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Why FireWire? 

This Chapter 
This chapter provides a brief history of FireWrre (IEEE 1394). It also discusses 
the need for Fire Wire and reviews the applications for which it is well suited. 

The Next Chapter 
The next chapter describes the primary features of the Fire Wire serial bus imple
mentation. The chapter also reviews the IEEE 1394 standards (IEEE 1394-1995 & 
IEEE 1394.A) and IEEE ISO /IEC 13213 (ANSI/IEEE 1212) standard that the 
FireWrre serial bus is based upon. 

_, ______________________________ _ 
Overview 

Development of FireWire began in the mid 1980s by Apple Computer. In fact, 
the term Fire Wire is a registered trademark of Apple Computer Corporation. As 
other manufacturers gained interest in FireWire, a working committee was 
formed to create a formal standard on the architecture. The resulting specifica
tion was submitted to IEEE and IEEE 1394-1995 was adopted. 

Motivations Behind FireWire Development 

Fire Wire provides a serial bus interconnect that allows a wide range of high per
formance devices to be attached. A variety of issues led to the development of 
FireWrre. The primary characteristics of this serial bus include: 

• 
• 
• 
• 
• 
• 
• 

Ease of use 
Low cost device implementations 
High speed application support 
Scalable performance 
Support for isochronous applications 
Huge amount of memory mapped address space supported (16 exabytes) 
Operation independent of host system 
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Inexpensive Alternate to Parallel Buses 

The IEEE 1394 serial bus provides an alternative to more expensive par~el bus 
designs. Benefits of the serial bus over most parallel bus implementations are 
listed below. 

• 
• 

• 

• 
• 

Reduced cost compared with many parallel bus implementations. . 
Peripherals in current personal computer systems reside on a va:iety of 
buses (e.g. PCI and ISA buses). Communication between such devices ~an 
be problematic due to bus protocol and speed differences, thus slow~g 
overall performance. FireWire provides an opportunity to locate a wide 
variety of peripheral devices that connect to the same serial bus, resulting in 
performance gains. Up to 63 nodes can be attached to a single serial bus. 
Many parallel buses are confined to a small physical area; however, serial 
bus has much greater flexibility (4.5 meters between devices). 
Fire Wire supports direct attachment of remote peripherals . 
The 1394 bus can be implemented in conjunction with the parallel bus to 
provide fault tolerance. 

Plug and Play Support 

Devices attached to the IEEE 1394 serial bus support automatic configuration. 
Unlike USB devices, each 1394 node that attaches to the bus automatically par
ticipates in the configuration process without intervention from the host sys
tem. Each time a new device is added to or removed from the bus, the 1394 bus 
is re-enumerated. This occurs whether or not the bus is attached to a host sys
tem. 

Eliminate Host Processor/Memory Bottleneck 

Like any bus that supports bus mastering, the 1394 bus has the ability to 
increase overall system performance. In a PC environment the 1394 bus can 
reduce traffic across PCI and reduce accesses to the memory subsystem. This 
can be accomplished by locating devices on the 1394 bus that communicate with 
each other frequently. This eliminates the need for the processor and memory 
subsystems to be involved in the transfer of data between devices. 
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High Speed Bus with Scalable Performance 

Many peripheral devices such as hard drives and video cameras require high 
throughput. The 1394 bus accommodates these types of devices with a 400Mb/s 
transfer rate. This yields a theoretical throughput of S0MB/s in contrast to the 
throughput of ISA (8MB/s) and PCI (132MB/s). The 1394 serial bus provides 
scalable performance by supporting transfer rates of 400Mb / s, 200Mb / s, and 
lO0Mb/s. 

Support for Isochronous Applications 

The serial bus supports isochronous transfers to support applications such as 
audio and video which require constant transfer rates. The isochronous transfer 
support reduces the amount of buffering required by isochronous applications, 
thereby reducing cost. 

BackPlane and Cable Environments 

1394 supports both a backplane and cable implementation, permitting flexibil
ity of implementation. The backplane environment provides the ability of estab
lishing a redundant serial bus communications channel in conjunction with a 
parallel bus implementation. The cable environment allows the remote attach
ment of peripheral de\·ices with the possibility of supporting peripherals spread 
over a distance of greater than 250 meters. The capability makes the serial bus 
an attractive option for small network applications. 

Bus Bridge 

The huge amount of memory address space supported, high transfer rates, and 
low costs make the 1394 bus an attractive means of bridging between different 
host systems and between multiple serial bus implementations. 

• Serial bus implementations can be used to bridge other buses together. The 
serial bus provides the ability to bridge between host systems of varying 
sizes and types, including PCs, mini-computers, and mainframes. 

• A single serial bus supports 63 nodes but can supports up to 1024 serial 
buses, making the total number of nodes supported at nearly 64k. 
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1394 Applications 

The scalable performance and support for both as~nchron_ous an? isochro~ous 
transfers makes Fire Wire an alternative for connecting a wide variety of periph-

erals including: 

• Mass storage 
• Video teleconferencing 
• Video production 
• Small networks 
• High speed printers 
• Entertainment equipment 
• Set top box 

IEEE 1394 Refinements 

16 

Early implementations based on different interpretations of the 1995 release of 
the specification resulted in some interoperability problems between different 
vendor parts. A supplement to the 1394-1995 specification is referred to as the 
1394a supplement, and is designed to eliminate these problems. In addition to 
clarifying portions of the 1394-1995 specification, the 1394a supplement fixes 
problems, specifies enhancements that are designed to improve performance, 
and adds new functionality. This book covers the 1394a supplement (2.0 draft 
version) as it existed at the time of writing. 

Power management support and a specification for designing 1394 bridges 
were also in development at the time of this writing. Portions of the preliminary 
Power Management specification are included in this text, while the state of the 
bridge specification was not mature enough to be included. 

Yet another version of 1394 being developed is called the IEEE 1394.B specifica
tion. This specification defines even higher throughput including 800Mb/s, 
1.6Gb/s, and 3.2Gb/s. This specification is being designed for backward com
patibility to 1394-1995 and 1394a. 
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not need regular use of the bus, but must g_et fair access ove~ time. 
• isochronous transfers that require data delivery at ~onStant mtervals. These 

transfers define a channel number rather than a umque address, permitting 
the isochronous data stream to be broadcast to o~e or more nodes respond
ing to the channel number. These transfers reqmre regular bus access and 
therefore have higher bus priority than asynchronous transfers. 

Serial bus data transactions take place via a series of data and informatio 
packet transmissions. Each transaction is initiated by a "requester" and th: 
request is received by a target device, called a "responder." 

Asynchronous transactions require a response from the target node, which 
results in an additional transaction. The responding node either accepts or 
returns data as illustrated in Figure 3-1. 
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Figure 3-1: Request/Response Protocol 
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This basic communications mod 1 . d . 
?~s ~rovides further granularit ein

1
~h efined by_ the CSR architecture. The serial 

ificahon of packet deliverv th y e transaction process, which includes ver-
f 'f· ;, ree protocol I orm spec1 1c functions durin th ayers, and related services that per-
requester and responder. Th gl e process of transferring data beh-veen the 

ese ayers are d 'b · escn ed later in this chapter. 
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Isochronous transactions complete following the request as illustrated in Figure 
3-2. Note that rather than an address, isochronous transactions use a channel 
number to identify target nodes. Additionally no response is returned from the 
target node. 

Figure 3-2: Isochronous Transaction that Consists Only of a Request Transaction 
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The actual transfer of data across the cable is done serially using data-strobe 
encoding (See page 122). Data can be transmitted at one of three speeds: 

• 100 Mb/s (98.304 Mb/s) 
• 200 Mb/s (196.608 Mb/s) 
• 400 Mb/s (393.216 Mb/s) 

Prior to transferring data, the transmitting node must obtain ownership of the 
1394 bus via an arbitration mechanism. This ensures that only one node at a 
time is transmitting data over the wire. 

Transfer Types 

As illustrated in Figure 3-3, a mix of isochronous and asynchronous transac
tions may be performed across the serial bus by sharing the overall bus band
width. Notice that bus bandwidth allocation is based on 125µs intervals, called 
cycles. Details regarding these transaction types and their bandwidth allocation 
are discussed below. 
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' 

The common mode output voltage at TPA (receiving port) will be d t 

b t 1 438
v and 1.665v during S200 packet transmission, and be ected 

e ween . . . Wh etwe 
1

_
030

v and 1.43gv during S400 packet transm1ss10n. en no speed signalin e_n 
performed (S100 packet transmission), the common ~ode output voltage ; .

1
s 

be greater than 1.665v. The input voltage at the opposite end of the cabl (T ill 
can have up to a 0.Svdc drop due to line loss in the cable. The commo e PB) 

· · t) ·11 b 1 t n mode input voltages at TPB (transmitting por Wl e equa o or greater than 11 
when no speed signaling is used. When S200 speed signaling is used th : 

65
V 

d 
. th S4 0 . e mput 

voltage ranges from 0.935 to 1.165v an w1 0 speed signaling the v lt 
ranges from 0.523 to 0.935v. Note that during S200 and S400 speed signal; ~r 
input voltage to the port status receiver drops below 0.8v. Unless some acti~n i: 
taken the PHY would detect node detachment. To prevent this from occurrin 
the PHY must ignore disconnect status during speed signaling. g, 

Table 6-12: Common Mode Current for Speed Signaling 

Data Rate (mA) 

Signaling 
., 

Active Tx_Speed = 100 Tx_Speed = 200 Tx_Speed = 400 . 
Max Min Max Min Max Min 

Common mode 0.44 -0.81 0.44 -0.81 0.44 -0.81 
signaling off 

Common mode 0.44 -0.81 -2.53 
signaling on -4.84 -8.10 -12.40 

I 

DD;at~a/~S~tr;o;b~ecs~ig::n=a~lin~g=-------------

122 

The actual packet is d 1 · . 
d d 

e ivered via the d t d · f N!RZ an ata-strobe encoct· 
0 

. a a nver using a combination o 
tr b . d . mg. ata is tran f d . ·1 the 

5 0 e is ehvered over th th . s erre across one siITT1al pair whi e 
f b th . e o er pa s· l . . o . th se 

0 0 signal pairs th f ir. mg e direction transfers require e u 
h If d , ere ore b . d. . . a a - uplex implementati D 1~ irectional transfers are accomplished via 
ets th t on. urmg I f ack· . ' e ransmitter delivers th n~rma differential transmission ° P . 
Figure 6-14. Since the rate f ~ strobe via TPA ~nd data via TPB as illustrated lJl 

sent prior to packet transm~ . ata delivery can var)' speed information is also 
1ssion. , 

------------
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Figure 6-/4: Data-Strobe Signaling During Packet Transmission 
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Non-return to zero (NRZ) encoding is used to reduce the frequency component 
of a bipolar data stream comprised of ones and zeros. As its name implies, NRZ 
encoded data does not return to zero after signaling each state. Instead, it transi
tions only when a change from zero to one or one to zero occurs. Figure 6-15 
illustrates a bipolar data stream that is not encoded followed by NRZ encoded 
data. 
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Data-Strobe Encoding 

Figure 6-15: NRZ Data Stream 

1 0 1 ., 1 0 0 1 

_n n__J 
~ 

I 

J 

124 

1 0 1 1 l 0 0 1 

NRZ data is transmitted via TPB and detected by the differential data receiver 
on TPA. The data stream is accompanied by a strobe signal that provides a 
means of reconstructing a clock signal that can be used to synchronize the 
incoming data stream. Strobe is transmitted via TPA and received by the differ
ential strobe receiver on TPB. The data-strobe encoding improves the transmis
sion characteristics of data sent over the cable. Figure 6-16 illustrates an 
example data stream and the accompanying strobe. Note that a clock signal can 
be constructed by performing an exclusive OR on the data and strobe. 
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. 
Figure 6-16: Data-Strobe Encoding/Decoding 
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Gap Timing 

Between packet transfers the bus returns to the idle state for a period of time, 
called an interpacket gap. For example, when a read transaction begins, a 
request packet is sent to the target device and the target node responds by 
returning data to the initiating node. Sufficient tum-around time must be given 
for the target node to return data. A variety of idle times (called gaps) are 
employed by the IEEE 1394 implementation. These gaps include: 

• Acknowledge Gap-An acknowledge gap is the bus idle time that exists 
between the end of an asynchronous packet (request or response) and the 
start of the acknowledgment packet. Note that the request or response 
packet and the subsequent acknowledge packet are performed as atomic 
operations on the bus. No other bus activity is allowed to take place during 
this interval. This gap must be shorter than the subaction gap which is used 
to notify a node that it may begin arbitration for ownership of the bus. 

• Isochronous Gap-The period of bus idle time before the start of arbitration 
for an isochronous channel subaction. This gap is also shorter than the sub
action gap; thereby providing a higher arbitration priority for isochronous 
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Powering the Link 
. b nf' ation the link may be powered off. However, nodes that During us co 1gur . och are 
bl f b mm. g bus managers or 1S ronous resource managers m 

capa e o eco . h ust 
have their link layer powered. The bus manager or isoc ronous resource man. 
ager (when the bus manager node is not _present) mu.st ap~ly power to other 
nodes that have their link powered off durmg bus configuration. 

Each node reports whether its link is powered during configuration when it 
sends its self-ID packet. The bus manager capable and resource manager capa
ble nodes must save the self-ID packets so they can perform bus management 
functions in the event that they are chosen. Following bus configuration, the 
node performing power management must ensure that each node's link is pow
ered by sending it a link-on packet. 

Packet Transmission 

When a functional device within a node wishes to perform a transaction, the 
associated application issues a transaction request to the link layer chip. The 
link layer then uses the PHY /link interface to forward the request to the PHY. 
The request is issued to the PHY chip via the LReq signal line. Once the request 
has been issued, the PHY must arbitrate for control of the IEEE 1394 bus and 
grant use of the PHY /Link interface so that the necessary packets can be sent to 
the PHY for transmission over the 1394 bus. 

Generally, the _request may be issued at any time to the PHY. However, to ensure 
prop:r ~perahon of the link/PHY interface, certain rules of conduct are defined 
~at limit when a link request can be issued. These rules depend on whether the 

b
lin_k or PHY currently owns the interface and how the interface is currently 

emg used. 

Link Issues Request 

The link requests access t th . . . rial 
stream of bits to the PHY ~h e se~al bu_s via the LReq line by se~ding a !eand 
the speed at which the . ese bits defme the type of request bem~ mad a ,s 
owns the unidirectional (R:ke~ must be ~elivered. Note that the link alt: tie 
PHY. However, certain re q line and can issue a request asynchrono~sly dis· 
cussed later in the sectio queSts can only be issued at particular tunes ~Y it 
must arbitrate for contro~~f When ~ transaction request is issued to the ~s has 

the serial bus. Once ownership of the 1394 b 

22228~-------------------

80



FireWire System Architecture 

Tnblc 11-8: L111 ' , cque. • ' kR 
j . PHY Behavior a11d Link Actio11s (Co11ti1111L'd) 

sts and Corr1.1spom lllg ---
CB States 

Link Action Request During or PHY Behavior 
Type After LReq 

transmission 
-

lsochro- ]die 
Monitor Ct! for the next change 
of s tate. 

nous 

Request is serviced, u_nless sta- Link continues to monitor Ct! 
Status 

line, unless request is discarded. tus indicates a subachon gap 
event. This indicates that the 
isochronous bus time has 
expired, reflecting ,m error con-
dition. 

Receive PHY retains the request. Link monitors Ct! lines. 

Grant The PHY has won arbitration Link trnnsmits the packet. 
and is ready to receive a packet. 

Transmit, Idle Request is retained by PHY. Monitor Ctl lines after relensing 
(interface control of interface to the PHY. 
driven by Link) 

Receiving Packets 

236 

When a packet is being transmitted by another node the PHY detects the "Data
On" state. It then signals a receive condition on Ctl[O:l] and delivers all ones on 
the data lines. The PHY signals the beginning of the packet by sending the 
speed code over the data lines, which is immediately follovved by packet con
tents: No~e th~t tl~e _CRC check does not include the speed code information. 
Receive s1gnahng 1s Illustrated in Figure 11-4 on page 237. 
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.. 
Figure 11-4: Sequence and Format oif Data Line D · p ke . . s urmg ac t Receive State 

Oata[0:7]~ oo X FFh j .......... ! 
• I ·~~--' 

I : Data-On: _ ___, 

~. ! 
~~ 1 I 1~- · 

! : 

Ctl (0:1] 

R~ive ...._ ________ Status 

Speed of PHY to Link Data Transmission 

When a packet is received by the PHY it must transfer the packet to the Link. 
The PHY transmits the packet to the link at the received speed. For example, if 
the packet is received at lOOMb/s only two of the data lines are used, whereas, 
if the packet is received at 400Mb / s all eight data lines are used. The PHY indi
cates the start of a receive packet by sending a speed code over the data lines. 
This serves to notify the link that a packet is being transmitted and the speed at 
which it will be sent (i.e. the number of data lines that will be used). Table 11-9 
shows the speed code signaling used by the PHY when starting packet transfer 
over the PHY /Link data lines. Note that if packet speed is 100Mb / s only two 
bits are needed to define the speed (OOb ), while 200Mb / s transfers use four bits 
and 400Mb / s and greater use all eight lines. 

A PHY may support a higher transfer rate than the link. In this case the link will 
recognize that it does not support the incoming packet when it detects the 
speed code and consequently will ignore the p~cket transmission. The link 
ignores all interface traffic until it detects the next idle state. 

Table 11-9: Speed Signaling PHY to Link 
. . .· . ., ,.( 

oro:7l. Oata Rate (Mb/s) 
.. 

OOxxxxxxb 100 

0lOOxxxxb 200 

01010000b 400 
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The Fire Wire (IEEE 1394a) srandard for high-speed 

serial bus communications has come to the fore as an 
important technology supporting today's emerging 

data-intensive appl ications. 

Fire Wire S)'stem Architecture provides an in-depth 
description of the IEEE 1394a cable environment, 
based on the 2.0 version of the I 394a standard. 
Comprehensive, concise, and well-organized, this 
book derails the specification itself and presents che 
architecture, features, and operations of systems 
developed with the Fire\Xlire® bus. Completely 
up-co-dace, this new edition covers all of the changes 
incorporated into che 2.0 standard, such as arbitration 
enhancements, improvements in bus reset timing, 
new PHY register definition, and pore interface 
enhancements co support suspend/resume and port 
disable. In addition, ic provides in-depth information 
on suspend/resume operation, power distribution, and 

power management. 

Fire Wire~ System Architecture describes che various 

hardware and software layers chat make up the 
FireWire"' serial bus and provides transaction examples 
co explain and illustrate the relationship between each 
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• The communications model 
• Asynchronous and isochronous transactions 

• C ables and connectors 
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such enhancements as fly-by arbitration, acceleration 
control, and priority arbicracion service 
• Packers, including che PHY packer format 
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• Serial bus configuration and management 
• Control and status registers (CSRs) 

• Configuration ROM 
• Power management 

Numerous sample implementations throughout the 
book demonstrate how theory is put co use in real
world applications. This combination of comprehensive 

reference, readable explanation, and examples make chis 
guide indispensable for anyone who works with the 

IEEE 1394a technology. 
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PC hardware standards. Each cicle is designed co 
illustrate the relationship between the software and 
hardware, and thoroughly explains che archiceccure, 

features, and operation of systems built using one 
particular type of chip or hardware specification. 
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