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WD 2004/ 095297 PCT/ US2004/ 004219 A H GH PERFORMANCE
SERI AL Bus TESTI NG METHODOLOGY COPYRI GHT NOTI CE

wQ 0@00Y52€0Nnt ai ned herein is material that is seWj/E81004/004219
copyright protection. The 5 copyright owner has no
objection to the facsimle reproduction of the patent

di sql h [ '
anaTHIErRFRFBRAASC ufiar BpR AR e i Hobg Bty
ot herw se reserves all rights to the copyright
ELD OF THE | NVENTI ON 10 [ 0002] The
(13ﬁ§§é§ﬁ$¥$hggﬁghon relates to testing the correct
operation of a data interconnect; nore particularly,
[0001h & quiteedthdreinen marrinkthat éssulgedtés copyrighppiatectianr. The
poi nt serial interconnect. BACKGROUND 15 [0003]
va@r H8Y heo & BdnTY The Psidigb CIRCRGAA 1o hHGT
°°p§§ggré%ﬁﬁf %oa?ﬁg ang'silgcoﬁ conp ngnts) as me?? as
. interconnects and interfaces between ri pus )
disclHBRIY, PBEPT A uego Bt ﬂ@ﬁ*&@%@@}ﬁ@%@%@ﬁ&e patent
to distribution to consuners, these interconnects may
filesoer teestdsl bud ottetrarisy resetviegial] niglapeo thd comtrightalhatgoever.
However, as conponent to conponent bus speeds increase
and 20 circuit boards becone smaller, testing these

S_connect i.on mes increasingly difficult and in
FIEﬁg)nQFJ ss;‘lN@E@;ﬁ?}:ﬁe. [ 0004] Board | evel features
such as in-circuit test points have been elimnated on
[000] ghepmesentrinvertidusalates 40 testinggbe dorngeieapemntiohad a data
200-500 MHz) due to board/ conponent el ectrical

intek &S rﬁérebpb%ﬁaﬁﬁﬂggm ngéééﬁ@in%ﬁﬁﬁﬂ rélta@esl\fHZtesﬁn%l? )egim-to-

t.
2004/ 095297 "PCT/ US2004/ 004219 ~ addi ti onal test abi

,features such as boundary scan may al so be reduced
PO {§FGr MUBIGORPRGt ed due to restricted timng budgets.

Further, the board/systeminterconnect fault spectrum
associated with high speed system buses has expanded
beyond si nple opens/ shorts due to limted tol erance

BACRARGUADSSI on

[0003] Computing devices and systems include components (such as circuit
boards and silicon components) as well as interconnects and interfaces between
various components. During design of such systems, and prior to distribution to
consumers, these interconnects may be tested to determine their proper
functionality. However, as component to component bus speeds increase and
circuit boards become smaller, testing these bus connections becomes increasingly
difficult and in some cases impossible.

[0004] Board level features such as in-circuit test points have been eliminated on
high performance buses (e.g., speeds greater than 200-500 MHz) due to

board/component electrical issues. As bus speeds increase beyond 500 MHz.,
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5 line | oss, inpedance discontinuities, return path

di scontinuities, intersynbol interferences (ISl),
wee@ssrabk, power supply coll apse, nonlinear dPCT/EK2004/004219

ef fects, non- optinum Vox, VCL |evels, non-ideal

term nation and uncentered Vref, for exanple. [0005]

T
2 B S ek B FR S ?s?séa%ﬁq? GE5 s Btugegd and)/or
process may use a system |l evel environment (board
elinfipatad @wafo restigted Avingdredgaty Bukhghithe b@@ﬁd/éﬁé’@m of

hardware to acconplish the testing in a high volune

intef@HHeRE Fllt SjbctidiVhsdRedte@ WitH ﬁggregpeedr dyisterTByisBEhas

expensive and tine consum ng. tionally, this type

of .t n i full e_and
exp%ggg gv %ﬁ% ggﬁgﬂgq,pgﬁ\a {/ r%/duci £0 186%\6{’:& %?rggce gon%nsnusswn
majority of defective conponents nay fail to boot an
linedpes;, amipedaney discomtamaitieh rsturmgpd thgliscomiintuities, intersymbol
acconpl i shed. Another process may use physical access

mtef.‘fé‘féhc%% (1P Qké&teﬂ? aé(?@&r éf%o(lﬁFQe nonlingh¥ &kvbr effects, non-
testers) on the er, the probing may be

PTG Boe @rfgngé R T T

DESCRI PTI ON OF THE DRAW NGS [0007] The invention is
exafirifdleist rated by way of exanple and not limtation in
the figures of the acconpanying draw ngs, in which

5SS PR DR ey o

gure 1 is a block diagram of one e di ment of az
faulé @m@m dyae st ProIseDTIaYRItsA & sperny leyrlenyinonmpgnd (board
enbodi nent of devices coupled via a PCl Express

funtiiéred] fretpindoBPdRtinki agipRifidahsamobing ok haltdvga@nboaiccomlish the
enbodi nent of an interconnect built in 5 self test

testé}ﬁ) %Tfﬁg{&&:u @Eﬁ@#&lﬁf{%kkﬁl\gﬁ[&{ é}iﬂ/llrl)Hﬁv}t?E?t "i’&s%l&y be

sub- segnent ;
expensive and time consuming. Additionally, this type of testing may not

provide full coverage and may have poor diagnostic granularity.

[0006] Also, a majority of defective components may fail to boot an operating
system and thus testing cannot be accomplished. Another process may use
physical access such as probing to test points (e.g., in-circuit testers) on the board.
However, the probing may be invasive to high speed bus testing, expensive

and/ or obsolete for buses operating above 200 MHz.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is illustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like references indicate similar

elements, and in which:
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[0012] Figure 5 is a flow diagram of one enbodi nent of

the operation of an IBIST initiation state nachine
waai4meaent ; 10 [0013] Figure 6 illustrates OPET/US2004/004219

enbodi nrent of a pattern sequencer state nachi ne;

[0014] Figure 7 illustrates one enbodi nent of error

h Cone ] oG Ci . , .

[0008] 53ate"LinsDloEkc iabe b She Bttt ol Eom i syptemy
DESCRI PTI ON 15 [0016] An interconnect built in self

[0009 Jtigyer BinstratespredmbpdimentRidevigssgoupied K a PCL Express
follow ng detail ed description of the present

intekfa¢¥@nt i on nunmerous specific details are set forth in
order to provide a thorough understandi ng of the

en I nvent i o ' N e
[oof F5gRie 3 lscp el pflogFBY B e pirbollibnPfr APRAERBhoLA buitein
be practiced wi thout these specific details. In other
selfiters t(BHE Eparchilerti@e known structures and devices are
shown in block diagramform rather than in detail,

[001'13 f@g&iﬁm {11 B Lo RbSE B H AN 4 BBIST initiA¥OAlstAR8 machine
[0017] Reference in the specification to "one

ben‘oodi ment" or "an enbodiment" neans that a

SUDSERM ar feature, structure, or characteristic
descri bed in connection 3 WO 2004/095297

[00IRT Higea0 i/ OfldRidiagmim lof ohe eeriwtinest of il dperatidsdfian IBIST
at | east one enbodi ment of the invention. The

initﬁﬁ%ﬁ%&g’{@@ﬁ&}gﬁeg{ﬂg_sg g€ "in one enbodi ment” in

various places in th specification are not

essarj|ly all referring.to the sane enbodi nent. .
[00}3) Figrerd Plisiates aneembBimeh LRl PR G GREUEREE e fpachine;
of a conputer system 100. 5 Conputer system 100
[0014} Higaes? dlisenitesednepembediaheant afrarton diReftidiOR giq wplded
to bus 105. In one enbodi nent, each processor is a

foof¥| FEER0 kbl R Snbpal AR f Ftor AGEST Rige
Pentiunm(r) 11l processors, and Pentium(r) IV
processors available fromlIntel Corporation of Santa
Clara, California. Alternatively, other processors

DETAYLEP DESCRIPTION19] A chi pset 107 is al so coupl ed
to bus 105. Chipset 107 includes a nenory control hub

[ooﬁgapl Iirgté&or&@a Bt iRl eBG (HAS TR REBIREHirE WUEQHIRE. Fh2he

following detailed description of the present invention numerous specific details
are set forth in order to provide a thorough understanding of the present
invention. However, it will be apparent to one skilled in the art that the present
invention may be practiced without these specific details. In other instances, well-
known structures and devices are shown in block diagram form, rather than in
detail, in order to avoid obscuring the present invention.

[0017] Reference in the specification to “one embodiment” or “an embodiment”

means that a particular feature, structure, or characteristic described in connection

3
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coupled to a main system nenory 115. Main system
menory 115 stores data and sequences of instructions
W0 b@i/095287 execut ed by CPU 102 or any ot her devPCEUS2004/004219
included in system 100. In one enbodi nent, main system
menory 115 includes 15 dynam ¢ random access nenory
it BN O B B R R B LML by 28 invention.
devi ces may_al so be  coupled tq bus 105 such as
ThepppreppnseePleaprase “Hurne B Og‘%l@atfn’l RersIqussplacesointbp
MCH 110 may al so include a graphics interface 113
spe&ifitpti @datcon @t riicagairils allaefeetiag ad dhie dadfle ehitboatiment.
enbodi nent, graphics interface 113 is coupled to

i 0 | € '
ool RSt 5y REER B bl of G HrPoBMuBRER PGk Plrer cystgm 100
Speci fication Revision 2.0 interface devel oped by
Cormnputer systepbtf inchidss a @nirad popeasaingaanit {eFH) 402 goypled to bus
2004/ 095297 PCT/ US2004/ 004219 [0021] In addition, the

105 b oh 8 EBIHoAER AL WALR Hrdfdds drli@ at frofEssbf Y HHOPERIMM® family of
control hub (IéH) 140 via a hub interface. | 140

CH
profispisnc AT BIC RySTame: BPTOr P g iy Ui LG Rgssor

a Peripheral Conponent |nterconnect Express bus
andaeeium@ IVoprocSpsers bivaiddble frdm Retel SogporhtidnmfsSanta Clara,
devel oped by the Arapahoe Wrking G oup. Thus, |ICH 140

' .ud [ provi des an
Calilfﬁlﬁlelér{‘f %Ztg ??%%I%EEQEF%EQ%S@ %‘EZH% Express

bri dge 146 provides a_data path between CPU 102 and
[00494 A glw@ﬁaﬂ Qeis iadsescoupded b9 bpe] Oxphinsst Hsinphgdes a memory

i ncl udes an audi o device 150 and a disk drive 155. 10

contieVBMB IMCHE1TH. PICHMA0M&Kindudda bimerst comtrdller 112 that is
appreci ate that other devices may be coupled to PCl

con B e e R 1 ks

conbined to forma single chip. Further, graphics
seqaeaeh of mstructivos gt dre exaeutad &y WWUHIOR avmy1ather device
ot her enbodi nents. [0023] PClI Express bus 142 is a

inclREkAtin s@stBRl TU0. IAIdrR erh B GISQRNEGIA SstéhedehfRAyUN8Indiades
i sochronous data transport. PCl Expriess bus 14

dyn%nmalg lraer?dc?r?lca%cgs%vrlrlgr%o%o (bﬁ?&l\%’;%owever, main system memory 115

may be implemented using other memory types. Additional devices may also be
coupled to bus 105, such as multiple CPUs and/ or multiple system memories.
[0020] MCH 110 may also include a graphics interface 113 coupled to a graphics
accelerator 130. In one embodiment, graphics interface 113 is coupled to graphics
accelerator 130 via an accelerated graphics port (AGP) that operates according to
an AGP Specification Revision 2.0 interface developed by Intel Corporation of

Santa Clara, California.
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to have a dedicated link, without arbitrating for a
shared bus. In addition, PCl Express uses a

w@awkevizged and | ayered protocol structure, anPCTHUOSR04/004219
not require any sideband signaling riding al ongside
the main serial interconnection (e.g., clock signals

I g
002 Sp SRFE s P Bkt 20 LORE Sl e con
| ayers: Transaction, Data _Link, and Physical. From
by (R A4A 59 a hiufgnigrépceo fCH Hbprorad e jedres t impat/ output
formed at the higher |ayers and each successively
(1/ OpaeFicésyahim s pimdresystavh 000mICKHT 40an4 e paaikid to a
until the packet is transmtted across the physica

| ink 2004 00 0 P
PR P o R S I TN T e e pSifgption

protocol stack at the receiving device until data is
Revasion a4} leus deneloped byl the Aaapalps YakingGrogp 2Bhugd&H 140

Transaction | ayer assenbles and di sassenbl es

inclhﬁ@é‘ﬁ@@li}}%@rla@V&ﬁd%@Mﬂ{a% pesEdes an SRREfaCe ¥ @ FCI Bisilss bus

as reading and witing data, and handles link 5

127 PR Rty de St Rkt R 87 and

operate error-free with valid data across an entire
periphieralodevidest ween source and destination, even when
possibly traversing nultiple bridges or swtches.

[ooizﬁ Gx6] Exy}@%f,%@m i1 Psen ATRKS Hetitee S0atA 4 disk drive 155.
transferred intact frompoint to 10 point,
i mpl enenti ng.ack/ k protocol . technjques, d err.or
Howgver Ore et SRAnagF Kdp R et spiysriady tragpdper devices may be
descri bed above, is the physical link by which data

coubfed toalPShbtis ©4D.f v endditéord evie of ordinanptkidlrin the@2#{vill recognize
addi tion, each device inplenenting PCl Express

thad CBUHABSRIRICA 11BIcBuld b8 ESmbihddo BHR] #8held AlipMBlRy,

conp it p anes". Figure 2 159 trates

one enbodi nent of devices cqupled via_a_ PCl press .
graphice pregleratqrldy) mpy be ingludgepyithiadVigH tliH(g iR @gﬁxer embodiments.
differentially driven pair of wires (transmt and

[0023} QBT VE)preks buddsld & d poikt-td-peintaesal intpicoahbstiae tat features
from 2. 5pri t/sec in each direction to 10Ghits/sec and

isocl%%xgggs (iiari]tattyaensfp%try "Ber ﬁ@(‘}lntelsg bs 18651580, device on the bus

to have a dedicated link, without arbitrating for a shared bus. In addition, PCI
Express uses a packetized and layered protocol structure, and does not require
any sideband signaling riding alongside the main serial interconnection (e.g.,
clock signals are embedded within data packets).

[0024] Particularly, PCI Express includes three protocol layers: Transaction, Data
Link, and Physical. From the transmitting side of a transaction, packets are
formed at the higher layers and each successively lower layer adds more

information to the packet, until the packet is transmitted across the physical link
5
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connect ed between devices, chips, etc. 20 [0028]
According to one enbodi nent, PCl Express |inks can be
waeomiiogizeed in x1, x2, x4, x8, x12, x16, and RGRUBZN€004219
widths. Gven a x1 link has 2 wires (one differentia
signal pair, one in each direction), a x16 |ink would

have 16 6 MO. 2004/ 095297 / 4
to i YREPARIATIS! GRPopaTLCT HogaEN Ay BErgrpcobstagh at the
differential signal pairs for bi- directional data
recdivingsdevice f1otd3tass exsaghdend rissed txad apphicatiornt
descri bes the PClI Express technol ogy, one of ordinary

[ooﬁahh{e TRnsRQicH layW hdseAELHH RHBsaERFADIRE iE88adHih-RIQ
bus 142 may be g repl aced by with other types of

erial ,interface technol ogi es. W t hout . departin fr .
packpi 1epd 0 SER ECHte TR PRGNS A1 DB RAR ey Al Japdige tink
to Figure 1, ICH 140 al so includes |IBI ST nodul e 148.
confiBuftiomaaid kentrdBsigaalss &drither, thpTeapsactian laBiShsures end-to-
testing net hodol ogy, which facilitates at-speed

end%f%ﬁﬁﬁ?ﬂi%u fons L?g)%?ét% QRRCred G3H VA 8BRURISRANPENRE fabric,

ress 10 According to one enbodi nent, the

I BI ST testing, met hodol ogy operates_with an PCl. . )
betweph 6Q4ICe PAMIFINEION SR WRRT. PUSYPDeta Sodemultiple bridges
further enbodi nent, the |BIST testing nethodol ogy for

or sR@tchiexpress focuses on testing each individual |ane.
Consequently, each |lane includes independent |BIST
. LLities. ¢ e _
oo A5 L 98 1PSASHLI L8 O herpROaRLE 6 point o
capabilities, and execution capabilities. However in
poiny, iieplansadngessnadkaretecel (echEIq SRR £TTO dedeqtios Al
[0032] Figure 3 illustrates one enbodi nent of |1BIST

corfiRfibhe THPHyanal kiyehi dsetdstribed aBoegrigitngphpsicaldink by which
enbodi ment, 'the IBIST functionality is fully decoupl ed

fromthe., cpre and erates | he PCl Express
<k“%ﬁ§§?%%?“#%§%??‘%ﬂ%ggv¥ﬁ# %n?ggi'patterns are 20 not
mandated to foll ow the standard PCl express_ protocol
[002 A rInldddlition, eachreeaidae iorplemepéingdielaExprassinghudqseong or more
the transaction and link layer functionality is turned
1ink@f fA POD BxBk&Sh 1 8Sialfié®omprised of multiple "lanes". Figure 2
illustrates one embodiment of devices coupled via a PCI Express interface. Each
lane is comprised of the two differentially driven pair of wires (transmit and
receive) of a basic link. The lanes typically scale from 2.5Gbit/sec in each
direction to 10Gbits/sec and beyond in the future. Multiple lanes can be
connected between devices, chips, etc.
[0028] According to one embodiment, PCI Express links can be configured in x1,

x2, x4, x8, x12, x16, and x32 lane widths. Given a x1 link has 2 wires (one

differential signal pair, one in each direction), a x16 link would have 16
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7 WO 2004/ 095297 PCT/ US2004/ 004219 [0033] According
to a further enbodi nent, |BIST nodule 148 directly

W@ ook093287 data transmi ssion on all | anes. FurpP¢BUS2004/004219
| Bl ST nodul e 148 enabl es i ndependent testing of the
i ndi vidual lanes within a link (e.g., IBIST

. it C o n : o
ittt MEHFE gy 0 B SR ERroqi R bE 32 RHRRRHL SRS it HeR 13-
- 51 below lists the basic features provided by |BIST
direegnpkdatadransietone  enbodi ment, the conplete 1ist of
features is defined in a user-accessible register set
[0029% scithdnech Hel declobédadiboRihent degribes BhgBECE ERprésBit&hnology,
nodul e 148 includes serializer 305, de- serializer
310, -en 15 3 '
one 33 3R RI 51 o ER7H Shnr<tug hatRad Flo HIABRTYE Hay be
I'n addition, |BIST nodul e 148 includes, state machine,
replaged bylwithlotherypes phsarial inigriace ice@ms?,logé%ﬁfw@out departing
regi ster 342, loop counter/ skip counter register

frord4Be 18I HRBbe G tRe frR@hEbA! 346 and del ay synbol
regi ster 348. Further, lane status register 350, error

ing siate chin and .nul ti -
oot} fefeathe b Tar T bdor o 38 B ST Rodife, fL mmisT
to one enbodi nent, serializer 305, de-serializer 310,
moduledd8ris u3dd fo trepleeent3@dBISF thsting methadodegyriwhich facilitates
325, elastic buffer 330 and training engine 335 are

at—s?%t!_éd Fgél}%@%vlaﬁ@@e&&m&ﬂ @égtﬁlgt/ta@buggiﬁlg ORCPRA 88 b{19142.

test net hodol ogy.” Seri er 305 serializes
data that is to_be transmi d fromth transm tter.,
According e GRPPAITRERS T IBLT Esting heg Mo SEpp et th any
the data once the 20 data is received at the

PCIreqeievestandaiil &.0oBgpiitideviceFeat ure Function & Usage
el BI OS Access Programmatic (config. space) access

Mod

' | 3d PCIE
0 5 B LB A bR LARAS 3, ] B
o i e P B 20 R R R

independent IBIST configuration capabilities, control capabilities, which include a

full compliment of debug capabilities, and execution capabilities. However in
other embodiments, lane-to-lane interaction is tested.

[0032] Figure 3 illustrates one embodiment of IBIST module 148 lane architecture.
According to one embodiment, the IBIST functionality is fully decoupled from the
core and operates in the PCI Express physical layer. Thus, IBIST test patterns are
not mandated to follow the standard PCI express protocol for link or transaction
layer data transfers (e.g., the transaction and link layer functionality is turned off

in IBIST test mode).
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WD 2004/ 095297 PCT/ US2004/ 004219 Capability Feature

Function & Usage Model | TP/ XDP access is required.
wee@enss2phr ough the JTAG TAP access is JTAG (BCT/UR004/004219

Access required to support industry enabl ement

(HVYM End- custoner). This does not nean that the

[OO.’)TSE %&g?@ﬁlﬁoe aﬁﬂgﬁeé%%cﬁﬁ@n@) TIRISB ind Nk 148 M58 controls

wite to the control registers and
pattern menory. SM FW Bus s SM pus, _por 1.2C)
data irensmission af aillapes. |®r§¥rx@§%6’é0 @ iea}aiﬂ@ﬁsﬁpgea?if‘dem
the port. The ability to initiate a read and wite to
testirfpeofcbBtin@lvidagl lahes withamed lipdt (e, M BiSTacilitasesandiepemdent
requi renent. Downstream ports (lanes) nust be able to
e, conf hgur aS: . 00P .| Bl
congMGPIHFE B iy HOORRACys ERSLBCLBEORB Il AT Tabie
Loopback Master upstream port to enter Loogback whi |l e
1 balpwlists thegbasietantures prveided MyGIST sopbaleldds. thpge
prevents a | oop between the two devices. (This is

emISs AR hRConkXBrealss of éaftufed)is definphas k werhtassiBisiagister
Loopback node (non IBIST) is defined as preserving the

i spari.t 10 bit relay of Loopback data of the
Setagﬁ’f‘g’i’tegc]yeé?/%ol s. (This is standard PCl Express
feature). For Sl ave devices only, speci

al
[0034] Refervitzg toFigune BHIBIST meodrde 18R indudes seiaizes 38ardfi-ng
St andard enabl es | BI ST Usage. An "IBI ST" override has

serilBS8 A®f LAGSHAS15) debddler 32 RRAb It @RindhAteF 323)@lastic buffer
External Loopback node. Ability to select IBIST node

o0 G SRS B B, AL i e

default patterns (for both master and slave). Delay
madhinb 610, iebaledtant/ stptizalegister UM attydlereigiater 343 &rap on
consists of a 10-bit data token (as a 9 bit decoded

cou%@ér?@lli]p (g’e%ﬁllr fe%égtef 3@5‘!@3@? %ﬁg#eéi&@x%éi%d dbiRYy2fmbol

contro attern Xxiting reset,

synbol data register 346 i s omatically initialized
registeri 8. dwEher lappﬁtaduwcféstslag‘?@ Fﬁr.oré%@Flé%g&éi‘tFéPﬂd}lﬁ%\é6of

Abili to Preload pattern nmenory with custom pattern.
and multiplexers 1-4 are included within IBIST module 148.
[0035] According to one embodiment, serializer 305, de-serializer 310, encoder
315, decoder 320, ordered set transmitter 325, elastic buffer 330 and training
engine 335 are PCI Express lane components that are incorporated for the IBIST
test methodology. Serializer 305 serializes data that is to be transmitted from the

transmitter of a lane, while the de-serializer 310 de-serializes the data once the

data is received at the receiver.

Table 1
Capability Feature Function & Usage Model
BIOS Access Programmatic (config. space) access is required feature for upstream
IBIST Access (master) devices. The ability to initiate a read and write to the control
registers and pattern memory is a minimum requirement.




Pattern Menory sequence A single sequence definition

is required and consists of 410-bit data
wo ol0e09520ns a 9 bit decoded val ue),
Inversion/ Delay Wdth Ability to cycle del ay

count.

definition
and a 12- bPCT/USIIP4/004219
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COPFRYEmPET/ US2

i rppluieed toelpppwtjwm erkble{nteﬁ@{%ﬁnd—customer). This
3 to the'co: registérs and pattern memory.
| tRPor® Thie atlilgyNe infbte lieiziyndtv@ite?oc&ﬁe control registers
aster as part of e éntry (j.e. 51 e connected device
stie@rrﬁert b 'le§51@
J Hististsiapdard PAUExpERgHigaluE).  decoder
the ated sym . .
Of.encedirng-daahni que is
St G BT 5037]
igpdsdavel and B in Figure 2)
(I)k 1
&itingqég,-sym B da reéis@ef’-éélé Ik Jdmatically initialized
Qi G RIoed paiteniyrapre withyasopghitern.

sequences

oper at i ng

the conpar+s

Pat @
dei%l'-Ecgie . Y& h

oft — TS —posttH

) e eiely V0033

Q.

Fohdon EDsdzOMse0f DT t
I'I"IBklfracc%XﬁfélyﬂirEdD mcclasﬂthltnlfgﬁ thEJAS®TAP access is
at the registers.are opn G im; just that JTAG can
R WL LAk SE
Q‘:l\/ﬁ)hscﬂnlt (12CHPHcceds [ Seqlide], BIBT InfsBle accessible through
dpatieyrmpry is A piny preguirement:
w%fapipfri%ﬁggio 1€ftbe bﬁ:éo br:l E_g\ﬁ red as a Loopback
@lft& L Rpbadt g itself from entering
Coeheck) 3bb preRTodes bdwen tthadalevices.
iq(?E&ocﬁPaektIﬁ) e 1(£0é1 rI]BéST) 11{%%? 8 Prﬁsgrving the disparity
FobRGOigk@esfoRE sfladl @combbE B8 dihin the PCI Express
%ﬁm@sﬂ enaples Ilﬂ%tUaagﬁ AcHETS ovmiile@ps been defined as
i
AL @ FROBEVHe (V. Bscnect@d Binll Wy er, similar to
t ID$IBEE staid) apdtifoD#tioAlly e A B8 ns (for both master
The dela 1 for style Jafte jnvessien consists of a 10-bit data
& {5’@ Eﬁie&é%l\%u%]. ﬁqqﬁdlre? T EMI/ Cross-talk testing.
Ovtle
negmhseEUEReesdddadtn. are used to
i 156 defi Gtiom i irediapd consigts of 4 10-bit data
ﬁliiésl?ag;@'ft ?’ZE x:gﬁe ﬁgﬁaﬁ -bit I;]o}pF count. 1
VAbllity 4o Lycle bi t3 g 6? groups of 4 or 8 lanes (as in CMM
e I'S

Jmof.at e machin

i npl enment

axisTtes bgveral f

ungdgle@biBrol AGiOdtE) aAd bdsths ABBIST execution

enbodi ey
sequenci I

it, IBIST initiat
g TraningHaidgesat ed

i Io the eaaciwitegStlang &tl$ @© tmin/ enter loopback (the far side
wispbnding evith Lepghackesep irskyde haig8lnable the start
tohie Bt onal ity of state

state ma
DR ER e
are addegq

&bf¥iguAS|OF: arag t

hine to praovide
LI pblarity, frgtial JiGBNY St

o’ biiteio eatrie dhititeditparity brlgre sendingegy data.

bility to set the lane polarity and speed for each lane before

and speed.

eginning test.

[0036] Encoder 315 encodes the data transmitted from the transmitter,

Meanwhile, decoder 220 decodes the data received at the lane. According to one

embodiment, the 8b/10b encoding technique is implemented to encode and

decode the data. Ordered set transmitter 325 configures the data packets prior to

packets being transmitted on a lane.

[0037] Elastic buffer 330 queues data received via a lane in order to correlate

mismatches in performance speeds of two devices (e.g., devices A and B in Figure

2). Training engine 335 is implemented to train a PCI Express interface prior to its

use. Thus, training engine 335 includes testing sequences that are used to
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machi ne to support IBIST initiation. The four
addi tional states extend the LTSSM in order to
wo amilop2at e | BI ST nmaster operations. Accor di ngp€DUS2U64/004219
enbodi nent, the |BIST slave device uses only the
standard LTSSM states. 10 [0039] Figure 4 illustrates
conggpagre%ggﬁglt ?@(%uen% S %1: 1\1l %‘:‘2}1 6’{1[15 E‘%de?&érod} ’c%:1 ﬂneet rﬁ?%ﬁé goemparison
machi ne sub- segmant |ncI udes a Polling state 410, an
is pppitive, Brednterfrg is apexatag BoRedy430 and an Active state
440. While in Polling state 410, LinkUp is equal to O

[0038]-SHate BhEHINE 356 iCinPletitbnted st deleral dahetidrdd, EAt@rang to one
previously negotiated (e.g., left unchanged). In

5.tran n1tter transnmits a.m
emBosbi g Blel it R et gt Re A g € R prith the
one enbodi nent, the TSl ordered sets have the Loopback
PClExpress LTS‘I:Mssta@uaadnne ée provideithe uafticgwlisy pbstatdmmachine

bit and synmbol lock tinme for first generation data

350" @Ec%%rchh%qg Qhe eBhb Wt ! {08 bIAESMeSI R of thkersER? é’;tza(’ge

ordefed-sets, the next state is 20 Entry state
f.ar | anes t ve. rece| ed. a SI Ie TS1 or TS2
IR e fritrcadedtiPnalstyie exlingfhe LTSSM
| ane. Followi ng the transm ssion of the 1024 TS1
in codeetofdesittie IBIFienmastdr cgteadtinriss Axdoedirggt ateneddbbdiment, the
| anes that have not received a TS1 10 WD 2004/ 095297

1BI1latBad0te oty r@gﬁ@ﬁ Gtg] $klteg. OF have not

een prevente try state 420 (e.q.
each port Iane s i ster 350)
[00?[33@4g4r%i1ﬁ@hfaﬁesemer %réeat E.Iﬁléjglm%amaﬂate gaghine
(e.g., status is cleared), and the receiver inverts

subpeisaidritYe.bf, adetiesgdsiated)u Theetate thechins beb-ségiiedeincludes a
continues to 5 transmt TS1 ordered sets until it

PolSESYESIO R SHEPERRL 18, TR PRSI Bl AL e a0

t he | oopback sl ave has successfully ent ered | oopback.
Whitgén ﬁ’eﬂtn&ﬁateeﬂﬂs LideUn és equnl do A4e g, sbuug]s dated)iand the
the Quiet state, the lane transmtter is in electrica

dath ghte iang féﬁouél?@x@ 6&5’@&(& g'kfle@ﬂr@haﬁg@tl)e Iﬂ%@ld}!ﬁéﬁ lthe
the |i nk enters De ect, Link Reset or Di'sabl ed
LTS F’?Tt a%rg‘éts é?\l\,/;%n]%rhml}rgll ofgﬁgf‘ conéle%u 4848 orggreLcP g %%kall
lanes. In one embodiment, the TS1 ordered sets have the Loopback bit set. This
guarantees a minimum of 64 ps for the bit and symbol lock time for first
generation data rates.
[0040] Following the transmission of the 1024 TSI ordered-sets, the next state is
Entry state 420 for lanes that have received a single TS1 or TS2 ordered-set or their

compliment is received on any lane. Following the transmission of the 1024 TS1

ordered-sets, the next state is Quiet state 430 for lanes that have not received a TS1

10



10

15

20

ordered set to provide synchronization prior to

sending the first test patterns. In addition, the
wa.owplogek7 Mast er is sending valid 8b/10b data PEDIS2004/004219

synbol data register 346. The Loopback Master sends

addi tional SKP ordered sets as necessary to separate

;
el e e
gest onpl ete. £0043] gg@ﬁ 5is a flow diagram of
via bii? kARG HiRTBHt [2B¢ stages Higdtiat of the 1BIST

initiation state machi ne sub-segnment. According to one

[0041}aHileen Entityheate4P0phBddT Sisastpial @@ dge.B9 sepRasisatleared), and
preconditioning before an I BI ST test is i n|t| ated. At

the Eé%?\?éﬁ:;ihg .%%8%16? }plil%cegﬁr ?ﬁ 6’ %1881:‘:1& T d@& ?e continues to

[IBIST Start/Status-PortX in global start register/
trarwat 8T pegereteetsaatl it reeivsdWarpsapsaive TSt prderadoietiswith
all detect and polling states accel erating H/YM and

the WdpHack @3t ). Il dn¥\EdHMMOAE 2Ri6 iRFitakés20046 HSkekSlave has
[0 4] At processing bl ock 520 | BI ST naster

suct Ry Retec bRRbRaC P Bt i Rty Rhht da oo o L "

guarantees that a m ni num of 1024 TS1 order ed- sets are
[004s?e} Whilg i thrQuicsspiactke lane trepsmititéranim glectrécal idleemd the
to acquire bit and synbol sequence (TS1) |ock, switch

lan®rdrRaih® &P b@g& membqnﬁﬁ Fho iHR kNS ﬁé%sctT%wm&%& %9 Disabled

sets back t he | oopback rraster and for the naster

TG A S M o R TP S SRdHS S it e

up to two re-timng repeaters wll continue to have
ordeteel sebid provite sputhrenizationkpridiutotdeading thesfiigtitasaphems. In
that any LAl or other external instrunent ation woul d

oddshag HETEch . 8,051 eyl a1l oy ool dt

execution i.s permitted via_ bit 0 of the | ane_status
reglﬁt@g@%eﬁh@,é@op ﬁd@wsa%adﬁéﬁtimqr@éﬁiﬂ?gondsemdwﬁrt@.aﬁ ed

setting a lane status register 350 bit 0 control
neCéBsh C?f tor sipagate geqidnied patidin betyaThelr@Reéiale dbthedipbagh

sabled state when the start bit is set. At
Masﬁéxoﬁeasﬁéﬂgoack Exit state when the test is complete.
[0043] Figure 5 is a flow diagram of one embodiment of the operation of the IBIST
initiation state machine sub-segment. According to one embodiment, the
Loopback Slave needs no special preconditioning before an IBIST test is initiated.
At processing block 510, the master is forced into Polling state 410 with an IBIST
specific bit [IBIST_Start/Status-PortX in global start register/status register 341].

In one embodiment, this avoids all detect and polling states accelerating HVM

and other tests).
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15 bl ock 540, a device becones an |BI ST slave and
enters | oopback node when the device achieves bit and
wa@bods2sync and recei ves TS1 ordered-sets w tPCT/US2004/004219
| oopback bit set. [0046] At processing bl ock 550, the
master enters Entry state 420 after sending the 1024
5 . . e ,
L0041 reRbesfing DR PN A el S SR 1 TS
ordered sets (with Igopb ngbit et). The paster
ordgggctsets withethediqqpback snabledit gt ilépgleﬁrf d
Enable = 1 on any of the echoing |lanes prior to test
guak@taedthat 3 MDiAR0A/009620TSPCId 4183 QR4 £@42hPwifl0dd1bopback
one enbodi ment, |1BI ST checks that at |east one | ane

. Ll S ' | .
o SR e SR PO LBEDR! b SEP SRR (B S i
master ignores any received TS1 ordered-set prior to
to leaphackagodate hegingendimgpthe Tryondgredsete hagisio tradepphack
sets fromthe | oopback slave (due to the slaves 5

madté2AaHAIbE fe Stkict RedtilerabldORRfEEL bif BRI BRAIRI and sequence
recei ver should receive only clean ordered sets at

thi s poi or.ocess bl ock 560, any | anes unable to

locls. &eirdRe Hhrs Mo RoREERE RSt tae PO B infns
state 430 unless and | ane status register 350 is

repeaters wilt eehtirmieotpehaviedbewhbility th @0k e RedlerFuntherh dhik guarantees
Figure 3, the test pattern sequencing function of

thatSifl EAT &P o ixBe n3PR s o 8 oMk U IH R BAHMiRTe to achieve

regi ster 343, synbol data register 346 and del ay
synbol register 348 enabl e the generation of patterns
lockt testing PCI Express links via a pattern generator
function. In yet a further enbodinent, the |[BIST
[00454tA teprocessiveg btoak SB0Nfdéxibledanp vl eeshexamndiomgs tpertmiwed via
nodes: a Fixed node and an Open node. 15 [0049] The
bit (BPheBAe s%a%uﬁf?g%&c&%sd Al S LB Bod e R g iR inhibited by
particular, the en node conbi nes speci al °di agnosti c
capapilities wwth the ability to overwite default
settingsy lamegrstadiig gegiater 359 b fl @qn%ollﬁta IGRg Spssidiegrigdividual
execute customtest patterns for each PCl Express
land(€)ne reupRy §&tb BisabBdSTateashwethe dtarihisisaat.zAt pesdessing

execution
block 540, a device becomes an IBIST slave and enters loopback mode when the
device achieves bit and symbol sync and receives TS1 ordered-sets with loopback
bit set.
[0046] At processing block 550, the master enters Entry state 420 after sending the
1024 TS1s (while in Polling state 410), and disables SKP ordered set scheduling
while continuing to send TS1 ordered sets (with loopback bit set). The master

waits for exactly 2 TS1 ordered sets with Loopback Enable =1 on any of the

echoing lanes prior to test launch.
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options. The Fi xed node enabl es automated test
execution supporting validation 20 run-in, HYM and
w0 peogps2em appl i cations, such as fault resilieP€T/US2004/004219
booting, predictive failure analysis, and bus tuning.
[ 0050] According to one enbodi nent, the Fixed node

i L L

2004/ 095297 PCT/ US2004/ 004219 enpodi nent, the pattern
shople gt gareerted. iﬁﬁﬁ&%ﬁ (e ORI RSde8es oNaf Mgk becatse
In yet a further enbodinent, the default settings in
the niasest ighdeesexgoneceivef didlerdsrddisetyridy tdeinayrisy Epedy state 420,
injection in order to introduce | ane-to-I|ane
[
any ShARRRLA L Ahcted Sl B e ToUBEAY Q5vE QR BT
i mpl emented within state machine 350 to support the
transmigr pysehig are gnapdn Ths deastacreseiven gheelddisseive only clean
enbodi nent, two state machi nes operate jointly to

ordéredldeys atethiis SYImL.OAS procdsh ®ldek 508x B ffhdsaftedl@ftdrecbive the
count the nunmber of  iterations are transmtted from

ectiptf 75} SHEMA R GATPRE Rhoe o llEhs arfTIBBF STH posister

to each 10 counter increment. In yet another
350 enpodigreed togveogde &ribit in the state machine
i ndi cates when the counter is to increnent. [0052] In

[0043] @e@éﬂ@%ﬁ&%m HFFFJ BUhE téRPat el YENLER fu&%%gtd@%tate

delay s ols followed by four data synbols, a

fi.ni shin ith t addi tiopal de|ay ,synbols., In a
maqhfs Rl Cmbiistianih 1B R ane Bl SR T b dntatefistenats

del ay synbol injection 15 position set. O herw se,
andtdeday aymmbol sagistet 848 ewaldetlse géndration of phtikeenst for tésting PCI

transnmitter. In yet another enbodi nent, |oop counter

Exppésd lirksi % Eg{ﬁg&ﬁ %eﬁ&ta%r fuﬂcﬁgh Y YReh ?ul(tﬁelg%ﬁfﬂg&dﬁﬁént, the

of del ay/ ay synbols or 2°sets o
nbols) are sent. If delay synbgl register 348 js
IBIS] Ratterg geaegator gle‘yc‘;ﬂoamper%tsraca%dang pdnodess adidxgd mode
for every loop count increnent. Two 20 [0053] Synbol
anddat @pepghsder 346 includes the test data synbols
(default or user defined) to stinmulate a particular

[0049) e TR Ridid s\ HSti'eBE 62 NRroNRALLER! fh pEARAS the Open

mode combines special diagnostic capabilities with the ability to overwrite default
test patterns. As a result, a user may load and execute custom test patterns for
each PCI Express lane supported by IBIST, as well as customize test execution
options. The Fixed mode enables automated test execution supporting validation
run-in, HVM, and in-system applications, such as fault resilient booting,
predictive failure analysis, and bus tuning.

[0050] According to one embodiment, the Fixed mode implements a predefined

test pattern that is preset at startup in IBIST module 148. In a further
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346 format. According to one enbodi nent, synbol data
register 346 is a 32 bit register having an offset of
w@awe/095247 I n a further enbodi ment, a synbol dBCHUS2D0WND4219

2004/ 095297 PCT/ US2004/ 004219 register 346 is
provi ded for each |link. However, in other enbodinents,

e o R e L G TR SR A Y AUl ons 1

RW 4Ah Character Synmbol [3] This character is synbol
yet ﬁé]lrféfar epwodsment the defaligssingmingl ixed maede em’ce%%ttems in
| default value is the 8-bit encoding for D10.2. 23:16

witReBGhsyahbskigjetiobifiveder @) infloidsice Maieatd-Binel GosytatRo!
[3] of the four- synbol synbol data register 346. The

1007l & Ao el e P on BAE QP e B el B ftchine

of the four-synbol synbol data register 346. The
fungiagmirnplepa¢niedivsithinestateynachine 880 kg stppombihe Fixert poppand
BCh Character Synbol [0] This character is synbol [3]

the Clpdnh@otie U@ yHiAk 16 YRR AImIstRimhen@Ind Shteddachitee o erate
def aul t val ue |s he 8-bit encodi ng for K28.5. [0054]

joinf 3 gpSrBpTARs sbatcieaba It esdanes S 67 Gathempipber of

count defines the maxi mum nunber of synbols that are
iteratiGimsaretttatbnittedHeoi thedrarsdetttestmprpent. i lora fulibleer
val ues shown in Table 3 are 10 transmitted in 127

B Rt e L

obal
cous}/er mcrement 5 yet mss/tﬂgr em%oglment a toggl% bit in the state machine

indicates when the counter is to increment.

[0052] In one embodiment, a default test sequence includes two delay symbols
followed by four data symbols, and finishing with two additional delay symbols.
In a further embodiment, the sequence is initiated with the delay symbol injection
position set. Otherwise, the lane transmits two sets of four symbols to the
transmitter. In yet another embodiment, loop counter 343 is incremented after
eight symbols (e.g., 1 set of delay/data/delay symbols or 2 sets of data symbols)
are sent. If delay symbol register 348 is cleared (e.g., 00), only four data symbols
are sent for every loop count increment. Two

[0053] Symbol data register 346 includes the test data symbols (default or user
defined) to stimulate a particular link. Table 2 illustrates the symbol data register
346 format. According to one embodiment, symbol data register 346 is a 32 bit

register having an offset of Base + 4. In a further embodiment, a symbol data
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[9][8:0] [9][8:0] [9][8:0] [9][8:0] [9][8:0] Loop

Cont i nue

for

Fi xed node testing.

K28.5 D10.2 K28.5 D21.5 K28.5 07Fh 0 [0055]
wqamumRIal so shows the default vaI ues t hat arkRCT/EeZD04/004219

The val ues defined in the

table are 8b/10b | abel ed equi val ents having a 9-bit

regiéi’ér

tra
reg

%6‘1%5&%@8?8% eéé?ﬁl' n?%es 1
The, 8 bit

nsms
isters,

on | ane

ROk émBBdhﬁ@nts, a symbol

resi e In

ynbol s r de in synbol data

si
dat?é%@leé?’ augy bﬁh%‘ﬁ@i’y 7y 11&]83%‘kﬁit for each synbol

resides in control

PCT/ US2004/ 004219
i ncl udes control
operate the Fi xed and Open nodes the value of the

del %g&n‘ool used in | ane

i Th|o/|
A>3

foo

regi ster 342. 15 WO 2004/ 095297
[ 00561 Control register 342
bits and status information used to

i nversion cross-tal k

|||||ofra+no contr ol

+han rool ct ar
\xe ) L LA 2 COTIC1T O T \"\‘Jl JC T

249
O

Hitor

matAttr I n

Rebheli t |

Tabl e 4 defi nesseripieeessi bl e

s

con
con
— hav]
2389
How
346

ONqggfic
figurab
t rol sy

| ng—an—
bolRW da|
ever, |
may be

TR
| e optilo
nbol re
of fset
t a BFegi
n ot her

shar ed

i on,
a&hapr; thfﬂ as wWell as test 5
acf&ccorc[ﬂ n to one enbodi nen

g o oo et B s T

sFWC*%&J@‘bPIéﬂpr ovi ded for each Iink.

EEIRE R BBl [3Pof th&yuirb@ibol Blatb@ ddt2ghisG 1364 The
frpultialug ip td Sebit pricadhigfor KPhl e 4 Bit Attr

1fef
sel

Syrf

aul gw De
ects Sy
bol [ 3]

SCrespt |
nbol [3
as a cp

Oﬁhara;’eels,%%l@u Synbol [3] Type Sel ect O:

] s cha acter Et%ia bo(i rgi)’fdtg Tlm&/ g Qa rfgrstélj 346. The

atll alué:l 8%9
to—a—data—charactet

TyP

s
Sy

sel

nbol [ 1]

cha

acter

Qal
LT TC[C

S S)%ﬁlbol

Type Se

flﬁf‘“"égy‘rﬁ“é%nt ‘ol character 29 RWO
| EothaBeter s efmbe B! Syfproalmbil §nbdl dntearegimtoss. The

1: sele

celuisphttinhe &b prodies S et r ol character

[0054] Table 3 shows the default values of symbol data register 346 and a global

loop count. The global loop count defines the maximum number of symbols that

are transmitted in the Fixed mode test execution. The values shown in Table 3 are

transmitted in 127 sets of 8 symbols (total of 1016 symbols). In addition,

Table 3
Symbol Buffers
D Symbol Symbol 3 Symbol 2 Symbol 1 Symbol 0 Global | Global
[91[8:0] [9][8:0] [9][8:0] [9]{8:0] [91[8:0] Loop Continue
K28.5 D10.2 K28.5 D21.5 K28.5 07Fh 0

[0055] Table 3 also shows the default values that are used for Fixed mode testing.

The values defined in the table are 8b/10b labeled equivalents having a 9-bit

value to represent the symbols to be sent on the transmission lanes. The values

reside in two registers. The 8 bit symbols reside in symbol data register 346.

Further, a K-code bit for each symbol resides in control register 342.
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28 RW1 Synbol[Q Type Select 0: selects Synbol [0] to

a data character 1. selects Synbol [0] as a control
w@ebanager 27 RV RV Reserved 26 RO RO Error SRrub2004/004219

Del ay Character This bit indicates whether or not the

errant synbol pointer was a delay synbol set. O:

r ' Bl
(00 e TP Elu kR S o Py AT Rely S Blrip i Bl o
Error Synmbol Pginter Thig is.a 3-hit _val ue that )
operafgi thafeed e repiBe e%‘fhet‘ff»éu%% de}rE s¥hodused émlane
on the |ane, as a set of characters, failed. The val ue
invesidrespenddkitestosi Talsle dollustrhtes chel odirobaRisteg348drmat. In
set of 8 synbols. This synbol pointer only corresponds

addob, Frle i larfich X SN HFE RGO ol RglB it G et

| at ched by the m ss-conpare Iogéﬁ_of the first lane
configarakle gpticas. thecosding to ors: enbedlignanty eontrelrry mbelregister 342
This 5-bit value points to the first |ane nunber

is a PR tdgideRa @i Qi offt bABESe. dah fullthRRIBG didtkrRtYa bfinbol
field. Larger lane indications will require an

ext ende register.to displ Enformation. 16 .

dag B ese s ey b aroB it Bl i g kipiiments, a
Description 8 RAC O Error Detected A m s-conpare

synijutl Weaémragistes §4bulaythd shewed byt mhkipdg hibks. recei ved on
link ST indicates an error condition occurred. Refer
topigish 22:9] for error details. This bit is cleared

Dy Ttingra Togic I~ TS brt— TS StTCky:
Bit Attr Defaul Description
31 RW 0 Symbol[3] Type Select

0: selects Symbol [3] to a data character
1: selects Symbol [3] as a control character

30 RW 1 Symbol[2] Type Select
0: selects Symbol [2] to a data character
1: selects Symbol [2] as a control character

29 RW 0 Symbol[1] Type Select
0: selects Symbol [1] to a data character
1: selects Symbol [1] as a control character

o8 RW 1 Symbol[0] Type Select
0: selects Symbol [0] fo a data character
1: selects Symbol [0] as a control character

27 RV RV Reserved

26 RO RO Error Symbol Delay Character
This bit indicates whether or not the errant symbol pointer was a delay symbol
set.

0: Errant symbol pointer was a data symbol set
1: Errant symbol pointer was a delay symbol set

25:23 RO RO Error Symbol Pointer

This is a 3-bit value that indicates which symbol of the 8 possible symbols sent
on the lane, as a set of characters, failed. The value corresponds to position of
the counter sending the set of 8 symbols. This symbol pointer only corresponds
to the first error captured according to bits [22:8]

22:14 RO 0 Error Value
This is the 9-bit error value latched by the miss-compare logic of the first lane
that reported the error.

13:9 RO 0 Error Lane Number

This 5-bit value points to the first lane number reporting an error, 32 lanes can
be supported by this field. Larger lane indications will require an extended
register to display information.
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O: No error detected 1: Error Detected Note: This bit

w Il be shadowed to an observability pin that can be
wais@d/0p3207 | RQ generation. O it will be conneRCEBUS1004/004219

the |l ocal cluster debug bus for global event

generation and observability on the debug bus. O her

CO onetnts Sw%H make this pin o ecrlvtggle by any
épprorﬂ’fate ans. 7 RWO Suppress G Bs 0: Skips are
sti|l | rivoselrt ed i | BrigePetdelech  1: Skip insertion is

d on link
suppr egsed 6: 4 me %ﬁf}w 65313173 fire b@if?ﬁ%lt@% %&cﬁ\;ede?ar:lsmmls bit
Nunber Thils sel edt .s$c|e iNEa 164ld ﬂ"rsbft"@

t hel del ay |synbol deedirﬂetectecB R\Nl Lane auto del ay

injlection [0: |1BIST eejrgoce | nverspmo usedforlRQ
| BI ST a_Ut O Sequen E:‘r EE Bﬁ ﬁ}?%f ster ggﬁy or global event
Scrlanbl I'ng BypaSS nera rl/dﬂﬂy 6n$heﬂ&tj ybﬂ&@ onerks should make
Scrlanbling is bvnaﬁ%@bs&wﬂé\bﬂanimmma& mdanssparl ty O:

Di sjparrit y |st apt s |BypRiesg §}t'llqsvert 1 9 sparity starts as
H H | e
posjitive |0 RWO O@k]pmsgﬁ?sfuggeﬂi‘eg ¥t starts the IBIST

Guunr—rUﬁ i gT Gho Tt %eH§$ymba"‘f'tBﬁf[£gNlﬁrggel the—done
condi | S T edcifieshiect the Uakt@urgheGidalo ﬁdnﬁictt%ei‘d%l@tswﬂool pattern.

s egl strey (|| BGLBSTRpneiagtogeipypietond then this bit is
resler ved. O St og % 'BE es@tse%?"af’r"t"e’f"Bl ST 00571 An

extiended——eo g Byph
basle 18 ST f unct|ioaal bihg/is noﬁ@;gasgemst ance, the ext ended
control register |iinstambliess @okeded i onal

1 RW 1 Initial Disparity

0: Disparity starts as negative

1: Disparity starts as positive

This bit starts the IBIST control logic. The bit is cleared after the done condition
is reached. If the global start/status register (IBGLBSTR) is supported then this
bit is reserved.

0: Stop IBIST

1: Start IBIST

[0057] An extended control register provides an extension to the base IBIST
functionality. For instance, the extended control register includes additional
controls for features like pattern loop counting, SKP ordered-set injection, and
symbol management. Table 5 illustrates the extended control register format.
The extended control register defines additional controls to customize debug
features beyond those described in Table 4. According to one embodiment, the

extended control symbol register is a 32 bit register having an offset of Base+12.

Table 5
Bit Attr Default Description
31:29 RV 0 Reserved

17



controls for features |like pattern | oop counting, SKP

ordered-set injection, and synbol managenent. Table 5
w0 kdus929t es t he extended control register forPEr/USH04/004219

The extended control register defines additional

control s to custom ze debug features beyond those

ES[Er apl e 4. According to one _enbodi Ment, tNe
Egtxt ed corEtetrJaE svrrbol register is Descngg bit reqi ster
Bav ngzvan of f set Ew&%ﬂ”’an?hlbl Bi t Attr Def aul t

Destription r 31 98 Folgps ‘E‘E’:{t?h;@i?b foso ugh‘.’°ks
PCT| US2004{ 004219 ?E‘m ML, 8 §g)rtg[2|g i eﬁtl omtors
0 Debug Event St rﬂebEg]ﬁI&ltecarThgrﬁldﬁltﬁeIHBTmm the abi | |ty

t tart the IBI TO: Derypaistanpit 1o seti&lde ks _within
o > chi B The %S\ane Q%EN%YUZ tg‘:};(top\ &Tr\r_ncnnr\a

L II\, Lllll H LA 2 f1 ] I.A.L L N A 2 Hul LA NEEEL"Y N AYA )
27#bnj t Y5 por @HAF E Sﬁbﬁgﬂéﬁﬂﬁ?a%ﬂhe €dnnected to

gl opal event | ogi co1t10e1aa3ﬁﬁfots sérliéh madebugerey evtanst art

sigpal on he | BI|SIP: Bdlayskmbol senthgremqdalyisgeress thgianest o

e RIS Al
Btop W ST  87: 261 PHE I Ay Symbol I'nj ection
Enhanced 00: No sjynboh& ssgot Erdn iflad B8 ofdldis okdpln@yerror status

synbol s sent on npeildcted Aome prwigustetyer evaahes  10: Del ay

2ynbolRW sent on Eg‘"&ma‘t"fsbs t he | an e

Reserved 25 RWO @mﬁfgﬁii ‘%@E‘ gippal count.

2355rUer\{ 00 Bk S[Q@p@({hn{:ﬁl[eg,ra} an error OCCUTS
ovefwite fr ror st Etisusgisted mldiczﬁéstw&ldn 4 ddprordar P1@)de Gl4ént on the
rrjor event. 24 SIE?S heplin dopriey ipglegred and counting resumes.
error eve ﬁ - No SkKip Ordered Sets are se‘r?gr
nnn - The number of 8 symbol sets sent before a Skip Ordered Set is
sent.

11:0 RW 07fh Loop Count Limit
This register indicates the number of times the data symbol buffer is

looped as a set of 8 symbol times.

00: No symbols are sent from symbol buffer. If scrambling bypass is
cleared then this lane sends scrambled data, otherwise TX is
squelched.

01-FFFE: 1 to 4095 sets of symbols from the symbol buffer.

[0058] Loop counter register 343 stores the current value of the loop counter.
Table 6 illustrates the loop counter register 343 format. According to one

embodiment, loop counter register 343 is a 16 bit register having an offset of Base

+16.
Table 6
Bit Attr Default Description
15:12 RV 0 Reserved
11:0 RW 000h Loop Count Value
This is the 12-bit value currently in the counter. Once the IBIST is engaged, loop
counts are incremented when a set of 8 symbols have been sent to the TX lanes.

[0059] Delay symbol register 348 stores the value of the delay symbol used in lane
inversion cross-talk testing. Table 7 illustrates the delay symbol register 348
format. According to one embodiment, delay symbol register 348 is a 16 bit

register having an offset of Base + 18.
18
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15

0: Use loop counters. Test term nates at the end of

the gl obal count. 1: Loop synbols in the synbol
whedorees2eont | nuously. 23:12 RWO000h Skip CountPCTUS200&004219

This register indicates when a skip order sequence is

sent on the transmtter. The skip counter is cleared

andrgaepting resunes. 000 - No Skip Ordered Sets are

_ on A N = jThe unber —of —8—synbut —sets Sernt
Hefor s skiP™Ci dered Set is sent Pt RW 07fh Loop

dount & Mt This regisger indicates the number of

Synpol 't ( ol s are sent from synbol
bufff er. || scrantil Thisé Ho§peslay syuabol velhoaged Eefettird ) hi s

—thedata s nﬁl)i 0 flf er TS5 tooped—as a set of 8
K n‘es.&B%BO: 'Rfoayg’ﬂ/mnﬁ

| ane sends scranbl ed data, otherwise TX is squel ched.

[006D] -Tabite 8 illastH#A85 tlxelaneab-layerbaiss-thlkdnjection sylwok for a modulo
buffer. [0058] Loop counter register 343 stores the

. nt nk.ar .

4 inf T AR R0 o BRRRE MM Bl el S8nBoR ars gateically
According to one ~enbodi nent, |oop counter register

sequergeflqcgossghpividile gf thedinterfderiy adentd emulaje nExRgeum lane-to-
+16. 5 Table 6 Bit Attr Default Description 15:12 RV

landinegerevied Mnla Cufé080Bo dRaEntCaNéxtMadetE cdihtr] degidt&ecauses
12-bit value currently in the counter. Once the I BI ST

i S..enga I cuNts. ar e -Gl enented n_a,set,of
the By SIRAPE A £ hat B BBl ot R I EA R0 BBy BRheeSy
synbol regi ster 348 stores the value of the delay
embpgdityent psdelay sy ded is semy begirming mids lanel kandaddragses a x8 PCI
Table 7 illustrates the delay synbol register 348

Exph&¥sThik se@ﬁﬁ%hﬁmgbitcbfe‘!ig”.e"b()di ment, delay synbol
register 348 is a 16 bit

[0061] According to one embodiment, test pattern sequencing operates based

upon the following rules:

1. Adjacent lanes launch combinations of K1 and K2, as well as D1’s and
D2’s;
2. K1 next to a K2 is an inverted bit pattern; and

3. D1 next to a D2 is an inverted bit pattern;
Note that D is a character that preserves the current disparity after the two

are transmitted. Any two characters that are the same fit the definition.

Table 8

1 KI KI K1 D KI KI KI D
2 DI DI DI D D1 DI DI D
3 K2 K2 K2 KiI K2 K2 K2 K1
4 D2 D2 D2 DI D2 D2 D2 D1
5 KI KI KI K2 KiI KiI K1l K2
6 DI DI DI D2 DiI D1 D1 D2
7 K2 K2 K2 D K2 K2 K2 D
8 D2 D2 D2 D D2 D2 D2 D



regi ster having an offset of Base + 18. 18 WO
2004/ 095297 PCT/ US2004/ 004219 Table 7 Bit Attr
woedoap29Description 15:9 RV 0 Reserved 8: 0 RRU/BE004/004219
Del ay Synmbol This is the 9-bit delay synbol val ue used
(default is 1<28.5). [0060] Table 8 illustrates the
| ane-to-1ane §rggs- kal kp | nkpctonggchgmegfor a nodul o
4 interface. cqﬁrdbpg o gpe ]ﬁrrb gll gnt p;the del ay
synbol s are sk g, Igé @acr s s the width
of the interfac |n r m | ane-to 5
| ane |nterfer]§ g? Pg uggh &F{?reh t he
ext ended cont¥olX! uggs af< ern in Table
8 with a bit ’§et‘?11 n 1 sz- O?‘ i bP!s %2271)26] In yet
anot her enboHi d@nt K2a Riel Ky FKnbBE % sEAt begi nning
with | ane 0 a¥d RddPésdes B2 x®P2PCP2 Bxpr BP3s |ink
setting with & it bf "KI0"K1[ @J61P Addor¥®ing to one
enbodi nent, tmstDipabdt erp1l sPyuadici g aper Bies based 10
upon the fol IBwikeyg kul ag &2 Ad agentk2l ares | aunch
conbi nati ons %f gl and ge2, pas peel b1av2Dlpg and D2's;
2. Kl next tona 42 k& aa | pyenyedgdi typakiern;, and 3.
D1 next to a 2 4;s BR igyvepl ehibi baPat epp: 15 Note
that D is a cparactgr that pr q&erﬁes I&he urrent
di sparity aftﬁr 1;zhe twq)2 ape t[; ed 2Any t wo
characters that ﬁ (imsaﬁg % 11éef ition. Table
8 1 Ki K1 K1 DL D1 D 3

K2 K2 K2 K1 K & KP14Db2'sz§L‘5¥DEIDzDzD1
27 K1 K2 K2 K2

28 D1 D2 D2 D2 D1 D2 D2 D2
29 K2 KI KiI KI K2 Ki Kl Ki
30 D2 D1 D1 DI D2 D1 D1 Di

31 D K2 K2 K2 D K2 K2 K2
32 D D2 D2 D2 D D2 D2 D2
33 K1 KI K1 Kl K1 KiI D
34 D1 D1 D1 DI DI D1 D
K2 K2 K2 Ki

3¢ D2 D2 D2 D2 D2 D2 D1
37 K1 K1l Ki Ki KiI Ki K2
33 DI DI DI D2 D1 D1 D1 D2
39 K2 K2 K2 D K2 K2 K2 D
40 D2 D2 D2 D D2 D2 D2 D

D
D
3% K2 K2 K2 K1
D1
K2

[0062] According to one embodiment, the pattern generator allows additional test
sequences to be used. The control settings available are defined in the control
register 342 and the extended control register. The generator also allows a basic
presentation of the four data symbols without the delay symbol injection format
described previously.

[0063] This feature is illustrated in Table 9 as a repeating presentation of the set of

four data symbols that are transmitted on a lane. In one embodiment, the loop

20



5 K1 K1 KI K2 K1 K1 K1 K2 6 D1 D1 D1 D2 D1 D1 D1 D2

7 K2 K2 K2ZDK2K2K2D 8D2D2D2DD2D2D2D 19
wOE020029095297 PCT/ US2004/ 004219 9 K1 K1 D KRCHRUSHD4/D4219

Kl 10 D1 D1 D D1 D1 D1 D D1 11 K2 K2 K1 K2 K2 K2 Kl

K2 12 D2 D2 D1 D2 D2 D2 D1 D2 13 Kl K1 K2 K1 K1 K1

o ey Py PP, HD S8R 1A e

KI 18.D1 D DI D1 D D1 K2 KL K2 K2 K2 K1 K2

by qlearingbits [ %ﬁzéﬁfmbe EB%%@?“‘%&‘} %9 regisier. K1 K1 K2
Ki KI 22 DI D2 DL DL D1 D2 D1 DI 23 K2 D K2 K2 K2 D
K2 K2 24 D2 DD2 D2 D2 DD2 D2 25 D KL KL KL D K1 K1
KI 26 DDL DI DL D DL DI DI 27 Kl K2 K2 K2 K1 K2 K2
K2 28 DL D2 D2 D2 DI D2 D2 D2 29 K2 K1 KL K1 K2 K1
KI KI 30 D2 DI D1 DL D2 D1 DI D1
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31 DK2 K2 K2 DK2 K2 K2 32 DD2 D2 D2 D D2 D2 D2 33
KI1 KI KIl DKL K1 KI D 34 D1 D1 D1 DD1 D1 D1 D 35 K2
W(K2006@93¢p7 K2 K2 K2 K1 36 D2 D2 D2 D1 D2 D2 D2r@/USBE4/004219
Kl KI K1 K2 K1 K1 K1 K2 38 D1 D1 D1 D2 D1 D1 D1 D2
39 K2 K2 K2 DK2 K2 K2 D 40 D2 D2 D2 D D2 D2 D2 D
[ 00pdheAccording to one enbodi ment, the pattern
generator allows additional test sequences to be
used. The control settings available are defined in
the control register 342Fand the extended cont rg)l
regi ster. The generator al3so allows a basic ;
presentation of the four @ata symbols w thout thée
Delayiidday synbol injection format 5 described previously.
0" 100631 This feature is illfustrated in Table 9 asfa
ck repeatirfg present atti oA of tthelkell o2 Bout dat &
Lane§ynbhofls Oth&t BF &K1t PANEM X &d Oh &2 | ekl M &Ae D2
Lanegrbodfinent K2t bz Xioop RO MOK2004/ 8952971 D1 K2 D2
Lane PCT/ US2004 k0042118 pecoynt®r xS i ner emertiedf @ every 8
Lane Sy MhOt1S t8eRt . plhd1S poper abd @ BPde: i 5 aahimved pby
Lane €1 €Artin@1bit sSof 2d: 261x0f ot he bBl &I Hxti@ndgd &ogj r ol
Lane b €01 Sti€y 21 MO 14004/ RPSHI%, PET/ 152004/,094219 pJable 9
Laned) 0 1@ B2l 2y MPAE 210k WA B 2 m2 1 D1 w0 D2

Lane 7 KI DI K2 D2 KI DI K2 D2 KI DI K2 D2 KI DI K2 D2
[0064] In one embodiment, debug capabilities are available through settings in the
extended control register. One such feature enables continuous looping. The
typical usage model for this feature is to have the pattern loop forever to allow
examination of the link waveforms while adjusting physical layer IO controls.
[0065] Table 10 illustrates the global start/status register 341. According to one
embodiment, global start/status register 341 is a 32 bit register having an offset of
Base + 8. In a further embodiment, one global register supports each device, and
is not be duplicated for each port. However, global start/status register 341 may

reside in segments within each link.
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clk 123456789 10 11 12 13 14 15 16

Lane 0 K1

D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 Lane 1
W2000093¢97 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 BR2r/ubzmn€004219

2 K1 D1 K2 D2

K1

D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2

Lane 3 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2
oob@]’l?agllelﬂ)DlKZDZKl D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2

Canme—S5 KT PRI DI KD KT DI K2 D2 KTDi—K2—1D2
fiank VK1 DIP¥PDP K1 DL K2 D2 KL DR8P K1 DI K2 D
3k@ne? #d DL K3 D2) Kderbdh solQorlor Kedor fdlis Bi& D2 K1 D1 K2 D2
15002kt pre e PR per g PHRE apabi T Ttres are
aval | abl e { hr ough| siedbt: iheQISof hiNantsBds for @ b@THe Bit € @ifkdy k@ kan be cleared
reglster. [Dne suchbfpeaqrmo@resewmgﬂfveswwmiow@us | oopi ng.
The|5 typical usa %E g’f? fdr this feature is to have
) — 1 rror detecte
i7!le pﬁwéTel I I\dUIJ FdrFEYrFr'Detgc%d&{ﬂ HIVV C)\dlll IIallUII UI lTIC
[i nk wavef prnms wh| g bﬁd\k@l[&lf hllm@espﬁy@{hﬁ@lrt hﬂ)ﬁeﬂ; stll:l@and can be cleared
control s. | [ 0065] | halove gobOresedot saistareatierg atobie’r’gl obal
staft/ status reg) $fleprositticdAccording to one
WG X H Pl N tror deter Ed 4
R!m.)u'ﬁﬁlﬁnl glona P&t‘Eﬁbr‘detec?ehSH‘ S0 | egtster—341t—+s—=a32
bit|register havi NguaAn thQ(ﬁTfG‘Bﬂltlan@fblts (Bas §or’t+Th§b1t i $ickl and can be cleared
furfher enpodi men by rome ggd et sofvegivsitig logitrppor t s each
dev|ce, and 10 is ?i%gl el i cated for each port.
e Al alaal ol L ELro ect 4 AR v aci Ao
—WVC[{W 9 ong! . S serve morqpol_éagtb% cr"\:'-‘u.nlnrgln_,l €S51+6€
b T SEOHETT 5 Wigt T Ts8FGH ybkdSPort 20047095297
PCT/ US2004{ 004219 CI@ﬁ@aﬂdoMbiBﬁT chidroBbghic. teh ihe JidBfl @Y cbunt value is
Descri ption 31: 19reR®d@15ﬁ€s@qarv‘éd for nore port error
stalus bits 18 1St E{r ror Detected on port2
— - L P artI oh port 2, . .
Thrs1gd the R IBgyTlsfa}vgﬁmoﬂdl tsfor—thrs—port—Thrs
bit{is sticky and| cardbeiosbeBEedntrolysicpmaRhe &ﬁ@dopfcaﬁﬁlﬁlue is
or software witi ngzhedlg;g rledi'alrid 0: No error detected
. top on por!
1 rror detected 1: Start IBIST on port 1
0 RwW 0 IBIST Start/Status Port0
Cleared on done by IBIST control logic. When the global loop count value is
reached this bit is cleared.
0: Stop IBIST on port 0
1: Start IBIST on port 0

[0067] Global start/status register 341 register includes the global start and error

bits for simultaneously operating all of the links in a component. According to

one embodiment, the fields in the global start/status register 341 represent a

component, which contains 3 - x8 PCI Express ports with an IBIST block

integrated for each x8 link. In a further embodiment, the length of register 341 is

variable and is dependent on the number of ports requiring support.

[0068] Table 11 illustrates lane status register 350. Lane status register 350

register stores the error status for individual lanes of the link. According to one

embodiment, lane status register 350 is an 8 bit register having an offset of Base +

20 + N (lanes).
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17 RWST O Port Error
of all lanes bits for this port. This bit
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| BIST on port 1

sgtor8 sy
el 1o o W d SR S T b ol the fopic wleRind
O10630cEstaleBlsSterSt WtV Sbgat 016 ak2or t O

Ce
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done by

cornt

0: NBmSIBISE enretatian has heh eppugred. V\h e n the

al
IR
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ster |
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t 0 [0067] d o
ncl udes

1; Nermaj IBIST test pegan, he nl t hi
Hth then the state
e's t}Qzlather lanes in

E}I ﬁEﬂ 5& nf:) Mast et Ackive ! sta‘ﬁo; h?h
341

tth En

ba&po&t art/st atus register
Qﬁecugln@b@lvtst art and error
. INste;

etection Per Lane
rtion for this lane. Writing a logic ‘1" will clear this bit. This bit is

bits for

sticky.
0: No error on this lane
1: Error has occurred on this lane

RW

Lane Start Enable
0: This lane is not testing when the port start bit is asserted and remains in
disable state (for this lane).

1: Allows the port start bit to begin IBIST symbol operations on this lane.

[0069] The status indicates the error, a pointer to the symbol of the miss-compare
and which set of symbols the receiver was comparing against (e.g., a standard set
of 8 data symbols or a delay symbol set). The Lane Start Enable bit allows
selective testing of lanes by enabling which lane(s) execute the IBIST test
sequence. In one embodiment, a lane Status register 350 is included to support
each lane in a PCI Express link, and is controlled by the control register 342.

[0070] According to one embodiment, error checking, is continuously performed
during test execution in both the Fixed and Open modes. The error checking logic
provides a result at the conclusion of a test. In one embodiment, if the CMM
compatible pattern methodology is the only feature implemented (e.g., no

additional IBIST extensions), the test concludes programmatically (e.g., software
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one enbodi nent, the fields in the global start/status

regi ster 341 represent a 5 conponent, which contains 3
W0 2008/09%2b7 Express ports with an | BI ST bl ock i PCEYSZDEM4219

for each x8 link. In a further enbodi nent, the |length

of register 341 is variable and is dependent on the

sto?ﬁf%srhe st @Qﬁﬁém{ej? fhe 'e%r%HH&%rfson[lg Qé&}glgt@@a?te% the

trates lFane atus regi ster e status

regi ster 350 register stores the rror at us
recepian pthe clreireal lgie oRieTed ARt (WA&ela? i terlatatglys detected.
enbodi nent, | ane status register 350 is an 8 bit

[007Hdinsdrey ethBudl ingerat) tiadfré sed tvobd eBasehecking meflodobogspptions
23 WO 2004/ 095297 PCT/ US2004/ 004219 Table ll Bit Attr

f 2r .
oo Ons G LR SRt i
poi nt er vvas a delay synbgl @ set. 0: Errant s o!
is used e slephsoegtp @t;awmbcgetieﬁned B ﬂanbog%%meglster 346 and
poi nter was a DELAY synbol set 6:4 RO O Error Synbol

conftparettRbsel§rabbs vaitB the bymdbliaretdigbd ivivlileelinls. Dhirkiy IBIST
synbol of the 8 pOSSIb|e synbol s sent on the | ane,

oreRf e L o S L PR

3 RAC O Entered Master Active St ate Status: This bit
senit frose sy impol Hatal registenviériotthe trangppieck st ate was
entered. Wite a Iogic "1 to cl ear O: Normal IBIST

[Oomeﬂjﬁéé ﬁ{e d[h‘%§ i 8P4k @Found thitRighBthe 18 sHadkafibchanism, a
began. For e Entry into l\/as er Acti've State: |If

co ﬁ%&%ﬁlvi? cpteg SfFP R oy R Sy D Fovct Ak e e st rsRpring
the other lanes in the port.
symbol position in symbol data register 346. A miss-compare between the symbol
received and the expected symbol will indicate an error in control register 342,
along with the errant symbol value and the lane that detected the error. The
compare is synchronized with the detection of the test symbol start and stop
conditions.
[0073] Figure 7 illustrates one embodiment of logic used for the direct symbol
compare testing methodology. As shown in Figure 7, the symbol received is
compared to that of register 346 regardless of what is being sent on the
transmitter. Once the receiver detects the beginning of an IBIST operation
compare state machine 360 is synchronized with the first symbol in register 346.
[0074] If a miss-compare occurs, all relevant failure data is stored in control

register 342 and lane status register 350. Continuation after an error is detected is

programmable via the extended control register. The error indication signal is
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0: Execute normally 1: Force to Active instead of

Quiet state 1 RAC O Error Detection Per Lane ST Error
w@g@aenei2zen for this lane. Witing a logic '1' BT/US2004/004219

clear this bit. This bit is sticky. 0: No error on

this lane 1: Error has occurred on this lane 0 RW1
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ok BElEbh efPRRE T Bl fo Bbeb Al B HER: 105ing
state (for this lane). 1: Allows the port start bit to

tn 1Bl ST synbol operations on this [ane. [0069] The

status indicates the error, a pointer to the synbol of

[007HleORts shecrpiaiee is §ithwbriedd,seich @l norslise phgload is compared
recei ver was conparing against (e.g., a standard set

T S e S R SRR

by enabling which | ane(s) execute the IBIST test
Expregsieoredase glaphe therpeiviareithe redetier compars loggiisinsremented
350 is included to support each lane in a PCl Express

anc% %d(g#)g]d%tih%oﬁggﬁ &0t bt BY fddiSs i ,IE gﬂrﬂdﬁﬂﬂ@)? M3t

According to one enbodi ror checking, is

em R e oo e ot se s HERAUEDE SERCOLI Gt e

provides a result at the conclusion of a test. In one
corepletidnrfrihe tést. The fithMrrenispatdrdied apat oemms.ntha edaind gymbol,
is the only feature inplenented (e.g., no additional

I.Bl: ' . . iecal v
thegitbr B8 Slep 3% anl e S B R BB P g retiter

st oppi ng the test uence). The error conparison is
342&5%faé‘ﬁééﬁt§ﬁf%gls?eﬁég8-r eception of the electrical idle

ordered set (which franes the test data) is detected.

[0076)0XhptHen testingemattbdatogy id the reultipde invputedignatued eadsteg
nmet hodol ogy options defined in this docunment. One

(Mfﬁé) I?Zgﬂlﬂ ate IndhbaC %imlﬂug&m@ e TR PR m Mt S o gic used for

the MISR compare testing methodology. The MISR method implements two
registers, transmit register 805 and receive register 810, which accumulate
signatures and perform comparisons at end of a test. Also included are shift
registers 815 and 820.

[0077] The MISR implementation accomplishes error checking by generating and
comparing signatures rather than conducting direct symbol compares. An error
assertion is produced when a miss-compare of two stored accumulated MISR
signatures. In one embodiment, a signature of the transmitted data is compared
with the signature generated at the receiver. Each MISR is controlled

independently based on previously defined start and stop criteria sections.
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5 is used to step through the data synbols defined in

synbol data register 346 and conpare those synbols
Wowaoh/ 094287 synbol s received via the |ink. DurinpCT/Bb294/004219

operation a repeating pattern of four synbols (plus

del ay synbols, if used) are sent from synbol data

00 P o L S LR et
esfaeiry ok e b bl The
synbol data register 346. A m ss-conpare between the

regiyteidisits (el @ r&ieffcienny stlbetedxp ot dhe Yedablackinhdchianibing atebased
an error in control register 342, along with the
4 L a t .
e A s o
of the test synbol start and stop 15 conditions.
utiligrolzsncethayr guaranteeiigae signahees atedtheemaxishumoginge of
used for the direct synbol conpare testing
accigidigedl vgdMes As shown in Figure 7, the synbol received
is conpared to that of register 346 regardl ess of

i ein ent on t.he  transmtter. .Once the
1007y AR e e Ened g oMl SFS B G sy the
20 conpare state machine 360 is synchronized with the
dete¢tiayn oksgmblectriqal idlgiosdened3xes (EIQPS)@74] Skip Grdered Sequence
m ss-conpare occurs, all relevant failure data is

(SOE‘%.O T8E tHdhshAREF Rhd rE@NSIRE fdde ALt 8RS SWALEE of conditions
regi ster 350. Continuation after an error Is detected

is, programmabl e via, 1the extended. control register
(e-8rrte MR A Pe S orith BorE o rang SkUeCs ace (SOS) and
PCT/ US2004/ 004219 routed out to an event |ogic bus or
endsi with sending BIGS) p JinetreBiiterdrames Retle rdestingg pdBERIhing SOS
[0075] Once the receiver is synchroni zed, each synbol

ancpéndmltﬂ@gll:%gﬂ%/ﬁ%g? MRASR B05 WhiBI1DGe gg@&%&%& ggcfgﬂ E%% having

correspon In the register

5 press core ba clock, the pointer of the receiver
rec%lg%é}p%r yyratigr o ﬁﬁ’%‘i’l’e%oséﬁ‘aiwféf@ped cont i nuously

on the set of four synbols (plus delay). In one
[0080THadimsenhbodiongd e @ectsignal ieacddsakdrblen theyose for

received until the
accumulating via performance counters or other similar structures for Bit Error
Rate Testing (BERT). Error results are stored in the lane control register 350 and
control register 342. In a further embodiment, MISR 805 is pre-loaded with a
signature value that is used to compare the results of the receiver. Thus, the MISR
810 is disconnected from the transmitter symbol generator so that the value
cannot be overwritten.
[0081] IBIST applies on-die testing methodology to a new environment, such as

on-die test circuitry purposed for board and system level defect detection and

auto-diagnosis). In addition, the IBIST architecture for PCI Express modifies the
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conpletion of the test. The first error is recorded as

it occurs. The errant synbol, the pointer to register
wW@4@4ap9t he error indication is recorded in cPOL/I8L004/004219

register 10 342 and | ane status register 350. [0076]

Anot her testing nmethodology is the nmultiple input

I
L e B o o I B P S Fo ol fest
conpare testing nethodol ogy. The M SR net hod
SY“FﬁﬁW@ﬁ%%@%-tmo regi sters, transnit register 805 and
recei ve regi ster 810, which accunul ate 15 signatures
[0082]d\ ek & inn EterdtBarsnat medifiGitions of she pAlsent invention will
included are shift registers 815 and 820. [0077] The
Py . g ; . '
no B b I R O A S L SN T B R e having
conducting direct synbol conpares. An error assertion
reafldhe feregeing dersnipiion: B4s tvbpandertoedvhajapyaeprticular
accunmul ated M SR 20 signatures. In one enbodi nent, a

emBbditadritshodin dhé des@itsd by ethydsHtiBubiatOMRAMat walytitended to
the signature generated at the receiver. Each MSR is

control l,ed ..i ndependent |y, based .on, pr.eviously defj ned
be GRRId5H Htuits” CARALEN iR 18 W R St8insuBbb iments
PCT/ US2004/ 004219 [0078] A nmultiple input signature
aremgyiintended ¥ ER)it the sappeoithe ddimé mrhigh dhtliemseleed xecie only
with feedback XOR ed back into the input of the shift
thoSdialured 8o Sltietitas ds8&Hthil] @6 thd frvehfiofl; » coefficients)
selected to formthe feedback nechani sm are based on
an irreduci ble polynomal. In one enbodi nent,
i rreduci bl e polynomals are 5 utilized since they
guar ant ee uni que signatures over the maxi mumrange of
accunul ated values [0079] In a further enbodi nent,
signature accunulation is conplete after the
detection of an electrical idle ordered-set (EIOS) or
a Skip Ordered Sequence (SOS). The transmtter and
receiver are framed with their own set of conditions
10 (e.g., the transmitter franes with post-training
Skip Ordered sequence (SOS) and ends with sending
EI OS). The receiver frames with receiving a
post-training SOS
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and ends with receiving EICS. M SR 805 and 810 are
conpared after each having received their indication
w@bootiogs2B OS or SOS sequence. [0080] In one enmpCHUAENL/(04219
the error signal is nmade available to the core for 15
accumul ating via performnce counters or other simlar
CLAY tures for Bit Error Rate Testing (BERT). Error
results are stored in the Iane control register 350
and _control register 342. In a further enbodi nent,
srelgioned 8 pre-1 oaded with a signature value that is
used to conpare the results of the receiver. Thus, the
1. M Skn a®Haritssdbagoisiegt ed fromthe transmtter synbol
generator so that the value 20 cannot be overwitten.
[ 0084L, L el %Rﬁbﬁéﬁ%vﬂﬁga bgfttefr{‘geﬁ@taﬁs}do! ogy to a
new environnent,* such as ndie t8st cirtuitry
pur posed for board and system | evel defect detection
andR resghvsr grEeens having sprfterngineckers apg| st
architecture for PCl Express nodifies the 27 WO
2004H 09528 IthildddaR AQ6+ QPhedCeoupl &bl gicatrensraabirtenponent
a novel way to facilitate conponent-to-conponent test
nchroni zat i on. %0082] Whereas many al terations and
ancp NG IECRYET 6EPSHehe present invention will no doubt
becone apparent to a person of ordinary skill in the
art _after having 5 read the foregoing description, it
2. i s The appaades ef deian L Harthesgopprising patebugmpodutaie correct
shown and described by way of illustration is in no
errd@¥idieiteddethd Pattdra gepepdtéered limting. Therefore,
references to details of various enbodi ments are not
intended to limt the scope of the clains which in

th el ves reci only, hose features reqgarded as
5. oot i Rl bR R b G628 5 fertr o
PCT/ US2004/ 004219 CLAIMS What is clained is: 1. An
maxippiae dhe testivgpfitbe pgint-to-point serial interconnect.

4. The apparatus of claim 1, wherein the pattern generator stores a first

pattern of bits.

5. The apparatus of claim 4, wherein the pattern checker stores a second

pattern of bits.

6. The apparatus of claim 5, wherein the pattern checker compares a pattern
received from the interconnect with the second pattern of bits stored in the

pattern checker.

7. The apparatus of claim 6, wherein the receiver component includes logic to

determine if an error occurs while transferring a pattern from the transmitter
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a transmtter conponent having a pattern generator; a

recei ver conponent having a pattern checker; and a
W@ian92e? poi nt serial interconnect coupl ed toPCHES2004/004219

transm tter conponent 5 and the receiver conponent.

2. The apparatus of claim1, further conprising a

r . t the
corfif i TBA Bk b then® he 10 BLERIEY Bispligh the
further conprising a pattern sequencer to naximn ze
COMPEIf08st i ng of the point-to-point serial interconnect.
10 4. The apparatus of claim1l, wherein the pattern
generator stores a first pattern of bits. 5. The

8. appiiedpisaratuscdfailai 7, whereeh thd Agppatd el ek@kchanism to
stores a second pattern of bits.” 6. The apparatus of

|aj . 0t patter hecker conpares, a..
toa s et Sertef bl Qb RO i SR e iRERE o6 Tof firsipattem of
. second pattern of bits stored in the pattern checker.
bitsandrigdoad ghe asersdefinest patiers, ofktitsrisintheteatterpaihedrer as the
conponent includes logic to determne if an error

sec®Ed Bhemhdd Sitd.r ansferring a pattern fromthe
transmtter 29 WO 2004/ 095297 PCT/ US2004/ 004219

conmponent to the receiver conponent, the logic

operating base n_t onparison. 8. .The appatat us
9. of TRier Rt Bitm PiurGRPEP I B e B RRE bRl Fere
to load a user defined pattern of bits into the :
norpwl neede yehateat onods thépatterschqrker eperasing is the test amote t
to load the user defined pattern of bits into the
detddhih@hifa® BAGKBFcAS g ARASNLSRA 665l Aokl §R infrcdiifect.
apparatus of claim1, further conprising logic to
switch between a nornmal node and a test node, the

10 B OBt b sn e

bits across the interconnect.
Express bus.

11.  The apparatus of claim 1, wherein the pattern checker and the pattern

generator comprise on-die circuitry provided within the silicon of the apparatus.

12.  The apparatus of claim 6, wherein the pattern checker compares the
received pattern with the second pattern of bits stored in the pattern checker

based upon a direct compare method.

13.  The apparatus of claim 6, wherein the pattern checker compares the
received pattern with the second pattern of bits stored in the pattern checker
based upon a multiple input register (MISR) compare method.

14. A computer system comprising:
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10 10. The apparatus of claim1, wherein the

i nterconnect conprises a PCl Express bus. 11. The
wa@ppang2es of claim1l, wherein the pattern chePKRPUSZNH004219

the pattern generator conprise on-die circuitry

provided within the silicon of the apparatus. 12. The

ap S 9f
conpRait oo LA oML AR R U BafHEEF component
attern of bits stored in the pattern checker based
and hsrregelypy e PeBeparBdmet hod. 13. The apparat us of
claim6, wherein the pattern checker conpares the
r eceevipdetpadiisied twithdatgonisecpsitit patidlahferebniddt Sincluding:
stored in the pattern checker based upon a nmultiple

I nput register (M co r .. 20. 14.
conput er L R Tar o B RB 3 psFeisadirsf et of test data to
PCT/ US2004/ 004219 a point-to-point serial
i nttdepeimieto-peind pedal intercereneatansni tter conponent  and
the receiver conponent; and a chipset, coupled to the
a poi nt -4 Pat@intheSRér @ reb VB HRONRAGES of 1264 Y&HaTYomahe point-
pattern generator to generate and transmt a first sé%
of test. data.to, 5 the point-to-pgin er.i
nebr oS Stepchringen e Sorrd e rsl StksTper date gp  second
set of test data fromthe point- to-point serial
i ntset obrastdatazataredoatphe patteen thedker.set. of test data to
a second set of test data stored at the pattern
checker. 15. The conputer systemof claim 14, wherein
15.t hermdaﬁgatefr WHERE oFQARA 188 hareid PhaSRipEMREH & cbglprises a

correct errors”detected at the pattern generator |

the first, set of test data does not match the_secgond
debygmgHufetq oAtk egPEr daieateck Hdhe RAHEThSeMdaladf thegrst set of
The conmputer system of claim 14, wherein the chipset
testfdats dees notpritdethesecpad setr of tegiqliastred at thexpaitee dieeker.
testing of the point-to-point serial interconnect.
17. The conmputer system of claim 14, wherein the

16. ¢ hi]F}%eéo&?ﬁ{e&' ‘§2§t_efsh dPcIARANANBEIIR tm@%Pg$+ﬁ%fh@g§BMﬁ%es a

pattern of bits into the pattern genera as t

pattern sequencer to maximize the testing of the point-to-point serial interconnect.

17.  The computer system of claim 14, wherein the chipset includes a
mechanism to load a user defined pattern of bits into the pattern generator as the
first set of test data and to load the user defined pattern of bits into the pattern

checker as the second set of test data.

18.  The computer system of claim 14, wherein the interconnect comprises a

PCI Express bus.
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first set of test data and to | oad the user defined

pattern of bits into the pattern checker as the
w@ewangs29et of test data. 18. The conputer sysPEnUS1004/004219

claim 14, wherein the interconnect conprises a PCl

Express bus. 31 WO 2004/095297 PCT/ US2004/ 004219 19.

The conputer system of claim 17, wherein the pattern

19.¢h eﬂlﬁeeéoxﬁ?{lgﬁrs?gtenﬂ BEclhihY, wler&h t%@ Phtt@Al Bheideh cbig\?)ares

second se st data stored in the pattern check

based upon di rect conpare net.hod.. 20. The.c ut er
thedirst Sé?ﬁpgﬁe% aaram  theseechsetipd teshidata ﬁtoeﬁiek@}%aﬁem
conpares 5 the first set of test data with the second

cheskér Infsetlagiordatirest @mpajermethedpat t ern  checker based
upon a nultiple input register (MSR) conpare nethod.
21. A conputer systemconprising: a central

pr ' [ Tai : :

200 PSRRI Ly COF i PRI b e
havi n n interconnect bujlt in sel]f test (IBIST

the hyB A% P?Em;a dataywi t?‘ﬁéﬁ%} %e@éﬁfr’%da%%@r%@mg& pdttern
coupled to the ICH 22. The conputer systemof claim

che2keMgediupdrnemBtifle impdit kegistemiViISREcorapped in@thod.
generator, coupled to the interconnect, to generate

and,tr ] 5 L . set of test data over the
21'i nt%rcggrﬁ‘glce:{? é‘fﬁ Cgfxﬁpé@%lggh checker to receive the

first set of test data frominterconnect and to

corpegrdraliproeesping weit (6PUest data to a second set of

test data. 23. The conputer system of claim 22,

whey fiediyecopitidddeb (MCH)er conprises a pattern
sequencer "to maxim ze the testing of the

poi nt-to-point .serjal.int nn . he.
Corust L GuureErtd) RS RGPl e oty i pme an
includes a mechanismto |oad a user defined pattern of
intdycosndah built fresglbitest (IBlgBrmeedulsy and the 32
a point-to-point serial interconnect coupled to the ICH.
22.  The computer system of claim 21 wherein the IBIST module comprises:
a pattern generator, coupled to the interconnect, to generate and transmit a
first set of test data over the interconnect; and

a pattern checker to receive the first set of test data from interconnect and

to compare the first set of test data to a second set of test data.

23.  The computer system of claim 22, wherein the chipset further comprises a

pattern sequencer to maximize the testing of the point-to-point serial interconnect.

24.  The computer system of claim 22, wherein the chipset includes a

mechanism to load a user defined pattern of bits into the pattern generator as the
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WD 2004/ 095297 PCT/ US2004/ 004219 first set of test

data and to | oad the user defined pattern of bits into
wo b@4pa2pern  checker as the second set of tesPCTHEBZ04/004219
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first set of test data and to load the user defined pattern of bits into the pattern

checker as the second set of test data.
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