WITH NEW PORTABLE-NETWORKING AND HIGH-
SPEED OPTIONS, A GROWING NUMBER OF EMBED-
DED-DEVICE DESIGNERS ARE ADOPTING THE USB
FOR PERIPHERAL INTERFACE AND DATA TRANSFER.

EMBEDDED

USB GAI
GROUND |

A LTHOUGH USB TECHNOLOGY is firmly entrenched in

the desktop-computing world, it has been slow to

catch hold in embedded devices because of its host-cen-

tric topology, software complexity, and relatively high

power requirements. Many de-
signers have chosen to retain the
older serial or discrete I/O rather
than deal with the complications
of USB. However, industry work-
ing groups have recently devel-
oped updates to the USB specifi-
cation to allow alternative con-
nection strategies, lowered host-
power requirements, and an op-
tional 480-Mbps data rate. These
new updates, along with the avail-
ability of hundreds of low-cost,
off-the-shelf peripheral devices
have kindled a growing interest in
USB for embedded devices.

In addition to the plethora of
available peripherals, USB offers
several other benefits to embed-
ded-device designers. For exam-
ple, USB devices are tested and
certified before production to en-
sure that interface characteristics
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meet the specification and are
consistent among manufacturers.
USB supports plug-and-play op-
eration, in which the host software
automatically detects attached pe-
ripherals and loads the appropri-
ate driver. You can also remotely
power down USB devices and
awaken them as needed to con-
serve system power. Likewise, to
conserve real estate on small sys-
tems, one embedded connector
can communicate with as many as
127 peripheral devices by using
external USB hubs. USB may also
simplify embedded design efforts,
because off-the-shelf firmware or
silicon includes the low-level par-
allel-to-serial conversion, error
checking, and data-flow-control
algorithms.

An industry consortium devel-
oped the original USB specifica-

tion in 1996 and provides period-
ic improvements to keep up with
current technology. You can
download the current 650-pg Ver-
sion 2.0 specification and supple-
ments at the USB Implementers
Forum Web site, www.usb.org. As
the name indicates, USB is a seri-
al bus with a single host control-
ling all transactions over a tiered
star-type topology similar to Eth-
ernet’s. USB data travels at three
rates, depending on the capabili-
ties of the host and peripheral.
The low-speed rate of 1.5 Mbps
is adequate for most cost-sensitive
user-input devices, such as key-
boards and mice. The full-speed,
12-Mbps rate satisfies most oth-
er peripheral-data-transfer re-
quirements, and the recently in-
troduced 480-Mbps, high-speed
rate directly competes with IEEE
1394a for some high-bandwidth
applications.

Ataglance....

For more information
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The USB developers tried to simplify
cabling confusion by specifying different
connectors on each cable end. This strat-
egy eliminates the data-crossover prob-
lem and ensures that if the cable is con-
nected, it is installed correctly. USB
interconnecting cables contain four
shielded wires consisting of power,
ground, and two twisted differential data
signals. The power signal is nominally 5V
and must be supplied by the host or op-
tionally by an intervening hub. USB
transceivers transmit data using a bit-
stuffed version of NRZI (non-return to
zero, inverse) encoding. Bit-stuffing in-
serts extra zero bits into the data stream
to guarantee that the transmitted signal
stream periodically changes state to re-
synchronize the receiver’s clock.

THREE HOST TYPES

Luckily, a dedicated USB controller
handles all of the low-level bit manipu-
lation, error checking, data framing, and
handshaking flow control. In fact, there
are three host-controller types, each with
its own specification and software driv-
ers. The host controller communicates
with one or more endpoints within each
connected device. Intel developed the
UHCI (Universal Host Controller Inter-
face) specification and partitions the
hardware and software tasks to simplify
the required silicon. Taking a different
tack, a team led by Compaq (now HP),
Microsoft, and National Semiconductor
shifted more of the processing burden to
hardware with the OHCI (Open Host
Controller Interface) specification. With
the introduction of the high-speed data
rate of USB Version 2.0, all of the partic-
ipants agreed to the EHCI (Enhanced
Host Controller Interface) specification.

The USB specification defines several
protocols for specific data-transfer re-
quirements between the host controller
and attached peripherals. Control trans-
fers are the most basic, and you use them
to set up and configure the remote de-
vice. Each device must have at least one
control endpoint, and the host uses con-
trol transfers for enumeration, com-
mand, and status operations. Bulk trans-
fers include error detection and
retransmission but are asynchro-
nous and do not guarantee deliv-
ery times. Interrupt transfers are similar
to bulk transfers except that the remote
device specifies the polling interval. The
final transfer type, isochronous, delivers
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AT A GLANCE

> With data-transfer rates as high as 480
Mbps, USB 2.0 offers embedded-system
designers a full spectrum of connectivity
through a single connector.

> The USB On-The-Go supplement re-
duces bus-power requirements and lets
peripheral devices exchange data without
connecting to a desktop PC.

> Device designers can integrate USB with
off-the-shelf modules, ICs, microprocessors
with integral controllers, or IP.

Figure 1

data at a specific rate without error
checking; you use it mainly for streaming
audio and video.

Recognizing the limitations of the
host-based topology for portable devices
such as cell phones, PDAs, digital cam-
eras, and other embedded devices, the
USB specification-development com-
munity released the OTG (On-The-Go)
supplement in late 2001. OTG allows a
peripheral to temporarily act as a host
and exchange data with another periph-
eral. OTC removes the often-cited limi-
tation that USB requires a desktop com-
puter or equivalent to act as a host. For
example, a digital camera conforming to
the OTC’s dual-role peripheral specifica-
tion could behave as a host to transfer
photos directly to a printer. That same
camera would also respond as a standard
USB peripheral when connected to a PC.
Although there are similarities, OTG
USB is not a peer-to-peer network. Only
one of the connected peripherals can act
as a host at any time; however there are
provisions for exchanging roles.

The OTG supplement adds some con-
fusion to the cabling strategy for USB.
The original specification defined a Type
A connector to plug into the host com-
puter and a Type B connector for the pe-
ripheral. Embedded-system developers

The PC104P-USB2V0 PC/104-expansion mod-
ule features four USB 2.0 ports supporting all
transmission rates of 1.5, 12, and 480 Mbps.

complained that the Type B connector
was too large for small portable devices,
and so the Version 2.0 update introduced
a mini-B-type connector. The OTG sup-
plement defines a mini-A-type connec-
tor, because peripherals can act as the
host. In addition, the supplement defines
a mini-AB receptacle for dual-role pe-
ripherals that can accept either a mini-A
or a mini-B plug. With these connector
options, there are at least three cable con-
figurations to keep track of: Type A to
Type B, Type A to mini-B, and mini-A to
mini-B. The OTG supplement also cre-
ates a host negotiation protocol that al-
lows two dual-role devices to swap host
roles during communications without
reversing the cable.

CUT THE POWER

OTG also addresses the high bus-pow-
er requirements of the Version 2.0 speci-
fication, which state that a PC-based USB
host must supply 5V at as much as 500
mA to connected peripherals. This much
current is obviously unacceptable for bat-
tery-powered devices, so the OTG sup-
plement reduces the required bus current
to 8 mA for dual-role devices. Higher
power peripherals must indicate their re-
quirements during initial configuration
and do not operate with dual-role hosts if
they need more than the 8 mA of bus
power. When you connect two OTG dual-
role peripherals with a USB cable, the de-
vice on the end with the mini-A connec-
tor must supply bus power.

The software to enable the plug-and-
play capability for USB is complicated
and requires peripheral drivers that mesh
exactly with host software. USB divides
hardware with similar functions into
classes to standardize interface protocols
across multiple manufacturers. If your
peripheral device conforms to an existing
class specification, it may work automat-
ically with USB without a custom driver.
The USB Implementer’s Forum has ap-
proved class specifications for human-in-
terface, printer, imaging, mass-storage,
audio, and several other device categories.
The forum also has a formal mechanism
for developers to submit their device in-
terfaces and eventually define new class
specifications. Operating-system and
host-software developers use the ap-
proved class specifications to implement
their standard plug-and-play USB driv-
ers. Unlike desktop computers, OTG
dual-role embedded devices have limit-
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ed resources to store many
peripheral drivers. They han-
dle this problem by defining

a list of acceptable peripher- CcPU

als or dual-role devices and | 'NTERFACE

then rejecting other connec-

tion attempts. Cgl’ém?L
You can take several tacks

when integrating USB into DMA

an embedded design. If your SIGNAL

product must host plug-and-

play peripherals, you Figure 2

can purchase system

computers or expansion

modules with USB capability | LocAL-BUS

INTERFACE

incorporated. For example,
the PC104P-USB2V0 from
Lippert Automation is a
USB-expansion module for
PC/104 systems (Figure 1).
Powered by a Via VT6202
controller, the board features
four USB 2.0 ports supporting the three
transmission rates of 1.5, 12, and 480
Mbps. The board requires only the 5V
power supply that the PC/104-Plus bus
connector provides. All ports have elec-
tronic-overload protection, and connect-
ed USB devices can sink as much as 500
mA each. The PC104-USB20 operates
under both Windows and Linux operat-
ing systems.

If you plan to design your own board,
you can take advantage of the wide selec-
tion of low-cost silicon devices available
for USB controllers. For example, Cypress
Semiconductor produces the SL811HS, a
single-chip, dual-speed USB embedded-
host controller that can operate as either
a host or a peripheral device. The SL8-
11HS USB host/slave controller supports
and operates in USB full-speed mode at
12 Mbps or at low-speed, 1.5-Mbps

Figure 3
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mode. The SL811HS data port and mi-
croprocessor interface provide an 8-bit
datapath I/O or DMA bidirectional, with
interrupt support to allow an easy inter-
face to a variety of microcontrollers. Cy-
press also provides a Linux USB host driv-
er for the SL811HS controller. This driver
lets Linux developers add USB-host func-
tions to a variety of embedded-system ap-
plications, such as cell phones, MP3 play-
ers, network appliances, and PDAs. On
the peripheral side, NEC Electronics of-
fers the wPD720122 general-purpose
USB 2.0 interface and endpoint-con-
troller (Figure 2). This device integrates a
USB PHY, a serial-interface engine with
endpoint-controller buffers, and a bus-
interface unit. The controller supports
and automatically switches both high-
and full-speed transfers on the USB in-
terface. The wPD720122 comes in a 100-
pin plastic TQFP.

$142 STARTER KIT

To support embedded-device develop-
ment, Motorola has introduced a USB
reference-design and starter kit (Figure
3). The USB08 evaluation board provides
astarting point for USB development and
includes both firmware for the micro-
controller in the peripheral device and
the application software for
the PC side. The USBO08 is

The NEC Electronics LPD720122 interface and endpoint controller integrates a USB PHY, a serial-interface
engine, and an endpoint controller.

8 kbytes of on-chip flash memory, three
LEDs, three pushbuttons, three analog
sensors, and a wire-wrap area for addi-
tional user components. Board power
comes from the USB bus or an onboard
fixed-voltage regulator, and device pro-
gramming is self-contained. You get a set
of manuals, cables, software CD-ROM,
and C-source code for the USB firmware
and demonstration application. The
USBO8 is available online for $142.
Another approach to embedding USB
is to select a microcontroller that includes
a controller as part of its on-chip periph-
eral set. For example, Cygnal Integrated
Products offers the C8051F321, a mixed-
signal flash microcontroller with an in-
tegrated full-speed USB 2.0 function con-
troller. The C8051F321 includes an

powered by the HC908]JB8 8-bit
microcontroller with an integrated
USB-peripheral module that supports
low-speed communication according to
USB specification 1.1. The board includes

Figure 4

The $229 Cygnal C8051F320DK development kit
features Cygnal's flash microcontroller with a
full-speed USB 2.0-function controller.

Motorola’s $142 USB08 reference-design and
starter kit provides a hardware and software
starting point for USB-device development.
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integrated USB physical layer and re-
quires no external components, not even
resistors or a crystal, and is available in a
5X5-mm, 28-pin micro lead-frame pack-
age. The microcontroller has a 24-MIPS
8051 CPU, 16 kbytes of flash memory,
2304 bytes of RAM, and 21 1/O pins. On-
chip peripherals include a 1.5% internal
oscillator with clock recovery for USB, a
10-bit, 200k-sample/sec ADC, and a tem-
perature sensor. Prices start at $4.64
(10,000). For system integration, the
C8051F321 has on-chip-debug cir-
cuitry facilitating full-speed in-sys-
tem features, such as single-stepping,
breakpoints, and register or memory
modifications. The C8051F320DK devel-
opment kit (Figure 4) sells for $229 with
features typical of in-circuit emulators
costing much more.
High-volume-device designers prefer to
include all functional modules, such as
USB into a single SOC (system-on-chip)
design. Although a complete design is pos-
sible, most engineers prefer to purchase
semiconductor IP (intellectual property)
for standardized functions, such as USB.
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For system-on-chip designs, Faraday Technology recently introduced semiconductor-IP versions of

a USB 2.0-transceiver and device controller.

For example, Faraday Technology recent-
ly introduced a USB 2.0 transceiver and
device controller as new additions to its
USB 1.1 IP product line (Figure 5). The
new FZUS-B200-HAOA transceiver sup-
ports USB protocols at high-, full-, and
low-speed data rates. The operating cur-

rent is less than 75 mA, and the suspend-
mode current is less than 200 pwA. The IP
is silicon-proven in both 0.25- and 0.18-
pm process technologies. The FUSB200
USB 2.0 device controller is a certified,
synthesizable core that supports bulk, in-
terrupt, and control data-transfer types.
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The device controller is process-technol-
ogy-independent. To ensure an easy start,
Faraday offers test chips and a complete
development environment, including
evaluation boards, data sheets, application
notes, and other technical documentation.

FOR MORE INFORMATION...

Another major supplier of IP, ARC In-
ternational, provides a range of USB
products. ARC’s USB Now combines a
configurable 32-bit RISC/DSP micro-
processor with a high-speed USB 2.0 OTG
controller plus an embedded RTOS with
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USB stack and soft-
ware-development
tools. The OTG con-
troller can switch
from 480-Mbps, high-
speed USB host to de-
vice operation in real
time. It is also back-
ward-compatible with
full-speed and low-
speed devices. The
USB Now architecture allows system
memory to store endpoints and reduces
chip area by hundreds of thousands of
gates. Development tools include the
MetaDeveloper Software IDE, an embed-
ded RTOS, a C/C++ compiler, and a
stack-aware debugger.

With the abundance of low-cost hard-
ware and software as well as new tech-
niques for exchanging data between
portable devices, USB will find its way into
a growing number of new embedded de-
signs. One of the bigger drawbacks for
limited-resource host devices, storing
drivers for all potential peripherals, should
be the subject of future USB updates.[]

You can reach Technical
Editor Warren Webb at
1-858-513-3713, fax 1-
858-486-3646, e-mail
wwebb@edn.com.
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