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Lecture 8
Electronic Circuit Design
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Electronic Circuit Design
Motivation
Samsung Galaxy Watch 4

“Samsung Galaxy Watch4 and Watch4 Classic Teardown”, iFixit, 2021, https://www.ifixit.com/Teardown/Samsung+Galaxy+Watch4+and+Watch4+Classic+Teardown/144595 (accessed on 2023-12-18).
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Electronic Circuit Design
History

Wikipedia, Files: Point_to_point_construction.jpg, Motorolagoldenviewchassis.jpg, Breadboard.png, Stripboard.jpg (accessed on 2023-12-18)
https://www.nrel.gov/news/program/2022/nrel-power-electronics-capabilities-primed-for-innovation.html (accessed on 2023-12-18)

Point-to-Point Construction
› Standard until the 1950s
› Wired connection of components
› Still normal in power electronics
› Prototyping

› Breadboard & jump wires
› Stripboard (e.g. Veroboard)

Military radio equipment

Underside of a Motorola TV (1948)

Power electronics

Breadboard
Stripboard
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Electronic Circuit Design
History

Adobe Stock: 34747503 (accessed on 2023-11-21)

Printed Circuit Boards
› Introduced in the 1950s
› FR4: epoxy-laminated fibers
› Cu: Copper foil and plating
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Components

Electronic Circuit Design
Components
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Electronic Circuit Design
Components

Mounting Technologies
› Through-Hole Technology (THT)

› Leads inserted through holes,
drilled through pads on a PCB

› Surface-Mount Technology (SMT)
› Mounted planarly on pads

Packages
› Mechanical protection and fixation
› Number of pins (lead frame)
› Thermal dissipation / cooling

Wikipedia, File: Componentes.jpg, Big_SMD_capacitor_2.jpg (accessed on 2023-12-18)
http://www.qpl.com (accessed on 2023-12-20)
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Electronic Circuit Design
Components

Classification
› Passive

› Incapable of controlling current in a circuit
› E.g., resistors, capacitors, inductors, transformers, …

› Active
› Can inject or control power in a circuit
› E.g., power sources and semiconductors such as transistors, integrated circuits, …

› Electromechanic
› Carry out electrical operations by using moving parts or electrical connections
› E.g., connectors, switches, crystal/MEMS resonators, microphones, motors, relays, …
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Electronic Circuit Design
Components

Integrated Circuits
› Set of miniaturized electronic circuits

on one piece of semiconductor
› Large number of transistors and

other components
› Higher density results in lower costs, 

signal delays, and power dissipation

https://www.computerhistory.org/revolution/digital-logic/12/287 (accessed on 2023-12-20)

Operators hand-cut IC designs into Rubylith film, which is then optically
reduced to a photolithography mask. (Intel, 1991)
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Electronic Circuit Design
Components

Microprocessor vs. Microcontroller
› Microprocessor Unit (MPU)
› Microcontroller Unit (MCU)
› Miniaturized computer on a single chip
› Same components as a computer

CPU

Memory Peripherals

I / O
data

address

MPU

CPU

Memory

Peripherals

I / O

MCU
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Electronic Circuit Design
Components

Fully-Integrated Systems
› Next level of miniaturization and integration
› System-in-Package (SiP)
› System-on-Chip (SoC)
› Modularity and versioning
› Shorter leads, lower impedances, less noise
› Precise fine-tuning at manufacturer (trimming)
› Easier circuit design and prototyping

CPU

Memory

Peripherals

I / O

SiP / SoC

On-Chip
Sensors / Actuators
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Electronic Circuit Design
Components

System-in-Package (SiP)
› Multiple chips and components
› Printed Circuit Board (PCB) or air wires
› Example: 21 x 21 mm²

System-on-Chip (SoC)
› Single substrate (e.g., silicon)
› Multiple blocks / standard cells
› Application-specific IC (ASIC)
› Example: 7 x 7 mm²

https://www.electronicdesign.com/markets/automation/article/21807061/the-100pluscomponent-csip-that-simplifies-board-design https://www.analog.com/en/analog-dialogue/articles/imems-angular-rate-sensing-gyroscope.html
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Electronic Circuit Design
Components

SiP or SoC?

https://zeptobars.com/en/read/Espressif-ESP32-Wi-Fi-Bluetooth-2.4Ghz-ISM
http://electronupdate.blogspot.com/2018/08/espressif-esp32-teardown.html   and   https://www.youtube.com/watch?v=ZQXpfKDbXKs
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Schematics

Electronic Circuit Design
Schematics
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Electronic Circuit Design
Schematics

Schematics
› Abstract representation of

electronic circuits
› Standardized symbols
› Basis for simulation
› Basis for PCB design

https://www.computerhistory.org/revolution/digital-logic/12/287 (accessed on 2023-12-20)
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Electronic Circuit Design
Schematics

Symbols

Adobe Stock: 808737643 (accessed on 2024-11-26)



18| Florian Wolling

Soldering

Printed Circuit Boards
Soldering
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Printed Circuit Boards
Soldering

How to Solder
by Hand

https://www.raypcb.com/through-hole-soldering/ (accessed on 2023-12-19)



20| Florian Wolling

Printed Circuit Boards
Soldering

https://www.youtube.com/watch?v=m3Ny3j5nH0U (accessed on 2024-11-26)
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Printed Circuit Boards
Soldering

Reflow Soldering
› Solder paste

› Powdered solder suspended in flux paste
› Sticky to temporarily hold components

› Stencil printing

https://www.pcbway.com/pcb_prototype/SMT_stencil_and_Laser_Stencil.html (accessed on 2024-11-26)
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Printed Circuit Boards
Soldering

Reflow Soldering
› Solder paste

› Powdered solder suspended
in flux paste

› Sticky to temporarily hold 
components

› Stencil printing
› Pick-and-Place machine

https://www.youtube.com/watch?v=6_8EqJXzpXo (accessed on 2024-11-26)
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Printed Circuit Boards
Soldering

Reflow Soldering
› Solder paste

› Powdered solder suspended in flux paste
› Sticky to temporarily hold components

› Stencil printing
› Pick-and-Place machine
› Reflow oven

› Runs specific temperature profile

https://www.youtube.com/watch?v=wkkoVMnc4eQ , https://www.youtube.com/watch?v=GOfiywh10UQ (accessed by 2023-12-18)
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Printed Circuit Boards
Soldering

https://www.youtube.com/watch?v=m3Ny3j5nH0U (accessed on 2024-11-26)



25| Florian Wolling

Electronic Design Automation

Printed Circuit Boards
Electronic Design Automation
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Printed Circuit Boards
Electronic Design Automation

Electronic Design Automation (EDA)
› Tools for the design of

› Printed Circuit Boards (PCBs)
› Integrated Circuits (ICs)

Blablabla
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Printed Circuit Boards
Electronic Design Automation

KiCAD
› Created in 1992 at IUT Grenoble
› Boosted by CERN from 2013-2018
› Joined Linux Foundation in 2019
› Free EDA software
› Design and simulation of hardware

https://en.wikipedia.org/wiki/KiCad (accessed on 2023-12-19)
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Design Guidelines

Printed Circuit Boards
Design Guidelines
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Printed Circuit Boards
Design Guidelines

Layers
› Single/double/multiple layers
› FR-4 core (typ. 1.55 mm)
› Cu foil (typ. 18 µm)
› Outer Cu plating (typ. 23 µm)

https://www.protoexpress.com/blog/build-multilayer-pcb-stack-up/ (accessed on 2023-12-20)



30| Florian Wolling

Printed Circuit Boards
Design Guidelines

https://www.youtube.com/watch?v=m3Ny3j5nH0U (accessed on 2024-11-26)
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Printed Circuit Boards
Design Guidelines

Design Rules
› Specified by manufacturer
› Design Rule Check (DRC)
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Printed Circuit Boards
Design Guidelines

Component Placement
› Optimize density
› Consider space for traces
› Consider heat dissipation
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Printed Circuit Boards
Design Guidelines

Bypass Capacitors
› Noise reduction
› Usually 100 nF ceramic capacitor
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Printed Circuit Boards
Design Guidelines

Trace Routing
1. Local, short traces
2. Analog signals 

› Keep them short
› Avoid interfering traces
› Avoid vias

3. Ensure power supply
› Use ground planes
› Avoid vias

4. Digital signals
› Separate from analog signal traces
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Printed Circuit Boards
Design Guidelines

Vias
› Plated holes
› Connecting layers

https://www.allaboutcircuits.com/technical-articles/which-via-should-i-choose-a-guide-to-vias-in-pcb-design/ (accessed by 2023-12-20)
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Printed Circuit Boards
Design Guidelines

Ground Plane
› Spanning areas or full layer
› Shielding
› Mutual capacitance for denoising
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Live Demonstration
KiCAD

Printed Circuit Boards
Electronic Design Automation
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What are your questions?

Electronic Circuit Design
Questions?

www.pngwing.com, 2023.



Exercise 3
PCB Design
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› Schematic
› Replicate the schematic provided for the 

Astable Multivibrator
› Utilize components available in the default libraries of KiCad
› Place components and connect their pins using traces
› Configure components with the specified values
› Assign appropriate footprints for the components
› Annotate the schematic and ensure all components are 

correctly labeled

› Printed Circuit Board
› Create a PCB from the schematic
› Place the components considering their intended usage and 

physical dimensions
› Route the traces manually (F.Cu and B.Cu) and use vias only 

if necessary
› Draw the PCB's contour (Edge.Cuts)

Task 1 – Astable Multivibrator (5 points)
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Task 2 – Microcontroller-based Running Light 
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› Create an advanced microcontroller-based circuit that would be capable of generating an 8-channel running light

› Follow the manufacturer's design rules, like those from EuroCircuits, available at 
http://www.eurocircuits.com/blog/kicad-design-rules/

› Use the external library for the TinyPico Nano microcontroller that can be found on 
https://www.tinypico.com/tinypico-nano and https://github.com/tinypico/tinypico-hardware

› Place the components thoughtfully to ensure clear routing paths and label them with appropriate values

› Arrange 8 LEDs in a row and configure them

› Add two buttons: one for start/stop functionality and the other to switch between different modes

› Label the traces (e.g., VCC, GND, SIG_LED1, SIG_BUT1, …)

› Adjust the trace widths considering current flow and limit heat rise to ≤10°C (using KiCAD’s internal tool)

› Route the traces to ensure signal integrity, avoid crossovers, and minimize the number of vias

› Miniaturize the PCB (e.g., optimized trace routing, SMT, double-sided design, …)

› Perform the DRC to identify and resolve design violations

Task 2 – Microcontroller-based Running Light (10 points)

http://www.eurocircuits.com/blog/kicad-design-rules/
https://www.tinypico.com/tinypico-nano
https://github.com/tinypico/tinypico-hardware
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Submission Guidelines

Due date: January 14, 2025 at 23:59 h

Individual submission of a *.zip archive named "[family name]_exercise3.zip" to TUWEL, 
containing the following files:
1. Two folders for "Task1" and "Task2"
2. Both folders must contain:

› The KiCAD project, schematic, and board files (*.kicad_sch, *.kicad_pcb and *.kicad_pro)
› The exported/printed schematic and board as *.pdf
› Two screenshots of the PCB’s 3D view, one of each side

3. A short reflection (max 1 page):
› Technical aspects of implementation (design rules, component placement, and trace routing)
› Reflect specifically on the miniaturization strategy (task 2) implemented or intended
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