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IEEE 1394: A Ubiquitous Bus

Gary Hoffman and Daniel Moore

Skipstone, Inc., sstone @ skipstone.com

Abstract

The IEEE 1394 high-speed serial bus promises to
revolutionize the transport of digital data for computers
and for professional and consumer electronics products. By
providing an inexpensive non-proprietary high-speed
method of interconnecting digital devices, IEEE 1394 is a
truly universal I/O connection. Its scalable architecture
and flexible peer-to-peer topology make 1394 ideal for
connecting devices from computers and hard drives, to
digital audio and video hardware. Isochronous, just in time
delivery, allows low-cost implementations of time-critical
multimedia interfaces. This paper examines this IEEE 1394
bus and provides a glimpse into its future potential.

1: Why another interface?

Have you looked behind your computer lately? At first it
was simple—a parallel port to connect a printer, a serial
port to connect a modem, and cables for a display, a
keyboard, and possibly a mouse. SCSI added access to
external storage devices, a large cable connector, manually
set SCSI ID’s, and the dreaded terminator. Multimedia
added audio and MIDI connectors. Video added a cable for
image capture from a video camera or recorder. Besides
requiring a great deal of space for the connectors, the
growing number of cables overwhelms many users.

Legacy I/O interfaces monopolize portable electronics
surface space though they are typically only used at a home
desk. Notebook computer and Personal Digital Assistants
are defined by their connector bulkhead.

A new interface is needed by the analog world migrating
to a fully digital environment. Audio began the transition
with the compact disc and digital audio tape. Yet, when
data is transferred between media, the data is first
converted to analog by the sender and then again digitized
by the receiver. Broadcast and cable television are
migrating to digital transport. CCD video cameras are
already digital devices.

Digital devices generate a large volumes of data,
especially when high-resolution, quality results are
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desired—consider the following parameters of multimedia
devices:

TABLE 1. Multimedia Bandwidth Requirements
Device Digital Data Bandwidth!
High Quality (30 frames / second) (640 x 221 Mbps
Video 480 pels) (24-bit color / pel)

Reduced Quality | (15 frames / second) (320 x 18 Mbps
Video 240 pels) (16-bit color / pel)
High Quality (44,100 audio samples / sec) 1.4 Mbps
Audio (16-bit audio samples) (2

audio channels for stereo)
Reduced Quality | (11,050 audio samples / sec) 0.1 Mbps
Audio (8-bit audio samples) (1

audio channel for monaural)

1. megabits per second

To accommodate this magnitude of data, a high-speed
transport medium, such as IEEE 1394 is needed.

2: IEEE 1394 high-speed serial bus

IEEE 1394 is a hardware and software standard for
transporting data at 100, 200, or 400 megabits per second
(Mbps). 100 Mbps chips were available in 4Q94, with 200
Mbps chips expected in late 1995. Market demand may
drive availability of 400Mbps chips in late 1996.

The IEEE 1394 serial bus satisfies all of these
previously mentioned needs and more. It is:

e adigital interface—there is no need to convert digital
data into analog and tolerate a loss of data integrity,

e physically small—the thin serial cable can replace
larger and more expensive interfaces,

e easy to use—there is no need for terminators, device
IDs, or elaborate setup,

e hot pluggable—users can add or remove 1394 devices
with the bus active,

e inexpensive—priced for consumer products,
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e scalable architecture—may mix 100, 200, and 400
Mbps devices on a bus,

e flexible topology—support of daisy chaining and
branching for true peer-to-peer communication,

e fast—even multimedia data can be guaranteed its band-
width for just-in-time delivery, and

e non-proprietaty—there is no licensing problem adopt-
ing it for your products.

Broad markets for 1394 digital data transport include:
computers,
audio, image, and video products for multimedia,
printer and scanner products for imaging,
hard disks, especially hard disk Raid arrays, and

e digital video camera, displays, and recorders.

A simple 1394 video conference system is assembled
from two 15fps audio/video channels and will consume
about one-third of 100Mbps 1394 interface. Ten 15fps
audio/video channels may be carried on a 400 Mbps 1394
interface.

3: The 1394 cable

A 1394 cable contains two power conductors, and two
twisted pairs for data signalling. Each signal pair is
shielded and the entire cable is shielded.

1394 Cable

Signal Pair A
Cross Section
Power Pair
Shields
Signal Pair B

Cable power is specified to be from 8Vdc to 40Vdc at
up to 1.5 amps and is used to:

e maintain a device’s physical layer continuity when the
device is powered down or malfunctioned—very
important for a serial topology, and

e provide power for devices connected to the bus.

IEEE 1394 provides data transport and power—a great
convenience for the users.

IEEE 1394 cable connectors are constructed with the
electrical contacts inside the structure of the connector.

336

Thus preventing any shock to the user or contamination to
the contacts by the user’s hands,

These connectors are derived from the Nintendo
GameBoy™ connector. Field tested by children of all ages,
this small and flexible connector is very durable. These
connectors are easy to use even when the user must blindly
insert them into the back of machines. There are no
terminators required, or manual IDs to be set.

As 1394 evolves, new cable designs will allow longer
distances without repeaters and with more bandwidth.

4: Topology

4.1: IEEE 1394 Cable

IEEE 1394 devices are designed to have multiple
connectors, allowing daisy-chain and tree topologies.
Consider the following layout of two separate work areas
connected with a 1394 bridge.

/1 394 Cable

Computer
#2
Digital Video Printer
Camera #2

Work area #1 has a video camera, computer, and video
recorder interconnected with IEEE 1394. This computer is
also connected to a physically distant printer via a 1394
repeater; the repeater extends the inter-device distance by
redriving the 1394 signals. Up to sixteen hops may be
made between any two devices on a 1394 bus. A 1394
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