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Abstract

This report focuses on the USB implementation subgroup of the Wrepair Powerstation Project, which aimed to design
and develop a versatile USB powerstation capable of supporting both high-power delivery and data transfer through USB
Type-C ports. The implementation involved integrating advanced charging protocols, real-time measurements, and power
control capabilities into a modular system that can seamlessly fit into existing Wrepair stations. This integration enables
the powerstation to feature dynamic power allocation and visualisation of charging performance.

Key tasks of this project included selecting appropriate power delivery integrated circuits (ICs), designing a high-speed
USB data hub, and developing control hardware to manage power and data flow efficiently. The USB charging station is
designed to support up to 100W per port, with a total available power budget of 300W, distributed across six USB Type-C
ports. The powerstation also incorporates safety features to protect against overcurrent, overheating, and short circuits,
ensuring user safety and device protection.

The report details the design process, including the selection of components, system integration, and validation pro-
cedures. The design process involved evaluating different power delivery systems, including development boards, PD
modules, and stand-alone chips, to select the most suitable solution for the project requirements. The chosen solution,
the IP2368 PD (Power delivery) module, was initially tested but was found to be inadequate, leading to the exploration of
alternative modules such as the SW2303 and MAX25430 development boards.

Furthermore, the design includes a USB data hub sub-module to facilitate high-speed data transfer and connectivity.
This hub supports multiple devices and allows for real-time data logging and display, enhancing user interaction and
monitoring capabilities. The validation and evaluation phase involved rigorous testing of the USB implementation sub-
module, including power delivery, measuring and controlling capabilities, and overall system integration.

The results demonstrate that the USB implementation meets the required specifications, ensuring efficient power dis-
tribution and data handling for multiple devices. This work contributes to the overall Wrepair Powerstation Project by
providing a robust and scalable USB solution that enhances the functionality and utility of Wrepair stations.
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Chapter 1

Introduction

This chapter covers the motivation for developing a versatile USB Type-C powerstation in[section 1.1} an overview of the
client Wrepair and their requirements in and the assignment details specifying the powerstation its features
in It defines the project its problem and high-level requirements in describes the structured task
division among subgroups in[section 1.3] compares existing products in[section 1.6] highlights the project its contributions

in[section 1.7] and presents the report’s organizational structure in|section 1.8

1.1 Motivation

The increasing prevalence of USB Type-C as a universal charging standard necessi-
tates the development of versatile and high-power charging solutions for powering
devices such as laptops, phones, or other devices and tools. Existing solutions often
lack the ability to support multiple devices simultaneously and also lack the combi-
nation with data transfer capabilities, while ensuring user safety and efficient power
distribution.

Currently, most charging stations lack the ability to have an interface for the vi-
sualization of the charging station performance as well as the capability of power
allocation and data transfer through the ports. Another insight that is missing most
of the time, is measurement data of voltage and current.

This project addresses these inabilities by designing a powerstation (as seen in [Fig-|
that not only supports fast charging for a variety of devices and data transfer
capability but also integrates seamlessly into the Wrepair ecosystem, enhancing the
utility and functionality of the Wrepair repair station, which is shown in

A powerstation refers to a modular charging hub designed to provide reliable power
delivery and data transfer capabilities for various electronic devices.

1.2  Wrepair

The client for this project is Wrepair [1]], a company that specializes in manufactur-
ing and distributing tools for the repair industry and lab environments. One of their
products is the Wrepair station, which is specifically designed to hold the necessary
tools and parts for repairing mobile phones. This station is ESD safe and currently

supports charging via USB ports

The idea for their products comes from the fact that they had trouble with messy
work areas, finding tools, and knowing which screws went where. This made them
want to find better ways, so they made new solutions such as the Wrepair station.

The Wrepair stations are the ultimate solution for efficient tool organization, thereby
upgrading your workspace. They are compact, durable and have space for multiple
tools. They are USB powerport, hub, and NUC ready.

- -
- I
e -

Figure 1.1: Powerstation stand
alone

REPAIR N

Figure 1.2: Wrepair repair station

(1]
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1.3 Assignment

The task at hand is to design a powerstation that can fit into existing Wrepair stations. It must support the current power
protocols, ensuring safety for the user, external devices, and the powerstation itself.

Moreover, the Wrepair powerstation should be able to display relevant charging information of the connected USB ports.
As an added bonus, the device could pass through or detect data from the connected device to an external computer.

In the original BAP proposal the following properties were stated:

bl

© 0N

Charging smart devices like Smartphones, tablets, laptops, gaming devices, and wearables
Displaying Watt, Voltage, and Ampere on a touchscreen

USB-A and USB-C ports (6 total)

Standard version: Charging ONLY

Plus version: Data Transfer in addition to charging

Compatible with Wrepair stations through a docking station

Can be built-in to all existing Wrepair stations.

Can also be used standalone

USB-C ports output: MAX 140W

USB-A ports output: MAX 36W

Security: Protection against overloading, overcurrent, overheating, and short-circuits
Innovations such as: Multi-device charging, USB Power delivery, Fast charging, etc
Power division over and maximum output: to be determined later

230V external power adapter

1.4 Problem Definition

The high-level requirements for the project, presented in (next page), follow directly from the properties speci-
fied in the initial assignment by Wrepair (section 1.3).

To refine these requirements into a more focused project scope, several key decisions were made:

¢ USB Port Selection: Initially, the design included both USB Type-A and USB Type-C ports. The decision was

made to use only USB Type-C ports due to their superior fast charging capabilities (which is elaborated in
[tion 2.3)), backward compatibility (as discussed in [section 2.2)), and alignment with current industry standards for
charging. This simplification also made the design easier to implement. The output of these USB Type-C ports was
adjusted to 100W after consultation with Wrepair, as this power level is more commonly supported and practical
for the intended applications (as stated in[subsection 2.3.T].

Scope Adjustment: The original project scope aimed at delivering a final product, which included designing,
building, and testing a custom PCB. However, after reviewing the feasibility and time constraints, the scope was
shifted to creating a proof of concept. This change was necessary to first validate the project its unique aspects and
manage the project within the available eight-week timeframe. As a result, some requirements were either removed
or reclassified as trade-offs, depending on their relevance to the proof of concept.

Requirement Changes: Due to the scope adjustment, several requirements were either removed or reclassified.
These changes are highlighted in the requirement table:

— Requirements highlighted in blue were removed due to the change in project scope and time constraints.
— Requirements highlighted in green were shifted to trade-off requirements, indicating that while they are desir-
able, they are not critical for the proof of concept.

Here is the revised list of high-level requirements, reflecting the project adjustments:
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Mandatory requirements or constraints

The product must have six USB-C charging ports
The product must charge with at least I00W.
The product must be operating at a maximum of 300W.
The product must be safe for users and devices to use.
The product must be suitable for a lab environment.
The product must be user-friendly.

The product must be able to measure current, voltage, power per USB Type-C port
The product must display the current, voltage, and power used by the USB Type-C port.
The product must have a selling price that is targeted at €300,

so price of whole system must be below €200 to have margin.

The product must fit in the Wrepair station.

The product must be able to be used as stand-alone powerstation

The product must be producible in eight weeks.

Trade-off requirements or objectives
The product should use modern charging protocols.
The product should be able to support real-time data logging.
The product should be able to be connected to an external device
for measurement logging and USB data hub connectivity.
The product should be able to be used as a USB data hub
The product should use the highest speed for USB data transfer
The product should be able to turn off the data connection of an individual port
The product should be able to control the power delivered through the USB Type-C port.
The product should display power information graphically on the display.
The product should display charge/data protocol to the user.
The product could detect malicious user/activities
The product could be controlled via an external PC
The product could measure external voltages like a multimeter

Table 1.1: High-level requirements of the project

1.5 Subgroup Division

HMI 1 PC 1

Based on the high-level requirements of the project, a struc- § Safety :  Control
tured system overview and subdivision i
were developed to ensure comprehensive coverage of P safety | controller  f<--------- J
all mandatory and trade-off requirements. The product must ‘
feature six USB Type-C charging ports with support for vari- i Power :
ous charging protocols, operate at a maximum of 300W, and i Supply | ¢ Usiimpi |
display current, voltage, and power metrics. To efficiently
address these requirements, the project was divided into sev- i ‘
eral sub-modules, each focusing on a specific aspect of the —
product: ‘ﬁ

PD Data hub

Figure 1.3: Overview of whole system

e PD (Power Delivery): This module is essential for managing the power delivery protocols required for the USB
Type-C ports, ensuring proper charging performance and compatibility with various devices.

* Data Hub: This module handles data transfer and connectivity, allowing the product to function as a USB data hub
and support high-speed data transfer.

* Power Supply: This module ensures there is 300W with 20V for the whole system and realizes the lower voltage
levels for the HMI and the controller.

 Safety of the Entire Powerstation: This module focuses on ensuring the product is safe for users and devices,
incorporating necessary safety features and protections.
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* Controller: The controller is responsible for controlling the power output per port, dynamically managing the
power to ensure it does not exceed the maximum limit.

* HMI (Human-Machine Interface): This module is responsible for the user interface, displaying current, voltage,
and power metrics, and possibly providing graphical representations and other user interactions.

To efficiently address these sub-modules, the project was subdivided into three main categories, with each category as-
signed to a dedicated team:

Table 1.2: Task Distribution

Category USB implementation Safety Control
Assiened Team Bert van Lange Amin Aynan Alex Gulam

g Pieter Pronk Yahya Al-Araij Zubair Al-Zubi
Module 1 PD Safety of Entire Powerstation ~ Controller
Module 2 Data Hub Power Supply HMI

Responsibilities of the USB implementation subgroup

This report focuses on the USB implementation subgroup, which is responsible for the USB charging and USB data
capabilities. It is also responsible for creating the drivers to control the hardware, allowing the control group to focus
solely on the software implementation for controlling the USB Type-C ports.

1.6 State of the Art

In this section, a good look will be taken at products that already exist and their
features that will be interesting for the USB implementation subgroup. This will
help create an understanding of the possibilities of the project. It is also necessary to
ensure the product design is unique and does not already exist.

Different charging stations are mentioned. The main functionality of these devices
is to charge a product. Some of them have added features that can be useful. The
following stations are used for the comparison:

* PinePower desktop power supply(Figure T.4) [2]

* MaAnt multifunctional charging station(Figure T.5) [3]]

* Chargeasap ZEUS USB-C GaN CHARGER (4]
« UGREEN Nexode USB-C GaN 5]

The criteria on which the products will be compared in

Figure 1.4: PinePower

* Amount of power of the whole station and per port.

* Visualisation of charging station performance.

» Special features that are not common in a charging station.

Figure 1.5: MaAnt

Table 1.3: Comparison of existing charging stations

1X18W)

« 1 USB-A (65W)

Specifications | PinePower MaAnt Chargeasap UGREEN

Power & ports * 120W ¢ 1 USB-C (20W) * 280W * 300W
* 1 USB-C (65W) ¢ 7 USB-A (6x15W, * 3 USB-C (2x140W, | «4 USB-C (1x140W,
* 4 USB-A (3x15W, 1x18W) 1x100W) 2x100W, 1x45W)

« 1 USB-A (22.5W)

Visualisation V & I per port V & I per port V, I & P per port No display
Special features | Wireless charging * Wireless charging Power prioritization | Power dispenser-
* Multi-meter for 140W ports system




10

Introduction

This analysis of existing products shows that these products
have fast charging ports, but the term fast charging has fre-
quently been used differently. In some cases, like the MaAnt,
20W is already considered fast charging. However, this is not
the case when you compare it to the other charging stations
and the USB charging standards mentioned earlier.
Furthermore, most of the stations have voltage and current
measurements to get insight into the performance of the
charging.

The higher total power charging stations also have built-in
power management systems, to efficiently manage the power
when reaching the limit.

The product that will be built for Wrepair has also these capa-

bilities but with improved functionality like manual control
of power allocation and more fast charging ports.

1.7 Contribution

Figure 1.6: Chargeasap Figure 1.7: UGREEN

This project contributes to the field of power electronics by developing a comprehensive solution for high-power USB-C

charging and data transfer. Key contributions include:

* The design and implementation of a modular power delivery system that can be easily integrated into existing

Wrepair stations.

* Integrate with data transfer and connectivity, allowing the product to function as a USB data hub and support

high-speed data transfer next to the fast charging capability.

* The development of a robust safety and data security mechanism to protect users and devices.

» The incorporation of real-time data logging and display features for better user interaction and monitoring.

In this report, the focus is set on the first two points. For which different solutions are elaborated and validated.

1.8 Organization

The report is structured as follows:

1. Introduction: Provides an overview of the project, including the motivation, assignment, and problem definition.

2. Technical Review: Discusses the history, connectors, charging protocols, and data transfer speeds associated with

USB technology.

3. Design Description: Details system requirements, subsystem specifications, and the design choices for the USB

powerstation.

4. Validation and Evaluation: Describes the testing procedures and results for the implemented USB modules and

the overall system integration.

5. Conclusion: Summarises the project outcomes, provides recommendations, addresses any challenges faced during

the project, and future work.

6. Bibliography: Lists all the references and sources used throughout the project.

This structure ensures a logical flow of information, guiding through the project its development from inception to con-

clusion.



Chapter 2

Technical Review

This chapter provides a concise overview of key aspects of USB technology relevant to the project. It covers the history
and evolution of USB technology in different types of USB connectors and wiring in and USB
charging protocols in[section 2.3} It also discusses USB data transfer capabilities in the design of USB multi-

device connectivity hubs in[section 2.3] and methods of inter-chip communication in[section 2.6} Lastly, it explains voltage
and current measurement techniques for USB devices in

2.1 History of USB

The Universal Serial Bus (USB) technology was developed in the mid-1990s as a standardized way to connect peripheral
devices to computers. It was a collaborative effort by several tech companies, including IBM, Intel, and Microsoft (see
[Figure 2.1)), to replace the existing serial and parallel ports with a simpler and faster interface [6]. The collaborating
companies are the founders of the USB Implementers Forum (USB-IF), an organization to maintain USB.

The first USB specification (USB 1.0) was introduced in

|| .
1996, followed by USB 1.1 in 1998 [[7]. However, the adop- intel mm Microsoft
tion of USB was initially slow until Apple its iMac in 1998, ‘ /
which used only USB ports, driving other manufacturers to \ — COMPAQ

adopt the standard. Eﬂﬂﬂnau —_— USB
USB 2.0, released in 2000, brought a significant speed in- Enabing Connecions \
crease, with data transfer rates up to 480 Mbps [8]. This / NEC

paved the way for the widespread adoption of USB flash NQRTEL
drives, which were first introduced in 1999 by companies
like M-Systems, Phison Electronics, and Trek 2000 Inter-
national [9].

Figure 2.1: The founding companies of USB-IF
Further improvements came with USB 3.0 in 2008, offering transfer speeds up to 5 Gbps, and USB 3.1 in 2013, with
speeds up to 10 Gbps. The latest USB4 specification, released in 2019, supports data transfer rates up to 40 Gbps and is
based on the Thunderbolt 3 protocol.

Over the years, USB has become the standard interface for connecting a wide range of devices to computers, includ-
ing printers, scanners, keyboards, external storage devices, and many others, revolutionizing the way we interact with
technology.

2.2 USB Connectors and Wiring

USB technology offers various types of connections, including the USB Type-A and USB Type-C ports. Both of these
connectors are capable of transmitting data and providing power. However, the USB Type-C port has more advanced
features than the older USB Type-A standard. It is also backwards compatible with the older standard, as shown in
Figure 2.2

The Type-C connector has a wide range of capabilities, from data transfer and display connectivity to power delivery. All
of this is made possible due to the many pins available on the connector.
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USB Type-C USB 3.0 USB 2.0
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USB2.0 Type-A USB2.0 Type-B USB3.0 Type-A
56789

54321 54321 =)
USB2.0 Mini-A USB2.0 Mini-B =

USB3.0 Type-B
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arareg 43 21

USB3.0 Type-A USB2.0 Type-A
54321

USB Type-C

B1B2 B3 B4 B5 B6 B7 B8 BI B10 B11 B12

USB2.0 Mini-A

USB3.0 Type-8

CSBZ.O Micro-A USB2.0 Micro-B USB3.0 Micro-B J USB Type-C (m ”@
U;é3.ﬂ Micro-B USB2.0 Micro-B
Figure 2.2: USB connector pin out || Figure 2.3: USB connection standard ||

USB Type-C is a connector standard that is compatible with older USB types. This means that devices that use the old
USB 3.0 Type-A or even the USB 2.0 Type-A connector can use the USB Type-C connector with a simple converter. This
is possible because additional communication buses have been added to the standard while the old ones are still being

reused, as seen in

USB charging protocols work with a handshake
agreement, in this agreement, the device being
charged communicates with the charger and they de-
cide the protocol used for charging the device and the
direction in which the power is flowing. The power
flows through the Vbus pins.

For the USB Type-C and the PD protocol, this com- 68 Feranesciisa nlion mrort il e
munication is done over the CC1 and CC2 pins seen

VBUS: USB Cable power; supports up to 20V, 5A (100W)

=

. I o 7 . . . _ GND TX1+ TX1- cc1 RX2+ GND
in The pins can decide the different volt . ToEs — o AR
age levels and max current. The allowed voltages and

currents can be seen in and will be dis- wgﬁﬁﬁ:ﬁfﬁcﬂw
Cussed ln GND : Return Ground

The other standards use the D- and D+ pins seen in
for detecting which protocol to use, these Figure 2.4: Pin description USB Type-C
standards will generally be referenced as Legacy 2.0.
Because the D+ and D- pins are also available for the

USB type-A connector, as seen in these 6

protocols also work on those older ports. g

USB data protocols !

USB 2.0 uses two pins for data transfer: D- and D+ S‘E 3 — —2 g

for data signals, supporting up to 480 Mbps. USB £ " /;/

3.0 and USB 3.1 add more pins for higher speeds, ~ : Lo

including TX and RX pairs for full-duplex commu- . : 1

nication, achieving up to 5 Gbps and 10 Gbps, re- 5 : : -

spectively as can be seen in USB Type- o "1 20 3 4 50 6 70 8 9% 100
C features 24 pins, accommodating USB 2.0 and 3.x Source PDP Rating (W)

protocols, power delivery, and alternate modes, with Figure 2.5: charging voltage and current

reversible connectors for enhanced versatility. The
additional pins in USB 3.x and Type-C allow simul-
taneous data transmission and reception, significantly
increasing data transfer rates.

2.3 USB Charging

USB charging uses different voltage currents to provide the power needed. The charging protocol uses standard Vbus
connections where the power will be transmitted.

The USB protocol supports various charging protocols which are utilized by different devices. These protocols can
be split into 2 groups, public and private protocols.

The USB port can have a source and sink functionality, where the source provides power to the connected device, while
the sink receives power to charge its battery or operate.



2.3 USB Charging

13

Public

USB-IF, the organization that maintains USB, has
created a public standard for power delivery, which is

widely used in products. Qualcomm, MediaTek, and

Private

Different phone-making companies also deliver their
own charging protocol. This is mainly done to get higher
charging speeds. The main private protocols are:

Samsung (all mobile device CPU designers) have created
their own public standard for high-speed charging.
The most used public protocols are:

USB Power Delivery (USB PD)[Table 2.1] Sectio
USB PD

Qualcomm Quick Charge, Section: QC
MediaTek Pump Express

Adaptive Fast Charging (AFC), Sectio
AFC

Table 2.1: USB and Fas

* Apple Fast Charge

* Huawei’s Fast Charge Protocol (FCP) and Super
Charge Protocol

" * VIVO Flash Charge
* Xiaomi Mi Turbo Charge
* Motorola Turbo power
n: ¢ OnePlus Warp Charge and Oppo VOOC

¢ Realme DART

t Charging Specifications

Generation / Factor ‘ Voltage [V] ‘ Current [A] ‘ Max Power [W]
USB Evolution, USB PD
USB 1.0 5 0.5 2.5
USB 2.0 5 0.5 2.5
USB 3.0 5 0.5/0.9 4.5
USB Battery Charging (BC) 1.2 5 1.5 7.5
USB-C Current Mode (non-PD) 5 3 15
USB 3.1/3.2 (USB-C + USB-PD) 5/9/15/20/28/36/48 0.5/0.9/1.5/3/5 240
USB4 (USB-C + USB-PD) 5/9/15/20/28/36/48 0.5/0.9/1.5/3/5 240
Quick Charge Versions, QC
Quick Charge 1.0 5 2 10
Quick Charge 2.0 5/9/12 1.67/2 18
Quick Charge 3.0 3.6 to 20 (200mV increments) 2.5/4.6 18
Quick Charge 4.0+ 5/9 (USB-PD), 3.6 to 20V (200mV increments) | 3 (USB-PD), 2.5/4.6 27 (USB-PD)
Quick Charge 5.0 5/9 (USB-PD), 3.3 to 20V (200mV increments) 3/5/>5 100+
Samsung Adaptive Fast Charging, AFC
Adaptive Fast Charging 5/9 2 18
Super Fast Charging 1.0 11 2.25 25
Super Fast Charging 2.0 10 4.5 45

2.3.1

Most USB-enabled devices use a separate IC
to manage the USB charging protocol. This IC
is responsible for regulating the voltage on the
V-bus and controlling the current that powers the
device. These charging ICs usually have a mi-
crocontroller and can include additional features
such as over-voltage protection, temperature
measurement, GPIO pins, and analog-to-digital
converters. These chips commonly only go up
to 100W.

Implementation

In the block diagram of an im-

plementation of all those features is shown.
This is specific to the IP2368 chip but can be
used as a standard representation of the block
diagram that includes all necessary features
such as I2C connectivity, ADC (Analog-Digital
Converter) for transferring measurements, and
power control by a buck-boost. For this control,
there needs to be a controller present on the chip.

These chips are sometimes integrated on break-
out boards, this means that the supporting cir-
cuitry is already present and the chip can directly
be tested.

BUCK-BOOST Driver
'y

BUCK-BOOST Contro

‘ vio_| charge |cp1 sv
Pump 1

Bar_| charge |cp2 sv
Pump 2

MCU

RAM

-_— o

GPIO & MFP
E -

LED1 LED2

BAT_MODE BAT NUM FCAP VSET ISET

NTC

Figure 2.6: Block diagram of IP2368 [|13]]
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2.4 USB Data

USB (Universal Serial Bus) is the most successful PC interface and can be found in almost all personal electronic devices,
from computers, laptops, and telephones to cars and other devices. It connects external devices to the host device it is
plugged into (as seen in [Figure 2.7). These external devices could be keyboards, mice, audio/video devices, or storage
options. The USB standard has evolved and is currently on USB 4 version 2.0.

As stated above, USB has multiple different versions with different data speeds for each version as shown in
Currently, most devices use USB 2.0, 3.0, or 3.1. USB 3.2 is still not commonly used. In addition, USB 4 is hardly
applied to any devices yet.

RooT HUB Table 2.2: Speed of USB standards [15]
TIER 1 [l ’—‘l "—‘
Standard Max. data transfer speed
- = USB 1.0 1.5 Mbps
TIER 2 |DEVICE ﬁﬁﬁ)?i‘aﬁﬁﬁ DEVICE MHU,B—l USB 1.1 12 MbpS
H H USB 2.0 480 Mbps
o = - o - USB 3.0 5 Gbps
TIER 3 | M DEVICE UB DEVICE DEVICE USB 3.1 10 Gbps
USB 3.2 20 Gbps
[oevce] USB 4 40 Gbps
COMPOUND DEVICE USB 4 version 2.0 80 Gbps

Figure 2.7: Example USB Topology [/14]]

2.5 USB Multi-device Connectivity Hub

The data transfer should be possible on multiple USB ports. The most ob-
vious solution would be to implement the data transfer as a USB hub as in
This is a common application to link several data ports. the hub
has a host system, like a laptop, connected to it that can communicate to the
devices that are connected to the hub. The multiple devices attached to the
hub are all available at the same time, but they share the bandwidth of the host
system.

Another option is a USB switch as in This has the working of a
MUX. The common port can only communicate with a selected port. This has
the disadvantage that not all attached devices are available at the same time,
but now the ports don’t have to share the bandwidth, so the transfer speed can USB Hub
be a lot higher for the selected port.

USB hubs have one upstream port that connects to the host, and multiple Figure 2.8: USB hub
downstream ports to connect devices. When data is received from the host
through the upstream port, it is broadcast to all devices connected to the
downstream ports [[16]. Conversely, data from a downstream device is only
forwarded to the upstream port and the host, not to other downstream devices.

With USB 3.0, a new Point-to-Point routing feature was introduced. This
allows the host to send data directly to a specific downstream port instead of
broadcasting to all ports, reducing congestion and power consumption for a
USB hub.

USB hubs can be chained together, with each additional hub counting as a
new "tier" in the USB topology, this can be seen in[Figure 2.7] However, there
is a limit of 7 tiers from the host to any device, including the hubs themselves USB Switch
[17]. This limitation is important to consider when designing complex USB
systems.

Figure 2.9: USB switch
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2.5.1 Design of USB Hub

A USB hub consists mostly of one or multiple ICs. These
ICs execute the functions for the USB hub. Typically, there
can be 4 downstream ports with one upstream port. To
implement a higher number of downstream ports, an IC with
more downstream ports can be chosen, or multiple ICs can
be linked together.

For a hub with up to 7 ports, an IC similar to the one
shown in can be used. These ICs are a bit more
unusual, but they operate in the same way as a 4-port hub.
The USB5807c can be programmed via I2C. However, this

programming can only be done at startup (Figure 2.12).

Another way to connect multiple downstream ports to one
upstream port is by linking multiple hubs. For example, This
can be achieved by connecting one of the downstream ports
of the first USB hub to an upstream port of the second USB
hub as shown in Since the max speed of the
upstream port is the same as the downstream port, this should
not significantly decrease the speed of the second hub when
the first hub is not already saturating the data upstream port.

USB-Hub

R

USB-Hub

RN

Figure 2.10: USB-Hub 7 port from 2 4-ports

1
USB5807C %

Hub Controller Logic
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Figure 2.11: USB5807C block diagram

RESET_N deasserted

'SPl
Signature
Present?

Run from
External ROM

|(sp| INIT)

No
Load Config from
e External ROM
Wody Gonfig
LodiviConna| Based on psuedo-
Based on OTP o
(Ext_CFG
(CFG_RD)| _RD)

Do SMBus or 12C | g YES CFG_STRAP for
initialization SMBus Slave?

No
SOC Done?

(SOC_CFG)

NO' (STRAP)

Y

Combine OTP
Config Data

\ 4

| ©otp_cFg)

NORMAL operation

Figure 2.12: Boot flowchart USB5807C

The linking of multiple hubs is a common practice as can be seen with the teardown featured on elektroda.com [19], the
inner workings of a TP-link USB 3.0 hub were examined. The teardown, seen in revealed the presence of
two identical ICs, namely the RTS5411 [20], arranged as shown in This chip has the capability to switch
the data connection on & off. Additionally, the red-7 ports from San Zang master, already owned by one of the group
members, was found to be constructed in a similar manner as can be seen in where the top and bottom sides
of the PCB are shown. This product utilized the GL3510 [21]] for the USB-Hub IC. This is a chip similar to the one used

in[Figure 2.13|but it does not have the option to be configured via I*C.

Figure 2.13: Tear down of TP-link USB 3.0 hub

Figure 2.14: Tear down of red-7 port from San Zang master
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2.6 Inter-chip Communication

Inter-chip communication refers to the methods used for data exchange between integrated circuits (ICs) within electronic
systems. These methods are crucial in embedded systems, microcontrollers, and other digital electronics. Here we cover
three widely used protocols: SPI (Serial Peripheral Interface), UART (Universal Asynchronous Receiver/Transmitter),
and I2C (Inter-Integrated Circuit).

2.6.1 Serial Peripheral Interface (SPI)

SPI is a synchronous serial communication protocol used primarily for short-distance communication, typically within
the same device.

Key Features

* Master-Slave Architecture: One master device controls one or
more slave devices.

¢ Full-Duplex Communication: Data can be sent and received si- s
multaneously.

* Clock Signal (SCK): The master generates a clock signal to syn-
chronize data transmission.

* Data Lines:

— MOSI (Master Out Slave In)

SP1
Slave

SP1
Slave

— MISO (Master In Slave Out) S
e Chip Select (CS): Used by the master to select individual slave
devices. Figure 2.15: SPI working diagram [22]]

* Speed: Generally faster than 72C and UART.
Use Cases Advantages Disadvantages

* Sensors * High speed * More pins required compared to

* SD cards e Simple hardware implementa- r’c

* LCD displays tion * No error checking mechanism

2.6.2 Universal Asynchronous Receiver/Transmitter (UART)

UART is an asynchronous serial communication protocol widely used for communication between computers and periph-

erals.
Key Features

* Asynchronous Communication: No clock signal; both devices must agree on the
baud rate.

» Data Format: Typically 8 data bits, 1 start bit, 1 stop bit, and no parity.

* Full-Duplex Communication: Data can be transmitted and received simultaneously. Figure 2.16: UART wiring

(Figure 2.16) 23
* Baud Rate: Must be set to the same value on both communicating devices.
Use Cases Disadvantages

Advantages

* Slower compared to SPI and
I’°C

* Requires precise timing

* Serial ports
¢ GPS modules
¢ Bluetooth modules

* Simple implementation
* No need for a clock signal

2.6.3 Inter-Integrated Circuit (12C)

I?Cisa synchronous, multi-master, multi-slave, packet-switched, single-ended, serial communication bus.

Key Features

* Multi-Master/Slave Architecture: Multiple masters and slaves can be connected on the same bus. (Figure 2.17)
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* Two-Wire Interface: o0 van
— SDA (Serial Data Line) < é
— SCL (Serial Clock Line) T3 -
* Addressing: Each device on the bus has a unique address.
* Speed Modes:
— Standard (100 kbps)
— Fast (400 kbps) Figure 2.17: I?C communication diagram
— High-speed (3.4 Mbps) 4]
Use Cases Advantages Disadvantages
e Sensors ¢ Only two wires required « Slower than SPI
* EEPROMs * Supports multiple devices on the « More complex protocol
* Real-Time Clocks same bus
Protocol Message
Message
e —
—~

=

Read/
Write
Bit

ACK

Start NACK
it

7 or 10 Bits

ACK/
8 Bits ”’;ﬁ“ 8 Bits S(%

Data Frame 1 Data Frame 2

ACK
NACK
Bit

Address Frame
Start Condition

Stop Condition

Figure 2.18: I2C package [_25]

The I?C package is structured as seen in This figure shows a writing operation. First, the master sends the
7-bit address of the slave it wants to write to, followed by the read or write bit to form the standard 8-bit package (one
byte). When the message is received, the slave transmits an acknowledgement bit to let the master know that it is listening
to the following data. The data is sent in the same structure, a byte followed by an acknowledgement sent by the slave.

2.7 \Voltage and Current Measurements

In some applications, the voltages and current going through the USB Type-C port need to be measured externally from
the IC responsible for the power delivery protocol. This can be done with op-amp circuits or with external independent
Sensors.

For measuring the voltage which the USB Type-C port is delivering, a simple voltage divider with an analog-to-digital
converter can be used. If more stability or a lower current usage is needed, a voltage follower can be added to create a
stable readable voltage for the analog-to-digital converter (Figure 2.19).

°

Yo _Ro
i
. °
+ ‘Z+ ,,,,,,,,,
> ° N S T
v -
X

Figure 2.20: Differential voltage
Figure 2.19: Voltage follower [26] amplifier [26]]

Figure 2.21: shunt resistor [27]

For the current measurement, a differential amplifier (Figure 2.20) and a shunt resister can be used. This is a
small but accurate register where the voltages over the resistor would be small but linear to the current flowing through the

resistor. This small voltage can be amplified with the differential amplifier to a voltage level that an analogue-to-digital
converter can measure.



Chapter 3

Design Description

In this chapter; the design choices made from the requirements will be described. First, it outlines the system requirements
that roll out of the high-level requirements in[section 3.1} followed by the subsystem specifications in[section 3.2} including
the USB implementation and USB hub sub-modules. It discusses the power delivery system options in and
details the USB data hub sub-module implementation in Finally, it explains how these sub-modules are

integrated into the overall system in[section 3.3

3.1 System Requirements

To get the USB part of the product right, it’s important to figure out some specific requirements based on the overall
project goals. These USB-specific requirements will help ensure that everything works smoothly together.
Here are the USB requirements derived from the main product requirements that are stated in

Table 3.1: System Requirements

USB Ports and Protocols
The product must have six USB Type-C charging ports.
The product must support up to 100W of charging.
The product should support the modern charging standards.

Power Measurement and Control
The product must be able to measure current, voltage, and power per USB Type-C port.
The product must have the ability to control the power delivered through each USB Type-C port,
where the control itself is done by the control-subgroup, to ensure:
— The total power does not exceed 300W.
— Each port does not exceed 100W.

USB Data Hub Capabilities
The product should be usable as a USB data hub.
The product should support the highest speed for USB data transfer.
The product should allow the data connection of an individual port to be turned off.

3.2 Subsystem Specifications and Requirements

Based on the system requirements, the system can be divided into 2 subsystems: the USB system and the Data system.
There is a need for six USB Type-C ports, all with the same functions, including charging with specific protocols, mea-
suring voltage and current, controlling power, and establishing a data connection. Considering that the USB Type-C ports
can be operating at different charging voltages, it is logical to create six individual identical USB implementation sub-
modules.

Another significant task not yet covered in the USB implementation sub-module is the USB data hub. This will be
its own USB hub sub-module and could connect the USB data connection and the controller data connection to an exter-
nal PC.

These subsystems have their own subsystem requirements that are extracted from the system requirements or from the
way the system is divided.
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3.2.1 USB Implementation Sub-module

The USB implementation sub-module plays a crucial role in controlling the functionalities of USB ports directly. These
ports are responsible for charging devices according to specified standards. For instance, the USB PD protocol involves
a handshake mechanism to determine the voltage and current the connected device requires. Typically, this handshake is
facilitated by a specific IC. Additionally, USB Type-C charging involves multiple voltage levels, necessitating a DC-DC
converter integrated into the charging IC or as a separate component—to generate these voltages, depending on the power
source’s output.

Another aspect of the sub-module involves measuring the electrical characteristics of the USB Type-C charging port.
While some charging ICs handle this measurement internally, in certain scenarios, an external measuring unit may be
required to gauge the outgoing power because the IC cannot export that information.

Lastly, the sub-module must facilitate the passage of USB data to the USB hub sub-module. Given that some data
pins serve dual functions in certain charging protocols, a data multiplexer must be incorporated into the design. This
allows the pins to be utilized for both the charging handshake and USB data transmission.

Table 3.2: High-level requirements of the new list
Mandatory requirements or constraints 20v DC Inter chip comunication ~ USB data

The product must perform the communication for the charging protocols !

The product must provide the voltages and current needed for the charging protocols i

The product must measure the voltages and currents used while charging fm—— e ———————— i A

The product must be controllable via an external controller Sﬂig gm'e

Trade-off requirements or objectives
The product should connect to the USB hub for data conductivity
The product should be at the highest USB speed (USB 4.0)

DC-DC
boost-buck
converter

-

USBcharge | | use
protocol IC

The structure depicted in follows from the subsystem re-
quirements. In this design, the IC responsible for the USB charging
handshake is positioned in the middle, flanked by the DC-DC converter
and the measuring system on the left. The data MUX is situated on the
right side.

Y

Measuring
AR |

In practice, the implementation of this sub-module can vary signif-
icantly. The chosen IC may perform a subset of the functions mentioned
in the USB implementation sub-module requirements, while the re-

maining functions may need to be handled by an external circuit or Figure 3.1: USB implementation sub module
IC.

3.2.2 USB Hub Sub-module

The USB hub sub-module serves as a central hub for managing USB data transmission within the system. It connects
multiple data lines from components such as the USB implementation sub-module and the controller to a single main data
line. This main data line is called the upstream port, while the connected lines are termed downstream ports.
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This configuration is essential due to the USB protocol’s structure, where Inter chip cominucation
there is one master device (the upstream port) that communicates with
other devices downstream.

For safety reasons, such as preventing malicious activities, the
USB ports should be controllable by the controller, allowing them to be
turned on and off as needed. Like preventing a Rubber Ducky attack
from succeeding, a cyberattack where a USB device emulates a USB

|
|
| Upstream port
|
|
|
keyboard to compromise a workstation. :
|
I
|
|

external PC

ments of this subsystem are defined as trade-off requirements. The M e

whole implementation is shown in L % f Jvr' f i: Ly

As the whole USB Data feature is for the plus version, all require- e
switching

|

J

-

19]|01U0D

Table 3.3: Subsystem Requirements

Subsystem Requirements
The sub-module should connect the different USB implementation sub-module with the external PC
The sub-module should control the data connection of the USB ports
The sub-module should be controlled by the controller L
The sub-module should connect the controller to the external PC

The sub-module should be at the highest USB speed Figure 3.2: USB hub sub-module

Downstream ports

3
3
9
3
3
a|npow gsn
|

3.2.3 Sub-module Integration

The sub-modules defined above must work together to create a total system that meets all system requirements. As
mentioned, the system needs six USB Type-C ports, each with a USB implementation sub-module connected to it.
Each sub-module needs power, a communication connection with the controller, and a connection to a USB Type-C port.
These sub-modules also have an outgoing data connection that can connect to the USB hub sub-module. Additionally,
the USB hub sub-module must communicate with the controller and have an external PC as an upstream port. For the
controller, the control-subgroup has chosen to use an MCU which is why this choice is applied from now on. Based on
these requirements, the design shown in was created.

— 20vDC
— USB data
230-50HZ — Power MCU PC Inter chip comunieation (12C)
[ |
_: uUsB L
T r T T 1T data-hub R -1
vr I N PR IR
- __J
USB impl USB impl USB impl USB impl USB impl USB impl
submodule submodule submodule submodule submodule submodule

UsB
Type-c

UsB
Type-c

USB
Type-c

USB
Type-c

USB
Type-c

UsB
Type-c

Figure 3.3: Overview USB implementation

The design in only shows the connections and modules relevant to the USB integration system. This means
that the structure to power the MCU and the USB hub sub-module is missing, as well as the touchscreen and other HMI
components. These structures are explained in the safety implementation and control implementation respectively.
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3.3 Power Delivery System Choice

This subsection will describe the chosen methodology of the chip used in the design. First, 3 different sorts of systems
that can be used to integrate the USB PD functionality will be discussed, and then they will be compared with the system
requirements needed for the power delivery.

3.3.1 Power Delivery Design Options

When designing power delivery systems there are several options to consider. These options vary in complexity, integra-
tion, and customization potential, each suited to different stages of development and specific design requirements. The
three primary choices are development boards, PD modules, and stand-alone chips. Each offers distinct advantages and
challenges, from ease of testing and evaluation to the flexibility of final design integration. The different options are
explained in detail by highlighting their unique features and considerations for creating a power delivery solution.

* Development board
A development board is created by the manufacturer and can be used to test the chip’s functionality. These boards
are thus only created for testing and evaluating the chip’s working. And can have a larger supporting circuitry
surrounding the chip than would be needed for a final design. This is so all the features can be tested, not only the
ones needed in the final design. This can create difficulties in converting the development board to a final compact
design. The development board has a good connection interface to external MCU’s.

* PD module
This is a stand-alone module with the circuitry needed to provide the communication and the power needed for the
USB type c sharing standards. They work out of the box and can thus be directly used for powering. Depending on
the chip used in the design, the IC is a DC-DC converter or uses a stand-alone chip for the DC-DC conversion. The
modules are not made to be connected to an external MCU and thus lack ready-to-use connections. But can have
the needed inter-chip communication built into the chip. This makes the module function like a development board.

¢ Stand-alone chip
A stand-alone chip can be used to create the USB charging module. Such a chip needs supporting circuitry to
function. But can be customized to the user’s specifications. The biggest drawback is that the function of the chip
can only be determined after being sure that the supporting circuitry works as intended. Due to its admissibility and
the freedom to choose any chip on the mark, the system can be designed to communicate with an MCU in mind.

3.3.2 Comparing Different Power Delivery Designs

In this subsection, the selection and implementation of the power system sub-module will be explained. First, the evalua-
tion criteria will be presented, followed by the selection of a suitable system. The chosen system will then be thoroughly
explained, including the reasons for its selection and how it can be used in our design.

A list of evaluation criteria was created (as listed in[Table 3.4) Table 3.4: evaluation criteria

based on the system requirements stated in The

criteria cover the functionality of the module for the final in- * Charge capability

tegration, as well as criteria for ease of production and testa- * Measure V, I, and P

bility. These aspects were particularly important before the * Dynamically change power

scope change of the project. Due to the testability and pro- * Communicate with MCU

duction requirements, an ease of conversion on PCB require- * Directly testable

ment was added. This meant that the circuitry should be sim- * Ease of conversion on PCB

ple, consisting of a small number of components, and testable — simple supporting circuitry

in a form that would represent what would be needed on the — small number of components

final PCB. — testable in form that represents circuitry on final
PCB

Table 3.5: Comparison of different power systems: Development boards, PD modules and Stand-alone chips

Criteria Development board 7 PD, modules 7 Stand-alone chip
MAX25430 [28] ‘ TPS65982 [29] | 1P2368 [13] ‘ SW2303 [30] | MAX25430 ‘ TPS65982

Charge capability v v v v v v
Measure V, I and P v v v X v v
Dynamically change power v X v v v X
Communicate with MCU v v v v v v
Directly testable v X v v X X
X X v v X X

Ease of conversion on PCB
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3.3.3 1P2368 PD Module

From these criteria, the IP2368 PD-module was chosen as the core of the power system. This is a stand-alone bidirectional
PD module typically used for a power bank implementation. The module is frequently used and there seemed to be
support for connecting the module with an MCU via an Arduino library [13]. The module was chosen for its control
and measurement features and its simple supporting circuit. In the data sheet of the main IC of the module, a typical use
circuit (Figure 3.5)) could be found to match the PD module.
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Figure 3.5: Typical implementation IP2368

From the datasheet of the IP2368 IC (ENG translation found in [13])), the following features are of interest for implement-
ing the module as part of the USB implementation sub-module. These features include charging features (protocols

and powers), measuring options (current, voltages and power), and the connection possibility. The features are shown in
[Table 3.6l

! L_M—r R
gem
k]

Figure 3.4: IP2368 module

Table 3.6: Feature list of IP2368

Feature
Charging with up to 100W
Charge with the protocols:
- AFC
- FCP
- SCP
- PD2.0, PD3.0
Measuring outgoing voltages
Measuring outgoing and incoming currents

Controlling the power direction (only outgoing) Figure 3.6: IP2368 module 72C connection
Setting the max power usage [13]

T2C interface for control

The datasheet indicates that the chip can be connected to an external MCU. This
can be achieved as illustrated in [Figure 3.7| and [Figure 3.6 In this setup, the chip is

—-veeio
connected via the standard SDA and SCL pins used for /°C' communication, along

with a third pin for waking the IC when it is in sleep mode. The protocol mentioned U SCZLK 17 R

in the datasheet is also available in a library specifically designed for the PD-Model. spa_| 42 oo son
This Arduino library is created by Dmitriy Mitchenkov [31]. It should enable reading E v L

and controlling the IC. This library could be directly used in the project or for testing 1

purposes. Apart from the library, the GitHub page also provides information on how

to connect the module for this communication and translated datasheets. Figure 3.7: IP2368 I?C wiring

The 1P2368 I2C' control functions as a register bank, where the registers can be both read and written. If a register
needs to be changed, it must be read first. After that, the relevant part of the received byte can be modified and then
written back into the register. In the context of the "USB implementation sub-module" function, there are several registers
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of interest which can control the power delivery functionality and take measurements of the outgoing power. In[Table 3.7]
these registers are listed, with their description and the reason of interest for the USB implementation. As seen in the
table, the IP2368 can be configured as a source-only device. And the max outgoing power can be used to a number of
specific values this would make dynamic power allocation possible by the MCU. The registers also make it possible to
measure the outgoing power, voltage and current.

Table 3.7: Registers of interest for controlling and measuring charging port

SYS_CTLO Controls the sink functionality Disable Sink functionality

SYS_CTL11 Controls the source functionality Disable output for full shut off
SYS_CTL12 Controls the maximum power Set max power 20-25-30-45-60-100 watt
TypeC_CTL17 Controls the Power Delivery (PD) functionality Disable specific PD voltages if needed
BATVADC_DATO0

BATVADC_DAT1 Contains data for the input voltage measurement. Measure input voltage (mV)
IVbus-Src-IADC-DAT0

IVbus-Src-IADC-DAT1 Contains data for the output current measurement Measure output current (mA)
TypeC_STATE Indicates the USB C charging state Indicates if output is on

Vsys-POW-DATO
Vsys-POW-DAT1
Vsys-POW-DAT?2 Contains data for the output power measurement in milliwatts Measuring output power (mW)

The functionality of the module was tested, and this will be covered in (section 4.2)). This testing clarified that the IP2368
did not work as expected, so another solution must be chosen.

3.3.4 SW2303 PD Module

Due to the malfunction of plate number 1, as described in and explained in we also tested

plate number 2 PD module. This module was already in possession of one of the group members, and the datasheet of the
main IC on the module promised some desired features, which will be further explained in this section.

The SW2303 PD module, seen in is a power delivery module which is able to to charge with up to 100w

at 20v. And should be able to control the power dynamic over I?C. The interesting features of the module can be found
in[Table 3.8

Table 3.8: Feature list of SW2303

Feature
Charging with up to 100W
Charge with the protocols:
- AFC
- FCP
- SCP
- PD3.0
-BC1.2
Controlling the power direction (only outgoing)
Setting the max power usage
I%C interface for controlling outgoing power

Figure 3.8: SW2303 module

In the it is evident that the module does not have the capability to measure outgoing power. However, because
it can control outgoing power, it should be able to measure outgoing voltage and current. There may be a register, not
mentioned in the datasheet, that stores this measurement. If this is not the case, but the other features do work, an external
measuring circuit could be created (as explained in [section 2.7)).
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The datasheet only mentions one register (seen in[Table 3.9), which should be able to
control the maximum outgoing power. To set the IC to dynamic power configuration
with I2C, the PSET pin should not be connected. Additionally, the SCK and SDA
pins need to be connected to a pull-up resistor and tho the MCU (SCK-SCL and SDA-

SDA). Pin out can be seen in[Figure 3.9
Table 3.9: Register of interest for controlling charging port

0x3C Dynamic power allocation ~ Set max power functionality

3.3.5 MAX25430 Development Board

PRSET/SCK

VI

N
14 |OPTOFB

ONLINE/NTC/SDA | 1 :

GATE| 2 | SW2303 {Lanws

(QFN-16)

Figure 3.9: SW2303 pin out

Another option for the power system is the MAX25430 development board, seen in this board is created
for evaluating the function of the MAX25430. Which is a chip capable of 100w PD charging with a built-in DC-DC

converter.

It is a ready-to-test module, but due to it manny featuars hase a high number of sporting components placed around the
core chip on the develement board. This is one of the reasons it was not tested as first as the project aimed at creating a

final PCB at the end of the project.
The Dev board was chosen for the following features stated on it data sheet:

Table 3.10: Feature list

Feature
Charging up to 100W
Charging with protocol:
- USB 2.0 legacy protocol incl:
e BC1.2, Apple Carplay MFiR33, and OTG
- USB PD2.0 and PD3.0
Measure the charging voltage
Control the outgoing power
Be controllable over I°C

The MAX25430 can be connected to an MCU via an I2C bus using the standard

SCL and SDA pins, as well as an alert pin (Figure 3.11). The alert pin is used to
wake up the chip when it is in sleep mode.

Figure 3.10: MAX25430 develop-
ment board

The datasheet provides a comprehensive list of the registers available with the I2C' communication. The registers relevant
to the USB implementation sub-module are presented in Table [3.11] Access to these registers allows the IC to monitor
and regulate the outgoing charging capabilities. Testing of this functionality took place at the location referenced by
(section 4.4), using a specific board. This board was equipped with an IC marked as MAX25430A, which has limited
features compared to the capabilities of MAX25430. Consequently, it is not suitable for the USB implementation sub-

module.
Table 3.11: Register of interest for controlling charging port || mvT—s.uv MAX25430
voP %A.W 47K 2 100K I "
0x1C power_control Turn off and on the output power 12C Master L
0x25 Device_capabilities_1  Set max power output T 1
0x26 Device_capabilities_2  Set max power output o
0x70 vbus_voltage L -
0x71 N The measured voltage 12C ADDR = 0x50
0x80 power output control ~ Set max voltage and current

Figure 3.11: I2C MAX25430
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3.3.6 MAX25432B Development Board

As MAX25430A did not live up to the expectations set by the datasheet of MAX25430, MAX25432B came into the
picture (Figure 3.12). This development board was not in stock when deciding to work with MAX25430A, which means
that MAX?25432B only came to light when MAX25430A did not meet the expectations.

MAX?25432 is a comparable IC to the MAX?25430 and shares most features, such as charging capability and the overall
structure of the I2C registers. The main difference is that both the A and B versions of the MAX25432 have an ADC
readable with the I?C connection and support full charging port shutdown as well as current limiting features.

The interesting core features:

Table 3.12: Feature list

Feature
Charging up to 100W
Charging with protocol:
- USB 2.0 legacy protocol incl:
e BC1.2, Apple Carplay MFiR33, and OTG
- USB PD2.0 and PD3.0
Measure the charging voltage and current
Control the outgoing power
Be controllable over I2C

Table 3.13: Interesting registers MAX25432B
Figure 3.12: MAX25432B develop-

t board
0x1C power_control Turn off and on the output power et boar
0x70 vbus_voltage_L
0x71 i el 1 The measured voltage
0x80 Vbus_current The outgoing current
0x82 vbus_ilim_setup  Set the outgoing current limit

3.4 USB Data Hub Sub-module Implementation

Due to all of the features of this sub-module being characteristic of the features, this module will be developed so that
the designed feature could be implemented. However, due to the time constraints of the project, the making of a custom
PCB is unlikely to be possible, so an existing USB hub is implemented to work together with the USB implementation
sub-module.

In order to meet the requirements of the USB hub sub-module, it is necessary to connect different USB implementa-
tion models to the upstream port that is linked to the computer. According to the literature review in there
are two options for connecting multiple devices to one main device. A USB switch allows connection with one device
at a time and can switch between different devices, while a USB hub can support communication with multiple devices
simultaneously. Considering the requirements of the subsystems where multiple ports need to function at the same time,
it is not feasible to use a switch. And thus the use of a USB hub is necessary for the design.

One of the requirements is to use the highest USB data
speed when connecting the USB hub. Upon reviewing
the available USB hub ICs, the USB version 4 hubs have
a high cost and are complex to integrate. Additionally,
hardly any device requires USB version 4. Hubs with USB
3.2 would also be unnecessary, since the data speed is
quite high for this product’s intended use, as the product
will likely be used to connect phones and other personal
devices that typically use USB 2.0 or 3.0. Therefore, for
this implementation, USB 3.0 will be used. This decision is
based on the availability of hardware for USB 3.0, and the Figure 3.13: USB 3.0 hub from Anker
same rationale applies to implementing a hub with USB 3.2.

The final crucial requirement is that the USB ports must be able to be disconnected to convert a USB port to a charging
port only. As mentioned in the technical review, this is partially achievable. Typically, the USB hub can only be config-
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ured at startup, so at that point, the decision has to be made as to which ports need to be active for data transfer and which
ones do not.

For simplicity, the six USB ports will all be downstream ports. The upstream port will be a 7" port that will connect
to an external PC. To transfer the logged data from the MCU to the external PC, an extra downstream connection is
needed. So for a complete representation of the USB hub, one upstream connection and seven downstream connections
are required.

A USB hub that was already in possession was torn down to inspect its working, this hub is shown in
This teardown revealed that this hub used the same chip as the shown hub in from the Technical Review, the
RTS5411 to be specific. This chip can turn on and off the data ports and be used with multiple chips to create a hub with
more downstream connections. When accounting for cost it would also be better to take two smaller chips and link them,
since a chip with more downstream ports is way more expensive.

So for showing the working of the USB data hub sub-module, the hub from can be used. Since it is in
line with the requirements of the product. It realises data transfer with USB 3.0, it can switch data ports on and off, and
can be used with a second hub to create a bigger hub.

3.5 System Integration

For the integration of the whole system, the choices made for the USB implementation sub-module and USB data hub
sub-module, are combined in one system where it connects to the other subgroup designs seamlessly as shown in

fure 3.3

When combining the six USB implementation sub-modules, errors may occur when trying to connect them to the MCU.
This could be because the sub-module ICs have the same address. One way to solve this issue is by implementing a MUX
in between, which ensures inter-chip communication between a port and the MCU. The used PD modules all had the same
address and would require at least a 1-to-6 MUX (seen in[Figure 3.14)), while the used development boards had 4 different
addresses, so a 1-to-2 MUX would be sufficient. For ease of conversion into a final product, the system can be designed
to have 2 wings with each wing having 3 USB implementation sub-modules (as represented in [Figure 3.13). Then each
wing can be called from the 1-to-2 MUX.

The USB data hub sub-module will implement two identical chips to get the required amount of downstream ports with
chips that only support 4 downstream ports. Each of those two chips can be integrated into one of the earlier-mentioned
wings to avoid issues in inter-chip communication when the two data hub chips have the same address. The inter-chip
communication is present for controlling the switching mechanism in the data hub sub-module that was mentioned in

subsection 3.2.2]

The two wings are only connected via the data chips since the upstream of one of those chips is connected to a downstream
of the other data hub chip. Furthermore, the two wings are both connected to the MCU with the 1-to-2 MUX for the inter-
chip communication and the MCU is connected to one of the downstream ports of the data hub chips. The PC will be
connected to the only available upstream connection since the other upstream is connected to a downstream of the chip to
which the PC connects. Each wing is also connected to the power supply to get the power for the output of the USB ports.

Simplified diagram — USB data

12c
— USB Type-C connection

PC
[

Wing HUBJ ] Wing L HUB j=—

¥ L] L

UsSB USB| |USB| |USB
mp Impl mp Impl | | Impl| | Impl

USB usB USB usB USB usB
Type-c Type-c Type-c

Type-c Type-c Type C
Figure 3.15: Simplified implementation diagram

The model does not include
power lines (20V) and uses a
simplified representation of a
USB hub.

Simplified Application Diagram

Channel 0
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Figure 3.14: Simplified diagram TCA9548A I?C mux [32]




Chapter 4

Validation and Evaluation

This chapter details the testing and evaluation of the system. It begins with the USB implementation sub-module setup in
[section 4.1 and the test procedure in[subsection 4.1.2] The IP2368 PD Module is validated in[section 4.2} followed by the
SW2303 PD Module in[section 4.3| The MAX25430A Development Board is reviewed in[section 4.4} and the MAX25432B
Development Board in[section 4.3 Findings for the USB implementation are summarized in[section 4.6 and the USB Hub
Sub-module is discussed in Integration steps are in and next steps in

4.1 USB Implementation Sub-module test setup

The chosen options for the USB implementation will be tested and evaluated. Multiple solutions are tested due to not all
of them working as expected. The solutions are evaluated based on the requirements set for the USB implementation, with
priority given to the charging capabilities. This is the main feature of the USB implementation sub-module. The next
important feature is measuring and controlling the output of the port. The USB pass-through capabilities will be tested if
both tests yield the desired outcomes.

4.1.1 Testing Methodology

To test the charging capabilities, the solution under testing is connected to a lab power
supply set to the 20V. A USB Type-C cable connects a power trigger to the outgoing
USB Type-C port. The power trigger is a module that acts as a USB Type-C sink
protocol and performs the handshake with the source to determine the voltages being
used. The PD power trigger, in[Figure 4.1] should be set to request 5V, 9V, 12V, and 20V.
A load can be connected to the screw terminals, and power resistors with a resistance of ~ Figure 4.1: Power trigger
10  are used for the load (Figure 4.2). These resistors are connected in parallel and

series to create the desired load.

To determine the control and measurement of the solution, we first tested the
communication with an external MCU. For the IP2368 and the SW2303, we used an
STM32 (Figure 4.3) connected via the I?C protocol. Initially, the STM32 attempts to
identify all connected devices by sending the address over the I2C' line and waiting for

an acknowledgement signal (subsection 2.6.3). If the address is found, the register can

be read and potentially written to determine the measurement and control capabilities.

Figure 4.2: Power resistance
Both development boards came with their own microcontroller and software. The 10
microcontroller was responsible for the I2C interface with the USB PD IC on the board,
enabling direct access to read and write the registers and evaluate their functions.

To determine the data capabilities of a USB, the device is placed between a PC
and a USB device such as a USB stick or a keyboard and mouse. This allows testing of
the USB protocol to see if it works and the speed at which it operates. The testing can be
done by transferring files from the computer to the USB stick and then back to the PC.

Figure 4.3: Black pill STM32

B3]
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4.1.2 Test Procedure

The test that needs to be performed to validate the capabilities of the power delivery system are:

1. Power delivery 2. Measurement and Control Capabilities
 Can it support all required voltages? ¢ Is it possible to communicate with the MCU?
 Can it provide the specified power?  Can it provide accurate measurements?
* How stable is the power output (deviation from * Is it possible to control the power output?
stable voltage)? .
o ) 3. USB Data Capabilities
— Stability with no load
— Stability with load  Can it connect a downstream device?

* At what speed is it possible to transfer data?

The first two tests can be performed using the test setup shown in[Figure 4.4] In this setup, a 20V (5A max) power supply
is connected to the power delivery system. The power delivery system is linked to a power trigger via a USB Type-C
cable. This power trigger acts as a sink and can be set to request 5, 9, 12, 15, or 20 volts. The USB trigger is then
connected to a load to assess the power delivery function of the power delivery system.

For testing the Measurement and Control Capabilities, the MCU (STM32 or feather board for MAX DEV kit) is
connected to a PC. Both function as I2C' converter, where the I2C functionality can be tested in combination with the
functionality of the control and measure registers accessible via the I?C' communication.

n
| |
| |
| |
Vbus I | 20V
USB Type-C | <
Load 0 PD tr Saple USB PD modul | P ly 20V 5A
gger | module | ower supply
o ' '
GND I | GND
(o - T e — e — 2| |
PD trigger : Triggers differnd Vbus voltages (5v, 9V 12V, 15V, 20V) | | |
| Load : Differned loads can be added ( 10Q, 5Q,4Q, no load) | | |
12C connection
| USBPD  :The module to be tested | | | ~————
| module (IP2368, SW2303, MAX25430A, MAX25432B) | | | I |
: MCU : For reading and writing the regusters via 12C : : MCU : 1 Laptop |
| STM32 (IP2368, SW2303) I | | USB connection | _Jl
" MAX32630FTHR (MAX devboards) B L e ) for testing ==

Figure 4.4: Test setup USB implementation

For the power delivery, the ingoing voltage and current are read off from the power supply, and the voltage and current
delivered to the load are measured with 2 multimeters. These values ar measured for all the different voltages able to
be triggered (5,9,12,15,20 V) and with 4 different loads (no load, 10£2, 582, 4Q2). With the measurements, voltage error
(difference between the theoretical triggered voltage and the measured voltage), the delivered power and the efficiency
can be calculated. With these measurements, the power delivery system can deliver the amount of power stated in the
datasheet.

To test the Measurement and Control Capabilities, there are 2 categories of devices to test: the PD modules and
the development board.

For the PD module, a STM32 is connected to the module via the I2C lines and to a PC. This will first test the I2C
connection by running an address search. The Arduino IDE package for the STM32[36]] comes with one, and therefore,
that one is used. It works by sending the address it will test over the I2C bus. If a device with that address is connected
to the I2C bus, it will respond by sending an acknowledgement bit back to the master. The STM32 will be able to read
that and determine that a device with that address is connected.

For the MAX DEV Kkits, a feater board with a microcontroller is included, as well as software to connect to it (all can be
found on [37]] and [38]]). And the checking the I 2C connection is done by the software.

After checking the connection to the PD model, the measurement capability can be checked; this is done by reading the
register where the voltage, power and current values will be stored. And compare them with the values measured with the
multimeters and connected power supply. This will be done with the different voltage triggers and loads connected to it.
The maximum current or power value in the register can be written by the MCU or feature board for control. By adjusting
the load and the voltage of the PD trigger, it can be determined if this value is not exceeded.



4.2 TP2368 PD Module 29

To test the USB data capabilities, connect a downstream device to the USB Type-C port and a computer to the host
connection port. Start by connecting a USB 2.0 device such as a mouse or keyboard to confirm that the data connection
is functioning. If successful, you can then connect a USB 3.2 device, such as a USB storage stick, to test the data transfer
speeds.

4.2 |P2368 PD Module

The IP2368 is the first solution tested, the datasheet mentioned that it would be able to charge with up to 100W and be
able to measure the outgoing and ongoing voltage, current and power. And control the max amount of power delivered to
the USB Type-C port.

First, the Charging capability will be checked and evaluated. After that, the measurement and controllable will be tested.
As seen in

4.2.1 Power Delivery

Testing the charging capability was done by connecting the module to the
power source, this one done as seen in The load is connected via
a USB Type-C cable and the power trigger to the USB Type-C port also seen
in When turning on the lab power supply, it is expected that the
PD module will turn on and provide power to the load.

This was at first not the case; to operate the PD module, it first needed to be
used as a sink to start working. This means that a power source, like a power
bank or a USB power brick needs to be connect to the USB port to allow the
module to work.

Figure 4.5: 1P2368 module with power
connected|/13]]

This is probably because the typical use of the IP2368 is for Power banks, where the module is permanently connected to
a battery and, therefore, only needs to be initialized (connected to a power source).

Now that the PD module is functioning as a source, the power delivery functionality can be tested; this is done with

the procedure explained in[subsection 4.1.2] The result of this test can be found in[Appendix Al Interesting observations
of this test can be seen in[Table 4.1

Table 4.1: Observations of IP2368 Power Delivery

1P2368

Trigger No load 10 Q 5Q 4Q

v dv dv eff (%) dv eff (%) dv eff (%)
5 0,087 -0,11 70,96 -0,173 82,92 -0,212 83,72

9 0,16 -0,16 87,31 -0,28 89,46 -0,34 90,78
12 0,22 -0,25 90,83 -0,44 91,84 -0,54 91,93
15 0,27 -0,3 92,82 -0,53 92,27 -1,5 92,06
20 0,39 -04 93,57 -0,73 92,18 -2,93 86,94

Based on the measurements and observations, it is evident that the PD module can supply all the required voltages.
However, under certain conditions, the voltage output may reach up to 1.5V without any power supply limitations. For
instance, when the PD trigger is set to 20V and a 4 € load is connected, the power supply drops to 16.7V, possibly due
to the power supply’s limitation of 100W. Considering the 92.2% efficiency seen at other voltage levels, the power supply
would need to deliver at least 108W to provide the required 100W at the USB Type-C port.

Additionally, although not explicitly tested, the efficiency of the PD module is relatively high, reaching up to 94% when
delivering 100W.
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4.2.2 Measuring and Controlling Capabilities

The next test to do is to test the controllability, the first step is
to test if the PD module can be found on the I2C bus. This will
be done with a STM32, wich has a I2C bus that works on 3.3V
the same voltage as the IP2368. The guide found on GitHub by
Dmitriy Mitchenkov [31]] was followed for the connection to the
MCU. After the connection was made the I2C' address searchers

program was run, as mentioned in [subsection 4.1.2] This gave no

result.

To determine why the I2C' communication was not working,
different options where tested: Figure 4.6: IP2368 I2C connection [13]]

1. Reduce the I2C speed from the STM32 default of 1 Mbit/s to 400 Kbit/s.
2. Connect external pull-up resistors to the SCL, SDA, and INT lines as shown in [Figure 4.6]

¢ The VCCIO was first taken from the 3.3V bus of the STM32.
* Later, it was tested with the VCCTO line of the IP2368 (not recommended due to the I2C pins of the IP2368
being 3.3V tolerant and VCCIO being 5V).

3. Write while being used as a sink.

After testing the PD module with the above-mentioned options, the I2C' functionality was still not working. The voltage
on the 3 busses was also measured and all 3 were around 0.2V, pulled down by the IP2368 IC. Because the I2C protocol
is an active low protocol, this would explain why the MCU is not able to connect to the PD module.

Due to the I2C' communication not working, the manufacturer was contacted (INJONIC) [14]]. This led to the release of
a newer version of the datasheet (version 1.63). However, if the specific function from the IC was required, customization
was necessary. The new datasheet did not provide any new insight into the working of the 72C implementation.

Dmitriy Mitchenkov, the library creator for connecting the IP2368 to an Arduino, was also contacted. He encountered the
same difficulty as us and mentioned that he was only able to read and write to the PD module while it was working as a
sink. He also noted that not all PD modules work due to multiple versions in circulation. Some of them have the I2C
functionality, while others don’t. Additionally, even when the I2C functionality is available, it’s not always stable and
may work on some occasions but not on others.

Due to the aforementioned insights from Dimitry and the complications we encountered when testing the modules our-
selves, it was determined that the PD module IP2368 is not suitable for use in the Power Delivery system.
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4.3 SW2303 PD Module

The SW2303 is a PD module similar to the IP2368 where it can be used as a stand alone system. But instead of typically
being used for power banks, the SW2303 can only be used as a PD source. Therefore, the module should work imme-
diately when connecting it to a power source, unlike the IP2368 which needs to be used as a sink first to make the chip
functional.

The SW2303 was tested because it was already in possession of the group members and had the power control as stated in
the datasheet. Although it didn’t have any advertised measurement features, an assumption was made that if it can control
the power, it should also be able to measure the voltage and current it supplies to the USB Type-C port. Therefore, it
could still be in one of the registers not mentioned in the datasheet. If not, a measuring circuit could be placed around the
module to create the measurement functionality.

4.3.1 Power Delivery

To test the SW2303 PD module, the power connectors (seen in the left
top of the PCB in were connected to the power supply.

The power delivery functionality was tested as described in
The measurements can be found in The
relevant values are presented in[Table 4.2] From this table, it can be seen
that the voltage difference from the triggered voltage is smaller than
what was measured from IP2368, with the highest offset being 0.45V.
An interesting observation can be made for the measurement of 42 with
the 20V trigger - here, SW2303 could not deliver any power as it shut
down each time it powered up.

The efficiency is approximately the same, reaching a maximum of 95%, Figure 4.7: SW2303 module
as expected from a DC to DC converter.

Table 4.2: Observations of SW2303 Power Delivery

SW2303
Trigger No load 10 5Q 4
\Y% dv dv eff (%) dv eff (%) dv eff (%)
5 0,113 0,027 81,40 -0,078 85,83 -0,11 85,89
9 0,16 -0,02 91,53 -0,19 91,21 -0,27 90,47
12 0,19 -0,04 93,57 -0,26 92,20 -0,37 91,11
15 0,23 -0,04 9491 -0,3 92,75 -0,45 91,47
20 0,29 -0,08 94,00 -041 91,05 20 0,00

4.3.2 Measuring and Controlling Capabilities

To test the measuring and controllability features of the PD module with plate number SW2303, it must be connected to
an STM32 as briefly mentioned in section [subsection 3.3.4{and in the datasheet [30]. The IC needs to be set into an I2C
power allocation state, which is achieved by connecting the PSET pin to VDD (3.3V).

However, when testing the I2C' functionality of the SW2303, a problem arose. The SDA pin followed the same volt-
age as the voltage at the Vbus (voltage of the USB Type-C connector). This voltage was too high for the STM32 and
caused it to fail the test.

Following this discovery, all pins connected to the STM32 were tested to determine if the SW2303 was in the I2C power
allocation state. This was done with no success. It was therefore concluded that with the current PD module, it is not
possible to implement power allocation over I2C.

After attempting to contact the manufacturer (iSmartWare) with no success, the conclusion was made that the SW2303
PD module was not suitable for the Power system.
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4.4 MAX25430A Development Board

The MAX2530A development kit is made to evaluate the MAX25430A and, therefore, comes with everything needed to
test the functionality. Including a starting guide on how to set up the development board so it can be used as a source
functionality (Power delivery).

4.4.1 Power Delivery

To test the power delivery functionality, the development board was connected as shown in the Quick Start (found on
[38]]) and to the measurement setup explained in

The different loads and voltages are tested as described in the results of these tests can be found in
The interesting results can be found in Here, it can be seen that the development board is not
able to provide 12V. This is due to this voltage not being in the standard power delivery and legacy standards, therefore,
it is not supported by default by the development board. Another interesting observation is that the divergence from the
triggered value is much lower than those of the previously tested PD modules. In later tests, it was discovered that the still
measured difference was due to the resistance of the USB cable.

Although described in the datasheet that the MAX25430A was not able to provide more than 75W as the development
board started shutting down when connecting a 42 to the PD trigger set to 15V or higher.

Table 4.3: Observations of MAX25430A Power Delivery

MAX25430A
Trigger No load 10 2 5Q 4Q
v dv dv eff dv eff dv eff
5 0,158 0,077 62,7 0,002 73,6 -0,021 76,29
9 0 -0,14 81,1 -0,27 85,7 -0,31 86,52
12
15 0,01 -0,22 90,6 -0,45 90,8 -15 0,00
20 0,01 -0,3 92 -0,58 90,8 -20 0,00

4.4.2 Measuring and Controlling Capabilities

To test the measuring and controlling capabilities, the included feater board
could be connected to the computer; this functions as a bridge between a PC and the
MAX?25430A, and with the software downloadable from the analogue devices site [37]],
the software can read and present all the readable registers. And write the ones writable.

With the interesting registers found in [subsection 3.3.3]

For the measurement, the Vbus_voltage can be read; this always returned O due to the chip
on the development board being a version A and the ADC for measuring the voltage and
currently only being available on version B of the IC. Some voltage measurements could be
found in register power output control, where the set voltage output can be read and written.

For power control, the power_control register could be used; this register should be
able to at least turn-off or on the output voltage of the USB Type-C port, but due to this

feature only working on the B variant, it did not work with the current version. Figure  4.8: Feater
.. . . board MAX25430 and
The same holds for the power_output_control which is only available on the B variant. MAX25432

In conclusion, the MAX25430A can provide charging capabilities of up to 75SW. However, for measurements and control-
lability, the B version of the IC is required. It’s worth noting that no mention of the B version can be found outside the
datasheet of the general MAX25430 IC.

4.5 MAX25432B Development Board

The MAX25432B Development board is in the same family as the MAX25430A and has comparable features
and connection methods. It also comes with a feature board which is able to connect to the PC and serve’s as a bridge to
the I2C registers in the IC.
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4.5.1 Power Delivery

For testing the development board, the board is connected to power, as explained in the starter guide found on the site of
the analog device [38]]. The rest of the setup and test is done as mentioned in section [subsection 4.1.2] The outcome of

the test can be found in

The interesting observations can be seen in Here, the same observation can be made as for the MAX25430A,
where 12V is not supported, and the development board is not able to provide more than 75W of power.

Table 4.4: Observations of MAX25432B Power Delivery

MAX25432B
Trigger No load 10 © 50 40
v dv dv eff (%) dv eff (%) dv eff (%)
5 0,164 0,077 66,35 -0,003 75,60 -0,023 78,44
9 0,07 -0,08 82,85 -0,21 86,76 -0,25 87,37
12
15 0,05 -0,2 91,14 -0,41 90,73 -15 0,00
20 0,09 -0,26 91,74 -0,53 89,60 -20 0,00

4.5.2 Measuring and Controlling Capabilities

To test the measuring and controlling capabilities, the Feater board can be connected to the development
board as explained in the starter’s guide ([38]]). This Feater board, in combination with the software designed specifically
for this development board by Analog Devices, makes it possible to control the output voltage and current of the USB
Type-C port and measure the current as well as the voltage.

The voltage can be controlled with the VBUS Non-Default Target (low and high byte), allowing for use between 0 and
20V. For current control, the VBus ilim setup byte can be used to set a current limit. This current limit register was changed
to multiple different values and the tests showed that the current never exceeded the set limit.

The voltage and current are measured by the ADC and stored in the VBus voltage (low and high byte) and the VBus
current byte.

To determine the accuracy of the voltage control and the current and voltage measuring capability, a comparable test
was conducted for the Power Delivery capabilities. In this test, the voltage is set by the MAX25432B, and the measured
voltage and current are compared to the values measured by the internal ADC. The results of the test can be found in

Table 4.5: Observations of MAX25432B Power control and measuring

trigger 10 Q 5Q 40Q

Multimeter Register Diff Multimeter Register Diff Multimeter Register Diff
Vset v IA) V IA) V I(A) v IA) V IA) V I(A) A\ I(A) vVIc v I(A) VIC) I@A)
5 5 049 5 045 -0,072 0,035 5 091 5 09 0,154 -0,008 480 1,12 501 500 1,10 0,011 0,021
9 88 088 9 08 -0,110 0,026 874 1,65 9 1,65 0260 -0,004 8,66 2,03 9,04 9,00 2,05 0040 -0,016
15 1482 146 15 145 -0,180 0,010 1456 2,79 15 275 0440 -0,037 1443 343 1507 1500 345 0070 -0,016
20 19,71 194 20 1,95 -0290 -0,008 1937 3,74 20 375 0,630 0,006 19,19 4,61 20,04 20,00 4,60 0040 0,008

The current measurement is stored in 7 bits, where the least significant bit represents 0.05 A. Therefore, the interpolation
error is 0.025 A. Upon examining the measurements, there are only 2 instances where the difference between the current
measured by the multimeter and the ACD in the document MA25432B is more than + 0.025 A, with only a 10 mA
difference.

The voltage measurement is stored in 10 bits, where the least significant bit represents 0.025V. This means the interpo-
lation error is 0.0125V. The measured voltage difference is much higher than the interpolation error, especially in the
measurements with the load of 4 2 and 5 Q. This difference occurred because the voltage was measured at the load with
a multimeter, not at the Development board. When the voltage was measured at the Development Board (V(IC)), the
difference was much smaller, only 70mV, approaching the interpolation error.
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The voltage difference measured at the load and at the development board Table 4.6: Resistance measurement cable
can be explained by the USB C cable, wich has a resistance and therefore

creates a voltage drop. This resistance can be calculated by taking the V_diff I(A) R ()

voltage at the development board, at the load and dividing it by the cur- 0,208 1,12 0,186

rent running through it. As seen in[Table 4.6] this resistance of the cable 0,38 2,03 0,187

is around 0.19 €. 0,64 343 0,186

0,85 4,61 0,184
The measurements were done without the power handshake since changing the value of the power trigger had no impact
on the output voltage, the power that was manually set on the MAX25432B was the amount of voltage that was outputted
to the port, so the manual set power overwrites the handshake. But the handshake works, as shown earlier, where the
triggered voltages were met by the MAX25432B when it wasn’t manually overwritten by a PC.

A different observation can be made comparing the manual test results (see with the results from the test
involving the handshake (see [Table 4.4). During the handshake test, the MAX25432B was unable to provide 15V and
20V when a load of 42 was connected. However, when the voltage was set manually, the MAX25432B was able to
provide 20V and 15V with a 42 load. This difference may be due to the maximum voltage drop that the MAX25432B
allows for during the handshake process. This parameter can be adjusted via the I2C bus, although we have not been able
to test this yet due to issues with getting the handshake to work with 72C' connectivity.

4.5.3 USB data Capabilities

To combine the charging with the data transfer capabilities, the USB implementation sub-module should pass through the
data from the USB Type-C port. From the datasheet of the MAX25432B, the chip should already pass the data through.
So the data lines from the USB hub can be connected to each USB implementation sub-module. Due to time constraints,
this has not yet been tested and will be covered in the next steps

MAX25432B contains an interesting register that can be written over 12C. This register seems like it could control
the data connection, as the D+ and D- pins of the USB 2.0 connection are also used for the charging protocol. There is
an option to connect these lines only with the chip for charging or to pass them through to the host connection (in register
GENERAL_SETUP). This feature could give the IC the capability to control the data connection, but this needs to be
tested to be sure.

4.6 Findings USB Implementation Sub-module

First, the IP2368 was tested due to its many features. However, some issues arose during testing. The PD module needed
to be initialized by using it as a sink first. Also, the feature of being controllable over I2C' was not working as expected.
The next PD module (SW2303) was also tested, but it had the same issue with 72C' communication, which made it unin-
teresting.

The third option was the MAX25430, but only the A version of the chip was available separately on a development
board. This version lacked the controllability and measurement features needed for the power delivery system, which
were available on the B chip.

Lastly, the development board for MAX25432B lived up to the promises made in the datasheet. It could charge USB
Type-C devices and demonstrate the capability to measure the outgoing voltage and current. It also allowed control over
the outgoing current and, consequently, the maximum power. The datasheet promised USB throughput capabilities, but
this has not been tested due to time constraints.

4.7 USB Hub Sub-module

The USB hub sub-module will focus on connecting and switching off and on the data connection from the external PC
to the USB implementation sub-modules. In[section 3.4|the Anker USB 3.0 hub was chosen.

Due to the trade-offs between the requirements of the USB sub-module, and the extended time taken for USB implemen-
tation due to several non-working options, there has been less emphasis on testing this module. Since the Anker USB hub
is an off-the-shelf product, some trust has been placed in its advertised performance.

Tests can still be conducted to assess the configuration feature. The main IC of the Anker hub, RTS5411, has the ca-
pability to enable or disable ports on startup. This can be configured over I2C' and thereby be controlled by the MCU.
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Another option was found in the USB implementations sub-module while exploring MAX25432B (section 4.3). The
datasheet mentions a register that could be used to select the function of the D+ and D- (data pins) of the USB Type-C
connector. This can be used for legacy charging protocols, USB throughput, or a combination of both.

4.8 Integration

For a working system, all submodules need to function together. To get the USB implementation working, six USB im-
plementation submodules need to be connected to the MCU.

Due to the form of the powerstation and the possibility to split the modules into two sets, two almost identical clusters
can be made, which will be named wings. On each wing, a USB hub IC is placed along with three USB implementation

modules as seen in [Figure 4.9

The wings are connected to the main board, which houses the MCU and possibly an /2C mux. The ?C may be necessary
because the MAX25432B can only be configured to 4 1 2( addresses. Therefore, to communicate with 6 modules, 2 iso-
lated buses are required. This can be achieved using a mux, as explained in or a MCU with multiple I2C'
buses. Additionally, the main board is where the connections to the screen, upstream PC, and power source are established.

To connect the wings, each wing has one upstream USB connection, a USB downstream connection, an 12C' bus, and a
power connection to the main board. One of the wing’s downstream ports is connected to the upstream port of the other,
creating a 7-port USB hub structure. The remaining downstream port is connected to the MCU to connect the MCU to
the PC for data logging or programming. The I2C lines from each wing need to be connected to an isolated I2C bus.
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Figure 4.9: System integration diagram
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In[Figure 4.10} you can see the physical representation of the diagram in [Figure 4.9] There are two identical wings where

a volume representation of the core components is placed on a PCB-like structure. This demonstrates that it would be
possible to fit all the core components in the powerstation casing, this casing can be seen in In the middle,
the main board can be seen. This board connects to both wings to connect the data and power pins. It is populated with
the STM32 (black pill) as well as the upstream port and power connector (both facing to the back side).

[

Figure 4.10: 3D representation powerstation electronics Figure 4.11: Powerstation casing

4.9 Next Steps

The next phase of the project involves several critical steps to ensure the USB powerstation functions correctly and meets
all requirements.

First, the feather board currently connected to the development board will be replaced with the chosen MCU. This step is
essential to confirm that the MCU works seamlessly with other components. Key aspects such as the handshake protocol,
power control, and measurement reading via the 72C bus will be tested to ensure smooth operation.

Next, the data pass-through functionality of the MAX25432B will be validated. This involves checking if the data lines
can be used alongside the power delivery function without any issues. This step is crucial to ensure that both power and
data capabilities can work together effectively.

Integration tests with the other modules of the project will then be conducted. These tests aim to ensure that all modules
work together harmoniously and that the powerstation meets all specified requirements.

Finally, real-world scenario testing will be performed to assess the system’s performance under various conditions, like
charging a phone or power bank. This testing will help identify any potential weaknesses or areas for improvement, en-
suring the product’s reliability and efficiency in practical applications.

By following these steps, the entire proof of concept for the USB powerstation will be validated, preparing it for fu-
ture development and refinement.



Chapter 5

Conclusion

This chapter begins with a summary of the project in followed by key findings and recommendations in
It concludes with an outline of potential future work in[section 5.3|

5.1 Summary

The project aimed to design and develop a versatile USB powerstation as part of the Wrepair Powerstation Project. The
key objectives were to support high-power delivery and data transfer through USB Type-C ports, integrate advanced
charging protocols, and enable dynamic power allocation and real-time performance visualisation. The final design in-
cludes six USB Type-C ports, each supporting up to 100W, with a total power budget of 300W.

This project aimed to develop a versatile USB Type-C power station, integrating advanced charging protocols, real-time
measurements, and power control capabilities. The goal was to create a modular system compatible with existing Wrepair
stations, offering dynamic power allocation and performance visualisation.

The USB implementation subgroup approached this by focusing on selecting appropriate power delivery integrated cir-
cuits (ICs) and designing a system that could handle both power delivery and data transfer. This involved integrating
advanced charging protocols, real-time measurements, and power control capabilities into a modular system that could
seamlessly fit into existing Wrepair stations.

Several critical choices were made throughout the project. Initially, the IP2368 module was selected for its promising
features. However, discrepancies in the datasheet and functionality led to reconsideration of this choice. Subsequently,
the MAX25432B module was chosen for its robust power delivery capabilities, accurate voltage and current measure-
ments, and reliable 72C' communication. Additionally, USB 3.0 was selected for the data hub sub-module due to its
balance of speed and compatibility, ensuring efficient data transfer and power management.

The validation of these choices involved comprehensive testing and integration of the selected components. The MAX25432B
module was thoroughly tested to confirm it met all design requirements, proving its suitability for the project. The in-
tegration of the USB implementation sub-modules and the data hub sub-module was also validated to ensure effective
communication and functionality. The final design successfully supported both standalone operation and integration into
the larger Wrepair station.

In conclusion, the project demonstrated a successful proof of concept for a high-power USB Type-C power station. The fo-
cused approach by the USB implementation subgroup, combined with strategic choices and thorough validation, ensured
that the system met the demands of modern electronic devices and provided a solid foundation for future development
and refinement.
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5.2 Discussion and Recommendation

The project successfully achieved its objectives as described in[section 1.4] providing a robust USB solution that integrates
seamlessly with existing Wrepair stations. Initially, the IP2368 module was considered but replaced by the MAX25432B
module due to performance issues of the [P2368. The MAX25432B met all design requirements, offering reliable power
delivery, accurate measurements, and 2C' communication.

The MAX25432B module supported up to 100W per port, ensuring robust power delivery and control. A high-speed
USB data hub was implemented using USB 3.0, facilitating efficient data transfer. Dynamic power control and real-time
data visualization were effective, though full-scale testing with multiple ports was not completed.

Several tasks, including comprehensive full-scale testing, were not completed due to time constraints and scope adjust-
ments. Initially aimed at delivering a final product, the project scope was shifted to focus on a proof of concept to manage
the project within the available timeframe, prioritizing essential features, like power delivery, measuring the voltage and
current and controlling the maximum allowed power per charging port.

Shifting to a proof of concept allowed for focused development and validation of essential components, ensuring ro-
bust core functionalities.

Future recommendations include enhancing inter-chip communication and conducting multi-port testing.

Further research needs to be conducted on the USB hub sub-module, where data isolation of single ports is required,
but no proper solution has been designed yet.

In conclusion, the project successfully demonstrated a high-power USB Type-C powerstation concept, meeting modern
electronic demands and laying a foundation for future enhancements.

5.3 Future Work

To enhance the project’s outcomes, developing a comprehensive software library for the MAX25432B is essential. This
will significantly improve control and usability by allowing for more precise and flexible management of the power deliv-
ery system. Enhancing the controllability of the USB hub through targeted modifications will ensure more reliable data
and power management, addressing any potential issues with current configurations.

Creating a custom PCB design to integrate all components seamlessly will be a crucial step forward. This will not
only increase the robustness and efficiency of the powerstation but also streamline the manufacturing process, making the
product more viable for production.

Full integration testing of the entire product under real-world conditions is necessary to confirm that the power station
meets all specified requirements and performs reliably. This step will validate the design and ensure it can handle various
operational scenarios effectively.
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SW2303
with power trigger
V (triggerd)

5
9
12
15
20
ip2368

with power trigger
V (triggerd)
5
9
12
15
20

MAX25430A
with power trigger
V (triggerd)
5
9
12
15
20

MAX25432B
with power trigger
V (triggerd)
5
9
12
15
20

No load 10 Q load
V (load) V (load) A (load) P (load)

5,113 5,027 0,502 2,52 0,155
9,16 8,98 0,899 8,07 0,441
12,19 11,96 1,197 14,32 0,765
15,23 14,96 1,496 22,38 1,179
20,29 19,92 2 39,76 2,115
No load 10 Q load
V (load) V (load) A (load) P (load)

5,087 4,895 0,49 2,40 0,169
9,16 8,84 0,883 7,81 0,447
12,22 11,75 1,175 13,81 0,76
15,27 14,7 1,47 21,61 1,164
20,39 19,6 2 38,49 2,057
No load 10 © load
V (load) V (load) A (load) P (load)

5,158 5,077 0,508 2,58 0,2057
9 8,86 0,886 7,85 0,484
There is no 12V output from the MAX25430A

15,01 14,78 1,478 21,84 1,205
20,01 19,7 2 38,87 2,113
No load 10 Q load
V (load) V (load) A (load) P (load)

5,164 5,077 0,494 2,51 0,189
9,07 8,92 0,869 7,75 0,4678
There is no 12V output from the MAX25432B

15,05 14,8 1,446 21,40 1,174
20,09 19,74 2 38,28 2,086

A (power supply)

A (power supply)

A (power supply)

A (power supply)

Eficency (%)
81,40
91,53
93,57
94,91
94,00

Eficency (%)
70,96
87,31
90,83
92,82
93,57

Eficency (%)
62,69
81,09

90,64
91,97

Eficency (%)
66,35
82,85

91,14
91,74

V (load)

4,922
8,81
11,74
14,7
19,59

V (load)

4,827
8,72

11,56
14,47
19,27

V (load)

5,002
8,73

14,55
19,42

V (load)

4,997
8,79

14,59
19,47

A (load)
0,98
1,758
2,345
2,934
3918

A (load)
0,962
1,738
2,304
2,886
3,846

A (load)
0,997
1,738

2,902
3,88

A (load)
0,941
1,668

2,797
3,771

P (load)
4,70
14,66

40,81
73,42

(Power supply: 20V with max 5A)

5 Qload (2 x 10 2 parallel)
P (load) A (power supply)
4,82 0,281
15,49 0,849
27,53 1,493
43,13 2,325
76,75 4,215

(Power supply: 20V with max 5A)

5 Qload (2 x 10 2 parallel)
P (load) A (power supply)
4,64 0,28
15,16 0,847
26,63 1,45
41,76 2,263
74,11 4,02

(Power supply: 20V with max 5A)

5 Qload (2 x 10 2 parallel)
P (load) A (power supply)
4,99 0,3388
15,17 0,885
42,22 2,324
75,35 4,15

(Power supply: 20V with max 5A)
5 Q load (2 x 10 2 parallel)

A (power supply)
0,311
0,845

2,249
4,097

Eficency (%)
85,83
91,21
92,20
92,75
91,05

Eficency (%)
82,92
89,46
91,84
92,27
92,18

Eficency (%)
73,60
85,72

90,84
90,78

Eficency (%)
75,60
86,76

90,73
89,60

4 Qload (2 x 10 © and 1 x 20 € in parallel)

V (load) A (load) P (load) A (power supply) Eficency (%)
4,89 1,212 5,93 0,345 85,89
8,73 2,172 18,96 1,048 90,47
11,63 2,897 33,69 1,849 91,11
14,55 3,625 52,74 2,883 91,47
tripping: no stable power connection
4 Qload (2 x 10 2 and 1 x 20 € in parallel)
V (load) A (load) P (load) A (power supply) Eficency (%)
4,788 1,189 5,69 0,34 83,72
8,66 2,151 18,63 1,026 90,78
11,46 2,846 32,62 1,774 91,93
13,5 3,355 45,29 2,46 92,06
17,07 4,246 72,48 4,992 86,94

supply dropped to 16,7V for 20V triggered

4 Qload (2 x 10 2 and 1 x 20 € in parallel)

V (load) A (load) P (load) A (power supply) Eficency (%)
4,979 1,238 6,16 0,404 76,29
8,69 2,16 18,77 1,0847 86,52

tripping: no stable power connection
tripping: no stable power connection

4 Qload (2 x 10 2 and 1 x 20 © in parallel)

V (load) A (load) P (load) A (power supply) Eficency (%)
4,977 1,182 5,88 0,375 78,44
8,75 2,079 18,19 1,041 87,37

tripping: no stable power connection
tripping: no stable power connection
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