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1. Product Overview 
The Integrated HUB is a multi-functional device that integrates several common USB dongles into 

one. This device integrates a USB to ethernet NIC, a USB HUB, a USB to RS232 converter, and an 

unmanaged network switch into a unified simple solution. The USB to ethernet adapter has a fixed 

connection to port 0 of the switch. Unlike many switches and USB HUBs on the market, this device 

does not require an external power brick1. 

See Figure 1 for a general overview of the product topology. In Figure 1, the PCBA is presented 

outside of its enclosure to give the reader a better reference for component and port locations. 

 

Figure 1. Simple PCBA Overview  

 
1 An external brick may still be necessary if you have high power devices downstream from the USB HUB. There is 
headroom for ~228mA load from the downstream devices. For typical use cases, such as mass storage devices, no 
external power is required. 
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2. Introduction 
The following document outlines all traceability, specifications, and usability for the Integrated HUB 

project. The audience should be end users, designers looking to reproduce or mimic the project, and 

for myself if I need to revisit this design in the future. 

2.1. Quick Start 

Follow the steps below to configure your device. 

1. Install the Microchip LAN9514 drivers to unlock the USB HUB and ethernet functionality. 

2. If your Integrated Hub includes RS232. Install the VCP and D2XX drivers from FTDI. 

3. Plug the Integrated Hub into your PC using a type A USB cable. 

Note – An external 5V power supply should be used when convenient. This external source is not 

strictly necessary when using the product for light use; for example, when the downstream USB 

devices do not present substantial load to the system. 

Beware – Only use 5V external power. Never use any power supply other than 5V. Doing so may 

damage the device. 

2.2. Block Diagram 

See Figure 2 for the project block diagram. There was no firmware development necessary for this 

project, all design components and blocks are purely hardware. 

 

Figure 2. Project Block Diagram 

  

https://www.microchip.com/en-us/product/LAN9512
https://ftdichip.com/products/ft234xd/
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3. Design Goals & Requirements 
This product was designed out of frustration working in a lab environment where USB dongles are 

consumed like candy by the engineer inhabitants. 

When debugging the DUTs at work, engineers typically need an RS232 adapter for sending debug 

commands, a USB to ethernet adapter to keep the DUT isolated from the larger network, a network 

switch if working on multiple devices, a mass storage device to bring the results back to their desk, 

and finally, a USB hub since most lab PCs only have one spare USB port. 

Scavenging these five dongles/devices takes a lot of time and cables, both of which are valuable 

resources in the lab. The Integrated HUB seeks to combine four of these devices into a simplified 

single cable solution. The requirements for this product naturally arose as follows; 

Product Requirements 

• No external power needed – powered over USB 

• Includes USB to RS232 adapter 

• Includes USB to ethernet adapter – allows network isolation 

• Includes network switch – any speed 

• Includes USB HUB – at least two ports 

Throughout the design process two goals were prioritized wherever possible. 

Design Goals 

• Affordability – BOM cost 

• Simplicity – Both in design and use 

Simplicity was prioritized as the designer recently ramped down on an involved project that 

stretched their firmware skillset. They wanted this project to just work, with minimal overhead both 

in terms of Windows drivers for the end user and programming for themselves. 

Affordability is key for this design, since it will be distributed to lab colleagues2. Despite this, several 

compromises were made to affordability due to conflicts between it and simplicity; often choosing 

simpler but less affordable ICs.  

 
2 Who we’ve already mentioned consume dongles like candy! 
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4. Early Design & Component selection 
When starting a new design, the designer typically researches available market components that meet 

design requirements and goals. Understanding the options and their costs often leads to design 

adjustments to avoid certain components. This informal market analysis also prompts further research 

into underlying protocols, interfaces, and topologies for potential inclusion in the product. 

4.1. Exploration - Ethernet Switch 

Reviewing available, in stock, and non-marketplace components on Digikey revealed several 

Microchip and MaxLinear components. All of which were more than $5 a piece for low quantities at 

the time of search (Digikey parametric search).  

Consequently, extending the search to LCSC to see what China’s manufacturers had to offer. LCSC 

actually provided an entire page dedicated to ethernet switches. Filtering to the cheapest in stock 

part revealed a simple 5 port switch, the IC+ IP175G. The IC+ manufacturer was a bit of a mystery, 

but its competitive price was reason enough to consider this part. 

A datasheet review showed that the IP175G met the project requirements, featuring an integrated 

MAC, adequate buffer sizes, and several useful functions. The device is recommended for 

applications in “5 port 10/100 Dumb [Switch]” and “4TX+1FX Dumb [Switch]”3. 

The IP175G documentation was lacking any reference design. The only4 notable usage of the chip 

found was in the SwitchBlox Nano product, but sadly the schematics are not available for this 

design. Not having a reference design is not a deal breaker, since you should be able to collect all 

necessary information from the datasheet. However, the IP175G datasheet lacks several crucial 

metrics discussed in Section 5.3. Nevertheless, the affordability of this component was justification 

enough to design it into the Integrated HUB. 

4.2. Exploration – USB to Eth Adapter 

There are no affordable USB to ethernet adapter ICs listed on Digikey. However, selecting a more 

common part helps reduce the risk of challenges during spark-up, such as finding windows drivers5. 

The Microchip LAN951x series is about $10 at low quantities, but comes with the benefit of an 

integrated USB HUB. It’s only USB 2.0 but for this project bandwidth is not a concern. 

At a later date, this component may be targeted for redesign to optimize the cost of the Integrated 

HUB. Its main benefit is, it should just work, and if it doesn’t there’s high quality documentation to 

support debugging. 

4.3. Exploration – USB to RS232 

Similar to 4.2, reputable brands were prioritized for this component to avoid any roadblocks during 

development. As a result, the excessively common FTDI part FT234XD was selected. Surprisingly, it 

 
3 When describing the dumb switch, the documentation misspells the word switch twice which I find deeply 
amusing; “5 port 10/100 Dumb swith” and “4TX+1FX Dumb Switcn”. 
4 Much later in the design I found a project by udik-chudik on GitHub that helped confirm some of my suspicions. 
5 Drivers can easily be installed for most/all available ICs. My concern is forcing the user to install drivers from an 
unknown or suspicious website. 

https://www.digikey.ca/en/products/filter/controllers/753?s=N4IgjCBcpmAMVQGMoDMCGAbAzgUwDQgD2UA2iAMwCsAbDWBSIQCxwCcVVATCALqEAHAC5QQAZSEAnAJYA7AOYgAvoSoB2AByIQKSBhwFiZSsyrw1fQSMjipcxSpABaHtB1QpAV0MlI5KnyOTmzaul4%2BxhC8So402tIAJqJO8BBWokwgQgCeArii6NgoMUA
https://www.lcsc.com/product-detail/Ethernet-Switches_IC-Plus-IP175G_C80220.html
https://botblox.io/products/micro-ethernet-switch
https://github.com/udik-chudik/ip175_dev_board/blob/main/docs/RTL8305SC_UTP2UTP_App_Note_1.0.pdf
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doesn’t command much of a premium compared to similar products listed on Digikey. There are 

likely cheaper options on the Chinese market, but this particular cost savings won’t be considered 

for the first release of the Integrated HUB. For now, the design will use an FTDI FT234XD. 

4.4 Bill of Materials 

The BOM used for revision 1.0 can be found in a nearby directory of this project, or see Appendix A 

– BOM. Note there is one variant that includes RS232 and two that do not. The non-RS232 variant 

includes an extra USB port and should cost about $5 less to manufacture based on the DNP’d 

components. The Appendix BOM reflects the RS232 variant. See Section 6.2 for more details. 

There were several tweaks made for consolidation and affordability. Components were changed to 

conform to JLCPCB’s basic parts library wherever possible. Using basic parts avoids a one-time 

reeling fee applied to any and every extended part used in the PCBA. For example, R22/23 were 

changed from 27Ω to 33Ω for no other reason than pricing.  

Having experienced the component crisis, there was a large effort put into multi-sourcing during the 

design of this product. See Table 1 for the multi-sourced components. There may be slight 

population changes needed to support the various alternates6. 

Table 1. Component Alternates & Multi-sourcing 

Ref Des Description Alternates 

J15 RJ45, 4x1 Connector, Shielded, w/ LEDs HCTL HC-RJ45-5JA-4-1 <USED> 

Amphenol RJHSE-5384-04  

TE Connectivity 5406552-1 

TR2/3/4/5 Ethernet Transformer, 1CT:1CT Pulse H1102NL <USED> 

TDK B78476A8065A003 

Bourns PT61017PEL 

U4/6 Dual USB Power Distribution Switch Microchip MIC2536-1BM <USED> 

TI LM3526M_-H/NOPB 

MaxLinear SP2526A-1EN-L/TR 

U1 1.5A, 17Vin, 1.3(4)MHz, Adjustable, 

Synchronous Buck, SOT-23 

Diodes Inc AP62150WU <USED> 

TI TPS563240DDC_ 

Richtek RT6272__GJ6F 

Y1/2 25MHz Crystal TXC Corp 7V25000025 <USED> 

Starwave SWXCHACF0-25.000000 

U7 RS-232 Line Driver and Receiver With 

±15-kV ESD Protection 

TI MAX3221 <USED> 

Renesas ICL3221E 

 

5. Research & Development 
The following section reviews some of the key investigations that occurred during the development 

of this project. Some of these topics were purely a research exercise, whereas others such as section 

 
6 Only the alternates marked <USED> have been validated, all others must be verified before use. Take care if using 
alternates listed under U1, these parts have different reference voltages. 

https://www.digikey.ca/en/products/filter/controllers/753?s=N4IgjCBcpmAMVQGMoDMCGAbAzgUwDQgD2UA2iAMwBMFcArAodbXRALqEAOALlCAMrcATgEsAdgHMQAX2mEAbIhAiAJnwC08CF16QQIQtwCenXH3TYUsoA
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5.1 and 5.3 included hardware tests. Topics that were already understood were not re-reviewed; 

such as DC/DC converter component selection and high-speed mixed signal layout practices. 

5.1. Transformerless PHY to PHY Connection 

This product contains a hardwired PHY to PHY connection made between the USB to ethernet 

adapter (Microchip LAN9514) and the ethernet switch (IC+ I1P75G). Typically, when two PHYs are 

connected it occurs over some unknown distance, and if we assume the medium is copper wire, 

then there are normally7 transformers isolating the circuits on either end as shown in Figure 3. 

 

Figure 3. Typical Ethernet Isolation 

In this unique case we don’t need isolation between the two PHYs since they share the same 

reference to digital ground and safety ground (EARTH). However, we can’t simply connect the TX/RX 

pairs from one PHY to the other and expect the circuit to work. PHYs are meant to drive the 

inductive load presented by a transformer. Moreover, there’s no guarantee that the data from the 

two devices are even biased to the same voltage. As a result, in this circumstance, we don’t need 

isolation from a safety perspective8, but we may still need it to guarantee function. 

The wasteful but simple solution is to include the transformer even though isolation is not strictly 

required. A cheaper solution would be to couple the data lines using passives. How exactly this can 

be done required a better understanding of the IC’s and PHYs in general.  

Based on an understanding of application notes9 [1-8], the passive network placed between the two 

PHYs depends on the PHYs line driver topology, with minor differences depending on the specific 

PHY being used. There are two types of line driver topologies, current-mode line drivers and voltage-

mode line drivers (Figure 4). 

 
7 There are other ways to provide this isolation, but almost every circuit use magnetics. 
8 In this section I reference ethernet isolation. Beware I am not an expert on the subject, nor do I claim to be. This is 
simply my understanding of the topic. 
9 I would have loved to look somewhere other than application notes for hints on this subject, but sadly this was all I 
was able to find. 
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Figure 4. Line Driver Topologies [8] 

Most of the application notes prescribe the connection of two PHY’s using the same line driver 

topology. For the Integrated HUB however, one PHY is current-mode (Microchip LAN9514) whereas 

the other is voltage-mode (IC+ I1P75G)10. 

After some trial and error, and the help of an oscilloscope, the circuit shown in Figure 5 was 

implemented. It seems counterintuitive compared to the application notes that were surveyed. 

Because of this uncertainty, more research will be conducted to gain an analytical understanding of 

the circuit to assess its stability. So far, the circuit has been operating without issue. 

 

Figure 5. Transformerless PHY to PHY Connection 

Figure 6 and Figure 7 show waveforms of RX and TX signals from the perspective of the current 

mode PHY (LAN9514), by probing the circuit on the left side of Figure 5. The “STOCK” capture in the 

below figures refer to the original circuit that used a transformer, the “MOD” capture is the circuit 

shown in Figure 5. NetNames remain unchanged; for example RXP connects to TXIP. 

 
10 This was discovered somewhat experimentally after realize the IC+ PHY will not work with 50Ω termination. 
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Figure 6. LAN9514 Signal Integrity TX 

 

Figure 7. LAN9514 Signal Integrity RX 

Next, here are the signals seen by the voltage-mode line driver (I1P75G). Again the “MOD” capture 

refers to the circuit using a transformer. The ringing observed in Figure 8 is likely the result of the 

common mode choke on the transformer I used.  

 

Figure 8. I1P75G Signal Integrity TX 
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Figure 9. I1P75G Signal Integrity RX 

 

5.2. Creepage and Clearance 

Disclaimer – This product has not been tested for any of the standards discussed in this section. The 

goal of this section is to outline which standards were referenced when defining clearances for PCB 

layout11. 

To simplify the design of this product, only European standards were considered. For a future 

revision, more standards should be reviewed, specifically UL requirements. To determine the 

applicable standards, the designer first reviewed the Harmonized Standards listed by the European 

Commission. There are several directives that apply to this project, and likely contain clearance 

requirements. These directives include the General Product Safety Directive (GPSD)12, and the 

Electromagnetic Compatibility Directive (EMCD). 

Investigating further, it was determined that the product must comply to EN 62368-1:2020 under 

the GSPD. This standard is titled “Audio/video, information and communication technology 

equipment – Part 1: Safety requirements”. The product must also comply to EN 61000-6-1:2007, EN 

61000-6-3:2007, EN 55032:2015, and EN 55035:2017 based on the EMCD. However, no C&C 

information could be gathered from this second group of EMC standards. 

To provide some reassurance that the selected standards were correct, the Declaration of 

Conformity (DoC) of a similar product was compared. No discrepancies were found, suggesting EN 

62368-1:2020 is indeed applicable. 

Based on EN 62368-1:2020 table 14, 1.5mm is required13 for basic insulation when using a 2500V 

test signal. For PCBA revision 1.0, 1.6mm clearance was used to separate the ethernet circuit to all 

SELV. 1.6mm was selected based on the physical limit of the 1210 package.   

A custom rule was added to ensure this 1.6mm clearance was maintained throughout the design, 

see Figure 10. See Section 8 for an important comment regarding clearance concerns on revision 

1.0. 

 
11 I am NOT an expert on standards or certifications. Take this section with a large grain of salt. Any feedback is 
greatly appreciated on the subject. 
12 GPSD has recently been renamed as the General Product Safety Regulation (GPSR) 
13 Since linear interpolation is allowed, technically the requirement would be 1.25mm at 2.25kV. 

https://www.digi.com/products/models/aw02-g300
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Figure 10. Ethernet Clearance (1.6mm) 

5.3. IC+ IP175G Poor Documentation 

Shortly after beginning schematic design, the shortcomings of PHY documentation became 

apparent. From experience, Chinese datasheets tend to have grammatical errors, and occasionally 

suspicious performance metrics, but beyond that they tend to be very useable. This PHY however, 

was missing some key information required for its use. Moreover, as mentioned in Section 4.1 there 

were no reference designs found for this chip. 

PLLVCC 

Pin 7 PLLVCC is very poorly documented. It’s unclear whether this pin is meant to be an input to the 

device, or if its generated internally and simply needs to be decoupled with a capacitor. Moreover, 

the datasheet does not specify which voltage supply the pin should be connected to. The only 

description or context given to PLLVCC is in its pin description, where its details are “Power of PLL 

circuit”. 

Resolution – The correct configuration14 is to power PLLVCC from the 3V3 rail. For this project, extra 

filtering was added via a ferrite. 

VREG_LDO 

Another pin that’s missing documentation is pin 41. It’s stated that VREG_LDO is used to power 

DVDD through a resistor or bead. However, since VREG_LDO is an LDO output its very likely that it 

also needs some minimum output capacitance for stability. A best guess was made using a 1uF 

capacitor in an 0603 footprint. If needed this footprint can accommodate up to 4.7uF without much 

difficulty. 

Resolution – A 1uF output capacitor was sufficient for VREG_LDO stability. 

 
14 This was tested in the first prototype build.  PLLVCC was initially floated allowing it to be connected to 3V3, or 
1V0. 
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EEPROM 

Default PHY settings can be stored in an external EEPROM which is accessed via I2C. The required 

address of this device is not specified by the datasheet. After testing revision 0.0 it was confirmed 

that the expected I2C address is 0x50 (Figure 11). 

Resolution – The expected EEPROM address is 0x50. 

 

Figure 11. PHY EEPROM Expected Address 

6. Schematic 
This section will explain the intent of the unique aspects of the schematic.  

The schematic uses hierarchical blocks and includes 3 sheets. There are individual sheets dedicated 

to the ethernet switch, and USB/RS232 circuits. See Appendix B – Schematic for the full schematic.  

6.1. Power Delivery 

What happens when external +5V is provided? 

A barrel jack was added to accommodate external +5V. When both USB and external power are 

present the two are diode OR’d by D22. However, there’s an issue that exists on revision 1.0 that 

must be corrected in 1.115. This circuit (Figure 12) works only when 𝑉𝑒𝑥𝑡 > 𝑉𝐵𝑖𝑛 − 𝑉𝑑𝑖𝑜𝑑𝑒. If 𝑉𝑒𝑥𝑡 <

𝑉𝐵𝑖𝑛 − 𝑉𝑑𝑖𝑜𝑑𝑒, then the USB power will be back fed into the external 5V source. This issue has 

already been logged as a high priority task in the errata. 

 
15 Disappointing this issue was overlooked. The most important part of making a diode OR is actually including the 
second diode *face palm*. 
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Figure 12. Power Delivery 

Why is the switcher feedback use those values and tolerances? 

The feedback network (Figure 13) used on the U1 switcher was changed to support BOM 

consolidation. As a result, it uses a 12k 1% resistor on the lower leg of the divider. The upper R40 

resistor is still 0.1% to help the overall tolerance of the 3V3 rail. The final tolerance of the 3V3 rail is 

still within spec even though we’re using one poor tolerance part.  

 

Figure 13. 5V to 3V3 Switcher 

The maximum voltage occurs when Vref and R40 are at their maximum allowed tolerance, and R41 

is at its minimum. Under these conditions the resulting output voltage is 3.354V (see Eq. 1). 

𝑉𝑂 =
𝑉𝑟𝑒𝑓

(
𝑅41

𝑅40+𝑅41
)

=
0.808

(
11.88

37.4374+11.88
)

= 3.354𝑉   Eq. 1 

 

The minimum voltage occurs when Vref and R40 are at their minimum allowed tolerance, and R41 is 

at its maximum. Under these conditions the resulting output voltage is 3.234V (see Eq. 2). 

𝑉𝑂 =
𝑉𝑟𝑒𝑓

(
𝑅41

𝑅40+𝑅41
)

=
0.792

(
12.12

37.3626+12.12
)

= 3.234𝑉  Eq. 2 
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R75 was added to evaluate the loop response of the switcher and negligibly impacts these 

calculations.  

Why use a switching PSU and not just an LDO? 

Since this product can function purely on USB power, the overall power budget and headroom is 

critical. Power savings from the 5V to 3V3 conversion directly impacts the amount of headroom 

available to the downstream USB devices on the USB HUB. 

When using an LDO in place of U1 the load seen by the USB host was ~350mA. The power loss in the 

LDO was approximately 595mW [(5𝑉 − 3.3𝑉) ∗ 0.35A]. If we instead use a switcher with an 

assumed efficiency of 85%, the power loss in conversion is reduced to 204mW resulting in 78mA 

lowered current draw from the USB host. 

Assuming the USB host allows 500mA to the integrated HUB, then the allowed power to the USB 

HUB is 150mA when using an LDO, and 228mA (see Eq. 3) when using a switching regulator. As a 

result, the headroom allotted to the USB HUB was increased by 78mA or by 52%. 

𝑃𝑖𝑛 ∗ 𝜂 = 𝑃𝑜𝑢𝑡 → 𝐼𝑖𝑛 =
𝑉𝑜∗𝐼𝑜

𝑉𝑖𝑛∗𝜂
=

3.3∗0.35

5∗0.85
= 272𝑚𝐴 → 𝑰𝒉𝒅𝒓𝒎 = 𝟓𝟎𝟎 − 𝟐𝟕𝟐 = 𝟐𝟐𝟖𝒎𝑨  Eq. 3 

6.2. Variants 

This project supports three BOM variants. The core system to be disabled is RS232 support and USB 

ports. All variants will include the 4x port switch. The full variant includes 3x USB ports, and a DB9 

port for RS232. Next the lite16 variant will remove the RS232 support and introduce an extra USB 

port. So far only the full variant has been fabricated shown in Figure 14. 

 

Figure 14. Optional RS232 or USB 

The third variant is enabled by using a different part from Microchips LAN951x family. Replacing 

LAN9514 with LAN9512 removes 2x USB ports and removes the possibility of RS232. Its unclear 

 
16 Calling this lite out of convenience. No names have been formally assigned to the variants. 
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whether this variant will be manufactured, but it does provide significant cost savings for users who 

are okay with a more limited USB HUB. 

7. Validation 
PENDING Documentation 

There is significant early validation work documented in the projects’ accompanying Hackaday page. 

This section will be kept intentionally light for its first release, again see the Hackaday page.  

7.1. Efficiency & Headroom 

The efficiency of the main 3V3 switcher was determined using a separate development board. This 

evaluation uses the AP62150 switcher, see Section 4.4 Bill of Materials for potential replacement 

components. It was determined that the switcher is >90% efficient for all reasonable loads, Figure 

15.  

Due to limitations of the test setup the low load efficiency is excessively noisy. This test should be 

rerun at a later date.  

 

Figure 15. Switcher Efficiency 

Briefly checking the current draw on the 5V rail confirmed the peak power draw of 280mA, leaving 

220mA for downstream USB devices (very close to the previously theoretical 228mA). In the future, 

the system should be tested fully loaded. This metric is just an initial gut check. 

8. ERRATA 
Errata items are primarily tracked on an external spreadsheet. However, critical items will also be 

recorded in this document incase the reader is looking to reproduce the design. The following errata 

items are applicable to revision 1.0 of the PCBA. 

1.) Isolation Vertical Distance – The designer neglected to consider the vertical clearance between 

the bottom two layers of copper. As a result, the low voltage circuits are 0.2mm away from high 
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https://hackaday.io/project/195961-integrated-hub-ethernet-usb-rs232
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voltage nets. Although this is through an FR4 solid insulator, the designer would like to remove 

copper from L2, which would increase this clearance to 0.8104mm. More research is needed on 

this subject. 

2.) Barrell Jack Power Delivery - The designer mistakenly forgot the second diode for the “OR-ing" 

between the USB and external 5V power. As a result, there is significant risk that USB power will 

back feed the external power when Vext < Vusb - Vdiode. The fix has already been implemented 

for revision 1.1. See Section 6.1 for more comments. 
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