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Al Evolution of Telecommunication

The first wired, electrical commercial communications
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Morse telegraph (1837)
5 Needle telegraph (1837) Samuel Morse (American) )
Cooke and Wheatstone (British) )

®): By Geni - Photo by User:geni, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=6503269
*): By (c) 2006 Zubro - image by myself, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=1336642
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Al Evolution of Telecommunication







277%

. - - 2016
® Smartphone
‘ Penetration
NS Smart Phone Unit Sales Rate
800

1,600

Worldwide Smar hone

LI
\ -
‘ ) W T 7 8 o/o

2020
Smartphone
Penetration
Rate

877%

2025
Smartphone
Penetration
Rate




nl

Adoption Will
Continue to

FORECASTED WIRELESS IC REVENUE CAGR
FROM $23B (2022) TO $32B (2027)

PROJECTED INCREASE OF MOBILE
TRAFFIC DATA BY 2027

OF ALL CELLULAR CONNECTIONS
BY 2027 WILL BE MASSIVE IoT




Nt Shift to loT Applications

Human-Centric Wireless
Systems

Machine-Centric Wireless
Systems

ni.com

Inputs & outputs are human-centric (audio, video, tactile)
Traditional CPU-based software (augmented with ML)
Latency requirements are human-centric (100°’s of ms)

Systems mimic their centricity - designed for 1-1 connections

Inputs & outputs are machine-centric (radar, lidar, cameras, motors)
ML-based neural nets play a much larger role
Latency requirements are machine-centric (us or better)

Systems mimic their centricity - designed for machines to
collaboratively perform a task
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“A decade ago, we had about 24 months from engineering sample to
delivery of our first customer sample. Ramp to a million units would
take another seven or eight months. By contrast, today, the time from
engineering sample to shipping a million units happens in less than

s1x months.”
—LEADING RF CHIPMAKER

000 ,000X




Compounding and conflicting issues pressure the
product development lifecycle

Product Complexity & Customer Demands

Product Competition & Shrinking Time-To-Market

Lifecycle

Responding with Technology

DESIGN

VALIDATION

MANUFACTURING

of respondents fear their

0 production processes are

A) outdated and cannot keep up
with new business and
technology trends

say they will lose market
0) share within 2 years unless
A) they make significant changes

to product lifecycle processes
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. An Example of Rate of Change: History of the Camera
4

ANNOUNCED: Jan. 9, 200
RELEASED: June 26, 200

1930s 1970s A 1990s A 2000s 2020+

First CMOS imaging sensor (1985) Camera meets Cell Phone (1997)

Capturing Memories
Home security
Car backup cameras

Wireless picture exchange

Video conferencing

Video doorbells

ni.com Augmented reality



Nl History of Analogue Electronics Measurement Equipment

Signal Sources  Noise Figure Meter Vector Signal Generators
Power Meters Phase Noise Analyzers Vector Signal Analyzers
Spectrum Analyzers

Oscilloscopes

Vector Network Analyzers

§..§... AUML

Y] ; ;
4 ‘g‘
Modular
Instruments -{ o
e
A 1930s 1970s A 1990s 2000s 2020+

Nyquist Theorem (1924) First CMOS Flash ADC (1979)
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N Measurement Hardware Will Evolve

Higher Frequency and
Larger Bandwidths (closer
to the DUT)

Scalability in Channels
(smaller and lower cost)

Higher Performance
Measurements

Real-time processing (HIL)

System Level
Measurements

Efficiency of Cloud and
Edge Processing

Blend of Virtual & Physical
Testing

Over the Air Characterization Masswe scale syste mulatlon



Nt Improved Measurement Accuracy under Realistic Conditions

e Spectrum Analyzer
Oscilloscopes
Vector Signal Analyzers

Higher frequencies
Larger instantaneous bandwidth

In many cases
Nonlinear behavior

« Path distortion
« Impedance mismatch

Vector Network Analyzers
« Realistic signals

BUT ,
*)

Multi-tone

Limited to Linear Devices Ll
[S-parameters]

Two-tone

735 L
= 16dB

IMD (dB)

—45 - P
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Pin (dBm)

ni.com
®: J.C. Pedro, N.B. Carvalho,” Designing Band-Pass Multisine Excitations for Microwave Behavioral Model Identification”




Nt Improved Measurement Accuracy — VSG and VSA Setup

Reference . ?

Signal

VSA

VSG HI O\ -

£ ” ” * Linear and Nonlinear
B E [y Q I, » Path distortion
Aln — 1 —T.T '  Mismatch distortion
“lrxlm e—
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Nt Improved Measurement Accuracy — Ampl / Phase Uncertainty A,

Amplitude Phase
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Nl Convergence of Instrumentation for Improved Measurement Accuracy (1)

<
3 %
> >
Reference
Signal - -y
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Nt Convergence of Instrumentation for Improved Measurement Accuracy (I1)

Measured Quantities: R, S
Quantities at DUT Input Plane: A, B i l
l

Vector error correction model in wave formalism: ! =

[ Rl sT A

M/ \ _ (vso /™M -

Signal Analysis DUT Analysis

M ... relative error coefficients

|K| ... absolute power scaling .4 Reference Plane

Calibration Plane
arg(K) ... absolute phase

Remark: Measurement of I; does not need a K factor.

ni.com




Nt Improved Measurement Accuracy for a Two-Port Setup — In Fixture

ni.com @@ CGH40006P 6 W, RF Power GaN HEMT




Nt Channel / Port Scalability

3-port 9-port
_ AN
s ANVVNPLEONGH seinner
~| | but > s W
@ r/\/\ﬂ—w—>| ! -
9 N
@ WBI 2! rp?| | }_E_D
i
Doherty Amplifier

Amplifier Characterization under Beamforming

ni.com
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From Conductive to
Over the Air Characterization

USED D
5G mmWAVE
MODULES IN IPHONE 12

SOURCE: HTTPS://DE.IFIXIT.COM/TEARDOWN/IPHONE+12+UND+12+PRO+TEARDOWN/137669

IBM/ERICSSON 28 GHZ 8x8 -

SOURCE: HTTPS://WWW.MICROWAVEJOURNAL .COM/ARTICLES/27830-1IBM-AND-ERICSSON-ANNOUNCE-5G-
MMWAVE -PHASE -ARRAY - ANTENNA-MODULE

mmWave active antenna arrays are being [
deployed already for 5G

Combined use of analog and digital
beamforming

Trend towards highly integrated designs
« Antenna in package (AiP)

« Antenna on chip (AoC)

UNEZVERSITY OF MICHIGAN
28 GHZ, 4X4

- SOURCE:: . HITPS: /7NEWS . ENGIN.UMICH.EDU/2020/11/FIRST-
DIGITAL-SINGEE-CHIP-MILLIMETER=WAVE-BEAMFORMERE TO-
EXPLOIT-5G-CAPABILITIES




At Over the Air Characterization

NXP 8x8 dual-pol antenna panel Antenna side

Antenna Co-Pol Azimuth Cut Antenna Co-Pol Elevation Cut
o o

-

antenna

HF Electrical Measurements

. and Accurate Mechanical Positioning
What does one need to measure ?

New calibration techniques

o o o ot ol ottt ot ol o it g i i o o R
o o o ot ot el o ettt e BB Bl o B
[ o o ol ot ol ol i it Bt B N

ni.com




nl

Evolve Instruments to reduce Cost of Production Test

Example

ni.com

TECHNISCHE

Near-Field Probe Antenna System (PAS) G iniversivar

Classical Direct Far-Field \

Measurement Setup

Single FF
Probe
Antenna &
Measurement
System

New Near-Field \

Measurement Setup

Multi NF

Probe

Antenna
System (PAS)
&
Measurement
System

16-Channel PAS \
Prototype




nt The Near-Field Probe Antenna System

PAS |

. . »
« <
X q
¥ q
o &
1l -
g - o
%
C g
i

Static fixturing

Qooco o

Single N-parallel
measurement



nt The Near-Field Probe Antenna System
A

, *‘\
16-Ch | Elevation Cuts Azimuth Cuts
, -Channe 00 0°
NIl mmWave | .
= ., Near-field . =
Measurement w220 as N\ . _a50 _ 450
s i/ Probe (PAS) - / |
Instrument | VY |
——| A . ) Beam #1
e ‘ oo =10 —20 —30 —40n<50- . ancld =10 —20 —30 —40 -50 Ane
8x8 Channel DUT
24.25 - 27.5 GHz * Elevat';n Cuts Azimuth Cuts
——— Distance : °
_ between PAS -45° 45° _45¢ / ™ 450
and DUT ~3mm | | ~ j
e i€l C\ / (N ; Beam #2
> , | .‘ } \ //?
> e 1 anod  —10 —20 —30 —40 —50 < ane _gpdd —10 =20 -30 —40 -50 ° ane

—— Reconstructed from near-field measurements

Ax4 inner elements used —— Reference far-field measurement

for proof-of-concept only Measurements at 26 GHz

ni.com




nt The Near-Field Probe Antenna System

Extension to broadband operation enables modulated measurements

* Multi-tone calibration and frequency-sliced reconstruction yield far field under modulation conditions
* NF PAS has better measurement sensitivity compared to an OTA chamber-based approach because we
minimize pathloss that occurs in chamber

Composite RMS EVM Mean (% or dB)f -43.24
Composite Peak EVM Maximum (% or dB)
RFmX Composite Peak EVM Slot Index 0
Composite Peak EVM Symbol Index } 13 il
F Ch Est Composite Peak EVM Subcarrier Index 190
I + EQ Comp t Carrier Frequency Mean Error (Hz) r_ “3—1‘0761;1“_”
Time+Freq Component Carrier IQ Origin Offset Mean (dBc)  -4597
SynC EVM Component Carrier IQ Gain Imbalance Mean (dB) }T
| Component Carrier IQ Quadrature Error Mean (deg) 1__..._‘_3'1_9_.__.._
15 In-Band Emission Margin (4B)  NaN
|- e vms e wy
« ph Y a0 Recommended Settings - Data DMRS
0.5- Lo B B B R Acquisition Ti COI'\S?Q“itIOI'I = ! '
e s n P E AN rcqutsch&l\mlme(s) 12 |
a0 FEEY I Y 1151,359u
-0,3- ¢ & ¥ b m F &R mnsampkﬁm(m)
N IR ]
L e R R R ) - 61,44M
| . A5- 4 | | | | Pre Trigger Time (s)
3GPP5GNR  pus RS SN B vy
5 - = : B Meas BW (Hz)
compliant . 150M

ni.com Many Disciplines meet each other !!!




N T&M and AlI/ML

Tempefature Reflections
) |

Many different hardware states
s g om0  Complex / Many tests

Digital i o
!:Num«o’hms neo @) LR 7] _Z_E"<
RO}~ || B> / %@z
,-\ .

» Very deterministic

N @zg

tom| | el _ Antenna’s

| gorm | e e s — beamforming . ' INSI

e o ol o8 ZE/%EZ Physical insight

UEoE -me— |m|-mwenm ref> > Ni<

e T : “  Model

Sensors Sensors
Actuators Actuators « E.g. Adaptative sampling
[Digital] [Analogue]

= more efficient than Al / ML

ni.com  (*) https://electronicsmaker.com/digital-beamforming




N T&M and AlI/ML

Real Environment (many combinations of temperature and reflections)

_ « Very dynamic
Many different hardware states

Lo Front-| Antenna
Digital i i i Analog Beamforming ~ Modules  Elements [ ) O I I I p eX
1: Number of s NCo (D) LO ( H

=
. ” : B-Oden :
“Intelligence A I ﬁiﬁ%: . Antenna’s
,n- Y x ; ) et e My |=Nu.nb-v — beamformin . - -
: || e 2 P ZE/%@E °°°°°°° i 9] '« Lack of Physical insight
U -me— |m|-mwem Jgg_@zz@<

Learning as Wkl it « Scenario testing

iy | Sensors Sensors
't evoIlves Actuators Actuators

[Digital] [Analogue

« NoO guarantees anymore
 “DUT needs to pass exam”

 “To create / adapt the
ni.com  (*) https://electronicsmaker.com/digital-beamforming exam, use Al/ML in T&M”
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