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ABSTRACT: In this paper, the design of IEEE 1394 for a high speed serial bus is implemented with a link layer
controller. Starting from basic overview of fire wire bus, I describe the various blocks of the Link Layer
Controller. The link layer is works between Physical layer and Transaction layer. The various modules for the
link layer are design in HDL language and implemented on the FPGA.
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I. INTRODUCTION

FireWire, Originally was developed by Apple
Computer. It is defined by the IEEE 1394-1995
[FireWire 400], IEEE 1394a-2000 [FireWire 800]
and IEEE 1394b standards-that move large
amounts of data between computers and peripheral
devices. It features simplified cabling, hot
swapping and transfer speeds of up to 800 megabits
per second. FireWire is a high-speed serial
input/output (I/O) technology for connecting
peripheral devices to a computer or to each other. It
is one of the fastest peripheral standards ever
developed and now, at 800 megabits per second
(Mbps), it’s even faster.

FireWire can connect up to 63 peripherals in a tree
or daisy-chain topology (as opposed to Parallel
SCSI's electrical bus topology). It allows peer-to-
peer  device  communication - such  as
communication between a scanner and a printer - to
take place without using system memory or the
CPU. FireWire also supports multiple hosts per
bus. It is designed to support plug and play but not
hot swapping. The copper cable it uses in its most
common implementation can be up to 4.5 meters
(15 ft) long and is more flexible than most parallel
SCSI cables. In its six-circuit or nine-circuit
variations, it can supply up to 45 watts of power
per port at up to 30 volts, allowing moderate-
consumption devices to operate without a separate
power supply.

II. LINK LAYER ARCHITECTURE

Link-layer controller has to support 100Mbps,
200Mbps and 400Mbps three speed modes and
finish the CRC coding or verification
simultaneously. As illustrated in Fig. 1 , the
controller is divided into 6 sub function modules

including PHY interface(physical), CRC, host
interface, FIFO, transmit and receiving modules.

A. Physical Interface

Link-layer controller communicates with the
Physical chips through the Physical interface and
handles the bus arbitration and the data
transmission or receiving issues. The Physical
Interface signals are
(1) Ctl(control signal) is the control signals droved
by both linklayer controller and Physical layer
chip, LReq(link request) is the request signal
driving by link-layer, Ctl and LReq works
cooperatively to finish the communication controls
between link-layer and Physical layer. The data
transmission between the two layers through the D
[7:0] signals (8 bits wide in 400Mbps mode).

— F———n [—ooo— o —————————n

| " Tranemillis s

ATF

r

i

- ~wma

|

|

|

1

|

|

|

|

|

1] |
T 1
|

|

|

|

|

|

t

|

|

e

Ll
Recehmr -4 L

—r—| Canfiguration Regsiers |

Fig.1 Link Layer Controller Architecture

B. CRC-32

The CRC module generates 32-bit CRC. The CRC
is calculated to transmit along with the message
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and to check CRC of the received packet. The
purpose of the error detection technique is to
enable the receiver, of the message transmitted
through a noisy (error-introducing) channel, to
determine whether the message has been corrupted
or not.

The arithmetic can be described in the polynomial
form:

F(x) A degree k-1 polynomial that is used to
represent the k bits of the packet covered by the
CRC. For the purposes of the CRC, the coefficient
of the highest order term shall be the first bit
transmitted.

L(x) A degree 31 polynomial with all of the
coefficients

equal to one, i.e.,
L) =xT+ x4+ x¥+ . x%+x'+1

G(x): The standard generator polynomial
GX)=x7+x®+xP +x2+x0+xZ+x"+
xOrxfaexT+x 0+ x e xt4x+1

R(x) The remainder polynomial that is of degree
less than 32.

P(x) The remainder polynomial on the receive
checking side that is of degree less than 32.

CRC The CRC polynomial that is of degree less
than 32.

Q) The greatest common multiple of G(x) in
[x ¥ F(x) + x*L(x)].
Q*(x) x* Q).

M(x) The sequence that is transmitted.

M*(x) The sequence that is received.

C(x) a unique polynomial remainder produced by
the receiver upon reception of an error-free
sequence. This polynomial has the value: C(x) =

x PL(x)/G(x)

CR) =xT+x 0+ x4 xP +xH+xB4xP 4+
X x T xrx e x e x T xt x4 x
+1

CRC generation equations.

The equations that are used to generate the CRC
sequence from F(x) are:

a) CRC = L(x) + R(x) = RS(x) where RS(x) is the
one’s complement of R(x).

b)[x *? F(x)+x * L(x)/G(x)=Q(x)+R(x)/G(x)
¢) M(x) =[x ** F(x)] + CRC.
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Fig.2 Simulation output for CRC module.
C. Host Interface

The host interface handles the
communication issues between the CPU and the
link-layer controller. Through the host interface,
the host CPU can access the link layer status
registers, set the control registers; during data
transmission, the data are pushed into the FIFO in
link-layer controller in form of I/O.

D. FIFO

FIFO is used by the two modules:
i.  The transmitter module,
ii.  Receiver module.

The FIFO block includes two transmit blocks,
Asynchronous Transmit FIFO (ATXFIFO) and the
Isochronous Transmit FIFO (ITxFIFO). FIFO
block includes one Receiving FIFO.
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Fig.3 Simulation output for FIFO module.
E. Transmitter
The transmitter retrieves data from either the ATF

or the ITF and creates correctly formatted serial-
bus packets to be transmitted through the physical

interface.

TR mil ' Imn
w [ UUUDUUUUUUUY
b raset_ore 0 ﬁ

¥ M VE 1

SOMTACRC | - [ OO0 OOt ) (0000000 |
= dataend 0

b sliobe 1 F
Fopeed_code | HI 3

PCTRLANS | HD 0

bREOTIRE | - [ -]
SMONTOR | HD 0

oo ] ’_|_I_
£0ATA BT - | ooseses 00054545 | o |
§ DATA PM_CRC TR ETE TN T

Fig.4 Simulation output of Transmitter block.

The 1394 protocol supports both asynchronous and
isochronous data transfers.

1. Asynchronous transfers: Asynchronous
transfers are targeted to a specific node with an
explicit address. They are not guaranteed a specific
amount of bandwidth on the bus, but they are
guaranteed a fair shot at gaining access to the bus
when asynchronous transfers are permitted.
Asynchronous transfers are acknowledged and
responded to. This allows error-checking and
retransmission mechanisms to take place.

retransmission is available for isochronous
transfers. Up to 80% of the available bus
bandwidth can be used for isochronous transfers.
The delegation of bandwidth is tracked by a node
on the bus that occupies the role of isochronous
resource manager. This may or may not be the root
node or the bus manager. The maximum amount of
bandwidth an isochronous device can obtain is only
limited by the number of other isochronous devices
that have already obtained bandwidth from the
isochronous resource manager.
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Fig.6 Asynchronous transfer mode.

F. Receiver

The receiver gets the data packet from the PHY
layer, after the “serial parallel transformation” has
been done, data will be sent to a decoder where
transformed the data to the format needed by host,
then push them into FIFO. The CRC described in
section B is also used here for data packet head and
data CRC verification. The data has been settled
FIFO will be cancelled once the CRC check fail.

pecin 1 ’_]
\ / =B0LK 1
\ Reque3t \ b resel_cre 0 ﬁ
" ’7/ } PIWE 1
I oy III Address & Transaction Type T |'| £ DATA CRE - oo oooveesd 00000000 ‘
il {plus data if write or bock) |'I nil |
| c E | c % | b pop 1
== =Rl = daiend 0
95 | ao |
20 =3 = U UYL LU
o9 Sa |
| 3 m ) Status ) =  strobe 1 i
| = iplus data If read or lock) || = I|I| Syl ode | H3 ;
Response f ECTRLPING | HO 0
/ PRECTIE | - i [
FMONTOR | HO i
bpop 1
. & DATA BT . Y Y N
Fig.5 Asynchronous transfer mode. DATAR il S O]
 DATA_PM_CRC TR O T
2. Isochronous transfers: Isochronous transfers
are always broadcast in a one-to-one or one-to- Fig.7 Simulation output of Receiver block.
many fashion. No error correction or
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V. Conclusion

This Paper present the basic blocks and their
functions that needed for Link Layer Controller for
high speed serial bus .The design of each block is
done using HDL languages. After the simulation
and verification the code can be loaded into FPGA,
so supporting IEEE 1394 high performance serial
bus on system can be much efficiently.
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