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PARTMENT OF ELECTRICAL ENGINEERING
With the approval of the Faculty

hereby recognizes the permanent appointment of

i ULRICH L.ROHDE

Professor of Electrical Engineering

March 15, 1977
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DEPARTMENT OF ELECTRICAL ENGINEERING

With the approval of the Faculty
hereby recognizes the permanent appointment of

Wlivcich I£. Rohde

Adjunct Peofessor of Electrical Engineering
V7. 'a__%_. May 4, 1982
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ROMANIA

MINISTERUL INVATAMANTULUI
UNIVERSITATEA DIN ORADEA

DIPLOM A&

The University of Oradea, with the recommendation of the
Senate and the Faculty hereby appoints permanently

Ulrich L. Rohde

as Professor of Electrical Engineering and Microwave Technology.

Q\O“AN,'
4 &o\»wrlzf\ Rector

RECTORNT 2.2 ) prof. dr. ing. TEODOR MAGHIAR
, <! May 30, 1997




University of Bradford

THE

SCHOOL OF ELECTRONICS AND DIGITAL MEDIA

With the approval of the Faculty of Engineering and Physical Sciences
hereby recognises the appointment of

Ulrich L Rohde

as

Honorary Visiting Professor of Electronic and Microwave Engineering

October 1, 1998

Head, School of Electronics and Dean, Faculty of Engineering and
Digital Media Physical Sciences

Aa B Cornclas
/







Technische Universitat Miinchen

With this certificate the
Technische Universitat Miinchen
awards

Mr.
PROF. DR.-ING. HABIL. DR. H.C. MULT.
ULRICH L. ROHDE

born Mai 20, 1940 in Munich

the title of

GUEST LECTURER

for research stays
at the
Technische Universitat Miinchen

Munich, February 28, 2012

Prof. Dr.-Ing. Ligiu Meng
Vice-President




Im Namen der
Bundesrepublik Deutschland
bestelle ich

Herm
Prof. Dr.-Ing. habil. Dr. h.c. mult. ULRICH L. ROHDE

zum
Honorarprofessor

an der Universitit der Bundeswehr Miinchen

Bonn,den 7. (uli 2017

Die Bundesministerin der Verteidigung

Translation

In the name of the Federal Republic of Germany
| appoint

Prof. Dr.-Ing. habil. Dr. h.c mult. ULRICH L. ROHDE
as
Honorary Professor
At the Universitat der Bundeswehr Minchen
(University of the federal armed forces in Munich
Germany)

Bonn, 12 July 2017

Secretary of Defense

Unodla von den Leyen
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Ulrich L. Rohde

Visiting Scientist, Research Laboratory of

Electronics

ulrohde@mit.edu

H Bl Massachusetts
I I Institute of
Technology

TECHNOLOGY
® LABORATORIES

A A T_‘ ® MICROSYSTEMS

ULRICH L. ROHDE

Visiting Scientist
Microsystems Technology Laboratories
Massachusetts Institute of Techno[ogy

60 Vassar Street, 39-559
Cambridge, MA 02139

617-252-3177
ulrohde(@mit.edu

m @® MICROSYSTEMS
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GLOBAL MARKETS, GLOBAL TECHNOLOGY,
GLOBAL STUDENTS

Using the example of the cell phone industry

<




International
communications

market

The technologies involved are a combination
of analog and digital applications as well as
passive and active components.

The globally/universally useful RF engineering
additionally understands

« A/D converters

« DSP, digital signal processing (DSP),
* Micro processor coding in C++

« Data science in Python

« Business education (MBA)

 Innovative design with an eye for quality
and reliability of the product.



Analog Technology,

Examples

RF front ends consists of
« Analog low noise preamplifiers
 “Linear mixers”
* PLL based synthesizers with low power

consumption

Design parameters may be:
* Noise figure, i.e.: <1dB
 Intermodulation distortion [IP3>1dBm
* Input selectivity
* Phase noise (-145dBc/Hz @ 200KHz)
« Settling speed, less than 1mS



Analog to digital converters (A/D)
* Optimized IF frequencies
* Impedance matching
« Overload and saturation vs. noise figure

Design decisions may be:
» |F selectivity
Example « Coding scheme
« Composite filters implementation in DSP
« Automatic gain routines
Computational delay time

Digital Technology




Broadband Wireless .
\) Solutions... L7

ANALOG AND | ¢
’ DIGITAL » o
TECHNIQUES

U[\' EBEATALBLLEE UMSisthe ‘one stop”
supplier of integrated

Ml\’[ c circuits covering the
broadband wireless

SC UIRCE requirements from
very low noise to
high power, using
PHEMT technologies
up to 94GHz.




“ hen your wireless communications system calls for

very low intermodulation distortion and enhanced -’

dynamic range, look into Synergy's new line of .-,
HIGH IP3 MIXERS. Standard models are available in '),
specialized frequency bandwidths covering UHF, Cellular, PCS -

and ISM bands. Additional features are low conversion loss and

high interport isolation. Most models operate at +17 dBm of
local oscillator drive level and exceed +30 dBm of input third 4
order intercept point. Higher L.O. drive level models with higher .+

\K;) HIGH [P3

third order intercept points are also available.

O

Don't compromise performance...
specify Synergy's HIGH IP3 MIXERS.

AN EXAMPLE

For additional information,
contact Synergy's sales and application team:

E-mail: sales@synergymwave.com
Web site: www.synergymwave.com

S -

Synergy Microwave Corporation :

201 McLean Boulevard, Paterson, NJ 07504 SO D ~ A VO
Tel: (973) 881-8800 < Fax: (973) 881-8361 MICROWAVE CORPORANON
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of the cell phone industry




Evolution of the cellular technologies

—

‘ ﬁ Voice, Audio, Video, Apps

o 3T voice, SMS, Web

2000




EVOLUTION OF DIGITAL CELLULAR TECHNOLOGIES

26 | ‘ 3G | ‘ 4G 5G / 6G?

Mainly GSM Mainly WCMDA LTE 5G NR (New Radio)

Narrowband 270 kHz Bandwidth 5 MHz Flexible bandwidth up Scalable bandwidth up
to 20MHz to 2000 MHz

Few frequencies Initially 2.1 GHz almost

900/1800/1900 MHz global availability Deployed from 400 Frequencies up to 71
No global frequencies Evolved to a global MHz to 3.7 GHz GHz
standard

Data rates from 40
Mbit /s to todays 1.2
Gbit /s

Low data rates, initially Very high data rates
9.6 kbps evolving up to

384 kbps

Data rates 384 kbit/s
evolving to 42 mbit/s

Ultra low latency
possible

Medium latency Low latency
Suffered from IPR

fights

Very high latency




y 4G functionality

* Increaseti consumption

(f ® Slow take up on Iow Iq’rency and Internet of Thlngs (loT) applications
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Some examples




Winners

Apple

» Entered the mobile world 2007
» Most profitable manufacturer since 2009

Samsung

 Highly vertically integrated, from components to
phones

 In house touch screen expertise
» World’s largest manufacturer

Google

* Android has 85% market share as mobile OS

» 38% of all devices connected to the internet are
using Android

» 2021 — 3 billion active devices




Nokia

+ 2009 the largest cellphone maker in the world
* Too proud to adopt Android

« Strong innovation culture — failed to bring innovations to the market — sold to
Microsoft — Name sold to HMD

Motorola

+ Sold to Google — sold to Lenovo

Ericsson

* Cellphones were a mean to sell infrastructure - when 3G matured — not able to
compete.

» Sold to Sony

Blackberry

* Focused on messaging
» Missed the touch screen revolution

Huawei

* First cellphones 2003
» 2019 worlds second largest supplier of smartphones
« "Killed" by US trade sanctions —Renamed to Honor -sold
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What will drive the technological




*excluding China and India

Subscriptions per capita

Welstzriu/roope ,
142%

Central and

Eastern Europe
2>

111%

China

111%

Middle East

104%

Latin
America




Figure 1: Mobile subscriptions by technology (billion)

8
billion

2015 2016 2017 2018 2019 2020 2021 2022 2023

2024

2025

8.8
billion

2026

THE FUTURE OF WIRELESS TECHNOLOGIES

§ SOURCE: ERICSSON MOBILITY REPORT

3.5bn

In 2026, 3.5 billion 5G subscriptions
are forecast.

M 56

M LTE (4G)

I WCDMA/HSPA (3G)
M GSM/EDGE-only (2G)
I TD-SCDMA (3G)

[ CDMA-only (2G/3G)

Note: IoT connections are
not included in this graph.
Fixed wireless access (FWA)
connections are included.




Mobile data traffic by application category per month (percent)
B Circuit-switched voice [l Dot — Year-on-year growth
B Video
Audio
I Web browsing
B Sodial networking
B Software downlood and update
B Other segments
B P2P file sharing

In 2024, video will
account for around
74% of mobile
data traffic

Year-on-year growth (percent)

OS On Ql 02 03 4

2014 2015 28‘6 2817 2018

Q3

Source: Ericsson traffic measurements (Q3 2018)

DATA WILL BE DRIVING THE FUTURE OF
THE CELLULAR INDUSTRY




Significantly different propagation
Different propagation; Transmission through most objects is reduced but reflection is amplified.
may require redesign Foliage loss is severe.
High pathloss component requires massive MIMO / beamforming technologies using
active antennas.

Known
characteristics:
LTE-A evolution
possible
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hput

Al in Moderr

+ Computational Photography: performance beyond hardware limits

* Battery Optimization: Machine Iearning;ﬁéées power consumption intelligently
* Voice Processing: Real-time speech enhancement and noise cancellation
/) * Network Selection: Al chooses optimal network connections automatically







n-resistant

; ~,' ;

* Quantum Key Distribution (QKD): Unbreakable encryption for
sensitive communications




B

* Currently 5 to find suitable

( HTTPS://WWW.ITU.INT/DMS_PUB /ITU-S/OPB /ITUJNL/S-ITUJNL-JFETF.V111-2020-P09-PDF-E.PDF




zing networks

s network issues

. Quantum-Secu ed Communications: Unbreakable encryption as standard

i~




T "htal, or body

SAr

. Network Evolu

* Social needs — enwronmental sustalnablllty, security and privacy
HTTPS:/ /WWW.NGMN.ORG /WP-CONTENT /UPLOADS /220222-NGMN-6G-USE-CASES-AND-ANALYSIS-1.PDF




Jm secure

() /A\]|

* RIS — Reflective intelligent surfaces for

(/ better and more dynamic coverage




PRRG NERE AON BE)

10k

https: //www.lgnewsroom.com /2021 /08 /Ig-records-6g-thz-
band-milestone /
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one antenna developed over the years ¢




Qualcomm QTM052 mmWave
Antenna Module & Snapdragon
X50 5G modem




EUT Top Side

LTE Band 17 / \

Antenna

3.8cm

EUT Right Side EUT Left Side

WLAN/BT
Antenna

No

Bluetooth GF

Baidu, NFC ' . —
* Receive diversity antennas

2G/3G & LTE Band 2/4/5
Antenna

EUT Bottom Side
<EUT Rear View>

/)



information

* Improvements to increase efficiency is
being standardized
/3 https://www.ericsson.com/en/blog/2020/2 /mobile-devices-and-energy-efficiency



lex Al decisions are
Patt ing trust and regulatory

e Software Bug Dete tion: Al Energy Consumptlon Training and running
o arge Al models requires significant computational
resources

code logic, finding vulnerabllltles and sugges sting

fixes through pattern matching
* Dependency Risk: Over-reliance on Al can erode
* Language Translation: Breaking communication human expertise and critical thinking skills

barriers with, context-aware translation




bsolute
N S
dvantages for
‘general-purpose

* Quantum-Saf 2 C aphic T reat: Will break current
of new encryption methods already t ~ encryption, endangering legacy devices and stored
implemented (e.g., Signalprotocol) ~  data

Machine Learning Enhancement: Quantum ML * Technical Immaturity: Current quantum computers
algorithms promise exponential speedups for certain are noisy, error-prone, and have limited qubit counts

problems * Accessibility Barriers: Extremely expensive and

complex, limiting access
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tilable for the RF engineers 2




Wideband Signal Testing Channel Sounding Solution Massive MIMO - Beamforming

Spectrum
Analyzer

Signal generator

Signal generator

I fast measurement in time domain = Data
1 support for in- and outdoor sounding = gy ™ | Analysis
1 very high dynamic range SR » Software

New 5G PHY Candidates

Spectrum
Analyzer

Analyze application behavior like
Direct measurements up to 110 GHz signaling load, delay, power etc.
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odern Adaptive Students




Requirement For Modern Educators (Professors)

“Professional programs must prepare workers to become professional practitioners in their
chosen field of practice. As educators, we want our students to appreciate the importance
of both classroom and field educational experiences and learn that there is nothing more
practical than a good theory. While experience is a great teacher, it cannot replace what

can be best taught in a classroom and vice versa”
Enhancing Learning by Integrating Theory and Practice Jan Wrenn and Bruce Wrenn, Andrews University

Not all curriculums are equal and have different focuses but need a blend of theory and
practice.

In RF measurement setups, instrument capabilities and associated uncertainties as well as
tools for data analytics need to be taught.

This applies to me too



/

Requirements For Modern Adaptive Students

Fewer young people nowadays choose engineering education, and
what is even more worrisome is the fact that the most gifted students
decide to study at the faculties of computer science and engineering,
choosing zeros and ones over microwaves or curl and divergence. The
said zeros and ones are significantly easier to comprehend than the
area of curl and divergence.



Requirements For Modern Adaptive Students

Therefore, as a consequence, the computer students score higher than
those who study the microwaves area, while putting, in fact, less effort into
their learning. Difficult curriculum and fewer opportunities to obtain high
grades cause the students to lose interest in microwaves.



Requirements For Modern Adaptive Students

“The only person who is educated is the one who has learned how to learn
and change”

The general demand to master new skills results from constantly
modernizing technologies.

“The world does not pay for what a person knows. But it pays for what a
person does with what he knows.”

Reference: Josef W. Modelski, MTT-S Microwave Magazine, August 2008



Requirements For Modern Adaptive Students
Skills for the Al-Quantum-RF Era

Traditional RF Engineering Skills (Still Essential)
« Electromagnetic theory and antenna design

« Circuit analysis and microwave engineering

« Signal processing and communication theory

« Measurement and instrumentation

NEW: Al/Machine Learning Skills
* Programming: Python, TensorFlow, PyTorch for Al development
« Data Science: Statistical analysis and pattern recognition

NEW: Quantum Mechanics: Basic principles of quantum information

The Modern RF Engineer Must Be:
"An engineer who speaks the languages of waves, algorithms, and quantum states”



V Software Engineering in Quantum

Source: IEEE Spectrum « November 2025

Skills:

« Python — control software & scripting

 Rust, C++, MATLAB — firmware & back-end
 FPGA programming — real-time control systems

Common Job Titles

* Quantum Software Developer

* Quantum Algorithm Engineer

* Quantum Machine Learning Scientist
* Quantum Performance Engineer



/

ardware & Infrastructure Roles

Source: IEEE Spectrum « November 2025

Hardware Engineering Key expertise areas:

Quantum mechanics & linear algebra
Statistical/numerical methods
(ODE/PDE solvers)

Laser cooling & atom trapping
(neutral-atom QC)

Quantum optics & photonics
(photonic QC)

Cryogenics & vacuum systems
(superconducting QC)

Common titles:

Quantum Hardware Engineer

Optical Engineer

Quantum Lab Technician

Instrumentation & Controls Engineer
Mechanical/Electronic Integration Engineer

Infrastructure Roles

High-bandwidth data movement (CPU/GPU) —
real-time error correction
Low-latency data handling — control systems

Common titles:

Quantum Infrastructure Engineer
HPC Specialist
Quantum Systems Integration Engineer
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all started
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From 1942

* RF/Microwave Education (in German)

* Focus mostly on theory

* No international conferences

* No technology exchange or transfer due to
language problems

* No digital technology (did not exist at that
time)

LEHRBUCH DER
HOCHFREQUENZTECHNIK

VON

Dr.-Ing. habil. FRITZ VILBIG

Oberpostrat wnd Leiter des Amtes fiir Wellenausbreitung der Forschungsansialt
der Deutschen Reichsposi, Miinchen

Dozent an der Technischen Hochschule Miinchen
Dritte, verbesserte und erweiterte Auflage
Band 11

Mit 891 Abbildungen
und 2 Tafeln

¥

LEIPZIG 1942
AKADEMISCHE VERLAGSGESELLSCHAFT
BECKER & ERLER KOM.-GES.
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RADIO ENGINEERS’
HANDBOOK

BY

FREDERICK EMMONS TERMAN, Sc.D.

Professor of Electrical Engineering and Executive Head, Electrical
Engineering Department, Stanford University (absent on
leave); Director, Radio Research Laboratory,

Harvard University; Past President, the
Institute of Radio Engineers

First Eprrioy
FourTH IMPRESSION

McGRAW-HILL BOOK COMPANY, Ixnc.
NEW YORK AND LONDON
1943
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book for the prc e

Copyrighted Material

Foundations
for Microwave
Engineering

SECOND EDITION

W

Robert E. Collin

The IEEE Press Series on Electromagnetic Wave Theory
Donaid G. Dudley, Senies Editor

Copyrighted Material
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) frequenzteggmm

Herausgegeben von A.Vicek,
H.Magelmltﬂga

HochfrequenZfilter,
Leitungen, Antennen

'g_

microstrip lines,
couplers, op’rlcal waveg
filters, waveguides, gyromagnehc media, an ennas, and

s ) "

quartz filters.




Hochfrequenz.
technik

Elektronik und
Band Signalverarbeitung



Inverse ., s g
Derivatives of hlgher o ————
Methods to find maximum and minimum values of a

O !
function

/O Hyperbolic functions and their properties

Ulrich L. Rohde  G.C.Jain Ajay K. Poddar A, K. Ghosh

INTRODUCTION TO

DIFFERENTIAL
CALCULUS

Systematic Studies with Engineering
Applications for Beginners

WWILEY
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Introduction
to Integral
Calculus

Systematic Studies with Engineering "v‘

.» “ ..
Deflnln :4 e ne o g Applications for Beginners

Ulrich L. Rohde, G. C. Jain,

Evaluating definite integrals . Ut Robde G C
Calculating plane areas bounded by curves GWILEY
Applying basic concepts of differential equations to

solve ordinary differential equations




F)WILEY

The Design of Modern

Microwave Oscillators

for Wireless Applications
Theory and Optimization

Ulrich L. Rohde, Ajay K. Poddar, and Georg Bick
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specml oops,
cwcuﬂs-ma’rerldl

e Second edition 2021

Second Edition

Microwave and
Wireless
Synthesizers

Theory and Design

Ulrich L. Rohde
Enrico Rubiola
Jerry C. Whitaker
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* Result of te

* Covers modern cellular rax

%

analog and digital

RF/Microwave

Circuit Design
for

Wireless
Applications

SECOND EDITION

Ulrich L. Rohde
Matthias Rudolph
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¢ Detailed architecture discussions
of seftware defined radios

¢ Mathematical analysis of the
principles of SDR systems

* Advanced dysamic ramge and
other measurement of SDRs




Ridiger Quay
Ulrich L. Rohde
Matthias Rudolph Editor:

Y-

e \

theory and r

’
mixer and oscillator circuits and SDR

based systems

* Active microwave semiconductors, amplifier,

/>° Digital signal modulation schemes.
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From 2009

* Success by implementing strategy, policies and
central management

* Focus on market needs and cost effective
manufacturing

* Woatch your competitors at international
conferences and adapt products

* Learn from technology exchange

STRATEGY,
POLICY,
AND CENTRAL
MANAGEMENT

Seventh Edition

WILLIAM H. NEWMAN

Samuel Bronfman Professor

of Democratic Business Enterprise
Graduate School of Business
Columbia University

JAMES P. LOGAN
Professor of Management

College of Business and Public Administration
University of Arizona

Published by

SOUTH-WESTERN PUBLISHING CO.

CINCINNATI  WEST CHICAGO, ILL. DALLAS PELHAM MANOR, N.Y.
PALO ALTO, CALIF.  BRIGHTON, ENGLAND
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S

* Decisions are
than reality

* Compatibility with existing technologies or
products is key to success BIACKWELL  MINIARD

%




Thank You




