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Xilinx RFSoC Design Cycle

Develop from algorithm to prototype
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Secure, Automated, Internet-based mmWave Testing with Xilinx RFSoC

Avnal wideband mmWavae 1adio development kit
for Xitinx R* SoC Gen 3
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Rohde & Schwarz Secure Application Gateway
Network security by design

LANCOM R&S® Unified Firewalls
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Avnet wideband mmWave radio development kit ! _ ﬁiiii;‘. ..... ;-

for Xilinx RF SoC Gen 3
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« Connectivity to test instruments through MATLAB-based RFSoC Explorer
« State-of-the-art security and Unified Threat Management



MATLAB

Avnet mmWave Radio Kit for AMD/Xilinx Zyng® UltraScale+™ RFSoC

Requires:

- MATLAB

« Communications Toolbox
» DSP System Toolbox

» Fixed-Point Designer

» Signal Processing Toolbox
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Radio under Test Avnet Wideband mmWave Radio
Development Kit for Xilinx RFSoC Gen-3
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MATLAB

Traditional Test & Measurement

Hardware Evaluation Over-the-air
In loopback testing Testing

Avnet Wideband mmWave Radio Development Kit

Generate and analyze waveforms

. . . Generate waveforms in MATLAB and
in MATLAB and Simulink v !

Simulink, control test equipment

« Lacking closed-loop instrument control / MATLAB integration



Our Reference Design Testing

R&S VSE
Vector Signal Explorer

AVNET

et

R&S or MathWorks

MathWorks 5G Toolbox

TCP/IP

Control

MATLAB E

R&S SMW200A High End
Vector Signal Generator

RF Sampling

DDC ADC

DuC

DAC

ZCU208

R&S FSW High End

Signal and Spectrum Analyzer

VISA
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Services
T&M Device Handling

Applications
Edge Computing Platform

Connectivity
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The RF-sampling Tx Signal Chain

Gain
RF DSA Block

Driver
Amp

2XLO Passive Mixer

Balun +
Reconstruction
filter

a

6GHz
IF Amp

How to

achieve best N
wideband RF "
performance? g
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CW Output level

IF frequency Response @ 25GHz out

——_

>1GHz of usable
bandwidth

3.6 3.8 4 4.2 4.4 4.6 4.8

IF Frequency (GHz)

Xilinx RF SoC
Up to 6GHz IF
FPGA
ARM Core
Processor

Focus on optimizing
wideband 5GNR
performance for the whole
signal chain
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Demo: Automated Test Sequencing with User MATLAB Functions
4= Digital Domain (GSPS) mp ¢m= |/F < 6 GHz wes) s Millimeter-wave 24 — 40 GHz messsssssssssssmm—"m")

Baseband RF Sampling +DFE I/F <> mmWave
: R&S®SMW200A
processing o
: R&SESMW
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MathWorks 5G Toolbox™ 122.88 MHz ref clock

Avnet RFSoC Explorer i
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Automated wideband 5GNR FR2 TDD testing:

1. Combined EVM /ACLR / SEM measurements,

2. Channel Response in Magnitude and Phase
with and without equalization
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I Combined
Measurement

HREzZQEE > 200N
Spe..m2 X Dis.ion X

v B em X X e w e x [ X -
Ref Level 2.27 dBm Freq 27.9 GHz Mode Downlink, 400 MHz Capture Time 20.0 ms BWP/SS All SGL
Att 12 dB Event Count 5of 5  Selected Meas ID 1 I/Q RAM
TRG:EXT2 FRCORR YIG Bypass EVM/ACLR/SEM
1 Combined E¥YM/ACLR /SEM Result v TableConfig
" EVM All Power Frame Start Frequency Sampling OSTP RSTP Crest Sync  ACLR «
meas 1Y EnESEmE 5o [dBm] Offset  Error [Hz] Error [ppm]  [dBm] [dBm]  Factor [dB] State PASS
2 7.82s 2.57 1.86 2.177 ms -25195.05 -0.36 1.86 -32.86 9.98
3 16.23s 2.65 1.85 9.680 ms -25195.64 -0.36 1.85 -32.86 9.84
4 24.27s 2.65 1.86 9683 ms -25193.13 -0.326 1.86 -32.87 Q.79
5 32.38s 2,64 1.86 9.686 ms -25199.25 -0.35 1.86 -32.86 9.81 -

a4

2 Channel Flathes 1 AP 10008 2 4P 2000

RS Wiights all

4 SEM Diagram ®1 Clrw
Linﬁit...eck : PASS .

—28 dBm— = -
| g

0.5 dB-

8 -40 dBim- =40 dBm—

i
v

0 dB P
\ W, — =
V- -80 dBm—
0 Hz 38.02 MHz/  380.16 MHz 26.90991923... 198.02... 28.89007923... 27.61999974..., 56.0... 28.18000076...
5 EVM Result Summary 6 ACLR Result Summary 7 SEM Result Summary
Frame Results Select... Mean Limit « Tx Total 1.86 dBm -~ Range 1 -~ -
EWVIM PDSCH QPSK (%) 18.50 Channel Tx1 (Ref) Range Low -280.000 MHz
EVM PDSCH 16QAM (%) 13.50 Bandwidth 380.160 MHz Range Up -240.500 MHz .
EVM PDSCH 64QAM (%) 2.57 9.00 Offset RBW 1.000 MHz
EVM PDSCH 256QAM (... 4.50 Power 1.86 dBm Freguency 27.658 85 GHz
Results for Selection BWP/SS All, Sub... Channel Adj Power Abs -63.91 dBm
EVM Al (%) 2.55 Bandwidth So0- 100 M Power Rel -65.78 dB
EVM Phys Channel (%) 2.57 Ofiset 3697 do ALimit -43.91 dB
EWM Phvs Sianal (%) 2,06 v ] A A dme. ¥ Ranae 2 v

- - Measuring... [TITTTTIT] 5@ <% 111'134225']3:



| Combined
Measurement
e ] e K e w e ]~ -

Ref Level 2.20 dBm Freq 27.9 GHz Mode Downlink, 400 MHz Capture Time 3.5ms BWP/SS Al SGL
Att 12 dB Event Count S5of5 Selected Meas 1D 1 I/Q RAM
TRG:EXT2 FRCORR YIG Bypass EVM/ACLR/SEM
1 Combined EVM/ACLR /SEM Result * TableConfig
. EVM All Power Frame Start Frequency Sampling OSsTP RSTP Crest Sync  ACLR -
B R =] ot} [dBm] Offset  Error [Hz] Error [ppm]  [dBm] [dBm]  Factor [dB] State PASS
2 5.55s 2.70 1.88 2.198 ms -25181.33 -0.36 1.85 -32.87 251
3 11.01s 2.52 1.88 2.200 ms -25200.58 -0.35 1.86 -32.87 9,57
4 16.41s 2.56 1.88 2.202 ms -25181.81 -0.36 1.86 -32.87 9.71
5 22.00¢g 2.88 1.89 2. 204 ms -25 199,80 -0.36 1.86 -32.87 9.83
L]
2 Channel Flatnes o1 AP 10002 AP 2000 3 ACLR Diagram o1 Clrw 4 SEM Diagram
‘RS wilghts Al | Tx1 ' Limit...eck : PASS
Adi Adi ol |
0.5 de- : ! T -
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-0 dBmm- & -+0 l.'!jE'-I'I'I' 1
-60, 38m—
..—-u""J e | -80 L':IE'.rn !
0 Hz - 38.02MHz/ 380.16 MHz 26.90991923... 198.02... 28.,89007923... 27.61999974... 56.0... 28.18000076...
5 EVM Result Summary 6 ACLR Result Summary 7 SEM Result Summary
Frame Results Select... Mean Limit -~ Tx Total 1.88 dBm . Rangel -
EVM PDSCH QPSK (%) 18.50 Channel Tx1 (Ref) Range Low -280.000 MHz
EVM PDSCH 16QAM (%) 13.50 Bandwidth 380.160 MHz Range Up -240,.500 MHz .
EVIM PDSCH 64QAM (%) 2.80 9.00 Offset RBW 1.000 MHz
EVM PDSCH 256QAM (... B 4.50 Power 1.88 d'm Freguency 27.65594 GHzZ
Results for Selection BWP/SS All, Sub... Channel Adj Power Abs -63.58 dBm
EVM Al (%) 2.77 Bandwidth 260,160 Mz Power Rel -65.46 dB
EVM Phys Channel (%) 2.79 | et Ao ox gz alimit -43.58 dB _
EWv Phvs Sianal (%) 2.28 a o Arn s AP Ranae 2
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Pl W s - Sp..un Spe.m2 m ACLR AL..EM Dis..ion -
Ref Level 7.00 dBm Freq 27.9 GHz Mode Downlink, 400 MHz Capture Time 300.0 ys  BWP/SS All
Att 17 dB Frame Count 1of 1{1) Frame 1 Auto Demod Once
TRG:TIM FRCORR YIG Bypass
1 Capture Buffer & 1/QExport ®1 Clrw 3 EVMwvs Carrier o1 Avge 2 Mine 3 Max 4 Alloc ID Vs ¢ bol X Carrier
Frame Start Offset | 137.585360790 s PSS S$5  PRCH HEEESSEESEEEREESEREN

PECH DMRSPDSCH DMRSCSI-RS PRS FESESH Mot Used

0.0ms  30.0 s/ 300.0pus OHz ~ 38.02MHz/ 380.16 MHz

cn
§§ 2]
. =

2 Result Summary _ """"" 5 Power Spectrum e 1 Clrw 6 Constellation Diagram
Frame Results Averaged Mean Limit Max Min .« Points Measured : 44338
EYM PDSCH QPSK (%) 18.50 &0 dem/Hz————F—— _ e
EVM PDSCH 16QAM (%) 13,50 ¥ & s> esen
FVM PDSCH 640QAM (%) 2.61 9.00 2.61 2.61 f 48 5 28N
EVM PDSCH 256QAM (%) B 4,50 - | .
Results for Selection BWP/SS All, Subframe All, Slot All - ¥ seis D
EVM Al (%) 2.58 2.58 2.58 A A .
EVM Phys Channel (%) 2.60 2.60 2.60 & & 0 5 & 5 % &
FVM Phys Signal (%) 2.04 2.04 2.04 . '
Sampling Error (ppm ) -0.36 -0.36 “0.36 LA L B A AR
1/Q Offset (dB) -56,50 -56,50 -56.50 B ERERNES XN
I/Q Gain Imbalance (dB) - - - . _
I/Q Quadrature Error (°) - - - b A
OSTP (dBm)_ 1.88 - an T OHz  491.52MHz |
- EXT = 11.04.2022
- Sync Found Aborted DIDID:D m@ S 18:15:12
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Ml tiWie s

SGNREVM ¥  acr ¥  Acem »  Dis.ion v
Ref Level 12.37 dBm Capture Time 3.125ms TTS 1.430041 ms
Att 22dB Freq 27.9 GHz Meas BW 491.52 MHz SRate 614.4 MHz
TRG:TIM FRCORR. YIG Bypass EQUALIZER
1 Magnitude Captur... ¢ 1Clrw 2 Result Summarv _ _ _ 3EVMy elAy Cln [N 2C..
Modulation Accuracy Min Current Max Unit | -
Raw EVM 0,002 2.665 22.509 %
Faw Model EVM 0.001 2.540 19.753 %
‘IFrequency Error -—- -25183.... -—- Hz
Power Min Current Max Unit
Power In --- -9.04 1.61 dém
0s 312.5pus/ 3.125ms | - - -

-120.0 dBnlB 5dBm/ 15.0 dBm
e 1 Clrw EAM/H e1Av Clr [E"SM 3Clrw 7 Gain( elAv Clrv "N 3.

g /_/

4 Spectrum FFT

)_

e IClrw 5 Channel Response...

e

-307.2... 61.44M... 307.2... -307.2.. 61.44M... 307.2.. ! -30.0dBm6.0dBm/ 30.0dBm -20.0dBm 3.5dBm/ 15.0dBm
8 ACLR - RBW: 4.9152 MHz 9 Channel Respons... ®1Clrw 10 Group Delay e iClrw 11 Phat elaAy Clrv FEEN S..
Channel Band... Offset —

Tx1 (R... |380.01...

.T}{ Total | . . Pd_hlh-\,wlm-.- —
Channel Band... Offset :

Adj 380.01... |400.00...

‘ . -307.2... 61.44M... 307.2... -307.2... 61.44M... 307.2...

-20.0 dBm 3.5 dBm/ 15.0 dBm
[T
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MultiView [ Sp.um Spe.m2 M SGNREWM X aAnr ¥ AcEM »  Dis.ion v
Ref Level 12.37 dBm Capture Time 3.125ms TTS 1.437831 ms
Att 22dB Freq 27.9 GHz Meas BW 491.52 MHz SRate 614.4 MHz
TRG:TIM FRCORR YIG Bypass
1 Magnitude Captur... ¢ 1Clrw 2 Result Summarv 3EVMy elAv Cin [FI"NNNN 2C.
Modulation Accuracy Min | Current  Max  Unit +
Raw EVM 0.008 | 5958 | 24.826 | %
ERaw Model EVM 0,003 5913 22.912 B0
5 Frequency Error | -— .—25182.... | -—- | Hz
Power . Min  Current  Max  Unit .
Power In . — | 904 | 161 |dBm
Os 312.5pus/ 3.125ms | - - - i ¥ -120.0dBn13.5 dBm/ 15.0 dBm
4 Spectrum FFT ¢ IClrw 5 Channel Response... ® 1Clrw '5 AM/: elAv Clr X" 3Clrw 7 Gain( eiAyv Clrv [N 3.

/JML\ ' S / : T ————

-307.2 ... 61.44M...

307.2... -307.2... 61.44M... 307.2... -30.0dBm6.0dBm/ 30.0 dBm -20.0 dBm 3.5 dBm/ 15.0 dBm
8 ACLR - RBW: 4.9152 MHz 9 Channel Respons... ¢ 1CIrw 10 Group Delay eiClrw 11 Pha: eiAv Clrv XN 3.
Channel Band... = Offset =

Tx1 (R.. |380.01.. | o

Tx Total | | | MW -

'ChanneI'Band... | Offset | 5

adj 380.01... |400.00... | \

ali_a — P o,

d ¥

-307.2... 61.44M... 307.2... | -307.2... 61.44M... 307.2... -20.0dBm3.5dBm/ 15.0dBm
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EXT =
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MultiView

H Sp..um

Ref Level 12.37 dBm
Att

22dB Freq 27.9 GHz

Spe..m2

Capture Time

Meas BW

TRG:TIM FRCORR YIG Bypass EQUALIZER

1 Magnitude Captur...

Os
4 Spectrum FFT

)

a0

-307.2... 61.44M...

8 ACLR - RBW: 4,.9152 MHz

Channel Band... Offset -

Tx1 (R... |380.01... 0 ’
Tatal | = N

Tx Total | | 0 ﬁrrx'u'hU\\'f b\

Channel Band... Offset

Adj 380.01... |400.00...

A s 4 Vo Vo ]
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- —— e ™ .--vv——-_-—-\

PV NP N

e I Clrww 2 Result Summary
Modulation Accuracy

F\dW EVM

SGNREYM

Raw Model EVH

*eEC 0NN e
ACLR X Ac.em X  Dis.ion Reference

l signal

3.125ms TTS 1.469883 ms
491.52 MHz SRate 614.4 MHz Input/
l Output
3EVM\ e 1Ay Cin [FX"NEN 2C..

Min Current Max Unit = Data

- - am - 4l e e ition
Synchronization/Error Est/Comp @ X

: Frequenw Erro
Power

Power In

e I Clrww 5 Channel Res

L

\\r,v-m \MMI[UMI’W

307.2... -307.2... 61.4

9 Channel Res

: -307:2:... 61

Sync and Eval Range Error Est/Compensation

Equalizer

Equalizer

Equalizer Filter Length (Samples) for Training

Train Equalizer Filter on Current 1/Q Data

Load Equalizer Filter...

Current Equalizer Filter

Equalizer Filter Source:
Date Modified:
Equalizer Filter Length:

Generated by FSW-K18
11.04.2022 18:11:46
100

Apply Equalizer Filter

= Measuring...

Save Equalizer*..
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MultiView [BE  Sp.um

Ref Level 12.37 dBm
Att 22dB H
TRG:TIM FRCORR YIG Byp4
1 Magnitude Captur...

b |

Os 312.5 ps/
4 Spectrum FFT

£

4 Amplifier
Save Equalizer N ) X
v ‘| Reference
Drive: F’(c:) SYSTENM ~ Path: . _K18_Equalizer (C:/R_S/instr/user/_K18_Eq ~ Sigasl
Files size | oo
| |e1Av Cin BN 2C..
Data

ol .

2 ki % “sition
@ X
cqualizer
~

— 2

RS ST RS s Syee. e
les
z %ator
/ :
ializer... LPD
- “’\‘1.' off
| ult
-307.2... 61.44M... | fig
8 ACLR - RBW: 4.9152 ™= - — — —_—
Channel Band... = Off§Fjle Name: EqualizerCoeff.csv :;'
Tx1 (R... |380.01... Off
Tx Total File Type «csv .fres
Channel Band... Offg »E
Adj 1380.01... |400.Q SFile Explorer Save i
—~ g ~ - w
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Instrument-assisted pre-equalizer in Xilinx RFSoC Gen-3

AVNET
:

Avnet RFSoC Explorer® =
for MATLAB -

5G ToolBox
from Pre- DDC ADC

MathWorks equalizer

"' DUC - DAC

ZCU208

R&S FSW High End

HDL Coder VISA Signal and Spectrum
n "a [_“W Analyzer
Synthesizable HDL L._] Channel response
MATLAB

Avnet Simulink Stateflow Rohde & Schwarz 22




MATLAB E
Rohde & Schwarz Secure Applications Gateway

Avnal wrdeband mmW

]
} UF-380
' RES"SMV

) R8S*OSP

Join engineers from Avnet, Otava and Rohde & Schwarz for guided tour of automated remote
testing

Experience 'virtual hands-on' access as though the test equipment were on your desk
Register for the Avnet workshop at: WWW.avnet.me/mmw-workshop

23


http://www.avnet.me/mmw-workshop

MAT

Conclusion

- mmWave RF systems require secure, robust test automation

= Avnet RFSOC Explorer enables AMD/Xilinx RFSoC within MATLAB with
Rohde & Schwarz MATLAB support for ‘instrument in-the-loop’ standard
compliance testing

- Rohde & Schwarz Secure Application Gateway™ platform enables worldwide
collaborative remote access in real-time with state-of-the-art data security

24
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