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(57) ABSTRACT 

A PCI Express device is provided. The PCI Express device 
includes a symbol lock module that includes a state machine 
for detecting a special character in a serial bit stream 
received from a serial/de-serialiZer, Wherein the state 
machine receives a ?rst special character and veri?es align 
ment of the special character by comparing With a previ 
ously stored alignment value and the state machine declares 
a symbol lock if at least more than one special character 
alignment matches With a same stored alignment value. The 
special character is a comma sequence. After a symbol lock 
is declared, the state machine continues to monitor incoming 
bit stream data and compares each neW special character 
alignment With the previously stored alignment value. Dur 
ing the monitoring if a misaligned special character is 
detected, then the state machine Waits to receive another 
special character before declaring a loss of synchronization. 
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METHOD AND SYSTEM FOR SYNCHRONIZING 
BIT STREAMS FOR PCI EXPRESS DEVICES 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The present invention relates to computing sys 
tems, and more particularly, to synchronizing serial bit 
stream data for PCI Express devices. 

[0003] 2. Background of the Invention 

[0004] Computing systems typically include several func 
tional components. These components may include a central 
processing unit (CPU), main memory, input/output (“I/O”) 
devices, and streaming storage devices (for example, tape 
drives). In conventional systems, the main memory is 
coupled to the CPU via a system bus or a local memory bus. 
The main memory is used to provide the CPU access to data 
and/ or program information that is stored in main memory 
at execution time. Typically, the main memory is composed 
of random access memory (RAM) circuits. A computer 
system With the CPU and main memory is often referred to 
as a host system. 

[0005] Host systems often communicate With peripheral 
devices via an interface such as the Peripheral Component 
Interconnect (“PCI”) interface, a local bus standard using 
parallel data transfer that Was developed by Intel Corpora 
tion®, or the extension of PCI knoWn as PCI-X. More 
recently, PCI Express, a standard interface incorporating 
PCI transaction protocols at the logical level, but using serial 
data transfer at the physical level has been developed to offer 
better performance than PCI or PCI-X. 

[0006] Host systems are used in various netWork applica 
tions, including TCP/IP netWorks, storage area netWorks 
(“SANs”), and various types of external device attachment. 
In SANs, plural storage devices are made available to 
various host computing systems. Data is typically moved 
betWeen plural host systems and storage systems (or storage 
devices, used interchangeably throughout this speci?cation). 
The connectivity betWeen a host system and netWorks or 
external devices is provided by host bus adapters (“HBAs”), 
Which plug into the host system. HBAs may attach to the 
host system via a standard interface such as PCI Express. 

[0007] PCI Express HBAs receive serial data streams (bit 
streams), align the serial data and then convert it into parallel 
data for processing. PCI Express HBAs operate as transmit 
ting devices as Well as receiving devices using the Comma 
sequence for identifying symbol boundaries. 

[0008] PCI Express is an Input/Output (“I/O”) bus stan 
dard (incorporated herein by reference in its entirety) that is 
compatible With existing PCI cards. PCI Express uses dis 
crete logical layers to process inbound and outbound infor 
mation. In the PCI Express terminology, a serial connection 
betWeen tWo devices is referred to as a link. 

[0009] Various other standard interfaces are also used to 
move data betWeen host systems and peripheral devices. 
Fibre Channel is one such standard. Fibre Channel (incor 
porated herein by reference in its entirety) is an American 
National Standard Institute (ANSI) set of standards, Which 
provides a serial transmission protocol for storage and 
netWork protocols. 
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[0010] PCI Express, Fibre Channel and other serial inter 
faces use 8-bit to 10-bit encoding, in Which each 8-bit 
character of source data is encoded into a l0-bit symbol 
prior to transmission. A receiving device decodes the l0-bit 
data to recover the original 8-bit character. 8b-l0b encoding 
provides a number of advantages such as the ability to 
embed clocking information into a serial bit stream and the 
ability to detect transmission errors. 

[0011] In order to recover data from a serial bit stream, the 
receiving PCI Express device performs clock recovery, 
de-serialiZation and symbol lock. In clock recovery, the 
receiving device generates a serial bit clock that is phase 
locked to the incoming serial bit stream. This is also knoWn 
as bit synchronization. For de-serialiZation, the recovered 
clock is used to sample the incoming serial bit stream and 
converts it into parallel data. 

[0012] For symbol lock, the boundary betWeen consecu 
tive l0-bit symbols is determined and the de-serialiZed data 
is aligned to the boundary. After the symbol lock, the l0-bit 
data is sent to an elastic buffer and then the l0-bit data is 
decoded to 8-bit data for further processing. 

[0013] A COMMA symbol is a special bit pattern that is 
often used to determine symbol and Word alignment in a 
serial stream of data. K285 Comma symbol is a unique bit 
pattern used in bit streams to identify special control 
sequences not normally found in conventional user data. The 
l0-bit encoding of the Comma symbol is unique because it 
is the only symbol that contains tWo bits of one polarity 
folloWed by ?ve bits of opposite polarity, i.e., 00lllll0l0b 
or ll00000l0lb. The nature of the 8-bit to l0-bit coding 
provides a comma sequence that does not occur in a non 

comma character, nor in any consecutive combination of 
non-comma characters, and hence, identi?es symbol bound 
anes. 

[0014] Once a Comma symbol (or sequence) is detected, 
the receiving device assumes that the received symbols that 
folloW Will be on the same l0-bit boundary. The receiving 
device also assumes that data is aligned after the Comma 
character is detected. HoWever, in reality, a data stream may 
get misaligned due to single bit errors and cause various 
processing errors. Errors may include loss of bit synchro 
niZation and random bit errors. The former may cause bits to 
be added to or deleted from the de-serialiZed data, resulting 
in loss of symbol lock; the latter causes incorrect values to 
be assigned to one or more bits Without loss of synchroni 
Zation or loss of symbol lock. 

[0015] Most serial protocol standards specify exact 
requirements for detecting symbol lock and for detecting 
loss of symbol lock. Such is not the case With the PCI 
Express standard, Which has left the functional requirements 
for symbol lock to designers of PCI-Express devices. 

[0016] Conventional symbol lock techniques used for 
interfaces such as Fibre Channel do not provide an effective 
solution for PCI Express applications, as described beloW. In 
Fibre Channel, symbol alignment involves aligning to trans 
mission Word boundaries, Where a Word is four consecutive 
l0-bit symbols. If a transmission Word contains a comma 
character, then the comma character is expected to be in the 
?rst symbol only. 

[0017] In Fibre Channel, comma characters occur fre 
quently; there is a minimum of 6 ordered sets transmitted in 



US 2007/0262891 A1 

an inter-frame gap following every frame of 2112 symbols 
or less, where an ordered set is a transmission word con 
taining a comma character followed by a prescribed 
sequence of non-comma characters. The Fibre Channel 
symbol lock requirement calls for detection of 3 ordered 
sets, each starting with a comma, with no intervening invalid 
transmission words. Once symbol lock is achieved, the 
symbol lock circuit monitors the data stream for the occur 
rence of transmission errors. If a sequence of 7 consecutive 
transmission words contains 4 or more invalid transmission 
words, then a loss of symbol lock is declared, and the initial 
alignment procedure is repeated. 

[0018] Although it uses the same 8b-l0b coding set, PCI 
Express differs from Fibre Channel, which makes the above 
method impractical. First, PCI Express does not group 
symbols into transmission words, so an ordered set may 
begin on any symbol that is not part of a packet. Thus, a 
symbol lock circuit for PCI Express needs to examine 
individual symbols rather than transmission words. Second, 
PCI Express devices do not transmit comma characters as 
frequently, except during training sequences, which are used 
to establish bit synchronization and symbol alignment dur 
ing link initialiZation and following low-power link states 
during which data transmission is suspended. During normal 
full-power operation, there may be as many as 5650 symbols 
between comma characters. This corresponds to the maxi 
mum allowed scheduling interval for skip ordered sets, 
which are ordered sets per the PCI Express standard for 
prevention of over?ow or under?ow of the elastic buffers of 
receiving devices, plus the maximum residual packet length 
before the scheduled skip ordered set is actually transmitted. 
Furthermore, because skip ordered sets are isolated, (unlike 
in Fibre Channel, in which ordered sets are clustered in the 
inter-frame gaps), the receipt of 3 commas for symbol lock 
acquisition would span multiple PCI Express packets. 

[0019] Bit error rates are typically expected to be low, but 
are not bounded by the PCI Express standard, so the symbol 
lock circuit is expected to perform well in noisy systems 
with high bit error rates. In such an environment, there exists 
a signi?cant probability that an alignment attempt using the 
Fibre Channel method would fail due to transmission errors 
within the ?rst three comma occurrences, extending the time 
required for symbol lock far beyond the original expecta 
tion. 

[0020] Conventional systems are not e?icient in detecting 
unique bit sequences and maintaining proper alignment. 
Therefore, there is a need for a method and system that can 
detect a unique bit stream pattern, monitor a data stream for 
errors and maintain proper alignment. 

SUMMARY OF THE INVENTION 

[0021] In one aspect of the present invention, a PCI 
Express device is provided. The PCI Express device 
includes a symbol lock module that includes a state machine 
for detecting a special character in a serial bit stream 
received from a serial/de-serialiZer, wherein the state 
machine receives a ?rst special character and veri?es align 
ment of the special character by comparing with a previ 
ously stored alignment value and the state machine declares 
a symbol lock if at least more than one special character 
alignment matches with a same stored alignment value. The 
special character is a comma sequence. 
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[0022] After a symbol lock is declared, the state machine 
continues to monitor incoming bit stream data and compares 
each new special character alignment with the previously 
stored alignment value. 

[0023] During the monitoring if a misaligned special char 
acter is detected, then the state machine waits to receive 
another special character before declaring a loss of synchro 
niZation. 

[0024] If another special character matching the previ 
ously stored alignment value is received, then the state 
machine moves to a state in which a symbol lock is declared. 

[0025] If a second misaligned special character is 
received, then the state machine moves to a state in which 
it has to re-capture synchronization. 

[0026] In another aspect of the present invention a system 
with a PCI Express device is provided. The PCI Express 
device has a symbol lock module that includes a state 
machine for detecting a special character in a serial bit 
stream received from a serial/de-serialiZer, wherein the state 
machine receives a ?rst special character and veri?es align 
ment of the special character by comparing with a previ 
ously stored alignment value and the state machine declares 
a symbol lock if at least more than one special character 
alignment matches with a same stored alignment value. 

[0027] In another aspect of the present invention, a HBA 
is provided. The HBA includes a symbol lock module that 
includes a state machine for detecting a special character in 
a serial bit stream received from a serial/de-serialiZer, 
wherein the state machine receives a ?rst special character 
and veri?es alignment of the special character by comparing 
with a previously stored alignment value and the state 
machine declares a symbol lock if at least more than one 
special character alignment matches with a same stored 
alignment value. 

[0028] In yet another aspect of the present invention, a 
method for aligning bit stream data is provided. The method 
includes, monitoring an incoming bit stream for detecting a 
?rst special character symbol; storing an alignment value of 
a detected special character; detecting at least a second 
special character symbol; comparing alignment of the sec 
ond special character symbol with a stored alignment value; 
and declaring a symbol lock if alignment of the second 
special character symbol matches with alignment of the ?rst 
special character symbol. 

[0029] In yet another aspect of the present invention, a 
system for transferring data between a host and a storage 
device is provided. The system includes, a host bus adapter 
having a symbol lock module that includes a state machine 
for detecting a special character in a serial bit stream 
received from a serial/de-serialiZer, wherein the state 
machine receives a ?rst special character and veri?es align 
ment of the special character by comparing with a previ 
ously stored alignment value and the state machine declares 
a symbol lock if at least more than one special character 
alignment matches with a same stored alignment value. 

[0030] This brief summary has been provided so that the 
nature of the invention may be understood quickly. A more 
complete understanding of the invention can be obtained by 
reference to the following detailed description of the pre 
ferred embodiments thereof concerning the attached draw 
1ngs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The foregoing features and other features of the 
present invention will now be described with reference to 
the drawings of a preferred embodiment. In the drawings, 
the same components have the same reference numerals. 
The illustrated embodiment is intended to illustrate, but not 
to limit the invention. The drawings include the following 
Figures: 
[0032] FIG. 1A shows a block diagram of a host system 
communicating with a device; 

[0033] FIG. 1B (B(i)-B(ii)) shows a block diagram of an 
HBA, used according to one aspect of the present invention; 

[0034] FIG. 1C shows a block diagram ofa portion of an 
HBA with a PCI Express Physical Coding Sublayer (PCS) 
module, used according to one aspect of the present inven 
tion; 
[0035] FIG. 1D shows a block diagram of a PCS module 
with a symbol lock module, according to one aspect of the 
present invention; 

[0036] FIG. 1E shows an example of a bit stream pro 
cessed according to one aspect of the present invention; 

[0037] FIG. 1F shows a block diagram of a standard PCI 
Express standard topology; 

[0038] FIG. 1G shows a block diagram of generic PCI 
Express devices communicating with each other; 

[0039] FIG. 1H shows the layered structure of PCI 
Express devices; 

[0040] FIG. 2 is a state machine diagram of process steps, 
according to one aspect of the present invention; and 

[0041] FIG. 3 shows a block diagram of a symbol lock 
module, according to one aspect of the present invention 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0042] To facilitate an understanding of the preferred 
embodiment, the general architecture and operation of a host 
system/HBA/PCI Express device will be described. The 
speci?c architecture and operation of the preferred embodi 
ment will then be described with reference to the general 
architecture. 

[0043] Host System/HBA: 

[0044] FIG. 1A shows a block diagram of a system 101 
where a host computing system 102 is coupled to a storage 
device 105 via a SAN 104. HBA 106 facilitates data transfer 
between host 102 and device 105. 

[0045] FIG. 1B shows a block diagram of HBA 106. 
Adapter 106 includes processors (may also be referred to as 
“sequencers/”) “RSEQ”109 and “XSEQ”112 for receive and 
transmit side, respectively for processing data received from 
storage sub-systems and transmitting data to storage sub 
systems. Transmit path in this context means data path from 
a host memory (not shown) to the storage systems via 
adapter 106. Receive path means data path from storage 
subsystem via adapter 106. Buffers 111A and 111B are used 
to store information in receive and transmit paths, respec 
tively. 
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[0046] In addition to the dedicated processors on the 
receive and transmit path, adapter 106 also includes proces 
sor 106A, which may be a reduced instruction set computer 
(“RISC”) for performing various functions in adapter 106. 

[0047] Adapter 106 also includes ?bre channel interface 
(also referred to as ?bre channel protocol manager “FPM”) 
113 that includes modules 113A and 113B in receive and 
transmit paths, respectively (shown as “FC RCV” and “FC 
XMT”). Modules 113A and 113B allow data to move 
to/from storage systems and are described below in detail. 
Frames 146A are received from a ?bre channel network, 
while frames 146B are transmitted to the ?bre channel 
network. 

[0048] Adapter 106 is also coupled to external memory 
(not shown) and local memory interface 122. Memory 
interface 122 is provided for managing local memory. Local 
DMA module 137A is used for gaining access to a channel 
to move data from local memory (108/110). Adapter 106 
also includes a serial/de-serialiZer (shown as “XGXS/SER 
DES”) 136 for converting data from l0-bit to 8-bit format 
and vice-versa. 

[0049] Adapter 106 also includes request queue DMA 
channel (0) 130, response queue (0) DMA channel 131, 
response queue (1) 132A, and request queue (1) DMA 
channel 132 that interface with a request queue and response 
queue in host memory (not shown); and a Command DMA 
channel 133 for managing Command information. DMA 
channels are coupled to an arbiter module (not shown) that 
receives requests and grants access to a certain channel. 

[0050] Both receive and transmit paths have DMA mod 
ules “RCV DATA DMA”129A and 129B and “XMT DATA 
DMA”135 that are used to gain access to a channel for data 
transfer in the receive/transmit paths. Transmit path also has 
a scheduler 134 that is coupled to processor 112 and sched 
ules transmit operations. 

[0051] PCI master interface 107A and PCI target interface 
107B are both coupled to PCI Express Core logic 137 (may 
also be referred to as “logic 137” or “module 137”). Inter 
face 107A and 107B includes an arbitration module that 
processes DMA access to plural DMA channels. 

[0052] It is noteworthy that the present invention is not 
limited to the foregoing architecture of HBA 106, and other 
architectures/ con?gurations may be used to implement the 
adaptive aspects of the present invention. 

[0053] PCI Express Overview: 

[0054] FIG. 1F shows a block diagram of a PCI Express 
standard fabric topology 100. A central processing unit 
(“CPU”) 101A (part of a computing or host system) is 
coupled to a “root complex”103A. Root complex 103A as 
de?ned by the PCI Express standard is an entity that includes 
a Host Bridge and one or more Root Ports. The Host Bridge 
connects a CPU to a Hierarchy; wherein a Hierarchy is the 
tree structure of a PCI Express topology. 

[0055] Root complex 103A is coupled to a PCI Express/ 
PCI bridge 102B that allows CPU 101A to access a PCI (or 
PCI-X) device 102A. Memory 104A is also coupled to root 
complex 103A and is accessible to CPU 101A. 

[0056] Root complex 103A is also coupled to a standard 
PCI Express switch (may be referred to as “switch”) 105A 
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that is coupled to devices 108-110. CPU 101A can commu 
nicate with any of the devices 108-110 via switch 105A. It 
is noteworthy that the path between root complex 103A and 
any of devices 108-110 may also be a direct path with no 
switch, or it may contain multiple cascaded switches. 

[0057] PCI Express uses discrete logical layers to process 
inbound and outbound information. The logical layers are 
the Transaction Layer 114B, Data Link Layer (“DLL”) 114A 
and a Physical Layer (“PHY”) 115A, as shown in FIG. 1H. 
A receive side communicates with a transmit side. 

[0058] PCI Express uses a packet-based protocol to 
exchange information between Transaction layers 114B. 
Transactions are carried out using Requests and Comple 
tions. Completions are used only when required, for 
example, to return read data or to acknowledge completion 
of an I/O operation. 

[0059] At the transmit side, packets ?ow from the Trans 
action Layer 114B to PHY 115A. On the receive side, 
packets are processed by the PHY layer 115A and sent to the 
Transaction layer 114B for processing. DLL 114A serves as 
an intermediate layer between PHY layer 115A and Trans 
action layer 114B. 

[0060] The Transaction Layer 114B assembles and disas 
sembles Transaction Layer Packets (“TLPs”). TLPs are used 
to communicate transactions, such as read and write and 
other type of events. 

[0061] The PHY Layer 115A is typically implemented in 
three sublayers. The uppermost of these sublayers is the 
Media Access Control (MAC) sublayer, which is responsible 
for link training, framing of packets, scrambling and 
descrambling of data, and deskewing of received data. 
Below the MAC is the Physical Coding Sublayer (PCS) 
described in greater detail below. Below the PCS is the 
Physical Media Attachment (PMA) sublayer, which includes 
the serial/deserialiZer (referred to as “serdes” throughout this 
speci?cation) and analog receivers and transmitters. Trans 
action Layer 114B, the Data Link Layer 114A, and the MAC 
portion of the PHY layer 115A are included in Port Logic 
137A of FIG. 1G. 

[0062] Symbol Lock Module 202A: 

[0063] FIG. 1C shows a block diagram of a system with 
host 102 interfacing with HBA 106 having logic 137. Logic 
137 includes a serial/de-serialiZer 201 and a PCI Express 
receive channel (“PCS”) 202 that are described below in 
detail. 

[0064] Host 102 sends random serial data (bit streams) via 
serdes 106C and serial interface 136A. Serdes 201 receives 
the incoming data stream and passes the data stream to PCS 
202. 

[0065] FIG. 1D shows a block diagram of PCS 202 with 
a symbol lock module 202A (also referred to as “module 
202A”), an elastic bulfer (may also be referred to as a 
“bulfer”) 202B and a decoder 202C. 

[0066] Module 202A receives raw bit stream data from 
serdes 201, and determines the appropriate symbol boundary 
using the K285 Comma symbol and then properly aligns the 
received data. When a Comma symbol is detected, the 
current alignment value or bit-offset value is marked, pro 
viding an offset in the serial bit stream from the ?rst bit of 
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each deserialiZed data group provided by the serdes to the 
?rst bit of a valid symbol. This alignment value is used to 
output valid symbol information and verify/maintain proper 
symbol alignment. The Comma information is used to 
acquire and maintain proper symbol lock, as described 
below with respect to the FIG. 2 state machine/process ?ow 
diagram and FIG. 3, detailed block diagram for module 
202A. 

[0067] Based on the location of the Comma character, 
incoming bits are aligned and then stored in a buffer 202B. 
Buifer 202B includes any type of memory for storing the 
aligned bit stream data. 

[0068] Decoder 202C takes the aligned data from bulfer 
202B and decodes l0-bit data to 8-bit data. The decoded 
8-bit data is then sent to other components in HBA 106 (or 
any other PCI Express device) for processing. It is notewor 
thy that FIG. 1D shows only the receive side. 

[0069] Typically, serdes 201 receives serial data, performs 
bit synchroniZation, and stores the received bits, still 
unaligned, into a registered parallel output that is 10 bits, 20 
bits, or some other multiple of 10 bits (or a multiple of the 
encoded symbol siZe). serdes 201 provides a clock that is 
phase-locked to the received data and at a frequency equal 
to the received data bit rate divided by the width of the 
parallel interface. A Comma character is used to determine 
the boundary between successive symbols. The incoming 
bits from serdes 201 are then synchronized with respect to 
the Comma character. 

[0070] Although the example of FIG. 1D is given with 
respect to an HBA, the present invention is applicable to any 
PCI Express device. The general architecture with respect to 
PCI Express devices is shown in FIG. 1G, where PCI 
Express device 1 communicates with PCI Express device 2 
using the serial interface 136A. In this con?guration, Port 
Logic 137A in PCI Express Device 1 transmits PCI Express 
data which is encoded in PCS 202 and serialized in serdes 
106C. Serdes 106C transmits a serial bit stream to serdes 
201 where it is deserialiZed. PCS 202 in PCI Express Device 
2 decodes the data. The port logic 137A in PCI Express 
device 2 receives the decoded data from PCS 202. It is 
noteworthy that each PCI Express device contains both a 
transmit channel and a receive channel even though FIG. 1G 
shows only the transmit channel of PCI Express Device 1 
and the receive channel of PCI Express Device 2. 

[0071] FIG. 1E shows an example of a bit stream from 
serdes 201 highlighting the importance of bit stream syn 
chroniZation. Three characters 1, 2 and 3 are shown in FIG. 
1E. The 20 bits received from the serdes 201 may include 
bits from all the three symbols. 

[0072] The positional alignment of symbols (shown as 
Align Value 201A) from the serdes 201 output is random. A 
comma pattern appears in the ?rst 7 bits of a symbol, and so 
it may appear in the position represented by A through G, A1 
through G1, or A2 through G2. Hence, it is important to 
determine the comma’s location within a window that 
includes a current serdes 201 output data and the last 6 bits 
of the previous data from serdes 201. The offset (shown as 
Align Value 201A) determined by this inspection is saved in 
a register (Alignment Storage 304). This stored offset value 
is used as a selection input to a bit shifter (Data Selector 
310), which aligns the data into the correct position before 
sending it to the next stage, as described below with respect 
to FIGS. 2 and 3. 
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[0073] In one aspect of the present invention, module 
202A detects proper symbol alignment, continually monitors 
the incoming data stream from serdes 201 to detect any 
errors and then re-establishes synchronization When and if 
the error occurs. 

[0074] As shoWn in FIG. 3, module 202A receives a data 
stream from serdes 201 and is staged in registers 301 and 
302. Data stream from registers 301 and 302 is sent to 
alignment detector 303 that detects a comma sequence in the 
input data stream. The alignment value 201A is stored in 
alignment storage register 304 and is compared With sub 
sequent alignments (shoWn as Align Value'304A) by data 
compare module 305. 

[0075] The comma sequence (shoWn as 201B) is also sent 
to state machine 307 that monitors the alignment of subse 
quent data. State machine 307 transmits a SYNC Acquired 
signal 308 When the alignment values match (shoWn as 
Align Value=Align value'). Signal 308 denotes that a 
sequence of comma symbols has been successfully identi 
?ed and that symbol lock synchronization is achieved. 

[0076] Data selector 310 receives data input from registers 
301 and 302, the alignment value 304A from register 304 
and sends aligned data 309 to the elastic bulfer 202B (shoWn 
in FIG. 1D). 

[0077] The folloWing provides a description of a state 
machine 307 diagram for data alignment. 

[0078] Process How 

[0079] Turning in detail to FIG. 2, an idle state is shoWn 
as Sync State(State 0) in step S200. The idle state is invoked 
When PCS 202 has a loss of symbol lock (or a loss of signal, 
used interchangeably) or a reset condition is forced. Symbol 
lock is a condition Where PCS 202 is assured of a symbol’s 
position and a lock is placed for data alignment purposes. In 
State 0, state machine 307 monitors incoming bit stream 
from serdes 201 to detect a Comma symbol. 

[0080] To acquire a symbol lock, state machine 307 
detects a certain number (i.e. a minimum number) of 
Comma symbols, for example, 3, as shoWn in the Figure 
state machine diagram. It is noteworthy that the present 
invention is not limited to detecting any particular number of 
Comma symbols. 

[0081] While the state machine is in idle state, a Comma 
is detected in step S201. The state machine then advances to 
the next state (Comma Detect State or “State l”)) in step 
S202 and the Comma position detected in step S201 is stored 
(for example, stored as Align Value'). 

[0082] In step S203, state machine 307 determines if it has 
received another Comma symbol. If yes, then in step S204, 
state machine 307 compares the alignment position (Align 
Value) of the Comma received in step S203 With the 
alignment position (Align Value') of the Comma detected in 
step S201. If the alignment positions do not match, Align 
Value' is updated With the current Comma position (Align 
Value) and then the process reverts back to step S202. 

[0083] If the alignment positions match, then the process 
moves to step S205 When state machine 307 moves to State 
2. 

[0084] In step S206 (i.e. “Comma Detect” or “State 2”), 
state machine 307 determines if it has received another 
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Comma character. If a Comma character has not been 
received, the process reverts back to step S205 (i.e. to State 
2). If another Comma character is detected in step S206, then 
in step S207, the alignment (AlignValue) of the Comma 
detected in step S206 is compared to the previously stored 
alignment value (Align Value'). If there is no match, Align 
Value' is updated With the current Comma position (Align 
Value) and the process reverts back to step S202. 

[0085] If there is a match in step S207, then the process 
moves to step S208, When the state machine 307 moves to 
the Sync Acquired State (or “State 3”), Which denotes that 
synchronization of the input bit stream has been achieved 
With respect to the Comma symbol. During this stage, a 
symbol lock is achieved and then each subsequent symbol 
received While in this state is stored in bulfer 202B. 

[0086] In step S209 (i.e. during State 3); state machine 307 
continues to monitor Comma alignment position. If a 
Comma is not detected, the process stays in state 3. If a 
Comma is detected, then the alignment value is compared 
With the previous alignment value in step S210; if the 
alignment values match, the state machine 307 stays in state 
3 (S208). 

[0087] If the alignment values do not match in step S210, 
then the process moves to step S211, When the state machine 
307 moves to state 4 (Bad Comma State or “State 4”). In this 
state, received symbols continue to be Written into the elastic 
bulfer 202B, While the state machine 307 determines if there 
is a need for re-acquiring symbol synchronization. In step 
S212, While in State 4, state machine 307 detects the next 
Comma symbol. If a comma is detected in step S212, then 
in step S213, the state machine 307 compares the alignment 
of the Comma in step S213 (Align Value) With the alignment 
of the Comma detected in step S207 When Synchronization 
Was acquired (Align Value'). If the alignment values match 
in step S213, the process reverts back to State 3 (step S208). 
This signi?es that the misalignment detected in step S210 
Was probably due to a random bit-error and did not affect the 
overall alignment of the bit stream. If a comma is not 
detected in step S212, then the state machine 307 moves to 
state 4 (S211). 

[0088] If the alignment values do not match in step S213, 
then the process reverts back to step S202 (i.e. State 1), 
Where the state machine 307 attempts to re-acquire synchro 
nization based on a neW alignment offset (from step S213). 
The neW alignment offset (AlignValue) replaces the old 
stored offset value (Align Value'). Symbols may not be 
Written to the elastic bulfer 2025 during the re-acquisition. 

[0089] In one aspect of the present invention, symbol lock 
is achieved after the state machine 307 is convinced that the 
alignment With respect to the Comma character is proper. 
Also, the process How diagram ensures that false alignment 
does not occur, since multiple commas are required to have 
identical offsets before symbol lock is achieved. 

[0090] In another aspect of the present invention, false 
misalignment events due to random bit errors are ignored. 
The process uses at least tWo misaligned Comma symbols 
before a loss of synchronization is declared (step S213). 

[0091] In yet another aspect of the present invention, the 
overall process for achieving symbol lock/synchronization 
is ef?cient. 



US 2007/0262891 A1 

[0092] In one aspect of the present invention, individual 
symbols are processed rather than Words (unlike the Fibre 
Channel solution), and transmission errors are not counted 
against the symbol lock acquisition requirement of three 
commas. 

[0093] It is noteWorthy that although the foregoing illus 
tration of the adaptive aspects of the present invention have 
been based on detecting Comma characters, any other 
unique character or unique bit pattern With a unique position 
or alignment may be used to achieve symbol lock/alignment. 

[0094] Although the present invention has been described 
With reference to speci?c embodiments, these embodiments 
are illustrative only and not limiting. Many other applica 
tions and embodiments of the present invention Will be 
apparent in light of this disclosure and the folloWing claims. 

What is claimed is: 
1. A host bus adapter (HBA), comprising: 

a symbol lock module that includes a state machine for 
detecting a special character in a serial bit stream 
received from a serial/de-serializer, Wherein the state 
machine receives a ?rst special character and veri?es 
alignment of the special character by comparing With a 
previously stored alignment value and the state 
machine declares a symbol lock if at least more than 
one special character alignment matches With a same 
stored alignment value. 

2. The HBA of claim 1, Wherein the special character is 
a Comma character. 

3. The HBA of claim 1, Wherein after a symbol lock is 
declared, the state machine continues to monitor incoming 
bit stream data and compares each neW special character 
alignment With the previously stored alignment value. 

4. The HBA of claim 3, Wherein during the monitoring if 
a misaligned special character is detected, then the state 
machine Waits to receive another special character before 
declaring a loss of synchronization. 

5. The HBA of claim 4, Wherein if another special 
character matching the previously stored alignment value is 
received, then the state machine moves to a state in Which 
a symbol lock is declared. 

6. The HBA of claim 4, Wherein if a second misaligned 
special character is received, then the state machine moves 
to a state in Which it has to re-capture synchronization. 

7. A method for aligning bit stream data, comprising: 

monitoring an incoming bit stream for detecting a ?rst 
special character symbol; 

storing an alignment value of a detected special character; 

detecting at least a second special character symbol; 
comparing alignment of the second special character 
symbol With a stored alignment value; and 

declaring a symbol lock if alignment of the second special 
character symbol matches With alignment of the ?rst 
special character symbol. 

8. The method of claim 7, Wherein the ?rst and second 
special character is a Comma character. 

9. The method of claim 7, Wherein at least three special 
character alignments are compared and all compared align 
ments match before a symbol lock is declared. 
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10. The method of claim 7, Wherein the bit stream is 
monitored for a special character after a symbol lock is 
declared. 

11. The method of claim 10, Wherein if more than one 
misaligned special character is received Without an inter 
vening correctly aligned special character during the moni 
toring, then a loss of synchronization is declared. 

12. The method of claim 7, Wherein if only one mis 
aligned special character is received during the monitoring, 
folloWed by a correctly aligned special character, then a loss 
of synchronization is not declared. 

13. A system for transferring data betWeen a host and a 
storage device, comprising: 

a host bus adapter having a symbol lock module that 
includes a state machine for detecting a special char 
acter in a serial bit stream received from a serial/de 
serializer, Wherein the state machine receives a ?rst 
special character and veri?es alignment of the special 
character by comparing With a previously stored align 
ment value and the state machine declares a symbol 
lock if at least more than one special character align 
ment matches With a same stored alignment value. 

14. The system of claim 13, Wherein the special character 
is a Comma character. 

15. The system of claim 13, Wherein after a symbol lock 
is declared, the state machine continues to monitor incoming 
bit stream data and compares each neW special character 
alignment With the previously stored alignment value. 

16. The system of claim 15, Wherein during the monitor 
ing if a misaligned special character is detected, then the 
state machine Waits to receive another special character 
before declaring a loss of synchronization. 

17. The system of claim 16, Wherein if another special 
character matching the previously stored alignment is 
received, then the state machine moves to a state in Which 
a symbol lock is declared. 

18. The system of claim 16, Wherein if a second mis 
aligned special character is received, then the state machine 
moves to a state in Which it has to re-capture synchroniza 
tion. 

19. A PCI Express device, comprising: 

a symbol lock module that includes a state machine for 
detecting a special character in a serial bit stream 
received from a serial/de-serializer, Wherein the state 
machine receives a ?rst special character and veri?es 
alignment of the special character by comparing With a 
previously stored alignment value and the state 
machine declares a symbol lock if at least more than 
one special character alignment matches With a same 
stored alignment value. 

20. The PCI Express device of claim 19, Wherein the 
special character is a Comma character. 

21. The PCI Express device of claim 19, Wherein after a 
symbol lock is declared, the state machine continues to 
monitor incoming bit stream data and compares each neW 
special character alignment With the previously stored align 
ment value. 

22. The PCI Express device of claim 21, Wherein during 
the monitoring if a misaligned special character is detected, 
then the state machine Waits to receive another special 
character before declaring a loss of synchronization. 

23. The PCI Express device of claim 22, Wherein if 
another special character matching the previously stored 



US 2007/0262891 A1 

alignment is received, then the state machine moves to a 
state in Which a symbol lock is declared. 

24. The PCI Express device of claim 22, Wherein if a 
second misaligned special character is received, then the 
state machine moves to a state in Which it has to re-capture 
synchronization. 

25. A system, comprising: 

a PCI Express device having a symbol lock module that 
includes a state machine for detecting a special char 
acter in a serial bit stream received from a serial/de 
serialiZer, Wherein the state machine receives a ?rst 
special character and veri?es alignment of the special 
character by comparing With a previously stored align 
ment value and the state machine declares a symbol 
lock if at least more than one special character align 
ment matches With a same stored alignment value. 

26. The system of claim 25, Wherein the special character 
is a Comma character. 
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27. The system of claim 25, Wherein after a symbol lock 
is declared, the state machine continues to monitor incoming 
bit stream data and compares each neW special character 
alignment With the previously stored alignment value. 

28. The system of claim 27, Wherein during the monitor 
ing if a misaligned special character is detected, then the 
state machine Waits to receive another special character 
before declaring a loss of synchronization. 

29. The system of claim 28, Wherein if another special 
character matching the previously stored alignment is 
received, then the state machine moves to a state in Which 
a symbol lock is declared. 

30. The system of claim 28, Wherein if a second mis 
aligned special character is received, then the state machine 
moves to a state in Which it has to re-capture synchroniza 
tion. 


