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| mpact of Architecture on Performance of USB to Serial Adapters

Introduction

With the ever-increasing computing power of today’s PCs it is
necessary to have supporting technology that is able to keep up and
not bog down the system. Human interface devices and other
peripherals that attach to a PC are usually the bottleneck when it
comes to overall processor speed and data throughput.With processqrs
working in excess of 1.5 GHz, hard disks that operate at a minimum

of 7200 rpm, and CD-ROMs that read and write at upwards of 32x,

Is necessary to have external I/O devices that operate faster than the
115 kbps standard parallel port.

Several technologies have been developed over Hteégrayears that
address this issue of slower external I/O devices. Two of the hottest
technologies are USB and Fire Wire. Both of these technologies hay:
been developed to increase the overall data throughput between the
processor and external devices.These technologies have allowed, ar
will allow, higher-bandwidth peripherals to be developed and
implemented for the PC, digital video cameras, broadband digital
cable modems, and HDTV to name a few. The technology is quickly
matching the pace of the computing power of a PC.

This paper focuses on the USB technology, spedyical the new

USB 2.0 specifications. Thediscussion begins with an introduction to
USB technology, the physical topology, and how it
operates.Following, a detailed discussion on the USB 2.0 technolog

will be presented covering the component parts, layered architecture
data flow types, and packetization specifics. In addition a brief
discussion on an emerging compliment to USB 2.0, the USB On-the-
go, will be presented.Finally a comparison between USB 2.0 and
IEEE 1394 (Fire Wire) will be presented.



Part 1: Overview of USB Technology

Universal Serial Bus (USB) was originally created acleased as a
standard in 1995 with USB 1.0. It was jointly deped by Compagq,
Hewlett-Packard, Intel, Lucent, Microsoft, NEC, alillips, which
make up the USB Implementers Forum (Ziller, 200Rhis same
group has just released specifications for USB Zl@e overall
motivation for the development of USB stemmed fribinee main
sources:

« Connection of the PC with the telephone: Thaveogence of the
telephony and data networks has spawned a raas/&iap
technologies that can work to interconnect thewith ease.

» Port expansion: The development of a port$h@ported multiple
devices would lessen the confusion when workindp witernal 1/0
devices.

» Ease-of-use: If all of the computer’s I/O degcould connect to a

single port, the fear of setting up a computer \wourltually disappear
(USB, 2000).

With these three fundamental motivations, USB tebbgy was
developed and has become an industry standarddor t
interconnection of peripheral 1/0 devices. Thistm takes an
elementary look at the physical characteristicyspmial and logical
topology, and how it all works. 1.1 Physical Cluaeaistics and
Throughput Capabilities Universal Serial Bus tedbgyp is exactly as
it sounds. Itis a bus, which is a mechanismramgferring data and
instructions from one point to another, that transisata bit by bit or
in a serial fashion and is able to communicate ensially to many
different devices. The USB is simply another wayransferring
information between external I/O devices and thermal processor of
the computer.

Information can be transferred in many differenys/between
devices connected to a computer. Table 1.1 sumasasome of the




different types and rates of transfer for differst@ndards and busses
available. As the table shows, the transfer radeg widely from .115
MB/s with a standard parallel port, up to 400 Miith a Fiber
channel.

|.  Background

Sealevel Systems utilizes a unique architecturadaipters used to
convert signals from USB ports to serial devices important that
the marketplace have empirical data comparingdlaive
performance of a dedicated USB UART design like“Bealevel
architecture” versus the “industry average archute of a shared
throughput design.

lIl. Test Objective
Determine the impact of architecture on the pertoroe of USB to

Serial Adapters in order to assist users in selggiroducts most
appropriate for their applications.

lll.  Findings

There is a significant difference in performancenaen the “Sealevel
architecture” and “industry average architectum@” i SB serial
adapters. Performance testing of 8-port USB sadapters proved
that the architecture determines the maximum batedand more
importantly, the throughput of connected serialices.

The “Sealevel architecture” uses a USB UART inteefthat delivers
significantly faster and more reliable communicasio

The “industry average architecture” 8-port USB @legidapter utilizes
a USB microcontroller and a single FPGA wired foegdht serial

ports. The interface between the microcontroller BRGA creates a
bottleneck because the serial devices are shdrenthtoughput of the




microcontroller. As a result, each additional dedevice added
substantially reduces the speed of all eight spodts.

Industry Average Architecture
Serial Ports

Bottleneck
UsB

Controller

In contrast, the “Sealevel architecture” 8-poriaeadapter (Item#
2801) couples each port with a dedicated USB UARIp.cThis is
equivalent to connecting eight single-port USBaeadapters to the
host, thereby allowing each serial port to run akimum speed. (All
Sealevel SeaLINK USB serial adapters have thisitexire
advantage.) The bottleneck found in the industapdard architecture

Is the limiting factor and the speed of the USBrastion (e.g., USB
1.1 vs. USB 2.0) does not affect throughput

Sealevel Architecture
USE To Serial




V. Test Procedures

Tests on the USB serial adapters utilized a destwogputer with a
3GHz Intel Pentium4 CPU, 2GB of RAM, and a fresstatl of
Windows XP.

The USB serial adapters were installed per manufactnstructions
and RS-232 loopback plugs were placed on all esghal ports.

The test was conducted using WinSSD, a serial camuations

utility. WinSSD provides terminal mode operatiordamnables
modifying default UART settings. WIinSSD allows tdigg modem
control signals, transmitting test patterns, itiig loopback tests, and
performing bit error rate testing (BERT) and thrbpgt monitoring.

Each serial port was set at the maximum baud tiaée, multiple
instances of WinSSD were launched with each spadlopened in
order and the bit error rate test (BERT) initiat€de transmit (Td)
and receive (Rd) data rates (throughput) were attagsther for all
open ports and compared.




V. Detailed Findings

A. Throughput with One Port Opened

With one port on the “Sealevel architecture” adapfeen at the

standard baud rate of 115.2K bps, the oscilloscopérmed that the
throughput matched the baud rate with a contingtneam of data
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With one port on the “industry average architectacapter open at
the standard baud rate of 115.2K bps, data wasrn#ed in bursts

rather than in a continuous stream and the actatal@dte was only
approximately 65K bps.
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B. Throughput with Multiple Ports Opened

Data rates for the “Sealevel architecture” USBaexdapter remained
continuous at the specified baud rate as multipléspvere
sequentially opened.

When the second port on the “industry average tctire” adapter
was opened at 115.2K bps, the data rate on thesérgl port dropped
to approximately 48K bps.
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When the third port on the “industry standard aesture” adapter
was opened at 115.2K bps, the data rate on thesérgl port dropped

to only 33K bps.
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When attempting to open all eight serial portsten“industry
standard architecture” adapter, the Loopback Raftest in WinSSD




showed that the data was corrupted. Additionallpci-up occurred
on multiple serial ports necessitating that theglosed and re-opened
in order to regain functionality.

C. Total Throughput

At the maximum baud rate specified for the prodtiat,bi-directional
data rate for the “Sealevel architecture” USB $eampter was a peak
7.1M bps across all eight serial ports running corantly.

The bi-directional data rate for the “industry aage architecture”
USB serial adapter at the maximum baud rate wasak p.9M bps
across only four ports running simultaneously. Opgadditional
serial ports beyond four resulted in the ports ilegkip. Only four
serial ports would operate concurrently at the $iggcmaximum
baud rate.

USB to 8-Port R5-232 Serial Adapters
Peak Sustained Data Rates

7.1M bps

1.9M bps




VI. Conclusion

“Sealevel Architecture” Provides Faster, More RakaData
Transmission.

Testing revealed that two key design and compoagvéantages
contribute to this superior performance.

1. “Sealevel architecture” allows each port to rumt maximum
speed

The “Sealevel architecture” couples each port aittedicated USB
UART chip. This is a superior design because égsivalent to
connecting eight single-port USB serial adapterthéohost, thereby
allowing each serial port to run at maximum spéAd.Sealevel
SealLINK USB serial adapters have this architechigheantage.)

2. “Sealevel Architecture” Produces Continuous Tragmission
Stream

When the first port on the “Sealevel architectus&B serial adapter
was opened, the oscilloscope confirms that theutfftiput matches the
baud rate with a continuous stream of data. Eveaddgional ports
were opened, the first serial port delivered aiooioius stream of
data.
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