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Honorary Professor
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Bonn, 12 July 2017

Secretary of Defense

Unodla von den Leyen










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
Coding scheme
Composite filters implementation in DSP
Automatic gain routines
Computational delay time

Digital Technology

Example
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ANALOG AND
DIGITAL
TECHNIQUES
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1\ HIGH PERFORMANCE

|° ANALOG TECHNIQUES
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Evolution of the cellular technologies



EVOLUTION OF DIGITAL CELLULAR TECHNOLOGIES

2G

3G 4G

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
Low data rates, initially Data rates from 40 Very high data rates
9.6 kbps evolving up to Data rates 384 kbit/s Mbit /s to todays 1.2
384 kbps evolving to 42 mbit/s Gbit/s Ultra low latency
possible
Very high latency Medium latency Low latency
Suffered from IPR
fights
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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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*excluding China and India

Subscriptions per capita

Welstzriu/roope ,
142%

Central and

Eastern Europe
s>

111%

China

111%

Middle East

104%

Latin
America
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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
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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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V Thank You

You need a good mix
between tradition and
society demands
Students come from all
countries and become
global professionals
Country barriers are
disappearing

Success lies in education
and commitment to
excellency

Good luck with all the Pomp
and Circumstances !




