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Abstract 

This thesis explores a method on how communication with a backplane through SGMII via a 

Raspberry Pi Compute Module 3 is achieved. The thesis focuses on the steps required to design 

a carrier board that can mount the module and incorporate a bridge between SGMII and USB. 

The different steps required to achieve this were to find the components, design a power 

solution, draw the schematics and eventually designing the PCB. 
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Abbreviations 

AC  Alternating Current 

CM3  Compute Module 3 

CM3L  Compute Module 3 Lite 

CMIO  Compute Module  

Input/Output board 

DC  Direct Current 

DDR2  Double Data Rate 2 

DPDT  Double Pole, Double Throw 

EEPROM Electrically Erasable 

Programmable Read-Only 

Memory  

eMMC embedded MultiMediaCard 

FIFO  First In, First Out 

FPGA  Field-Programmable Gate 

Array 

GB  Gigabyte 

GMII   Gigabit Media-Independent 

Interface 

GND  Ground 

HDMI  High-Definition Multimedia 

Interface 

Hz  Hertz 

JTAG  Joint Test Action Group 

LDO  Low-Dropout regulator  

LED  Light Emitting Diode 

MAC  Media Access Control 

Mb  Megabit 

MB  Megabyte 

MDI  Medium Dependent 

Interface 

MDIO  Management Data 

Input/Output 

MII  Media-Independent 

Interface 

MOSFET Metal Oxide Semiconductor 

Field Effect Transistor 

MPSSE Multi-Protocol 

Synchronous Serial 

Engine 

OS  Operating System 

PC  Personal Computer 

PCB  Printed Circuit Board 

PHY  Physical Layer Transceiver 

RAM  Random Access Memory 

RGMII Reduced Gigabit Media- 

Independent Interface 

RMII  Reduced Media- 

Independent Interface 

RX  Receive 

SD  Secure Digital 

SGMII Serial Gigabit Media- 

Independent Interface 

SMPS  Switched Mode Power- 

Supply 

SODIMM Small Outline Dual In-line 

Memory Module 

SRAM  Static Random-Access 

Memory 

TX  Transmitter 

UART  Universal Asynchronous 

Receiver/Transmitter 

USB  Universal Serial Bus 

XGMII 10-Gigabit Media- 

Independent Interface 

 

  



 iv 

Table of contents 

1 Introduction ............................................................................................... 1 

1.1 Background ...................................................................................................... 1 

1.2 Purpose............................................................................................................. 1 

1.3 Problem Description ......................................................................................... 2 

1.3.1 Requirements and Limitations ................................................................................. 2 

2 Theory ........................................................................................................ 3 

2.1 Raspberry Pi ..................................................................................................... 3 

2.2 Media-Independent Interface ............................................................................ 3 

2.3 USB ................................................................................................................. 3 

2.4 Ethernet over twisted pair ................................................................................. 4 

2.5 Capacitors ........................................................................................................ 4 

2.5.1 Filter Capacitor ....................................................................................................... 4 

2.5.2 Decoupling capacitor .............................................................................................. 5 

3 Method ....................................................................................................... 6 

3.1 Block Diagram ................................................................................................. 6 

3.2 Components ..................................................................................................... 7 

3.2.1 Compute Module 3/3L ............................................................................................ 7 

3.2.2 LAN9514 ................................................................................................................ 8 

3.2.3 LAN7500 ................................................................................................................ 8 

3.2.4 DP83867E .............................................................................................................. 9 

3.2.5 FT4232H .............................................................................................................. 10 

3.3 Additional Circuitry ........................................................................................ 11 

3.3.1 FSUSB42UMX ..................................................................................................... 11 

3.3.2 Switching .............................................................................................................. 11 

3.3.3 Transformers......................................................................................................... 12 

3.3.4 Supervisory Circuit ............................................................................................... 14 

3.3.5 Attach/Detach Circuit............................................................................................ 14 

3.3.6 Crystal oscillators ................................................................................................. 15 

3.4 Power Supply ................................................................................................. 16 

3.4.1 Switched-Mode Power Supply .............................................................................. 16 

3.4.2 Low-Dropout Regulator ........................................................................................ 17 

3.4.3 Calculations and Comparisons .............................................................................. 17 

3.4.4 Power Sequencing ................................................................................................. 21 

3.5 Schematic ....................................................................................................... 22 

3.6 Layout Design ................................................................................................ 24 

3.6.1 Stack-up................................................................................................................ 24 

3.6.2 Design Constraints ................................................................................................ 25 

3.6.3 Power Layer.......................................................................................................... 26 

4 Results ...................................................................................................... 27 

5 Discussion ................................................................................................ 29 

5.1 Future Work ................................................................................................... 31 

 References 

Appendix 
 

 



 v 

Table of figures 

Figure 1. Power filtering for LAN9514 .................................................................................. 5 

Figure 2. Block diagram for the carrier board ......................................................................... 7 

Figure 3. Functionality overview of the FIFO controller ......................................................... 9 

Figure 4. Overview of the different strapping modes available for the DP83867E ................ 10 

Figure 5. Examples of the different methods that are used to achieve strapping modes ......... 10 

Figure 6. Switching circuits for flashing the CM3 and CM3L ............................................... 12 

Figure 7. System diagram of a typical drawing for the DP83867E ........................................ 13 

Figure 8. Termination resistors ............................................................................................. 14 

Figure 9. Circuit for detection and status of the carrier board................................................ 15 

Figure 10. Experimental power solution 1 ............................................................................ 18 

Figure 11. Experimental power solution 2 ............................................................................ 19 

Figure 12. Experimental power solution 3 ............................................................................ 20 

Figure 13. Experimental power solution 4 ............................................................................ 21 

Figure 14. How the power sequencing is achieved ............................................................... 22 

Figure 15. Project files in Altium Designer 2017 .................................................................. 23 

Figure 16. 3D view of the PCB in Altium Designer 2017 ..................................................... 24 

Figure 17. 6-layer stack-up overview ................................................................................... 25 

Figure 18. Overview of the complete design, seen in Altium Designer 2017 ........................ 26 

Figure 19. 2D view of the PCB ............................................................................................ 27 

Figure 20. 3D view of the front panel ................................................................................... 28 

Figure 21. 3D view of the backside of the carrier board ........................................................ 28 

Figure 22. Carrier board with Top Layer covered by a copper layer ..................................... 31 

 

Table of tables 

Table 1. Different modes of operation for the Attach/Detach circuit ..................................... 14 

Table 2. Overall view of the voltages and currents used for the project ................................. 18 

Table 3. Breakdown of the efficiency and power dissipation using setup 1 ........................... 18 

Table 4. Breakdown of the efficiency and power dissipation using setup 2 ........................... 19 

Table 5. Breakdown of the efficiency and power dissipation using setup 3 ........................... 20 

Table 6. Breakdown of the efficiency and power dissipation using setup 4 ........................... 21 

 

Table of equations 

Equation 1. Calculation for finding the crystal capacitors ..................................................... 15 

Equation 2. Total power dissipation for SMPS ..................................................................... 16 

Equation 3. Power equation for SMPS ................................................................................. 16 

Equation 4. Total power for SMPS, depending on acquired efficiency from datasheet .......... 16 

Equation 5. Total power dissipation for LDO ....................................................................... 17 

Equation 6. Difference between the input and output voltage for LDO ................................. 17 

Equation 7. Efficiency of LDO ............................................................................................. 17 

 



 

 

1 

1 Introduction 

This master thesis was done at WISI Norden AB. They wanted a circuit board that could be 

inserted into their backplane and be able to receive both power and data through the backplane 

connector on the board. The data would be sent in the form of Serial Gigabit Media-Independent 

Interface, SGMII and be read and handled by a Raspberry Pi Compute Module 3. Since the 

CM3 cannot handle SGMII signals, they wanted to design a carrier board which would 

incorporate a bridge between SGMII and USB. This had been discussed as one of their side 

projects, but they never had the time or manpower to start with the project. This was when they 

got the idea to outsource the project to students.   

One thing that had to be done before starting the project was to get more familiar with the CM3 

and dig deeper into its capabilities. Will the CM3 be able to handle SGMII the intended way? 

What limitations does USB have? These were some of the questions that arose and had to be 

answered. 

The Compute Module, that has been the base in this master thesis, is a “downscaled” version 

of the famous Raspberry Pi. It is stripped off various chips and all connectors usually seen in 

the different models that has been around over the years and has the size of a standard DDR2 

SODIMM. What is unique with the module is that the pins from the processor, BCM2837 from 

Broadcom, are exposed and accessible by mounting the module on a DDR2 SODIMM 

connector. By designing and manufacturing a custom carrier board for the module, WISI aimed 

to have a fully featured system based on the Raspberry Pi hardware and software platform. 

The module is a cost-effective option compared to designing a system from the ground up. The 

hardware has been around for a couple of years and the software is stable. Due to its versatility 

and small form factor many hobby designers but also companies have started to incorporate the 

Compute Module with their products. The exposed pins from the BCM2837 provides users 

with several options when designing a carrier board. By removing components from the original 

Raspberry Pi and having the choice to decide what a CM3 will feature, attracts new users and 

opens up new possibilities and field areas for old users. 

1.1 Background 

The Company WISI Norden AB works in the television signal and picture industry and in every 

technological industry the ability to find errors is very important. Currently for some of their 

units they have no way to reliably search for errors. The project was to design and produce a 

carrier board that would utilize a CM3 and work as a module together with the company’s other 

units. One critical criteria were to try and use as much hardware configuration as possible and 

minimize the need for software configuration for the company. 

1.2 Purpose 

The purpose with this master thesis was to give WISI a way to detect errors in their signal 

processing. This was implemented using the widely renowned Raspberry Pi, more specifically 

the new to market Compute Module 3/3L. The CM3/3L is meant to act as a management unit 

with its own carrier board and to work as a standalone module in WISIs own system. Today the 

CM3/3L does not support SGMII, but it supports USB 2.0 and features one USB port. The 

carrier board was developed with an on-board SGMII to USB bridge and an USB hub to be 

able to implement other functions WISI required. 
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A Raspberry Pi Compute Module, which looks like a DDR2 RAM memory was provided by 

the company WISI Norden AB. The goal with the project was to make a carrier card for the 

CM3 which would have all the functions that the company wanted. The specifications were that 

it should have two USB 2.0 ports, one HDMI port, one Ethernet port, an USB to JTAG IC and 

a way to be able to switch between the CM3 and CM3L. The CM3 features an on-board flash 

memory which is used to store the operating system. The CM3L does not have an eMMC, 

instead the operating system is launched by installing it on a microSD card with the help of a 

microSD slot. 

1.3 Problem Description 

The problem for this project was that the CM3 only works with USB 2.0 signals and cannot 

read SGMII signals. This project was about how to create a reliable carrier board for the 

CM3/3L, that will have the ability to convert SGMII to USB signals. SGMII signals are 

transferred in Gigabit speeds, which USB 2.0 cannot handle due to its speed limitations. 

Somewhere in the component chain there needed to be a bridge, that would downscale and 

convert the signals to USB 2.0 to make it readable for the CM3.  

1.3.1 Requirements and Limitations 

The first addition to the carrier board, except for the backplane connector, was a microSD 

interface combined with a switching option, this is discussed in detail later in the report. 

Furthermore, WISI had some requirements that needed to be included to the carrier board and 

that the module had to be able to handle. These were: 

1 x JTAG connector 

1 x HDMI connector 

1 x RJ-45 Ethernet jack 

2 x USB type-A connectors 

Observing the requirements, two more limitations except for the SGMII handling arose 

immediately. The CM3 can only handle one single USB pair and has no Ethernet handling 

capabilities. Both SGMII and JTAG would be handled over USB and together with the 2 

connectors resulted in the CM3 lacking support for 4 of the 6 requirements. Earlier Raspberry 

Pi schematics helped with this, because they tackled the same problem by using Microchip 

Technology's LAN9514 chip. This is a 4-port USB hub with built-in 10/100 Mb Ethernet 

controller.  
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2 Theory 

Going into this project, there were certain areas that would require some more in-depth 

research. The component that the project is built around is the Raspberry Pi Compute Module 

3. Information regarding this unit has been mentioned previously and in Chapter 2.1, the history 

on how Raspberry Pi made its success can be read. Another part that was important was the 

Media-Independent Interface, this is a standard used to connect a MAC block to a PHY chip. 

For this project the type of MII that is used is the SGMII. The last important main function that 

had to be researched was the USB. Since the overall project was about how to create a bridge 

for SGMII to USB, the focus had to be centred around this conversion. 

2.1 Raspberry Pi 

The Raspberry Pi is a line of single-board-computers, meaning it is a computer built on a single 

PCB board containing a processor, memory, USB and other functions. It is being developed in 

the United Kingdom and manufactured in Wales by the Raspberry Pi Foundation, which is a 

charity. The Raspberry Pi came to life with the intention to help promote computer science in 

not only developing countries but also schools. Having sold close to 15 million units, July 2017, 

it has surpassed its expectations and is being used by hobby enthusiasts and companies all over 

the world in different field areas [1]. Since the release in early 2012 to this day, four models 

have been introduced so far with newer revisions for each model, upgrading its performance 

and adding new features [2]. Today you can see Raspberry Pis everywhere, people use them 

for teaching purposes, coding, gaming and home automation. 

With the release of the Compute Module in April 2014 the Pi foundation wanted to expand the 

use of a Pi to embedded solutions and reached for consumer electronics designers [3]. The 

Compute Module being more of a computer-on-module rather than a typical single-board-

computer opened up new areas to feature a Pi. Since the release, the Pi can now for example be 

seen in industrial automation also. An updated model, Compute Module 3 was released in 

January 2017 [4]. 

2.2 Media-Independent Interface 

The MII is a standard used to connect a MAC block to a PHY chip. The meaning of being 

Media-Independent is that various types of PHY devices can be used without the need to replace 

the MAC hardware. Management Data Input/Output is a subset of the MII, it is used to transfer 

management information between the MAC and PHY. Auto negotiation is a tool that lets the 

PHY adapt to whatever it is connected to. If the user wants the PHY to only work in a certain 

way then it is possible to change the settings using the MDIO interface. The original MII uses 

four bits for both receive and transmit data. 

There are a lot of variants of MIIs such as RMII, GMII, RGMII, XGMII and SGMII.  The 

variant that is used for this project is the SGMII. SGMII is used to connect an Ethernet MAC 

block to a PHY. It can carry 10/100/1000 Mb/s Ethernet. The interface uses two differential 

pairs at 625 MHz clock frequency, TX and RX data and TX and RX clocks. Carrying 10/100 

Mb/s Ethernet is done by duplicating the data 100/10 times each, this is done to keep the clock 

at 625 MHz [5, pp. 6, 25]. 

2.3 USB 

USB is used in most of today's computer peripherals, such as keyboards, external storage 

devices, digital cameras and so on. It has become the industry standard for such devices. There 
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were seven major companies that decided to develop this standard in 1994 [6]. The companies 

were Compaq, DEC, IBM, Intel, Microsoft, NEC and Nortel. Their vision was to make it easier 

to connect external devices to PCs. The first version of USB, USB 1.0, was released in January 

1996 and this version can transfer data at 1.5 Mb/s Low Speed and 12 Mb/s Full Speed [7]. The 

first mainstream company that used USB for its devices was Apple, for its iMac. Following the 

success of the iMac, several major companies began to switch over from the previous ports to 

USB exclusively.  

USB 2.0, which is used for this project, was released in April 2000. This version of USB 

supports speeds up to 480 Mb/s, that is 40 times faster than its predecessor [8]. USB 3.0 was 

announced in November 2008; this version has data rates up to 5 Gb/s [9]. The optimal solution 

for this project is to use USB 3.0, however no current products released by the Raspberry Pi 

foundation have USB 3.0 capabilities. 

2.4 Ethernet over twisted pair 

Before the BASE-T standard was launched there were two different designs that were used, 

StarLAN in 1986 and LattisNet in 1987 [10], [11], [12]. These twisted pair designs could handle 

speeds at 1 Mb/s and 10 Mb/s respectively. Both of these used different signalling than the 

10BASE-T which was launched in 1990 [13]. This standard uses the upgraded version of 

StarLan, StarLan 10, as its base. Using twisted pair cabling in a star topology solved a lot of 

the weaknesses found in the previous standards. One advantage was that twisted pair cables 

could often be found in many office buildings, which helped lower overall cost during the 

transition. Another advantage was the possibility to use different speeds in a single network for 

when for example Fast Ethernet was introduced. 

The common standard names, such as 10BASE-T, 100BASE-T and 1000BASE-T has three 

different indicators which describe what specifications they have. For instance, in 10BASE-T, 

the 10 indicates the transmission speed in Mb/s. BASE shows that baseband transmission is 

used. The T represents twisted pair cable, each pair of wires is twisted together to reduce radio 

frequency interference and crosstalk between the pairs. There exist several different standards 

for the same speeds, this can be observed if a letter or a digit has been added after the T, for 

example 1000BASE-TX. The extra letter or digit refers to the number of lanes and the encoding 

method used. Both 10BASE-T and 100BASE-T requires only two pairs to function but 

1000BASE-T, that is used in this project, requires all four pairs. 

2.5 Capacitors 

For this project there are different uses for capacitors, they are used to filter out noise and 

stabilise the voltages. The way this is achieved is described in the following chapters. 

2.5.1 Decoupling Capacitor 

When designing a circuit, it is important to try to filter out as much noise from the circuit as 

possible.  There are many possible causes for noise in a circuit board, such as load transients or 

rapid switching. For high frequency noise, capacitors can be used to create a low impedance 

path to ground, thus decoupling the noise from the remaining circuits. 

Decoupling capacitors are also used to keep the voltage stable. These capacitors counter quick 

changes of voltage. When there is a voltage spike the capacitor stores the left-over energy, and 

when the voltage drops the capacitor provides the necessary energy to keep the voltage stable. 

A decoupling capacitor can also be called a bypass capacitor. Since the purpose of the capacitor 

is to bypass the power source when it is necessary [14].  
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In Figure 1, decoupling capacitors are present to regulate the input voltage to the LAN9514 

chip. As stated earlier if a voltage spike is introduced to the chip it can cause the chip to 

malfunction. 

 

 

 

Figure 1. Power filtering for LAN9514 

 

2.5.2 Coupling capacitor 

Decoupling capacitors are used to filter out the AC component and as seen in Figure 1 they are 

connected in parallel to the signal path. Coupling capacitor however filter out the DC 

component of a signal and are connected in series. For analog applications, coupling capacitors 

are mainly used in amplifiers. They are used to block the DC signal while allowing the AC 

signal to pass through. In digital applications coupling capacitors are used in communication 

systems. They block the DC signal on the transmission line [14].  
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3 Method 

Considering that the assignment was to send SGMII signals through USB 2.0, a series of 

conversions had to be done. The signals will be sent through the backplane connector in SGMII 

and a Physical Layer Transceiver chip will receive and handle the signals. The PHY then sends 

the signals through the Medium-Dependent Interface to an Ethernet controller that can handle 

this type of medium. The main problem with this project was that the SGMII signals are sent 

with 1000 Mb/s speed which USB 2.0 cannot handle. The top speed for USB 2.0 is 480 Mb/s. 

The USB hub have a built-in Ethernet controller; however, this controller can only support 

10/100 Mb/s speeds. This was the reason for adding another Ethernet controller to the project. 

This controller supports 10/100/1000 Mb/s speeds and has an USB 2.0 connection. The new 

Ethernet controller, LAN7500, together with the Ethernet PHY, DP83867E, together handles 

the conversion from SGMII to USB 2.0. 

Since the Raspberry Pi Compute Module only has one downstream USB 2.0 signal, an USB 

hub had to be added to the carrier board because more connections were required. The hub will 

be discussed further in the report.  

When the requirement outline was done, a drawing that would serve as a guideline for the 

project was created. This is a simple block diagram which shows the overview for the project 

and where all the signals, to and from all the major components, is shown. The block diagram 

can be seen in Figure 2. When the block diagram was done the next step was to figure out which 

components would be used, the decision regarding these will be discussed later in this chapter. 

The chosen components would then be represented in a schematic which was done in Altium 

Designer 2017, provided by Linköping University. 

The datasheets for the various components and connectors were used to create the schematic 

symbols and the corresponding footprints which were used when creating the layout design for 

the PCB. When the design was done, both Gerber and drill files were generated. These files 

are used by the manufacturer to create the PCB. A company will later be tasked to solder the 

components and then the card will be regarded as complete and ready for testing. 

3.1 Block Diagram 

The importance of a block diagram cannot be overstated, the first course of action for this thesis 

was the block diagram. This simplified the overview of the project and helped with breaking 

the complexity into smaller parts. It is a good way to see how and which signals travel through 

the system and it is also a good way to show other people what the thought process for the 

project would be. 

In Figure 2 the block diagram for the project can be viewed. Blue rectangles indicate it is a chip 

and green shows that it is a connector. Examining the block diagram shows how the signals go 

from the backplane to the CM3. After the CM3 there is a two port USB DPDT switch that can 

change between the LAN9514 chip or a microUSB connector. The switching is achieved by 

toggling the slide switch mounted on the carrier board, in the block diagram it is marked as the 

dotted rectangle. When working in normal mode the CM3 connects to the USB hub to send and 

receive signals, and when in flashing mode it connects to the microUSB port to program the 

on-board eMMC. The USB hub can have up to one upstream and four downstream USB ports. 

The built-in Ethernet controller gives the capability to add one Ethernet Jack. In this project 

two of the four USB pairs are used to utilize the single connectors mounted on the carrier board. 

The final two pairs are used for JTAG and connection to the LAN7500 chip respectively.  
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The USB connection to LAN7500 is used to receive Ethernet signals. These Ethernet signals 

are sent from the DP83867E which receives SGMII signals from the company’s backplane.  

 

 

 

Figure 2. Block diagram for the carrier board 

 

3.2 Components 

The starting point for this project was the Raspberry Pi Compute Module 3. The other 

components chosen will be described further in detail in subchapters for Chapter 3.1. The 

components that are used in the project were chosen based on the function and compatibility 

with the overall system. The main components used for the project are CM3/3L, LAN9514, 

LAN7500, DP83867E and FT4232H. 

3.2.1 Compute Module 3/3L 

The original Raspberry Pi Compute Module was released in April 2014 [3]. It uses the 

BCM2035 chip from Broadcom and features a 700 MHz single-core processor, 512 MB of 

RAM and 4 GB of flash memory. With the release of the CM3 and CM3L versions in January 

2017 the module got an upgrade to its specification, including a 1.2 GHz quad-core processor, 

1 GB of RAM and optional 4 GB flash memory [4]. 

When using the CMIO board, switching between CM3 and CM3L is very easy, loosen the hinge 

and switch out the module just like a regular SODIMM RAM on a computer. The CM3 is fitted 

with a 4 GB eMMC flash while the CM3L lacks a flash memory and requires a SD card to store 

the OS. The BCM2837 chip on the module has an eMMC/SD interface and the CM3 has its 

flash directly connected to it, while the CM3L has its connections exposed as pins to be able to 

connect a microSD card slot. The same pins on the CM3 are empty and not connected at all. 
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For this reason, the carrier board has been fitted with a microSD slot, letting the user choose 

which module to work with. 

At power on the BCM2837 processor will always try to access the eMMC/SD interface to find 

the file called bootcode.bin. When failing to do so it will instead accept the user to write the 

boot code over USB, meaning the USB will be set to slave mode. By connecting to the 

microUSB connector on the carrier board and using a boot tool available on GitHub, a PC user 

will be able to write the boot code to the module which will allow access to the eMMC or SD 

card as a USB mass storage device. 

The way this was achieved is based on the recommended schematic from the Raspberry Pi 

foundation. Initially the circuitry was replicated but during the project, while getting more 

insight, flaws for our project were detected in the recommended circuitry. More about how this 

problem was tackled is explained in Chapter 3.3.2. 

3.2.2 LAN9514 

Both LAN9514 and LAN7500 are components made by the company Microchip. LAN9514 is 

a High-Speed USB 2.0 hub with built-in 10/100 Ethernet controller.  

There were a couple of factors which impacted the decision to use the LAN9514. First off, there 

is a lot of documentation for the chip and secondly this chip has been used in previous versions 

of Raspberry Pi. Since the chip meets both the requirements for the project and have the 

necessary documentation, the choice to use the component was made. When adding the 

LAN9514 chip to the design some changes had to be made to the differential data signals. The 

signals had to be inverted in-order to avoid drawing the signal traces on the Bottom Layer, this 

is discussed later in Chapters 3.6 and 3.6.1. 

The two USB downstream signals, which are acquired from the chip are connected to a 

MIC2026-1YM. This is a high-side MOSFET switch, used for general power distribution. The 

component is internally current limited and has a thermal shutdown in place to protect the 

device. On the signal line from the MIC2026 two electrolyte capacitors needed to be added, 

one per line. The reason for using electrolytic capacitors instead of using ceramic capacitors is 

because the capacitance needed for the circuit is high, 150 �F [15, p. 2]. 

This component has a requirement that the reset must be held low for a minimum of 1 �s [16, 

p. 43]. 

3.2.3 LAN7500 

The LAN7500 is a High-Speed USB 2.0 to 10/100/1000 Gigabit Ethernet controller. The device 

supports 10Base-T, 100Base-T and 1000Base-T Ethernet protocols. The Ethernet controller is 

used to convert the 1000Base-T, which is received from the Ethernet PHY, to be sent over USB. 

The LAN7500 has a built-in FIFO controller that helps with sending Gigabit Ethernet over USB 

2.0. There is no way to overcome the speed limitation of USB 2.0 that is limited to 480 Mb/s 

but with the help of the FIFO controller the data will, in theory, come out readable. FIFO stands 

for, First In, First Out, and is a method for manipulating and organizing a data buffer. As the 

name implies, the data bits entries will be processed in order, from the first bit to the last. The 

storage for the FIFO in this chip consists of two internal SRAMs that helps with buffering the 

RX and TX traffic [17, p. 8]. Packets for the USB controller part of the LAN7500 are stored in 

the TX buffer. The FIFO controllers job is to extract Ethernet frames from the packet data and 

passes them on to the MAC. For the Ethernet controller part however, the Ethernet frames that 

are received gets filtered by the Receive Filtering Engine and the frames that meets the 
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constraints set by the filter are stored in the RX buffer. Figure 3, shows how the packet data 

will be interpreted by the FIFO controller. 

 

 

Figure 3. Functionality overview of the FIFO controller 

 

The LAN9514 receive its MAC address directly from the CM3 and if another controller would 

be added to the circuit, a separate MAC address would have to be set for that specific controller 

[18]. The reason for this is because the second controller would receive the same MAC address 

as the first controller, in this case LAN9514. Adding the LAN7500 will result in both Ethernet 

controllers not functioning. To solve this problem, an external EEPROM was added to the 

LAN7500 to set a separate MAC address. 

This component also has a requirement for the reset, it must be held low for a minimum of 100 

�s [17, Table 7.16, p. 49]. 

3.2.4 DP83867E 

The Ethernet PHY used in this project is the DP83867E chip from Texas Instruments, the chip 

supports 10BASE-T, 100BASE-T and 1000BASE-T Ethernet protocols. The main reason for 

using this chip is because it supports communication via SGMII, which is the format of the 

signals coming through the backplane connector. The chip has a management interface which 

allows the Raspberry Pi to send and receive instructions to and from the chip. The Ethernet 

PHY has integrated MDI termination impedances, which makes the designing easier [5, p. 92]. 

Since the module will be standalone with as little software configurations as possible, the 

circuitry must be as clever as possible with hardware configuration. This was achieved by 

strapping specific configurable pins for various functions. There are several different strapping 

options, such as setting a fixed address for the chip, enabling or disabling auto-negotiation and 

many other functions. In the end the default values for most of the strap pins were used. The 

only pin that has been strapped is the SGMII enable pin, LED_0, which can be seen in Figure 

4 [5, p. 23]. 

The strapped pins are sampled at either power up or with a reset [5, p. 36]. For this component 

there is a requirement that the reset must be held low for a minimum of 1 �s [5, p. 7]. If the 

software would be reset, the strap options would be reloaded from the original settings when 

the system is powered on. The supported strap pins are 4-level straps. This means that there are 

four different options available when configuring the straps. The chip supports both RGMII 

and SGMII strapping modes and as stated earlier, for this project only strapping for SGMII is 
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used. Below in Figure 4, the different modes together with their various options are shown. For 

this project the LED_0 pin is set to mode 2, which enables the SGMII. 

 

 

Figure 4. Overview of the different strapping modes available for the DP83867E 

 

 

Figure 5. Examples of the different methods that are used to achieve strapping modes 

 

The strapping mode that enables SGMII, mode 2, can be seen in Figure 5. The right side of the 

circuit will only be needed if a diode is required for the project. Since the PCB will be encased 

the use of diodes is not required. The right part was skipped, and the left part of the circuit was 

used for strapping to mode 2.  

For other configurations before operation the MDIO, which is a built-in feature for the chip, 

can be utilized at any time. It can also monitor link status during run-time. 

3.2.5 FT4232H 

The FT4232H chip was added in the later stages of the project because the company wanted to 

be able to have a bridge between JTAG to USB. The chip has four different UARTs and for 
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two of these there is an option to independently configure an MPSSE, Multi-Protocol 

Synchronous Serial Engine, which is used to emulate JTAG. The chip is USB 2.0 compliant 

and the timing of the rise and fall times for the USB signals is affected by several reasons, such 

as the PCB layout or external components that might interfere with the signals. The component 

was chosen due to its easy implementation and well documented datasheet. In the datasheet 

different suggestions to draw the schematic were shown [19, pp. 32-35]. One is when using 

bus-powered configuration and the other one is when using self-powered configuration. For 

this project the self-powered configuration is used. The reason for this was because the USB 

data signals are connected directly to the USB hub and thereby the need for an USB port was 

obsolete. Since there is no USB port the power had to be acquired through an external power 

source. For both the self-powered and bus-powered configurations a 12 MHz crystal oscillator 

is required. 

3.3 Additional Circuitry 

Aside from the main components, there are a couple of other smaller components worth 

mentioning in the project. These are FSUSB42UMX, transformer, supervisory circuit, 

Attach/Detach circuit and the crystal oscillators that are used for the different chips. Also 

included in this chapter is a description of how the desired switching function for the carrier 

board is achieved. 

3.3.1 FSUSB42UMX 

The FSUSB42UMX is a two-port High-Speed USB 2.0 UART switch. It is configured as a 

Double-Pole, Double-Throw, DPDT, and is optimized for switching between High-Speed 480 

Mb/s and Full-Speed 12 Mb/s. The circuit in question is used to switch between the microUSB 

connector and the upstream LAN9514 USB signal. The microUSB is used to flash the on-board 

eMMC on the CM3 and the regular USB signal is connected to the USB hub. The switching 

between the options is done with a slide switch. This component was recommended and used 

in previous Raspberry Pi designs. Since the component had been used in these types of designs 

and also matched the requirements for the project, the decision to use it was made. 

3.3.2 Switching 

When designing the carrier board for the CM3 the first question was, which module is going to 

be used? The CM3, the CM3 Lite or maybe the option to switch between both is preferred? The 

CM3 and CM3L are identical in every aspect except that the Lite version does not include on-

board flash memory, instead it requires a SD card interface. When presented with the options, 

the company wanted to have the possibility to switch between the modules. 

The schematic layout for the CM3 and the CMIO shows how the switching possibility is 

achieved by a combination of a jumper and external power from the host through the microUSB 

slave connector [20, p. 4], [21, pp. 2-3]. Using the recommended circuitry in this project would 

work as following. By connecting the microUSB cable, the USB switch disconnects the 

connection between the CM3 and LAN9514 and instead establishes a connection between the 

CM3 and the microUSB connector to be able to write the boot code through USB. The 

microUSB cable also provides power to the jumper to allow the user to disable/enable the 

eMMC. This way the jumper cannot accidently disable/enable the eMMC because it needs the 

microUSB cable to be connected which is a good safety precaution. Still if the user connects a 

microUSB cable, the USB switch will disconnect the connection between the USB hub and the 

CM3. There is no safety precaution implemented to avoid this problem. 

This was detected in the late stages of the schematic design and another approach had to be 

taken to implement another safety precaution for the microUSB cable. The new circuitry is 
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based on the recommended circuitry for the CMIO with a couple of corrections. The 5 V PCB 

trace from the microUSB connector is disconnected, only the USB data pair is connected. The 

jumper is removed and another DPDT switch, this time with a physical toggle switch, have 

been added. The slide switch receives its power directly from the carrier board and not from 

the microUSB cable as in the recommended circuitry. It is placed on the outside of the board to 

allow the user to manage it without opening the whole system. The slide switch now 

incorporates two functions, by sliding the switch to position 1 it switches the USB switch from 

the USB hub to the microUSB connector. At the same time, it manages the MOSFET on the 

carrier board to shorten the EMMC_DISABLE_N pin and thereby disconnect the SD_CMD 

pin with another switch mounted on the CM3 itself to disable/enable the eMMC [20, p. 4]. The 

switch on the CM3 is called NC7SB3157P6X. To get a better understanding of how the 

enabling/disabling of the eMMC and the USB switching works, the circuit can be viewed in 

Figure 6. The upper circuit shows the carrier board with the microUSB connector, the USB 

switch chip and the slide switch while the lower circuit shows the NC7SB3157P6X mounted 

on the CM3. By setting the slide switch to position 2, the CM3 can read the SD/eMMC device 

again and the USB switch toggles back to the USB hub and disconnects the microUSB 

connection. This way the previous functions remain but another precaution has been 

implemented. The microUSB cable can now be inserted but nothing will happen to the system 

until the slide switch is used. 

 

 

 

Figure 6. Switching circuits for flashing the CM3 and CM3L 

3.3.3 Transformers 

Figure 7, describes the standard design when using the PHY chip. To the far right a RJ-45 

connector can be seen, the plan for the project is to connect the PHY chip to the LAN7500 chip 
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directly and therefore some adjustments were needed to be made. One route would have been 

to add a second RJ-45 on the LAN7500 side, which would have connected the chips via an 

Ethernet cable. Another possibility would be to add two transformers, one at each side to 

connect them together.  

 

 

Figure 7. System diagram of a typical drawing for the DP83867E 

 

The option to use an Ethernet cable over the carrier board was not a good solution. Since the 

carrier board is supposed to be encased, it would be difficult to interact with the board if for 

instance the cable malfunctioned. Because of this, the second option with the two Ethernet 

transformers was used. This way has everything integrated on the carrier board and will 

eliminate problems that can arise with having a physical cable present in the system.   

The transformers used are two H5084NLT components that can handle 1000BASE-T, which is 

essential for the project. One of the transformers is connected directly to the Ethernet PHY 

since it has built-in termination resistors [5, p. 92]. However, on the Ethernet controller, one 

49.9 Ohm resistor has been added to each of the eight signals and can be observed in Figure 8. 

All the signals from the Ethernet PHY to the Ethernet controller are differential signals, routed 

with 95 Ohm impedance and the resistors in the Figure 8 are used to reduce interference for the 

signals. 
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Figure 8. Termination resistors 

 

3.3.4 Supervisory Circuit 

A supervisory circuit, STM6717 from STMicroelectronics, is added to reset individual 

components such as the USB hub, Ethernet controller and Ethernet PHY. The Ethernet PHY 

chip has a built-in reset operation; however, the reset pin is still used in the case of manual reset 

[5, p. 41]. The supervisory circuit gives the user the possibility to reset the circuit if the system 

malfunctions. There are also requirements that the other components need to be reset on start-

up, this is done by using their respective reset pin. The reset pin allows the user to externally 

either initialise or reinitialise the chips. This reset allows all the internal registers to go back to 

their default state. The reset delay time for STM6717 is 210 ms, which is more than enough 

delay for the components that has reset delay requirements [22, Table 6, p. 20]. 

3.3.5 Attach/Detach Circuit 

This circuit was provided from WISI. It works in such a way that it helps recognizing when the 

PCB is attached and is also used to power on and off the PCB. Looking at Table 1 below, the 

different states can be viewed. 

 

Table 1. Different modes of operation for the Attach/Detach circuit 

nSW_PR_BP state nPWR/HPG_DET_BP state Use case 

High-Z (no connect) High-Z (no connect) Standalone Module (GN01, GN40.) 

0 Weak pull-down 

Module being inserted to backplane  

or  

Module being powered off via backplane. 

0 0 Module powered on via the backplane. 

 

 

In Figure 9, the schematic of the circuit can be seen. The nSW_PR_BP pin on the backplane 

connector connects to ground when it is inserted and thereby it helps to indicate whether the 



 

 

15 

PCB is being inserted to the backplane. The nPWR/HPG_DET_BP trace however, connects to 

a FPGA as a bidirectional +3.3V signal and has two purposes. In Figure 9, the circuit for how 

to achieve the different states from Table 1 can be seen. This circuit helps the user to manage 

the carrier board through switches in the backplane. 

 

 

Figure 9. Circuit for detection and status of the carrier board 

 

3.3.6 Crystal oscillators 

An important component that is used for the four main components, LAN9514, LAN7500, 

DP83867E and FT4232H is the crystal oscillator. This component is a requirement for the 

components to work as intended. The purpose of a crystal oscillator is to generate a clock signal 

with as steady frequency as possible. Every crystal oscillator is designed for a specific 

frequency. For this project three 25 MHz, for LAN9514, LAN7500 and DP83867E 

respectively, and one 12 MHz crystal oscillator is used for the FT4232H. To get the crystal 

oscillator to work, it needs load capacitors. The formula to find out what values these capacitors 

will have can be viewed in Equation (1), both capacitors have the same value [23]. 

 

� = 2 ∙ &�' − �)*+,-.      (1) 

Equation 1. Calculation for finding the crystal capacitors 

 

Where �' is the Load Capacitance from the datasheet for the specific component and �)*+,-  is 

a chosen value between 2 and 5 pF. 
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3.4 Power Supply 

The carrier board will be powered through the backplane connector with a fixed voltage of 12 

V. For this project, there are six different voltages used, 1.1 V, 1.2 V, 1.8 V, 2.5 V, 3.3 V and 

5 V. To power the different parts of the PCB with these voltages, the input voltage must be 

converted. These conversions are achieved by using switched-mode power supplies, SMPSes, 

and low-dropout regulators, LDOs. WISI preferred as few different models of voltage 

converters as possible. Using that as a basis, several different setups and calculations were made 

to find the best overall efficiency with minimum loss for the power supply. This lead to the use 

of three SMPSes and three LDOs, using only one model for each type. 

3.4.1 Switched-Mode Power Supply 

A SMPS is a type of power supply which contains a switching regulator to efficiently convert 

electrical power. A SMPS transfers power from a DC or AC source to DC loads. In an ideal 

world a SMPS dissipates no power at all, however in the current industry a SMPS usually have 

well over 90% efficiency. After much consideration and with the help of the different examples 

in Chapter 3.4.3, the SMPS that is used in the power supply is TPS62140RGTT from Texas 

Instruments. The Efficiency for SMPS, �, is found by looking at the specific graph in the 

datasheet [24, Fig. 10, Fig. 14, Fig. 18]. For each desired output voltage, the corresponding 

graph for 1.25 MHz is used and the efficiency can be located by following the curve for �12=12 

V.  

The switching frequency for the SMPS can be either 2.5 MHz or 1.25 MHz. The decision to 

use 1.25 MHz affected the overall power density but reduced the switching losses as well as 

increased the efficiency for the system. It is initially mandatory to pull the FSW pin low, this is 

done to limit the inrush current. This is achieved by connecting the FSW pin to the Power Good 

pin and can be seen in Figure 14. Using the lower frequency will increase the output voltage 

ripple and this can be countered by using an inductor on the SW pin. A 3.3 �H inductor is used 

to reduce the ripple. There is an option to change the switching frequency during operation, 

however for this project this was not used. 

To calculate the loss in the form of heat for each SMPS, Equation (2) is used [25, eq. (14)]. 

 

�41))5675 = �*8* − �9:;9     (2) 

Equation 2. Total power dissipation for SMPS 

 

�9:;9 = �8=* ∙ �8=*      (3) 

Equation 3. Power equation for SMPS 

 

�*8* =
;5675
?

       (4) 

Equation 4. Total power for SMPS, depending on acquired efficiency from datasheet 
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3.4.2 Low-Dropout Regulator 

An LDO is a linear voltage regulator that has the ability to regulate voltage even when the 

supply voltage is close to the output voltage. The advantage of an LDO is that it does not have 

any switching noise. The downside is that the LDO has to dissipate power over the LDO device 

for it to regulate the output voltage. The dissipated power is converted to heat which means that 

when designing with LDOs, the user needs special placement considerations on the PCB. The 

downside with linear regulators is when the difference between input and output voltage differ 

too much, the efficiency, �, goes down substantially. This can be observed in Equation (7), 

which is the formula for calculating efficiency for LDOs [26, eq. (14)]. With the help of Table 

6, the parameters for choosing a suitable LDO for the power supply was determined. The LDO 

used is the TPS7A7001DDAR from Texas Instruments. 

To calculate the loss in the form of heat for each LDO, Equation (5) is used [26, eq. (11)]. 

 

�41))@AB = ∆� ∙ �8=*      (5) 

Equation 5. Total power dissipation for LDO 

 

∆� = �12 −�8=*      (6) 

Equation 6. Difference between the input and output voltage for LDO 

 

� = DEFG
DHI

       (7) 

Equation 7. Efficiency of LDO 

 

3.4.3 Calculations and Comparisons 

In this chapter, the outcome of different setups of the power supply can be viewed. Four 

different examples are shown, each one with an overview diagram and a table with both 

calculated values and values found in the datasheet [24, Fig. 10, Fig. 14, Fig. 18]. Having this 

overview made it easier to find a setup that satisfied the project and helped with finding the 

components that were eventually chosen. When first calculating the values found in the 

different tables, for the SMPS conversions, a decision was made to presuppose an efficiency of 

90% just to get a fast overview of how much of a difference there can be between a SMPS and 

LDO. This helped to determine early on which voltages needed to be converted with the help 

of a SMPS. With this information, TPS62140RGTT meet the requirements and exact values 

could then be calculated with the help of the datasheet to get a more correct final overview. The 

LDO on the other hand was chosen later because efficiency values could be calculated 

beforehand, and the only information needed was the input and output voltages. 

In Table 2 all the required voltages together with the maximum current for each voltage can be 

seen. Also shown here is the maximum use of power the entire system utilizes. 
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Table 2. Overall view of the voltages and currents used for the project 

Voltage [V] 5 3.3 2.5 1.8 1.2 1.1 

Current [A] 1.5 0.8 0.1 1 0.5 0.15 

Total power [W] 12.955 

 

Setup 1: 

 

 

Figure 10. Experimental power solution 1 

 

Table 3. Breakdown of the efficiency and power dissipation using setup 1 

Conversions [V] 12 → 5 5 → 3.3 5 → 2.5 5 → 1.8 5 → 1.2 5 → 1.1 

Efficiency [%] 94 66 50 36 24 22 

Power dissipation [W] 0.79 1.36 2.4 3.2 1.9 0.59 

Total efficiency [%] 21 

Total dissipation [W] 10.24 

 

In this example, the efficiency for the SMPS is very good with a value of 94%. But looking at 

Table 3, the values for the LDOs are very bad and the total efficiency ends up at a total of 21%. 

This is due to the fact that the input voltage differs quite a bit from the output voltage mentioned 

earlier. The total loss lands at 10.24 W which is unacceptable. Furthermore, this power setup is 

not ideal, if 5 V fails then all the lower voltages will fail since all of them are converted from 

it. 
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Setup 2: 

 

 

Figure 11. Experimental power solution 2 

 

Table 4. Breakdown of the efficiency and power dissipation using setup 2 

Conversions [V] 12 → 5 12 → 3.3 3.3 → 2.5 2.5 → 1.8 1.8 → 1.2 1.2 → 1.1 

Efficiency [%] 94 91 76 72 67 92 

Power dissipation [W] 0.79 0.26 0.08 0.7 0.3 0.015 

Total efficiency [%] 83 

Total dissipation [W] 2.145 

 

Here is another approach where 3.3 V is now converted directly from 12 V using a SMPS and 

a good efficiency is achieved at 91%. The LDOs efficiency has increased a lot because of the 

decreased voltage difference. However, it still does not give satisfying results if disregarding 

the LDO for 1.1 V which gives great efficiency at 92%. Looking at Table 4 the results have 

significantly increased, with a total efficiency of 83% and the total loss is now down to 2.145 

W. This power setup is still not ideal, if 3.3 V fails then all lower voltages will fail and if 2.5 V 

fails all lower voltages will fail and so on. Another approach was needed to further fix this 

problem. 
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Setup 3: 

 

 

Figure 12. Experimental power solution 3 

 

Table 5. Breakdown of the efficiency and power dissipation using setup 3 

Conversions [V] 12 → 5 12 → 3.3 3.3 → 2.5 3.3 → 1.8 3.3 → 1.2 1.2 → 1.1 

Efficiency [%] 94 91 76 55 37 92 

Power dissipation [W] 0.79 0.26 0.08 1.5 1.1 0.015 

Total efficiency [%] 71 

Total dissipation [W] 3.745 

 

Setup 3 is a replica of Setup 2 with small adjustments. The SMPSes are used to convert the 

same voltages of 5 V and 3.3 V, but the LDOs have changed positions. 1.2 V is not dependent 

on 1.8 V and 1.8 V is not dependent on 2.5 V. This helps troubleshooting if one of the lower 

voltages will fail but all lower voltages are still dependent on 3.3 V. Looking at Table 5 the 

total efficiency decreased to 71% and the total loss increased to 3.745 W. This still was not a 

efficient enough power setup. 
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Setup 4: 

 

 

Figure 13. Experimental power solution 4 

 

Table 6. Breakdown of the efficiency and power dissipation using setup 4 

Conversions [V] 12 → 5 12 → 3.3 12 → 1.8 3.3 → 2.5 1.8 → 1.2 1.8 → 1.1 

Efficiency [%] 94 91 90 76 67 61 

Power dissipation [W] 0.79 0.26 0.2 0.08 0.3 0.11 

Total efficiency [%] 87 

Total dissipation [W] 1.74 

 

Eventually this was the power supply setup used in the project. SMPSes are used to convert 12 

V to 5 V, 3.3 V and 1.8 V with a minimum of 90% efficiency achieved. The LDOs are used to 

convert 3.3 V to 2.5 V and 1.8 V to 1.2 V and 1.1 V. They all have bad efficiencies but are 

acceptable in this setup because they draw a small amount of current, see Table 2. Table 6 

shows a total efficiency of 87% and a total loss of 1.74 W for the system, which is the best 

results out of all 4 examples. The dependence of the LDOs is scattered and if one SMPS fails, 

all LDO voltages will not fail. This is not only good for the overall system but also helps out 

with troubleshooting. For example, 1.1 V only connects to the Ethernet PHY and 1.2 V only 

connects to the Ethernet controller and the supervisory circuit. 

One could argue that for example 1.1 V should be converted from 1.2 V since it gave 92% 

efficiency, but as mentioned before it draws a small amount of current and if that change would 

happen to Setup 4 it would only result in a 0.7% increase in total efficiency. Finding an LDO 

with input voltage of 3.3 V to 1.2 V and output voltages of 2.5 V to 1.1 V proved to be a 

challenge. There certainly are some but they are not the most common models on the market 

and therefore TPS7A7001DDAR was chosen. This LDO has an input voltage span from 6.5 V 

to 1.425 V with adjustable output voltage. The choice to increase the efficiency with 0.7% and 

adding another LDO did not appeal, and the setup seen in Figure 13 was preferred. Different 

aspects like this had to be taken into account when designing and choosing the components for 

the power supplies and Setup 4 came out as a good option for the carrier board. 

3.4.4 Power Sequencing 

The SMPSes have Power Good pins, which are used to power-sequence the system. The CM3 

needs power sequencing to function properly, to reduce the risk of latch-up [27, p. 15]. This 
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means having the highest voltage initiated first, then the second highest and so on. As an 

example, Figure 14 illustrates how the power sequencing works in the project. The Power Good 

pin on SMPS1 is connected to the enable pin on SMPS2. After the voltage is applied to SMPS1 

the component boots up, when the voltage has stabilized the Power Good pin is activated and 

enables SMPS2. The same method is used for the third SMPS and this shows how the power 

sequencing is achieved. The LDOs do not have any use for Power Good pins in this project, the 

LDOs use the stabilized voltages from the SMPSes and will therefore fall in line correctly 

because of each respective SMPS they are connected to. 

 

 

Figure 14. How the power sequencing is achieved 

 

3.5 Schematic 

The schematic for the project was done using Altium Designer 2017, which was provided from 

Linköping University. To draw the schematic, information about the various components were 

needed and this information was provided from the datasheets. With the help of the pin 

assignment, a schematic block could be drawn for each component. These blocks were later 

added to a schematic library to make their availability easier. In Figure 14 above, examples of 

a typical schematic block can be seen.  

When the blocks for all components were done, the next step would be to connect the blocks 

with wires. A simplified view of how these were connected can be seen in the block diagram 

in Figure 2. This shows the way each schematic block is used for this project starting from the 

Raspberry Pi all the way to the backplane connector. When the first step was done some more 

in-depth research from the datasheets had to be done. For instance, all the main components, 

LAN9514, LAN7500 and DP83867E needed to have power filtering. This can be seen in Figure 

1, Chapter 2.5.1, where filtering capacitors are added on the voltage inputs. As the word implies 

this is done to filter high frequency interference from the system. 

Another component added was the crystal oscillator which is needed for all the main chips. 

These smaller components had to be added and wired together with the corresponding chip.  
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One thing that was used for this project was ports. These are used to connect two or more blocks 

to each other without having them to be on the same schematic page. Figure 15 shows the 

overview for the project files; the PCB layout sheet will be described further later in the report. 

 

 

Figure 15. Project files in Altium Designer 2017 

 

For simplicity and to get a good overview of the project there are seven schematic pages. The 

SODIMM component, with its connections, was separated into two parts since it has 200 pins 

and used too much space for one sheet. The separation of the SODIMM was done in such a 

way that one sheet has the less used pins, while the other sheet contains the more used pins and 

has further circuits attached to it. The rest of the sheets have one main component on each sheet 

and there is also a separate Voltage sheet. Ports are used between the LAN7500 and DP83867E 

to interconnect these without the need to have them on the same sheet. It is also used on several 

of the sheets to connect to the SODIMM GPIO pins. The schematic library, 

Examensjobb.Schlib, is used to catalogue each schematic block, this makes it easier to share 

and also lets the user have the ability to easily change something to the existing blocks.     

The most important part was to add footprints to all the schematic blocks, the information 

required to draw these are often found at the end of a components datasheet. The footprints 

were stored in a PCB library, the same way that the schematic blocks were done in the schematic 

library. When all the footprints were created they were added to the corresponding schematic 

block.  
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3.6 Layout Design 

As stated previously the layout design was done after all the schematic blocks and footprints 

were done. The first priority for the layout was to choose which dimensions the PCB would 

have. The X and Y dimensions were provided by the company: 229.3 mm and 100 mm 

respectively. These dimensions were used because the carrier board is a module and part of a 

bigger system. It will be used together with other modules from WISI. When the outline for the 

PCB was done, the next step was to import the footprints from the schematic into the PCB 

layout. The pins of the added footprints got “connected” according to how their wiring was 

done in the schematic. When everything was added to the layout the next step was to adjust the 

rules in Altium to make the designing easier. Some of the things that were adjusted were via 

sizes, via proximity to other vias and how close each trace could be to each other or vias. When 

all the rule changes were done, the next step was to place the components and connectors on 

the PCB. In Figure 16, a 3D overview of the project can be seen with all the components placed 

on the carrier board. On the left side all the connectors except the backplane connector and 

JTAG connector can be seen. The rest of the components are placed in a way to reduce the 

amount of overlapping traces and reduce the length of the differential signals. One of these 

instances was for the LAN9514, where the overlapping was avoided by changing a built-in 

Port-Swap bit from zero to one [16, Table 3.3, p. 24]. This will have to be done by using 

software programming even though hardware configuration was the preferred method. 

 

 

Figure 16. 3D view of the PCB in Altium Designer 2017 

 

3.6.1 Stack-up 

When designing a PCB, setting up the stack-up is very important. It pertains to what kind of 

options will be available when designing. There are a lot of choices when deciding which stack-

up should be used: Are there going to be differential signals? How many power planes need to 

be used? How much space is available on the PCB? How will the routing be done?  

Initially a 4-layer stack-up was used for the project because there were so few components and 

the size of the PCB was big in contrast to the components. The layers were Top Layer, Ground 

Layer, Power Layer and Bottom Layer. When using differential signals, it is important to have 

a Ground Layer separating it from other layers and this is done to reduce potential interference. 

Differential signals were used for USB, HDMI, MDI and SGMII. Since there are a lot of 
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differential signals it was not possible to draw all these on the Top Layer because some of them 

would be in the way of each other. Vias had to be used to draw the rest of the differential signals 

on the Bottom Layer. The closest layer to the Bottom Layer was the Power Layer which was 

interfering with the signals. One possibility to resolve this was to separate some of the Power 

Layer into a Ground Layer, the easier decision however was to change to a 6-layer stack-up. 

The change to a 6-Layer stack-up made it so both the Top Layer and Bottom Layer now have 

a Ground Layer protecting them. This choice also gave an extra signal layer, Extra Layer, which 

was used to draw the less essential signals. This layer will not get affected by interference as 

much. The layer was used to draw power polygons for certain areas where it was difficult to 

access with the regular Power Layer as well as some less important signals. 

The stack-up that is used can be seen, in Figure 17. Three different signal layers are used, Top 

Layer, Extra Layer and Bottom Layer. The differential signals are drawn on the Top and Bottom 

Layer since these two layers are protected by a ground plane. 

There are a few problems with the routing of the differential signals for the transformers. Since 

both transformers are identical, the differential signals overlap no matter how the transformers 

are placed on the PCB. For this reason, vias are used to get the differential signals to the Bottom 

Layer, routed around and then back up to the pad on the Top Layer. This way the overlapping 

can be avoided. An easier way to solve this problem would be to use another transformer but 

the result would be to add a new component to the project. 

In some cases, polygons were used on the Extra Layer to connect various power filtering 

capacitors to each other. Polygons were used to alleviate the drawing for the Power Layer. The 

Extra layer was used to draw non-critical signals, which would not be affected from 

interference. 

 

 

Figure 17. 6-layer stack-up overview 

 

3.6.2 Design Constraints 

As stated previously there are a couple of design constraints that had to be addressed during the 

project. One recurring problem was that the differential signals inevitably overlap each other. 

There were also several occasions when various errors arose, the majority of these were because 

the rules were set up to broadly. For instance, Altium gave errors because different components 

needed the via proximity to be changed. This sort of errors also occurred for other rules related 

to the layout such as solder mask and silkscreen. 

One important part when drawing differential signals in the layout design is to match the 

differential signals to a desired impedance. For instance, the differential signals used in this 
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project needed to be matched to 90 and 100 Ohm. At the company’s request a general 

differential impedance of 95 Ohms was used, this impedance was within the margin of error. 

The parameters used to calculate these impedances were the width of the trace, the spacing 

between the two traces and the height of the dielectric material. There are a few calculators 

online that can be used to calculate these. Since these types of differential lines are dependent 

on what the PCB manufacturer prefers, some consulting with the company had to be done to 

figure out what measurements the differential signals would have. 

3.6.3 Power Layer 

As can be seen in Figure 18 the bronze coloured layer is the Power Layer. Since six voltages 

were used, the layer is divided into different sections and with each section having a different 

voltage. The SMPSes and LDOs are placed in a way that remove the need for traces to connect 

them to the different power sections. Figure 18 also shows a couple of turquoise sections which 

are mostly power polygons, these are drawn in the Extra Layer. Parts of the turquoise sections 

are used to connect capacitors to each other, but mainly the sections are used to provide power 

to parts of different chips. The decision to use power polygons on the Extra Layer was done 

because the method used for the Power Layer required that the different voltage sections have 

as large area as possible. When solely using the Power Layer for every voltage some sections 

however, ended up being too small and narrow to use effectively. 

 

 

Figure 18. Overview of the complete design, seen in Altium Designer 2017 
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4 Results 

The data to and from the carrier board are SGMII signals and are sent via the backplane 

connector located on the back of the board. It is received by the Ethernet PHY which can 

interpret and convert the data to Medium Dependent Ethernet packets. These packets are sent 

to the Ethernet controller which in turn can read and convert the Gigabit Ethernet to USB 2.0. 

The conversion is achieved with the built-in FIFO controller in the Ethernet controller. The 

CM3 can now read and process the data which was originally unreadable due to the CM3s 

limitations.	

The USB signals from the Ethernet controller is one of many USB connections that the CM3 

will need to handle. Three more USB signals, 2 single USB ports and one JTAG to USB chip 

is also present on the carrier board. Other than that, the requirement to add an Ethernet jack 

needs to be taken into account. The CM3 however, only has one USB 2.0 data input and no 

Ethernet capability. For this reason, the addition of the USB hub is present and all connections 

travels through the hub and are sent to the CM3 with the help of one upstream data pair on the 

hub. The USB hub has 4 downstream USB connections, 1 upstream USB connection and also 

features a built-in 10/100 Ethernet controller which is used for the Ethernet jack.	

Other features included on the carrier board is a HDMI jack, a slide switch for flashing options, 

some diodes for status monitoring and a microSD slot for storing the OS depending on which 

module is chosen.	

In Figure 19, 20 and 21 the 2D and 3D views of the PCB can be observed. The USB, HDMI 

and Ethernet jacks can be seen on the left side in Figure 19 together with the slide switch and 

the diodes. In the top right corner, the backplane connector can be seen where the 4 red traces 

are the SGMII signals that are connected to the Ethernet PHY. From there it is possible to 

follow the signals according to the described process. This design is in the process of being 

manufactured by WISI.	

 

 

Figure 19. 2D view of the PCB 
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Figure 20. 3D view of the front panel 

 

 

Figure 21. 3D view of the backside of the carrier board  
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5 Discussion 

After the initial meeting with the supervisor at WISI a general idea of what had to be done was 

formed. As mentioned previously the goal for the project was to create a bridge between SGMII 

and USB to be able to read and configure data with the help of a Raspberry Pi Compute Module 

3. Starting out, the hard part was to figure out which components would be included in the 

project. There were some components that were chosen in the beginning which had to be 

replaced, either because they would not be compatible with the system or that other components 

were found, which would work better. For this project there were no set restrictions on the 

overall cost, this helped a lot in choosing which components to use. A crucial factor for the 

overall progression of the project was the use of a block diagram, this showed an overall view 

of the entire project as well as a step guide for how the different signals would get converted 

through the system. This block diagram underwent a couple of revisions and got updated along 

the way, the final revision can be seen in Figure 2. There was no micromanaging for the project, 

it was only in certain stages of the project when the handler would review the progress of the 

project. This sort of handling was both good and bad. Good in the way that it allowed for a lot 

of groundwork, figuring out which method and what the focus would be for the project. The 

negative factor was the time it took to complete the project. 

A half-time check was done with the supervisor and examiner from Linköping University, after 

the master thesis was half way done. By that time the block diagram that described the system 

and all the schematics were completed, except for the power solution which was completed 

shortly after. The objective that remained was the footprints, which were required to start 

designing the PCB. After the half-time check WISI wanted to add an additional component, a 

JTAG to USB chip. 

After finishing the schematics with the corresponding footprints, it was time to start the 

designing part of the project.  This was done by placing out the various components and 

connectors at locations that would suite their purpose and to make it easier to draw all the traces 

and differential signals. The resulting design can be seen in Figure 19, where all the components 

can be seen. When all the designing was done, a tool in Altium Designer was used called Design 

Rule Check. The tool is used to see if there are any errors in the design and if there are, these 

must be addressed before generating the appropriate files for manufacturing. These errors can 

range from traces that are unconnected, to vias that are too close to each other or problems with 

the solder mask and silkscreen. These errors are easy to get if the rules in Altium Designer has 

not been set up properly. 

At the beginning WISI explained that they did not have any requirement on a finished product, 

they would be satisfied with a semi-functioning prototype. The initial goal for the project was 

to manufacture a fully working PCB. Because of the different problems that occurred during 

the project the PCB did not get manufactured. However, the finished Gerber and drill files were 

sent to WISI so they could have them reviewed and in the end have the PCB manufactured and 

tested. The plan is to have a dialogue with WISI and hear if the product worked as intended or 

if some modifications would have to be made. Alternatively, it could be suited as a baseline for 

another master thesis.  

The supervisor at WISI did not have time to review the finished product. However, they would 

hire an outside consultant that would go through the PCB and try to find out if any changes or 

improvements could be done before future manufacturing. 
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One thing that will be interesting with the consultant will be to see what kind of changes must 

be done and have questions answered, such as: Was the component selection okay? Is the way 

the system is designed flawed? How can the design be improved? 

During the project there were moments which were big time sinks. For some parts of the project 

there were problems on how to implement something the right way. Originally the thoughts 

regarding the reset circuit, which is used for LAN9514, LAN7500 and DP83867E, was to create 

a circuit with resistors and transistors which would delay the input signal and in turn satisfy the 

requirements for the chips. LTSpice was used to create and simulate the circuit but in the end 

this circuit was not used. Instead a separate reset chip was used, for the resets, at the request of 

the supervisor at WISI.  

One part of the project that was time consuming was the PCB design. Although there had been 

courses on how to use Altium Designer at Linköping University, there were always instructions 

on how to complete the different problems. For this project however, most of the things that 

were done would have to be found and read about in the respective datasheets. Also, a lot of 

the tools used in the software when designing the carrier board had never been used and many 

hours were spent on researching and learning about the functions in Altium Designer. 

Another time sink was the changes that were done while designing. One of these was that the 

PCB would be encased. The height of the casing resulted in a change from a double USB 

connector to two single USB connectors. There were several other small problems that occurred 

as the project progressed which impacted the end date. One of these was for example when 

deciding which components to use, the only thought went into whether they would work for the 

project and not really thinking about the overall scope of how the components would impact 

the design flow later. For instance, one component used four different voltages and because of 

that, a total of six voltages were used for the carrier board. This resulted in a lot of time spent 

designing around that specific component, creating polygons for the extra voltages while 

following the set requirements for that chip. The late addition of the JTAG to USB IC also set 

the project behind schedule. These additions resulted in extra time that had to be spent on 

research and adjusting the design. 

As stated in Chapter 3.3.2 the switching circuit needed to have some additional modifications, 

the circuit was modified to keep the same functions but security precautions were added. With 

the changes, the user cannot break the circuit inadvertently if for example the microUSB cable 

is connected. All switching is now handled by the slide switch. 

Since the company wanted to make the project as autonomous as possible, many considerations 

on how to circumvent the need for as much software as possible had to be done. The strapping 

to enable SGMII on the DP83867E chip is an example of this, which can be read in Chapter 

3.2.4. One unavoidable part that had to be done via software was to invert the differential USB 

signals for the LAN9514 chip. Initially there was an attempt to avoid this by using vias and 

draw the differential signals on the Bottom Layer and then back up to the Top Layer. After 

some discussion with the supervisor at WISI, the software USB inversion technique outweighed 

the risk for potential interference on the differential signals that could arise if the signals would 

have been drawn as previously stated.  

A feature not used in the final revision of the PCB can be seen in Figure 22 below, where the 

Top Layer is covered by a GND copper layer. At a late stage of the project this layer was 

removed. The layer added a lot of problems that could not be finished on time. Although some 

things helped such as changing Copper to SMD and Copper to Track in the Altium Designer 

rules. These changes added new problems which lead to the decision to remove the GND copper 

layer altogether. Removing the layer would not affect the overall functionality of the project 
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since the Top and Bottom Layer were already protected by a ground layer, which can be seen 

in the 6-layer stack-up in Figure 17. The additional problems and no significant benefit lead to 

the decision to remove it. 

 

 

Figure 22. Carrier board with Top Layer covered by a copper layer 

 

5.1 Future Work 

There are a couple of things in this project that can be improved. One of these would be to try 

other power supply set-ups. Although the power solution that is used will work for this project, 

there is always room to improve the efficiency of the system. As stated in Chapter 3.4.3, setup 

4, the SMPSes efficiencies are ranging between 90% and 94%. For the LDOs the lowest 

efficiency is 61% for the smallest voltage gap and 76% for the widest voltage gap. The resulting 

87% efficiency and a total loss of 1.74 W are within an acceptable range. Using more time 

focusing on driving up the efficiency and lower the power loss would improve the system. 

One regret during the project is some of the choices for the components, specifically the 

DP83867E chip. It uses four different voltages to function and increased the total voltages for 

the project to six, this fact made the designing a lot harder. Using many different voltage sources 

can introduce interference in a system. This is one of the things that could have been remedied 

if special attention regarding the different components had been spent during the early parts of 

the project. For this project however, in theory the system will not get affected significantly but 

this is something that must be accounted for in future projects. 
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