




Abstract

This thesis was performed for the company Actia Nordic AB and researches the viability
of transmitting USB data using a 16-pin Molex Mini50 connector that is not made for
that purpose. The intent is to improve product compactness by consolidating multiple
data connections into a single unified connector, with enough pins to accommodate these.
This would replace utilizing multiple separate connectors.

To evaluate the connector, a 3D simulation using a model of the connector pins is first
performed to analyze three distinct implementation candidates. Based on the simulation
results, a circuit board is then produced and used to make measurements to evaluate and
analyze electromagnetic compatibility (EMC), with a focus on conducted and radiated
emissions, and to compare the signal integrity of the implementation candidates.

The results suggest that implementing USB with this connector is indeed viable, and
that the best configuration may be achieved when using the edge pins on either side of the
connector. The wire pairs should use adjacent pins that are as close together as possible,
with a minimal gap between the differential signal pins, to minimize the electric field
created. The measured data is, however, not sufficient to adequately conclude whether this
is the most optimal implementation, particularly regarding emissions. Deeper analyses
would be needed to validate the EMC performance and how it may be affected in the
wider scope of incorporating additional parallel data connections.
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Terminology

Abbreviations
ALSE Absorber Lined Shielded Enclosure
CISPR International Special Committee on Radio Interference
EMC Electromagnetic Compatibility
EMI Electromagnetic Interference
EOP End of Packet
EUT Equipment Under Test
FDTD Finite-Difference Time Domain
FEM Finite Element Method
IEC International Electrotechnical Commission
ISI Intersymbol Interference
NRZI Non-Return-to-Zero Inverted
PCB Printed Circuit Board
USB Universal Serial Bus
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1.5. Delimitations

1.5 Delimitations

This thesis focuses specifically on investigating potential implementations and optimizations
in hardware using a provided connector, the 16-pin version of the Molex Mini50, paired with
compatible cables up to 5m in length. The thesis does not study alternative connectors beyond
eventual comparisons to existing solutions, nor does it address any changes to the electrical
data signals being transmitted.

Furthermore, this work is focused on finding and utilizing four pins from the provided
connector, and the implementation shall comply with the USB 2.0 High-Speed specification
as closely as possible. The only deviation should be the usage of the provided non-standard
connector instead of one that is defined by the USB 2.0 specification.

Finally, EMC measurements are limited to emissions, using average and peak detectors.
The thesis does not cover immunity or quasi-peak measurements due to the added complexity
and lack of resources for measuring these.
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