Digital Demod Digital Demod

KEYSIGHT nput:RF Input Z: 50 Q Atten: 22 dB Format: 64-QAM Center Freq: 5.500000000 GHz
L Coupling: DC Comections: Off Preamp: Off Sym Rate: 230.4 MHz Trig: Free Run
@ Align: Auto Freq Ref: Ext (S) uW Path: Bypass Meas Intvl: 2000 symbols
Info BW: 1 GHz Equalizer: On

11Q Meas Time (1) v 2 Error Vector Time v
Scale/Div 990.00 m% Ref Value 0.00 m%

3 '\r
¥ -'-'-"1!|" fllik-igeanl

0.00 symbols 1999.00 symbols

3 CH Freq Resp (Phase) ¥ 4 Metrics 12 69 dBm
Scale/Div 1.19 deg Ref Value 5.94 deg

EVM . 10.26 %pk
Mag Error . o -10.21 %pk
Phase Error p S

Freq Ermor 57.46 Hz
1/Q Offset -650.42 dB
SNR (MER) 31.27 dB
Quad Error 0.00°
Gain Imb. 0.02 dB

Ctr: 5.5 GHz Width: 1.8 GHz
1 | Jun 27, 2019 | /77
. E) (ﬁ - ? 4:24:02 PM O

(i) cagad 1T 3 Ch 2 IntTrig Hold BW=160 c 19.81 s | SrcCal* Source is Leveled
i o, o

Notice Peak Error Is
10.25%

Error is larger than
Symbol Separation/2.
Symbol Skipping!

Reported EVM Is
Lower than true. value

e

SAN DIEGO

319-BU764
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Connecting Minds. Exchanging ldeas. 230 Msym bOIISQC QAM, Same Signal

MEASURE.

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.

ION 2ZNA-> Ls WG

sk gl o bl el : ) M P N T T I
Tvoe arri Carrier RArri r EVM
P Qut2 dBm Loinl dBc LoOut2 dBc Upinl dBc UpOutf dBc | DistEq21 % WistUn21 %
ACP+EVM -11.17dByn 12.74 dBm 230 MHz -63.00dBc -28.88dBc -61.90dBc  -31.26 YBc 2.74% 4.342%

Tr 6 521 0.500dB/ 23.0dB

Noise BW 10.0000 Hz

Source is Leveled

SAN DIEGO

319-BU764
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cOnnecﬁnngds.mhangmg,deas.Symbol Sk|pp|ng Increases until Demod Fails sanoiso

MEASURE ON UXA USING VSA SOFTWARE

Spectrum Analyzer 1 |VMA 1 VMA 2 VIMA g [ ‘ : : Bpectrum Analyzer 1 |[VMA1
Swept SA Digital Demod Digital Demod M Digits &‘Z“:{"S"'AAM'VZ‘” Ui lig”A'na: P & ' : Swept SA Digital Demod

KEYSIGHT |nput:RF Input Z: 50 O Atten: 22 dB z - " Input: RF Input Z:
L Coupling: DC Corrections: Off Preamp: Off KEYSIGHT :?g:;'::': ne :‘J‘:::afb:t?som Q::: 223‘? KEYS'GHT Coupling: DC Corrections: Off
o 4 s L s oupling: DC > mp: L @ sl :
Q Align: Auto Freq Ref: Ext (S) uW Path: By, Align: Auto Freq Ref: Ext (S) W Path- By Align: Auto Freq Ref: Ext (S)
Info BW: 1 G lnfo BW- 1 G

11Q Meas Time (1Q) 11Q Meas Time (1Q) IQ Meas Time (Q)

-3.680 3. )

4 Metncs 12 69 dBm . 4 Metrics 16.37 dBm TX Power 16.87 dBm

EVM 2 Yorms 10.26 %pk EVM 5.27 %rms 14.43 %pk EVM 8.72 %rms 28.98 %pk
Wag Error : 10.21 %pk Mag Error 4.23 %rms -14.43 %pk Mag Error
Phase Emmor gl Phase Emor ' o Phase Ermor 4 651 “pk
Freq Error 57 46 Hz | Freq Emor 176.94 Hz Freq Error 4867 94 kHz
IiC Offset 60.42 dB 1/Q Offset -67.85 dB 1/Q Offset -46.03 dB
SR (MER) 31.27 dB SNR (MER) 21.81d8B SNR (MER) 17.30 dB
Quiad Errar 0.00* Quad Error 0.00° Quad Error 0.00°
Gain Imb 0.02 dB Gain Imb. -0.01 dB Gain Imb 0.02 dB

€ IEEE | _ 30 ‘ 319-BU764
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230 MSYMBOL/SEC 64 QAM

-+EVMUXA ——-EVMPNA

30

25

20

15

EV (%)

10

-10 -5 0 5 10 15 20 25
OUTPUT POWER
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<O
Connecting Minds. Exchanging Ideas. SAN DIEGO

Digital Predistortion Tool
New in the PNA

Recently Introduced m

.|.I.|.I.|.I.|.I.|.
KEYSIGHT

TECHNOLOGIES

$IEEE LB3Y%° _— 319-BU764
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cmeenguineserngreioeos. NN@W 2 Digital Predistortion Modelling

START WITH AN AMPLIFIER IN DISTORTION

Waveform
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

Calibrate Direct DPD Waveform {At Amplifier Output source correction applied.

~ldeal DPD DUT input signal with

DPD and source
correction applied. This
Calculate Ideal DPD and Corrected Model the Amplifier using DPD input and
DPD Waveforms output wave measurement

approximates the Ideal

DPD waveform.
Save |dealDPD, CorrDPD, and

The DUT output signal
Manifest Files

Direct DPD Measurement Flow

Select ldeal Waveform

Calibrate Source (if requested):
Power, LO Feedthru, Linear Distortion

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.

Manifest includes DPD factors

319-BU764



Connecting Minds. Exchanging Ideas. New : Dlgltal PredIStortlon MOdeIIIng _ SANDI.EGO

START WITH AN AMPLIFIER IN DISTORTION

Corrected Modeled DPD — Signal Flow

I
Waveforms: Ideal Ideal DPD Corrected DPD ~ldeal DPD ~“ldeal
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Connecting Minds. Exchanging Ideas. D i g ita I P re d i Sto rt i O n M O d e I I i n g SANAEGO

,@;

START WITH AN AMPLIFIER IN DISTORTION

DPD Setup

Procedure | Create Direct DPD

File Instrument Response Stimulus Utility Help

olelr]=]6]®

Tr 1 Pin1 LogM 10.00dB/ -10.0dBm

POut2 ¢ >m LogM 10.00dB : Instrument
= Main
e (oo [
Port
Extension -Traoe -Channel
Source Modulation
. o | D ED
& Cal Kits

v, .\ Correction SOt
Create DPD... Fixtures E
Off

Select Ideal Waveform

D:ADrJoel\Waveforms\16QAM400MSym25a2400symb.mdx

==

LU rccuunu

Monitor...

Save DPD As D:ADrJoel\Waveforms\16QAM400MSym25a2400symb.mdpd

Set Power For Cal At DUT In

NPMN Nataile

Src Correction v

Phase Reference
Wizard...

Stimulus

Power

Interpolation
Y Looon K svee | e
ON Sweep || Trigger
EVM EVM o
Ay SRR T I S R it Save
Type | intdBm | Ouzdem | Gain21dB IBW DistEq21 % | OutEq2% | OutUn2 % ﬁzg]eoc;‘:“
ACP+EVM  -761dBm  1236dBm  19.97dB 4805 MHz 1.36% 1.55% 6.13%

Correction
Properties...




aniIMS

g s g NN@W 1 Digital Predistortion Modelling

=0
SAN DIEGO

START WITH AN AMPLIFIER IN DISTORTION

193

"h

|‘|r”u”' |
i

L"\H { Wi'u ‘hlll' |
il h"!'r'i" i '“l””“ﬁ'\rﬂi'ﬂ”’h W il

i
" M r H‘Tr !

A “ ﬂ'

-10.0dBm

’.
\

u,

File Instrument Response Stimulus Utility Help

oler]ala]als

Tr 1 Pin1 LogM 10.00dB/

u‘r ! nHP ’y M-ylr h AFFL;H Wﬁu ﬂ ! *\'f""‘fl i hy tH ."\"."' i
i M
k

|
[' 4|1;H‘rL|'IA|r1FF‘IJ“|\'!’I"Hr'|‘-.In'|I’“‘*|"Fl'f""I"'1'fl'1‘\*‘rJf'IJF“WHIIL"'M‘!I'I"'H W
I )
II It
'| || “! J L||||r.4||,fq f'.ﬁh‘ﬂ I(l’qw!'l-l,. ! o
|'f wL‘Mﬁ“‘m

-|,|'Ir‘ ﬂ

2 POut2 & Mem LogM 10.00dB/

{

Ir‘""\f\‘ll"",\ktl",tiw?\wT,ﬁp,._q'h.Ahu..\;h.'qq,1,rrl’f;'-,I’r1~,in,H-F,;.waﬂqw.q,‘

Scale Per Division [EllGls]

-10.0dBm

4

Il
WW ”H'I'*L’WL,,

:E;t.:::.p 575000 GHz

Noise BW 1.04167 kHz
Carrier Carrier Carrier Carrier EVM EVM EVM
Type InT dBm QOut2 dBm Gain21 dB BwW DistEg21 % | OutEq2 % QutUn2 %
ACP+EVM  -5.82 dBm 13.99 dBm 19.81 dB 480.5 MHz 2.26% 2.47% 6.86%

319-BU764
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Connecting Minds. Exchanging Ideas. D|g|ta| Predistortion Mode|||ng SAN DIEGO

FIRST DO A DIRECT DPD (MOVIE)

File Instrument Response Stimulus Utility Help
DEBEOQE B ) R (N
Cal All.. S

il PintLogM 1
»

~
Other Cals v
us |EaEs

VNA Correction v
m

Off

Stimulus
e | oo
Interpolation
Utility

h'lnn

v ‘:‘Vl “'W

Carner Camier | Camier | Carier EVM EVM ' EVM Commactt
Type In1dBm | Ou2dBm | Gain21dB BW DistEqQ21 % | OutEq2% | OutUn2 % M“” Con
ACP+EVM -583dBm 1397dBm 198548 5005 MHz 2 28% 2 50% 651%

Correction
Properties...

319-BU764
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Connecting Minds. Exchanging ldeas. Dlgltal PredIStortlon MOdeIIIng

AFTER DIRECT DPD: NEARLY PERFECT OUTPUT OF 0.19% EVM, -50 DBC ACPR

File Instrument Response Stimulus Utility Help

PIn1 LogM 10.00dB/ -10.0dBm Tr 2 POut2 & Mem LogM 10.00dB/ -10.0dBm

10"
-20
-30
-40
50
-60
| T P -l.,,r.x.,wm,
-80 .I
-90

-100

-110
n =Ch1: MOD Start 425000 GHz — — Noise BW 1.04167 kHz Stop 5.75000 GHz
Carrier Carrier Carrier Carrier EVM ACP ACP
In1 dBm Out2 dBm Gain21 dB IBW OutEqg2 % LoOui2 dBc | UpOut2 dBc
ACP+EVM  -5.70dBm 14.08 dBm 19.79 dB 500.5 MHz 3.06% 0.25% -52.83 dBc -52.45 dBc

SAN DIEGO

319-BU764
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Connecting Minds. Exchanging Ideas. Generate a Memory POIynomiaI MOdeI

SET THE EXACT DPD AS THE AMPLIFIER CONDITION

0
SAN DIEGO

DPD Memory Polynomial

Main Equations

Polynomial Order =
Past Memory (-) a
Future Memory (+) -

Crossterm Equations Auto

Create Abort
Model Model

Iter. 1

Display Distortion Cal lterations

Channel #1 DEVM = -45.888504 dB

Measuring DUT input at al

Measuring DUT input at a1l and output at b2

Normalized Mean
Square Error (NMSE)
Expressed in the
Frequency domain.

319-BU764



onIMS

Connecting Minds. Exchanging ldeas.

File

Results of the Model DPD

slejr]ala]als

PIn1 LogM 10.00dB/ -10.0dBm

oy

Ch 1 Signal Sweep |[[||
>Ch1: MOD Start

4 fy -,|Hr‘ , '
i"‘wlJ|iII‘"II'Ih'IIlAI1‘qIJihl‘dpl"l-lhlrllwhillﬁuqlr 'll||‘i|".| f|'r"|'l|J h ‘Ihf' ‘ !

Intrument Response Stimulus Utility Help

Iy
|

Tr 2 POut2 & Mem LogM 10.00dB/ -10.0dBm

L1'Ir."f.."'J'|,|"'|,4‘IHl'i'!||"IhUr5IIf"'“I"I""q'r\‘r'I"J'"Hu1F_|'h'”h“"‘|'n'H'f"'"*|'n-'||u,'rJI"I'ln'u"|Jﬂ'r’f1.ﬁJilll'll*ml"ﬂ'rﬁ-"'ﬁﬁlh )
||| ||"‘ Ill" |_.I||

I
” i A j|||'| |'|,|'IJ|\ |l"a,.'liﬁkll"‘llr-"'n'dlw “\rﬁ'\l.-""!if'l

SAN DIEGO

FIII‘

i
LW
i J'ul.l J

Stop 5.75000 GHz

Type

Carrier
In1T dBm

Carrier
Qut2 dBm

Carrier
Gain21 dB

Carrier
IBW

EVM

DistEq21 %]

QOutEg2 %

EVM
QutUn2 %

ACP

\LDDUIE dBc

ACP
UpQut2 dBc

ACP+EVM

-5.64 dBm

14.15 dBm

19.78 dB

500.5 MHz

3.24%

0.68%

1.01%

-49.32 dBc

-49.73 dBc

319-BU764



Connecting Minds. Exchanging Ideas. U XA (S pe Ct ru m A n a Iyze r) M eas u re d res u It SAN DIEGO

EVM=0.85% (EQUALIZED), AND ABOUT 0.2 DB UNFLATNESS

E Digital Demaod - Keysight 89600 V5A Software - Press the Mode key to switch applications

File Edit Control Source Input MeasSetup Trace Markers Window  Utilities Help
|| @ ql:i Range To Peak Power (Default) - (i) = Al B2~ o bt $ |i| | |

A: Ch1 16QAM Meas Time ~ | « % | G Ch1 160AM Syms/Errs |
Rrg 794.3282 mY

B Evia = 85315 mlrms 20932 % pk at

kdag Err = 739.04 mrms -2 8575 %% pk at

Phaze Err= 303.02 mdeg 14687 deg pk at

FreqErr = 326.84 Hz

101 Offzet -72.506 dB SMRMERY = 41.38 dB
Cluad Err = -18.358 mdeg Gain Imb nooz dB

0 481632F6 6CCI046Y B3IF74E21 G3BISEFE 153EBDF4 3CH39F4A D19F3246
56 EAEA949E AO7SBF9B BOE30080 7AFFSEFS BI0EF47C B3231010B 07145331
112 2099F221 090ADSEE B274E454 D2834215 CRF150D5E 54162603 94FDODAE
y : ™ 168 9CO7ADFZ BEC250FE 3FES0452 7022DDES B44A1008 ZEBAVABD ZDFAZFCF

1.5 b 224 1CAY3DF2 OBBABS17 BAOBFESE 17EC3DER BBROFOZE CCY53207 EOSEBEAI
280 FFESF1FE 44578338 FEDE0B22 0G7DCABO 7O1279AC A34442EA BABEAYO0G
336 4DE5930E 44F4429C 1151MAE FCBC4SE4 28AECDEZ 01EB7CEA BCCEABEN

B: Ch1 Spectrum | D: Ch1 160AM Eq Ch Freq Resp

Frng 8 dBm Frg 8 dBm
1
dB

-4 266331658 4.2663316583

0.z
dB
idiv

A
4B

Center b GHz Span 510.352 MHz Center b GHz Span 1.8625 GHz
Res Bw 248259 hdHz TimelLen 1 53846 uSec Timelen 502 Svm

X3 St 41 - 319-BU764




on IMS
Connecting Minds. Exchanging Ideas. P N A-X VS A M e as u re d re s u It s SAN DIEGO

EVM=0.62% (EQUALIZED) (AND SLIGHTLY LESS UNFLATNESS)

“* Digital Derod - VNA-VSA
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

|| @) Range To Peak Power (Default) =4 D 55 wom

A: Ch1 160AM Meas Time E: Ch1 16QAM Syms/Errs

Fng 1V

Evhd

hag Err
Phase Err
Freq Err
10 Offset
Cluad Err

H15.18 marms 21237 % plkoat sym 320
bB1.84 marms 1.9782 % pkoat sym 320
189687 mdeq -651.94 mdegpk at sym 274
-12.003 Hz

-80.413 iB SHRMER) = 4422 dB
40.074 mdeq Gain Imb = -0.003 dB

D A4BDB450 F3FQQE7D FOBDAD43 FA3BF0A3 0BEGENR2 401F3BB3
48 2BER4BEC 7RER2ZF7E EEIBFOGC ABD4B778 71A7611F F132263R

- : 95 45BA02CF 701EDBAD B215B7B2 2E10RADT 50BBCI72 7B298CFS
4 164874618 ' 4 1645745193 144 OBBBB7IE ACS49CH5 897640F7 B88DESCBE D5B01C0A 8D328866

B: Ch1 Spectrum I F: Ch1 16QAM Eq Ch Freqg Resp
Fng 10 dBm Eng 10 dBm
10 1.2
dBm dB
Loghkdan
10
dB
-80

Center 5 GHz Span 1.5 GHz Center b GHz Span 15625 GHz
Res BWW 248582 MHz Timelen 1.536458 uSec TimelLen 50.2 Sym

$IEEE 2 42 319-BU764
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Connecting Minds. Exchanging Ideas. P N A-X VS A M e a s u re d re s u It s SAN DIEGO

EVM=1.0% (NOT EQUALIZED): MODEL FLATNESS ERROR

=- Digital Demod - VNA-VSA
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

” ') Range To Peak Power (Default) ~ =3 F 55~ 1=

A: Ch1 16QAM Meas Time | E: Ch1 16QAM Syms/Errs |

Fng 1 v

1.5
EWhi

tlag Err
Phase Err
Freqg Err
|G Offset
Cluad Err

1.0505 %rms 3.3736 % ple at sym JB6
87366 m3rms 31826 % pk at svm 468
44192 mdeq 1.7483 deg pk at sym 461
-170.68 Hz

-83.034 dBE SMRMER) = 38672 dE
-38.377 mdeq Gain Imh =10 dE

0 4ABE14D2 2C22B507 7674798C OD02BE2E 598040B3 781E018D
48 0089187F J0DBBA20 BFFEESE2 OEBCO207 84144238 5BO5EB6ED

\ - 86 D3400E3B O77F1178 FOFDAC41 BOEG7EE7 7AE70643 BEDOBA7O
4 164374619 4 1649746183 144 BSDEEAEY 2EBCIEFA DAF1BEEC OEBDB2BS A4C74934 D2D42E20

B: Ch Spectrum ~ X | F:Ch1 16QAM Eq Ch Freq Resp ~
Fng 10 dBm Rng 10 dBm

10 : N DATA,
dBm
Loghdag
10
dB
-480

Center 5 GHz Span 1.5 GHz Center b GHz Span 15625 GHz
FRes BYY 2 48582 MHz TimelLen 1.536458 uSec TimeLen 50,2 Sym

€ IEEE | §j- 43 319-BU764
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Connecting Minds. Exchanging Ideas. SAN DIEGO

BLM10D3438 TA1525
DPD simulation and measurement
200MHz BW signal

Sam Kusano
Communications Solutions Group

.|.I.|.I.|.I.|.I.|.
KEYSIGHT

TECHNOLOGIES

Note:
Dvaami odel.on-PNA-X.and ADS/S\.is.in-early.stage of

$IEEE LB3Y%° 319-BU764
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emeanginss serergrece. - DUT: LDMOS 3-stage Doherty MMIC

Ampleon BLM10D3438

Frequency Range: 3400 — 3800MHz

Gain = 34dB

P1dB = 44dBm

Application: Final stage PA for small cell, Massive MIMO

Vosgem
Vost—T—
RF_IN— ____RF_OUT
Vosiean —

SAN DIEGO

ANVIPLEON - $11&S21 vs Frequency - BLM10D3438-35AB TA1525
S-par, Vds=28.0V, Vgs1=2.04V, Vgs2=1.57V, Idq2=40mA, Pout=32.6dBm
0.0 - 40.0
50 - 35.0
33.0dB 33.3dB 33,1dB 33.2d 33.6dB
-10.0 - 30.0
@3500.0MHz
-16.788dB
-15.0 25.0
] )
=.-20.0 - 200 =
= ST —sn
" %)
— 521

-25.0

@3600.0MHz
-20.776dB

@3800.0MHz
-30.0 -28.707dB 10.0
@3700.0MHz
-35.0 -32.914dB 50
-40.0 0.0
3000 3200 3400 3600 3800 4000 4200
Frequency [MHz]

Figure 2 S-parameters

S$11&521 vs Frequency

319-BU764



|GA Ll WV VW GIAL W Vw1l
http://141.121.151.233/FrontPanel.asp

A 27.9970 V

AR 75S1G6C
Gain = 54dB [] 5585 A
20dB P(sat) = +49dBm o Dela 500 me .
| VXG F =1-6GHz -
rear panel m o ¥ ] W

|
4 \3 Lo
i Source 2 @—E
OouT 1 ouT 2
1—@—@—1 To receivers
Source 1 =

1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
: Pulse
] modulator
1
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

10MHz

Pulse
é modulator

Pulse generators

Source 2 Source 2
¢ Output1 Output2 © L ]
15dB Red: Targeted average power for 5dB
nonlinear characterization 200 [£] Frern
+4dBm +37dBm LR B

]

el IR
4-:[] :4_ e ERREEEEE 4%5

-20dBm | " 772D 100W
Nominal Source Amp setting U
on MOD ~27dB Gain = 34dB

F=3400-3800MHz


http://141.121.151.233/FrontPanel.asp

Original Signal (Before DPD)

DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11 SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.8dBm (Efficiency = 40%)

Range To Peak Power (Default) -

PIn1LogM 10.00dB/ -0.00dBm Tr 2 POut2 LogM 10.00dB/ -0.00dBm

» ¥ | G Ch2 CCDF

Y Ptsd 37M Rng1 ¥
100

i3
Lo J fwla g Lo u] ha [a]

Sto ul 20dBE

Frng1 ¥ Frg1 %
13 50

deg

At e W b e,

Noise BW 2

Gain
Carrier Carrier Carrier EVM ACP ACP
Band Type InT dBm Qui2 dBm Gain21 dB | DistEg21 dBc | LoOut2 dBc | UpQOut2 dBc
Band 1 ACP+EVM 0.92 dBm 3452 dBm 3361dB -26.98 dBc -30.23 dBc -2.30 dBc
Band 2 ACP+EVM 1.38 dBm 3495 dBm 3357dB -28.38 dBc -3.41 dBc -30.32 dBc
Total EVM EVM 416 dBm 37.75dBm 3359dB -27.66 dBc 0
deg
15 dEm -15dEBm 3 dBidiv 15 dEm
Tr1 || Ch1 | IntTrig | Sw..|| BwW=250 B Sim PLimit [4.20 s -

RFOn | UpdateOn m RF Power State not turned on, because the rf power state was set to OFF prior to recalllpreset. | LCL | 2022/08/04-23:52 Filling Time Record

CAL Mone



Original Signal (Before DPD)

DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11 SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.8dBm (Efficiency = 40%)

OFDM Meas: All Layers » X | C: CCSummary

TAE Min 101.86 pg between CC1and CCO
TAE Max 101.86 ps between CC1and CCO

Channel Rel. EVM TAE ; Freq. Clock :
Power Power (dB) (sec) Error Error CellID
(dBm) (dB) b e (Hz) (ppm)

)

F: Mo Data

Measurement running

|| INT REF || AUTOCAL: Ok



Original Signal (After Direct DPD)

DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11 SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.8dBm (Efficiency = 40%)

PIn1 LogM 10.00dB/ -0.00dBm Tr 2 POut2 LogM 10.00dB/ -0.00dBm Oll- =L

£

- ¥ | G Ch2 CCDF
WP

La u] ha [a]

| e

R e N _|

tart 0 dB Sto u] 20 dB

Noise BW 2

Giain
Carrier Carrier Carrier EVM EVM ACP ACP
Band Type In1 dBm Out2 dBm Gain21dB | DistEq21 dBc | OutEq2 dBc | LoOut2 dBc | UpOut2 dE .
dB
Band 1 ACP+EVM 1.09 dBm 34.68 dBm 33.60dB -26.82 dBc -4665dBc  -4855dBc -3.01 dBc [div
Band 2 ACP+EVM 1.15 dBm 34.68 dBm 3353dB -28.09 dBc -46.12 dBc -3.01 dBc -48.59 dBg
Total EVM EVM 413 dBm 37.69 dBm 3356 dB -27.41 dBc -200.00 dBc
eg
< 3 5 dBm -15 dEBm 15 dBm
i trmulus Stirmulus
Tr1 || Ch1 | IniTrig | Sw.., BW=250 C Sim PLimit [4.67 s ol
RFOn | UpdateCn m RF Power State not turned on, because the rf power state was set to OFF prior to recall/preset. LCL || 2022706/05-00:01 | Stream Measurement H INT REF || CAL Mone




Original Signal (After Direct DPD)

DUT: BLM10D3438 TA1525
5GNR_2CC_100MHz_TM11 SR491p52 CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.8dBm (Efficiency = 40%)

A: (CCO) OFDM Meas: All Layers ~ ¥ | G CCSummary
TAE Min -43.656 ps between CC1and CCO
TAE Max -43.65 between CC1 and CCO

or EVM TAE
- (dB) (sec)

EVM is -31dB even after
Direct DPD.

This 1s because the
original waveform is
already distorted by the
Crest Factor Reduction
(CFR)

~ ¥ D: (CCO) OFDM Err Vect Spectrum: All Layers E: CC Summary

| mrrer | autocanox




Memory Polynomial Model Creation / Application

Model extraction

Compact waveform

Modulation Distertion Setup : Channel 1

Sweep RFPath Modulate Measure DPD SA Source  Coherence  Trig. & Pulse ﬁ 1 1

>

WORK IN PROGRESS N .
Z ZC”IP?'-\’(r"’ m} e |t +mynTe | |
n=1l m

[+ Meas in Dist Cal () = 7 odd
DPD Model + D0 DD G ¥ CEF WY LE F W+ WP _ :
P=5 W om Use Pin and Pout after direct DPD to generate

p odd
m e M M, + MSP M, + 2M5%P M, + 3MSTP, L Mo)

woE {WL W, 4 W2 W, 4 2SR W, 4 W, L W)
w € {UL Uy + USSP, Uy + 2U°, Uy + 3U5°, ..., U} \ {0}
220603_100MHZ\5GNR_100MHz_TM11_SR491p52_CFR7p5_CTS100us_DUT_Model_In.csv

Memory Polynomial  ~

dynamic gain model.

* Pin: Measured spectrum at input (This is pre-
distorted waveform)

» Pout: Measured spectrum at output (This is
linearized waveform)

Load*_Model_In ...

Parameters

Order N, P Mem Start M1, W1, U1 Mem Stop M2, W2, U2 Step
Direct Terms | 7 = -10 = 1 = 1 =
Cross Terms |3 = 0 = 0 = 1 =
< Cross Terms ’ 2 aflk : Model Application
Max Expansion | 2.000dB | = [JLegendre [ Equalize wf Aperture 10.000000 MHz | = o .
Power Offset ﬁa |; | Create\ApplyModel | ModelResidual -30.406458 dB Apply extracted model to original waveform for

Model Residual: -30.406458 dB
Applied DPD model to currently selected waveform "sGNR_2CC_100MHz_TM11_SR983pl4M_CFR7p5.wim."

Cancel Apply Help

- | verification




Original signal (after model applied, corrected at Pin)

DUT: BLM10D3438 TA1525
5GNR_100MHz_TM11 SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.7dBm (Efficiency = 40%)

) OFDM Meas: All Layers v ¥ | C:CCSummary ~
TAE Min 261.93 ps between CC1and CCOD
TAE Max 261.932 ps between CC1and CCOD

Channel Rel. Center Freq. Clock
Power Power . . L Error Error Cell ID

» ¥ D (CCO) OFDM Err Vect Spectrum: All Layers

Measurement running



Dynamic Gain Model Creation / Application

Medulation Distortion Setup : Channel 1 b e MOdel eXtraCtlon
Compact waveform
Sweep RFPath Modulate Measure DPD SA Source  Coherence  Trig. & Pulse @ I I
| |
| |
WORKIN PROGRESS =] 1 1
. § _ | |
ihons inDistCa Cmodar () = Xaq (O | D Gp([Xaq (O]} My [xeq (0]
p=0
Mp|xeq(z)| =1 (required term) Use Pin and Pout after direct DPD to generate
DPD Model Fleee)] _ ol L
Xgq(t}=F~1 {52 “:” }J (equalized waveform)  My[xeq(t}] = Xeq(t + m)e I®(Xealfl] dynamic gain model.
Dynamic Gain v 4 i 1l = %1t 4+ mietiP Keaits}  Pin: Measured spectrum at input (This is pre-
. . . . My|xaqits] = x50t + m)e™ ¥ .
G_p(. 1is @ :.':ﬂ:fc noniinear gain 1} 1 N ) . distorted Waveform)
Mpl.] is @ nonlinear memory operator “.E[X”{.”.}] = Peale "I.H: 2  Pout: Measured spectrum at output (This is
Ma[eq(r)] = [xeq(t +m)|" — [xeqlc)] linearized waveform)
Load* Model_In ... 2_200MHZ\BGNR_2CC_100MHz_TM11_SR983p04M_CFRVpb_cts100us_DUT_Model_In.csw
Parameters
o Nmbr Intervals [ 15 : Min nterv Size. | 100 : Model Application
M2 S21 Pow Offset | -10.000 dB = Max CF Expans | 3.000 dB - y :
- owse - = *pan - Apply extracted model to original waveform for
C1m3 Spline w Mem Start Mem Stop Mem Step verification
b M4 Optimize -10 - 1 - 1 -
Power Offset | 0 dB = Create\Apply Model = Model Residual  -33411459 dB -
M.]\A
W
oK Cancel Apply Help Model error (NMSE) is estimated -33.4dB.

Using Optimize, FW automatically finds appropriate model



Original signal (after model applied, corrected at Pin)

DUT: BLM10D3438 TA1525

5GNR_2CC_100MHz_TM11 SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.8dBm (Efficiency = 40%)

PIn1 LogM 10.00dB/ -0.00dBm

Tr 2 POut2 LogM 10.00dB/ -0.00dBm

Carrier Carrier Carrier EVM ACP ACP
Band Type InT dBm Qui2 dBm Gain21 dB | DistEg21 dBc | LoOut2 dBc | UpQOut2 dBc
Band 1 ACP+EVM 1.18 dEBm 3477 dBm 3358dB -26.65 dBc -39.53 dBc -3.02 dBc
Band 2 ACP+EVM 1.24 dBm 34.76 dBm 3352dB -27.93 dBc -3.01 dBc -1015 dBe
Total EVM EVM 422 dBm 37.77 dBm 3355dB -27.25 dBc
Tr1 | Ch1 | IntTrig | Swp || BW=250 B Sim PLimit [4.16 5
RFOn | UpdateOn m 202206045am.cga has been saved. LCL || 2022/06/05-00:47

VPt

B: Gain Compression
Rng1 W

431 |
dE fi

Gain

[
-15 dBm
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Original signal (after model applied, corrected at Pin)

DUT: BLM10D3438 TA1525
5GNR_2CC_100MHz_TM11 SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.8dBm (Efficiency = 40%)

) OFDM Meas: All Layers » X | G CC Summary

TAE Min -36.38 ps between CC1and CCO
ps between CC1and CCO
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Power Power (dB) 5 g. Errc:lr. Cell ID
(ppm)
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Applying model to 16QAM fulfilled waveform

Model extraction
Meodulation Distortion Setup : Channel 1 x
Compact waveform of QPSK
Sweep RFPath Modulate Measure DPD SA Source  Coherence  Trig. & Pulse  Advanced Q : :
| |
WORK IN PROGRESS P : :
x t} = x,,(t z G (| X (53] M, [x,, (T
[v] Meas in Dist Cal modet (] eq t) - o {[Xaq (03[} My [xaq(t)] 1 1
b= I A
DPD Model . ;,-u[xsq[ujj = [requis e_a_.,i..zl::ﬂ
Synamic Gain . Xgg L} = F~1 l52.lff}J tequalized wave form) .-‘-T.L[xsq(-S?] = xgqit + .m)e;-:::* :r-\,\l Use Pin and Pout after direct DPD to generate
Gpl.) is a static nonlinear gain -"'T:lxqu.a"J = «qufﬁ- * m)e: e dynamic gain model.
Mp[.] is @ nonlinear memaory operataor "TE [xﬂq{_s_ﬂ = [xeq(r + m_)lg . « Pin: Measured Spectrum at input (ThIS is pre-
Valvealo)] = [vealt £l = [rea®)| distorted waveform)
Load * Model_In .. |C:RUsers‘LInstrument‘LDocumentsRSamREDZZD-SDE_ED-DMHz\SGNFi_ECC_1D-DMHz_TM11_SF€981| « Pout: Measured Spectrum at Output (ThiS is
Parameters . _ linearized waveform)
M1 MNmbr Intervals ‘ 14 | = Min Interv Size | 100 | =
A2 521 Pow Offset | -10.000 dB E Max CF Expans | 3.000 dB E
OOm3 Spline ~|  Mem Start Mem Stop Mem Step ] .
EM4  [optimize 10 ENE E [ 5 Model Application
Power Offset | 0 dB E | CreatelApply Model | Model Residual 33411459 dB Apply extracted model to 16QAM waveform for
‘Model Residual: -33.411459 dB ~ verification
Applied DPD model to currently selected waveform "sGNR_2CC_100MHz_Fulfill_SR983p4M_CFR7p5.wim." W
OK Cancel Apply Help




16QAM signal (after model applied, corrected at Pin)

DUT: BLM10D3438 TA1525
5GNR_2CC_100MHz_Fulfill_SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)
Pout (Avg) = +37.7dBm (Efficiency = 40%)
PIn1 LogM 10.00dB/ -0.00dBm Tr 2 POut2 LogM 10.00dB/ -0.00dBm FengeTo Peek Power (Befeull =
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Band 1 ACP+EVM 1.08 dBm 34.68 dBm 3360dB -26.76 dBc -39.46 dBc -3.03 dBc 3 dBidiv 15 dBm 1-15 dBrn 3 dBidiv 15 dBrn
Band 2 ACP+EVM 1.13 dBm 34.66 dBm 3353dB -28.01 dBc -299 dBc -40.07 dBc f
Total EVM EVM 411 dBm 37.68 dBm 3357dB -27.34 dBc Markers + 0 x
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16QAM signal (after model applied, corrected at Pin)

DUT: BLM10D3438 TA1525
5GNR_2CC_100MHz_Fulfill_SR491p52_ CFR7p5.wfm Original signal: 1ms (1SubF)

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

OFDM Meas: All Layers » ¥ | GCCSummary -
TAE Min ps between CC1and CCO
TAE Max -931.22 ps between CC1and CCO
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