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WO 2004/ 095297 PCT/ US2004/ 004219 A H GH PERFORMANCE
SERI AL Bus TESTI NG METHODOLOGY COPYRI GHT NOTI CE
wh 98bds2epnt ai ned herein is material that is sporestoosoodzio
copyright protection. The 5 copyright owner has no -
objection to the facsimle reproduction of the patent
di scl osure by an ers as it _appears ip.the Patent
anaavBrRERFORMARCESRRAL B SlEd R Bk dfontioGy
ot herw se reserves all rights to the copyright
what soever. FIELD OF THE | NVENTI ON 10 [ 0002] The
COBYRIGHTNQIACKoN relates to testing the correct
operation of a data interconnect; nore particularly,
[0001) CpiieBedthdroireis thaeria biiait éssulgedtas copygrighpproteetion. The
poi nt serial interconnect. BACKGROUND 15 [0003]
cop FERF bty B LS ERIAH e B MR RIRRTTR, PRl
_interconnects and interfaces between ‘yarious .
disclesyye MyrALY, PEISPR 9§ Hirineghs B thedatentand rsadenarlpPifice patent

to distribution to consuners, these interconnects may

filed6r £c@6Ed) bl otieiraiises RectReiall Mrlapes thd ensitignadhhoever.
However, as conponent to conmponent bus speeds-increase
“and 20 circuit boards becon¥ smaller, testing these
uUs_connect [.0ns mes increasingly difficult and in
FIE PnQF&?QEEN\?rE%QﬁEﬁﬁe. [ 0004] Board | evel features
such as in-circuit test points have been elim nated on

[0002] ghegmesantrinventidusasies ¢o ¢estingpbe dergreapenatiphaf a data
200-500 MHz) due to board/ conponent el ectrical

intel RS AT B FRRSEE ORI 5EECTRHAPA refes st HBoint to-
features such as boundary scan may al so be reduced
poinfrgrigh InterGoRngek ed due to restricted tim ng budgets.

Furt her, the board/systeminter cohnect fault spectrum
associ ated with high speed system buses has

(®)

BACKGROUND
[0003] Computing devices and systems include components (such as circuit
boards and silicon components) as well as interconnects and interfaces between
various components. During desigh of such systems, and prior to distribution to
consumers, these interconnects may be tested to determine their proper
ftmctionality: However, as component to compdnent 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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- ling,lgss, 1 eidisqaniinyities, Fyfurn pa

expanded beyond sinple opens/shorts due to limted
tol erance to transmssion 5 line |oss, inpedance
WO 2006952 Hui ties, return path discontinuities, PCT/US2004/004219
i ntersynbol interferences (I1Sl), crosstal k, power
supply col | apse, nonlinear driver effects, non-

ad @ftonAl fasVBilityV Rkt RY 8héh a8 BBuh 83 sca@ ik @ldoWe Riced and/ or

uncentered Vref, for exanple. [0005] Testing

.processes Jmay be eppl oyed t.o address the .assqci ated
S S R e

use a system |l evel environnment (board functional
intereshiedtfenkppeatrinyassosiatpd Withamighapead tsystenh busiedias

to acconplish the testing in a high volune

| h&AhoPR\U 1BjetarN, issi

ex@@sﬁw W go surcr)i n\gq eg%glﬁtﬂlhgﬁap}e; thiogc(la %Sgg ssion
. of testing may,not _ provide full Fgaxégjr)g%ﬁgg}ne%ﬁgm?gl\%%l
majority of defective conponents nmay fail to boot an

interfereatesn@Sl) syobstallapowdrsappistoliapseanonlinds driver effects, non-
acconpl i shed. Another process may use physical access

op it Py YREIF, Dok el B8 Faich o chEloEE Ve, for
i nvasi ve to high speed bus testing, expensive and/or
exagalgl et e for buses operating above 200 MHz. 20 BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0007] The invention is

[0003] Tessting! Sibcbysewmyayobe explPy ] Nalddeks thahdsatia@ iferconnect
the figures of the acconpanying draw ngs, in which

[ referean indicate siml I . i
fo e B RS G BRSSPt iR e Shora P BTE e i B8y ooard
Figure 1 is a block diagram of one enbodi nent of a
fungomalttest) iyenrparatingosighifitagg esnqunt| df erdwiase toaecomplish the
enbodi ment of devices coupled via a PCl Express

ot 6 4 O et ek s oty o
exp&glvgg}ldaﬁ&gictorelgagﬁgg 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 festers) 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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[0011] Figure 4 illustrates one enbodi nent of an IBIST
initiation state machi ne sub-segnent; [0012] Figure 5

Wi0s2084/69588% di agr am of one enbodi ment of the opetGR/UN04/004219
of an IBIST initiation state machi ne sub-segnment; 10

[0013] Figure 6 illustrates one enbodi nent of a
Srashi Fi .
O B Y R T Mo bR btk systems

10015],. Figure 8 ill ust.rates, another e di.me
[00@51? E#g“aSiéEF?‘gﬁteﬁ@ﬁﬁ@mb%éW%aWFW viig a[nf%féﬁ%fpress
An interconnect built in self test (IBIST)

interfads; t ecture is described. In the follow ng detail ed
description of the present invention nunmerous specific

| I A A .

(0086} Plache 33 2 160k Rk REAELIAnR R UeR Bicr SRl Bultin
i1l _be apparent to one skilled in the art that the

selgteé%@ﬁléST iHERGIEY may be practiced without these
specific details. In other instances, well- 20 known

[00%1]r Bigiuwe d3llasteaide vhe estaydimeng oh ah MBI TORK s @iy s@are machine
form rather than in detail, in order to avoid
0 Ing the present invention. [0017] Reference in
subtg%%éﬂ 11g&‘:i fication to "one enmbodi nent" or "an
enbodi ment" nmeans that a partjicular feature,
[0012]  Figrwe B is a flovhdiageawr ofsaneergbadimeratcpf the eperatéan ehan IBIST
3 WO 2004/ 095297 PCT/ US2004/ 004219 with the

initRARetARhatlfineREbUSSEhd; at | east one enbodi ment of
the invention. The appearances of the phrase "in one

di mepts in . various.places ip th speci fication .
(oo TP Rbesstasts P SRRBRER s phy Poforh B EignseF et machine;
enbodi nent. [0018] Figure 1 is a block diagram of one
[00EK gireRillustrates onp atrdodéyeneof 4@0r detecBonpogier and
system 100 i ncludes a central processing unit (CPU)

[00133?@9&% %é&t@&a&@?enﬂH&d‘ﬁE@n%P&%ffﬁrB{ecggﬁnﬁﬁ e

ceéssor Is a processor 1n the Pentiun(r)
processors i ncluding the Pentiunm(r)11l processor
famly, Pentium(r) 111 processors, and Pentium(r) IV
processors available fromlIntel Corporation of Santa
DECAZLED DESCRIPTION

[0016] An interconnect built in self test (IBIST) architecture is described. In the
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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California. Alternatively, other processors may be

used. 10 [0019] A chipset 107 is al so coupled to bus
WOR04/@atPset 107 includes a nmenory control hSTER2PH4/004219

110. MCH 110 rmay include a nenory controller 112 that

is coupled to a main system nenory 115. Main system

withEhe ey Bokfnfdn® iemcada] Bt lea? Qe gRSodimdMf HHE inwhigion.
that are execut ed by CPU 102 or any other device

1 el %Jagfg%ieé qfﬁ}c{ gsle?’gn% ﬂ%{‘ngo‘?’g%p‘%}% I‘TISE’%E‘SE Piar#?i‘t‘%

(DRAI\/D however, main ﬁ/stem menory 115 nay be
specifisadionraredotisecrgsatilyenl! rafeming toyihesammiernbpdiment.
devi ces may al so be coupled to bus 105, such as

[OO%Fﬂfﬂh-@l @y@t@kddlagramldfioab%rﬁyédﬁt@mrd c8gputel 99&@111 100.

may al so include a graphics interface 113

o Sebn 0PN RS eL S 0 P A ponpted o s

graphlcs 20 accel erator 130 via an accel erated
105g 1Ta pineesnlpadim e GR)cht fratesspe it procssmridi thg Rentivan® Ae@ily of
Specification Revision 2.0 interface devel oped by

pro s ol B9 R Bedinm Rt Sx s S Bat FeAfme B Hopessors

hub interface couples MCH 110 to an |nput/out ut
andcBentiwn® W prqqessrs exeileble fsomdpiel taappartion pgﬁmdflara

provides an interface to input/output (I/0O devices

Cal#bihian AeFREtieély §&ﬂie@{ﬂ9réé&soﬂs@ﬁa 48 uzeyl. be coupled to
a Peri pheral Cofponent | nterconnect Express bus

toofiSFbiiat Byl iR b5 e A0 Ceibh 107 e pmsgory

i ncl udes a PCl Express bri dge 146 that provi des an
coniel dubdbCH) 130.PRICEdI0avsy budude 4anemory Eapirober 112 that is
bridge 146 provides a data path bet ween CPU 102 and

cou?ﬁid fRhehdlin ¢ bﬁ?&emﬂ&? Eé‘iﬁ%n&ﬁ%lx'% 475 stores data and

ncl udes an d|o devi ce 150 and”a disk drive 155.
However., one of dj na ski | rt W |
Seqphes G PRSP AL e T ted Whb PhbL0f e athes degice
bus 142. In addition, one of ordinary skill in the art
inchuided in epstgni ##). In one embodiment, main system memory 115 includes
dynamic random access memory (DRAM); however, 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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that CPU 102 and MCH 110 coul d be conbined to forma

single chip. Further, graphics accelerator 130 may be
WOr2dp44eps2P?wi t hin MCH 110 i n ot her enbodi nents. P{IU28)4/004219

PCT Express bus 142 is a point-to-point serial

i nterconnection that features 15 i sochronous data

[oothmﬁg%g&ihpg? e m{rgggﬁggg%%ﬂ@s ek ey t%%g;glptfga R1F control

ave a ['1nk, wthout a i ng

f ared bus, In addjt.i PCl. ., Expr.ess_.uses .a
iy ) PRERS ol impetede ol R AR PreYides e BriBlerians 18 daput/ output
not require any sideband signaling riding al ongside
(1/ Oh elemien wadtinabmpiter spstaect (0o 14) maychoodsiedralas
are enbedded within data packets). 20 [0024]
Perf Bl e ootk o R B PR 068 al N Re o 3 g ication
the trapsmtting side of a transaction, packefs a
Reigionckid §s degelopgay ﬂf@y‘é@a&ﬁa W emiing s ?f)f@«sj YCH 140
| ower |ayer adds nore information to the packet,

inclirdesla POEE k@bri'dge 116kl provtdascrosserfie thyBCE &@xpress bus
link 5 WD 2004/ 095297 PCT/ US2004/ 004219 to the

T e e L O

extracted and passed to an application. [0025] The
periphgrebéeviees. | ayer assenbl es and di sassenbl es
transaction-level packets used to send requests such

[002 PEPHkP@saBds M2 idlgdepdaudivkidapdt SBahd akdisk drive 155.

configuration and control signals. Further, the

Transacti qn l,ayer ures end-f o _end.co ications
HogsaPhcnest O5pians skl 1Tt o i APRreciqg Hat gy deyites may be
fabric, between source and destination, even when
coupdad tdP¢I bralé?.silngddition mire dfrdrdipegy sill vittectrg svill recognize
[0026] The Data Link |layer nmakes sure data is

that CROS{E HREMALRED LuRIbBRbAIbihEed t&fbrﬂ?h@hlga{ﬁ ((j:hi . Further,

I npl enmenti ng ack/ nack protocol techniques, rror

det ectiqQn and . correct.ion., The, Physj | _l.ayer, as ;
graplaics Aesleraloo 10 mak H@CEH%‘FQ ‘&’HMM@G}O iother gmpgdiments.
is transmtted fromone device to another. [0027] In

[0028] d? Tl Bxpreesbhs 14V iscepoiptenmint segiaPGitefoopmeston that features
i ncl udes one or nore

isochronous data fransport. PCI Express bus 142 enables each 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
fofmed at the higher léyers 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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links. A PCI Express link may be conprised of nultiple

"l anes”. Figure 2 15 illustrates one enbodi nent of
W@Ees2¥oupl ed via a PCl Express interface. BACHUS2004/004219

lane is conprised of the two differentially driven

pair of wres (transmt and receive) of a basic |ink.

s e R S
Nbltlple Ianes can be conpect ed betmeen deyi ces,

recehiipg degice urgd #hgassdoiReTeRpRIAHR , PO
Express |inks can be conflgured in x1, x2, x4, X8,

[0023PTh& Teandaeeon Iy drargemblbshinid disysantbledirhhsdctionsleRel
wites (one differential signal pair, one in each

ool AR B B S, PR AR

direction, or 32 differential signal pairs for bi-
cordiguretipnaald apateol signadd. ofurthen fuy Trmshetiefh lasies ensures end-to-
di scl osed enbodi nent descri bes the PCl Express

end 86aRRkRBYHonLASerate Srgi-nReWWwisK ivhlididatd Beross bn\nltire fabric,
appreci ate that” bridge 146 and bus 142 may be 5

betGRpABH 1 St T elsan PTG, PRPLN (e ae il fridees

the invention. [0030] Referring back to Figure 1, I CH

- or siidckdsso i ncl udes | BI ST nodul e 148. M ST nodul e 148

[ s used to inplenment an I BI ST testing nethodol ogy,

[0026Y, PHie DARA Lirlichafs npked eﬁ%%?%iﬁgﬁﬁﬁ%‘ ﬁ*‘f%&i\%%%ﬁzﬁgm
t nbodi t t th
poigpdnTiETeRing Sehyhadkr g el TRaAg s oFer dgation And

device. [0031] In a further enbodi nent, the IBIST

cortesionn eyl dagerf as de@ribedpbes, isftbe physicahlink by which

testing each individual |ane. Consequently, each |ane

datb@gbgﬂﬁ?tté@ﬂ%ﬁ?e g va%ltg-é.n]% 'gur%: oh i nclude a 15

i8S, con I es
[iment of debug capabilities, and ex cution

[Oﬂ%ﬂd@tﬁdd ippseachisies implemamiig RebByprass ircludes one or more

| ane-to-lane interaction is tested.
links. A PCI Express link may be comprised 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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[0032] Figure 3 illustrates one enbodi nent of |BIST
nodul e 148 | ane architecture. According to one
WOHHI%AXX it , the IBIST functionality is fully REINBPEA04219
fromthe core and operates in the PCl Express
physi cal |ayer. Thus, IBIST test patterns are 20 not
dif IR 810 padls! iA Wath dietasg ardGREHeextA St dbr bi-

for link or ‘transaction |ayer data transfers (e.g.,
. the transacti and |ink layer functionality is turned
d“%c‘fq'ronarr‘ﬁafaas’f‘%l?sofg%st mode) . 7 WD 2004/ 095297
PCT/ US2004/ 004219 [0033] According to a further
[0029batihough the BisTosedsunkodingrdidesailres thediGlofxpregateghnology,
transm ssion on all | anes. Further, |BIST nodule 148

onéEoRR By IR &R eNArt vi ;& ipR6ciffe tHAEbHASE4E A b@ B may be

wthin a“’link (e.g., M facilitates i'ndependent

ontrol of each |l ane w thin, a.link), coqntrol s..each,PCl ..
replagadgs T AT Lt setinLii S ace MRk S st B3 abparing
basic features provided by IBIST nodule 148. In one

fromnthediwestopetdfehe ampdrgtom. | i st of features is defined
in a user-accessible register set described bel ow

[ou{s@g]%éf ﬁ’ﬁé BEEL E&F{éggugggmg 140 A8 fLmdubBsT i'x%)dulg 148. IBIST

udes Seriallz e- serializer 310, encoder
315, decoder, 320, .ordered transmtter 325, elastig.
mopiie 4B 1525640 TPTAFD! iﬁﬂ%giﬁaﬁtmg Be£hoq ology 1 @hfacﬁl’fafes
| BI ST nodul e 148 incl udes, state machi ne 340, gl oba
at-splead sy stetd Lisel Bgesoaneddistingiddbalgging o PEl E3pRess| s 42.
counter/skip counter register 343, synbol data

i.ster 34 . I j .

Al ot BEE S YuSITRE oot ORI S18Ry opEME v ith any
360, and nmultiplexers 1-4 are included within |IBIST

PChigxpness stagdand 1lomeapligidsiviiaag to one enmbodi nent,

serializer 305, de-serializer 310, encoder 315,

[0031g ARdEfu 8 erfibE@inechtSie IBIST fdxtingahe@dtlol®fpfdr RCI Express
buffer 330 and training engine 335 are PCl Express

focy 88 ors BORBA GOy Bk ol BBy b e

is to be transmtted fromthe transmtter of a |ane,
indepénc&n;]tEBlﬁéc@éigwaﬁmarcapmﬂiﬁesmﬁml icapabilifiesdahich include a
full(lr;frfpht'ment 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 1438 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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20 data is received at the receiver. Table 1

Capability Feature Function & Usage Mbdel BIOS Access
WPr2084/09a2Pdt i ¢ (config. space) access i s requir dCT/US2004/004219

feature for upstream |BIST Access (master) devices.

The ability to initiate a read and wite to the

[ooswhﬁéﬂrdlﬁf% 5 teFReRBEbBalherN IFSTanbdufe TAHIFUAy controls
requirenmen 8 WO 2004/ 095297 PCT/ US2004/ 004219

et AP R UL s o FF M AP D AoRie 100 6Bebieg indpgadent

(& I'TP) Access required to support industry enabl enent
tes{ihydF Erectinchirsidomi tgnes Titlsin adlénls (ng+ IBiSAacilidgates iedependent
regi sters are on a JTAG chain; just that JTAG can

coﬂtfmtdf akén ?aﬂee@?d%-p/? IJWI(EE&ltEQ[steEEh PO greéselahéﬁﬁ hSird)Table

pattern nmenory us Access SM bus port

e o e bRac st progidan by BSTanpaRe 1 f?o?%

the control registers and pattern neno is a m ninmm
embedimhérerhe corfplates listarfepionésis(dedines) inrusserbrccassilbletrogister
be confi gured as a Loopback master as part of IBIST

]QQ{ . signaling the connected device

set@g bac %ygster upstream port to enter Loopback while
reventl ng itself fromenterj n ack). . . This

[Oﬂgﬂels@fﬁrrsn&m Bigng Sy, WRISH mﬁéul ”é%§ sefig %?rmafil'
PCl Express feature). Loopback control Basi ¢ Loopback

serialider 1) endSFd& 151 dectricr320, aslepsdsarivamgnitiee 325, elastic buffer
di sparity 10 bit relay of Loopback data of the

t?ig;]jng ég% g\? & H%édldg%éﬁ 23@{ ng%gée ?ffl@ fftlddes, state

accommdat ions within the PCl Express NOTE concerning
madhinn §49.zlohabster/ B@t@]‘rﬂgﬁwélmomral ®pistey 8t2ilgerhas

been defined as |Industry Enabling feature of the
coultdiFERP cHBRPPAL stEPIES, symbol data register 346 and delay symbol
register 348. Further, lane status register 350, error checking state machine 360,
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 Programaatic (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,




Ability to select M ST node (i.e. disconnect the Link
simlar to Enter M ST node DI SABLE state) and

&J‘%W?S‘@al ly |oad default patterns (for both BGILEP04/004219

and sl ave). Delay Synbol The delay synbol for CwM

style lane inversion consists of a 10-bit data token

Cagbilita 9 DI [Fell@e0ded val ue) | FiRemukD@giModt EM / Cross-talk

testing. | IBMcontrol DefallPfX ateﬁsesrrfﬂuteda@tcwlewghtheJTAGTAPatcessrs

exiting rESETETEYNEE  dat hre tﬁam:‘;‘j“t <iV§§gE“d;§:§;§;3;%§§ -
automaticplly initialized hge !,EI g;pg;ﬁé:;aﬁemmemoj

pattern u,_ﬁj aRatiern To id\dlé\bpdrtl(lzdi)@cc@flﬁie@ﬂﬁ IRISH @ Ibélaccessible through

nmenory wifth custom p at t er n'he PeiThesbiiy Feb‘l’?b%*v f§é it o thAcontrol registers
anﬂl.pattﬁrggzﬁmoxy £ iy frement, ¢

ot nala Aaof t
A H Seguence—aehti+o Wnst'rea "'ports(ﬁn ‘fbeéﬁef‘a guted as a Loopback
410-bit data defi _m tion ﬁf}%p {QBBIST éntry(ﬁte&ggéﬁﬁhecomecteddevme
val ue), ardomaci@ashi t | 00p| cetAL porttdeﬁﬁdﬂb@b@mfmeﬂ’r&ynungﬁselffromentermg

Wdth Abiflity to cycle de ﬂi@iﬂ%ﬁﬁ?b W@Fé‘ﬂb’sdﬁ’#es

[]

4 or 8 | €S (aS H—EMV— U 7153 e S5k n'b:%'ls et ervine The disnas
LoogorhPEEoLC Oy bibbiagho ooyt daka] B A RGNS L NG R} rearing e dparty
execution_ln the case whe[ Bhigisdoadeel FCBExprass feQure).

:1

trai n/ entjer back (the| feapavsg 50“1Vrsa‘1°ﬁ1|aﬁg‘“@§?ﬁPft§rV@§mhe PCI Express
r espondi nd 3&% B’" Hpback & ﬁmjfﬁ&e @01 B e A ighas been defined as
the start I’BI ST tg Debug features

Configurdti o n of .. Lane AoABﬂlt}ttyselteu@Iwetnocte fi.e discomnkct thd Link Layer, similar to
di spari tyf BeF¥feSendi ng pRyAHa ‘t*aée) and ﬁ{ﬂ“&i‘qﬂlb’y’ad 4Eﬁ1‘ltPFf§T“S (for both master

. . Ly N Iqve).
di spari t y—Abit++ty—to-set jle'la dl’f&r & étﬁe Iacrlt'e'ﬁve%fégc%nsmts of a 10-bit data
for each |IsheSrBe ore and| spe bPREEIVhING RedRBdd for EMI/ Cross-talk testing,

0036] En ncodegwhh &nﬁl@’éa& s iBNG A keibte A46 Iskh@dRatically initialized
IBIS[I T 8™t r andm C[pg& at§m§°ﬁ£ anwhi | ta the gifsplbfiiked m@loppitetmcades t he

d ata recd .Q}%‘Nﬂ paiternigad | one Abﬂmrrrfmﬁrehad.n Herpmenory with custom pattern.

.e nbodi me y Pigiﬁ em%fiu&ﬁe CA single squem:e L.Eiﬁ'n;twn is rec%tle:. ;;gli?ﬁgtsozi tt 10-bit data

i npl enment gd Lo &%ﬁg]%% and A@ﬁﬁ@@@e delkiBy:bkals urouftlztb@s 8 or 8 lanes (as in CMM
set trang fo‘ & confilgudes {he data packets prior

tao 5 paql@fBtedibéeing tr ansid singlaiorirel bit intipfes, arfd(peedp]the IBIST execution

El astic Buffer 330 queuc;a\ I&éheaasf— what y/lare [l &p tain)/ g lojoppack (the far side
order t o |coFRingfadures, g t"§ Hm?ﬂzgl rih & P?P(lj’?‘ilfﬁ‘ﬁ)c"éd@ﬁ B@affdo enable the start

Debfi. glﬁﬂﬁl?sn de gﬂ"fe ;o g LP@AIQV bl iv?;i e‘% &: efge(fendmg any data.
9 e e 0 &€ ﬂéle poIanty and speed for each lane before

EXpr ess |ﬁ?‘déﬁ“f’§a‘%ﬂﬁ‘ﬁﬂa’6?’ tooﬂfﬁ o fest,

[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 transmit{ed 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
' 9
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use. Thus, training engine 335 includes testing
sequences that are used to 9 WO 2004/ 095297
WPCHAEITF4/ 004219 conpare agai nst sequences PETEIS2EQ4#/004219
via the receiver of the lane. If the conparison is
positive, the interface is operating properly. [0038]
i . .
R RS oS TR REP AP oL SPURIRL. [f the comparison
., initiation and test pattern sequencing is integrated
15 RASIH S, eg\*@%ﬁ@é}%&fsg%m&ﬁ@m%r te machine to provide
the functionality of state machine 350. According to
[0088eStadnutichirret 350fis impdératrieddoe sewttelf trartivine. AESGMing to one
state machine to support MST initiation. The four

em?%%ﬁf?%ﬁ’%@éﬁ%@@é%@@ %3%@?%%“%%%%?&5@%*8%% the
[ M ST [
pcf R b 1osbbaiets BeUiners iousH (e Goe Bona i Qidtatareachine

one enbodi nent of the IBIST initiation state nachi ne

3505 Weceedinenio dree @nbodtiféitt, (nal stateates hdddd eo Sl ESSM state
machi ne sub-segnment includes a Polling state 410, an

[ O] 4 f
s B P8R s lh, 150 B AR B ABLNGR A frov
. (e.g., status is cleared), and the data rate is as
in qydley tofasilitateldd?] mastern epayationsf Acerreling teape embodiment, the
addition, the 15 transmitter transmts a m ni mum of

IBISO g ve ReREUideY @ni'iﬂhé%’t&ﬁ(ﬂ&diﬁﬁﬁ\d%a@b] | anes. In
one enbodi nent, thHe TSl ordered sets have the Loopback

\te.set .  Thi uar ant ees,.a I nj 64..9s for the ..
roo g1 Figfite 4 Jhutrait ke B et P e Tegar iR Satk dechine
rates. [0040] Follow ng the transm ssion of the 1024
subTsgnmrdde g-askeligonaliséates)x tThst state inaclzipe Brbrsegmeartténd2des a
for |l anes that have received a single TS1 or TS2

POl SRS PR 0TI 25 -0 Sk

rdered- sets e.n state.is i et state 430 for
Whﬁsﬁ%i’c’ﬁﬁéﬁ Stﬁga/}eﬂln &eﬁ?ﬁw ggplgo ﬁgé-g-fféa%l% s’@més@@@ the
PCT/ US2004/ 004219
data rate is as previously negotiated (e.g., left unchanged). In addition, the

transmitter transmits a minimum of 1024 consecutive TS1 ordered-sets on all
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 fransmission of the 1024 TS1 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 transmissijon of the 1024 TS1

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

10
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or TS2 ordered-set, or have not been prevented from

entering Entry state 420 (e.g., via bit 2 of each
WP HTe status regi ster 350). [0041] Wi | e BOT/IE20044004219

state 420, LinkUp is equal to O (e.g., status is

cleared), and the receiver inverts polarity if

or TEE 8RFAEN sl W HAGE mgtt BEcARSER IS R eﬁ&@?ﬁ{g‘}t}ﬁmgyts@ate 220 (e.g.,

transmt 151 ordered sets until it receive
. guccessiye TSl ordered- set i the | oopback bit set.
Vlahtgﬁge%‘ﬁ’olﬁ?ﬁ%w,s W§e$‘ﬁfﬁrg§b s the | oopback sl ave
has successfully entered | oopback. The next state is

[004L]} Wislesindiraryidte 420 L2k Wipiis eqial tolie(e@) satustiatkaredjeand

| ane transmtter is in electrical idle and the | ane

r - " . -
thegEORR %R ool 5 1T hEcd Sy Mot " P el HeRe qpines to
int Active, state,_ the Loopback Master sends an .
transppti I asderest skt wntibimesedves bye sacaeyHvRIShiordereshsets with

prior to sending the first test patterns. In '
the dolopp b clirbit $dte Th oopleatbodisdrey thisireicdenthelabpbados12 08 has
data from synbol data register 346. The Loopback

suc R B R e TP MR AR SRR ST 2

t he Loopback 15 Master is a Loopback Exit state when
[0042] Nbiletintae Gl skate, thedeng prapsguitter B inglectriravidle and the
di agram of one enbodi rent of the operation of the

land BinddinsifiQdiat sterk £30aiainme Hnkeerftthy DEYRE Dink Res&/dH DBabled
to one enbodi nent, the Loopback Sl ave needs no

LR E}es, SRR she BUTR B R CrpRck MAgiEL st initial SKP
forced into Polling state 410 with an | BI ST 20
ordeygslciet ite ppovidp spngRosizationprrdonts seading itre fsbibedt sitwerns. In

regi ster/status register 341]. |n one enbodi nent,

e gyt i sy 1 ot g it

PCT/ US2004/.004219 0044 t processi bl pck .520,
regiier Sfond B dPoPRATIMATE feus ARG SO arsbed gt as
ordered-sets with the Loopback enable bit set. In one

necesshodionsepiaratt Beguential paitiees stisaThe maxh stakrodthelDadpHesk

ordered-sets are sent with the | oopback
Master is a Loopback 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).

11
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bit set allowing the far end to acquire bit and synbol
sequence (TS1) lock, swtch 5 to | oopback node to
9@39W9§%9ﬂd| ng the TSl ordered sets back to thd&CT/US2004/004219
| oopback nmaster, and for the master receiver to al so
acquire bit and synbol and sequence |ock. Sending

[0022PAt PEdle8singHo6Es520) EBIST iniasier M diclyp sto@tststdding 1024 TSI
re-timng repeaters will continue to have the ability

chi rant
ordefeE§rts Y IS KpaP MoK Wil s SN Il fBogtliBhe B
time to achieve 10 | ock. 1&@045] At processi ng bl ock
gu@antees [thati soméninawen ofchdft Tod ardesaskeets ore sentpeithithe kappback
via bit 0 of the lane status register 350. In one

bit SSRORWBBLthe FASEADED a&]tumxle bhed hyool%@qﬁem @S1RRRK, switch

status register 350 b 0 contro bit forcing

i fied vi dual 0 abl.ed
to I3 FErerR b iidtinding M T bRaGEIR I 10 e B0ttt
bl ock 540, a device becones an | BI ST slave and enters
mastenpivaior rhb@lma&trﬂrreteiuer thealse acqueing bitesidoymbolarsy sémience
sync and receives TSl ordered-sets with | oopback bit

1oc1§.e$endiﬁgﬂ@h4 A1 RMAGEES ithSE PLAR ferpYed IFIIBRS REHBRKET S
Entry state 420 after sending the 1024 TS1s (while™in

repGRREITY Ryt e s Abia togir e T bR dhisguarantees.

sets (vvlth | oopback bit set). The master waits for
thakexac LAY o? oflgt extalenbihstntmendationlvophkbalko haab tieneio achieve
any of the echoing |lanes prior to test |aunch. 12 WO
12004/ 095297 PCT/ US2004/ 004219 [0047] In one
énbodi ment, 1Bl ST checks that at |east one |ane
hecause al | |anes _should echo if connected. This
[004] | Askvigrorcetsing hiockaa0; flexigilane lgyed test freqEion isperpdgted via
master ignores any received TS1 ordered-set prior to

bit ®06f #ie lage Bty repigtbe 33 0n ordwmitaliaeie destinl; i ﬁﬂﬁibetféd by
sets fromthe | oopback slave (due to the sl aves

el B e B o PR iR %Q%d%dual

thls point. At process block 560, any |anes unable to
Iana(@)d@mmammégo to disabled state when the starf bit is set. At processing

loc

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 T51 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.

12
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echoed TS1 Ordered-set will enter Quiet state 430
unl ess and | ane status register 350 is configured to
WO 198897t hi s. [ 0048] Referring back to Fi gur (I/US2pE/004219
test pattern sequencing function of state 10 nachine
350 conmbined with | oop counter register 343, synbol
[00d7] B 6ROesTHRHIBARL, IBIBT ERicRY tisata Qast 8AE 3418 b&dBse all lanes

enabl e the generation of patterns for testing PCl

ress.links vi .pajter ener at unctien. Jn yet
shaptf B8 i deBiBstich o8 Ak To R ase B IS e it Bhuse
functions operate according to two nodes: a Fi xed node
thegnastanigpsees amyl eeceiBed TBUgiderhd-sepprioMbaieniesingskéniry state 420,
val i dation and debug. In particular, the Open node

amf RIENORRRASRBICRlerfil 888 Fadrh ¢hé ﬂ??gjalckts'leﬁf% (Gulftoth€ slaves

ability to overwite default t patterns. As a

resyjt, a _user, may | oa d execute customtest .
el R e ) e RO e B RS P et 3 STRPL Pespive only clean
I BI ST, as well as custom ze test execution options.
ordeha Hits etithis peiren 2l mocesstloelt BAD, taaytlanesontblerto receive the
supp_orti ng val idati on 20 run-i n, _H\/M and | n- system
L RBSd-seGAI Bt i G i
ec}lgr@‘gg[:sg?? ve ?aisléur e ana%r gﬁh %t 5@?}%4%% te gﬁ%%%eo%cgas register
Accordi ng to one enbodi nent, the Fixed node inplenents
3506135?%‘%@%’1'%]680‘{%%1 efBiStern that is preset at startup
in IBI ST nodule 148. In a further 13 WO 2004/ 095297

[COBTTRfEA DA DA R BigueeBothiertest pattdia spghéretingifénction of state
configured to generate maxi num stress conditions.

In
et 550 KRSt RAGGRR Uoum D3 4D, S0 B3 fpiser st

injection in order to introduce |ane-to-Iane .
andcdeday spmbol register 348 gnakiedhe groetationsd patierasfrdesting PCI
of the pattern sequencer state machine 5 function

Expré®l[aeniied pittdrhpehbadtor fltdione 183t hFusihiepeiibddient, the
Fi xed node and the Open node. According to one

iment, two.State machines operate, jointly t
b1 R R et R s s et B o8R8 o€ tyvanBiik;  Figed mode
count the nunber of iterations are transmtted from
andidneOpenmaedie.t er conmponent. In a further

[0049] The Open Mode is used for validation and debug. In particular, 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 1vs%ell 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
N 13
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enbodi nent, the state machine transmts two sets of

synbol s prior to each 10 counter increnent. In yet
WERGH452%bodi nent, a toggle bit in the state RGEEHI2A€4/004219

i ndi cates when the counter is to increnent. [0052] In

one enbodi nent, a default test sequence includes two

en@RUfvesl ThE atteﬁpisl Owedubyd {cpg@néiafeam%x{meh@m@g%dcondmns In

flnlshlng two additional “del ay synbols.

yel it e anﬁ?rﬁcth%ﬁgfa&@%ﬁﬁg}%%.%ﬁf%e& gy h pabierns in

the lane transmts two sets of four synbols to the
withr delsyrisyindoo] ijactjmt iraowten do enbduieniant totane comataler
343 is increnented after eight synbols (e.g.,1 set of

lﬂﬁﬂeﬁﬁ"ﬁ*ﬁqﬁﬁ%ﬁ%&%@@%&@?‘ﬁ%ﬁ? 3F e B30 R fibte machine
f‘UI}Cslsﬁ {Iggﬁ!inep y. four dat a B—‘)-/"[ g! are seﬂ_tfaélggdemvgée and

regi ster 346 |ncI udes the test data synbol s (defaul t
%ets alodedehcaading o aitd embatiimentp &wbistateanadhinks operate
le 2 illustrates the synbol data register 346

T
joirf Bt FEpr G R Bib S it POLBRTE lancS ¥EBle P hg mgpmber of
Base + 4. In a further enbodi nent, a synbol data 14 WO
iteragions @%@wsm@wm@@mmmmﬁqr@m@erm@ pdurther
provi ded for each link. However, in other enbodinents,

emBodiide] thedahie rhﬁ@ﬂﬁ&b&far%ﬁﬁtmo bas 9hsyrbody pfibt td et
links. 5 Table 2 Bit Attr Default Description 32:17

coulfr RYrHET abi RN syl el PGt By n g Yo pachine

default value is the 8-bit encoding for D10.2. 23:16

indpatsonhen shacowntesimiodncfeperithi s character i s synbol

[3] of the four-synbol synbol data register 346. The
[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, Ioop 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

14
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default value is the 8-bit encoding for K28.5. 15:8 RW

BSh Character Synbol [1] This character is synbol [ 3]
WOF2004#95295ur - synbol synbol data regi ster 346. THE/US2004/004219

default value is the 8-bit encoding for D21.5. 7:0 RW

BCh Character Synbol 10] This character is synbol [3]
regg;it?fa gﬁ fs%govﬂéﬂafar YA, FbRevOYins &{er%zﬁgp%&ﬁf%% A symbol

ue 1s the 8-bit encoding tor
Tabl e 3 ows the default val ue f synbol data
da'iaéfﬁgég(‘@rf A62H &Sélaﬂ?@ﬁ&m@%&gep nt. The gl obal | oop
count defines the maxi mnum nunber of synbols that are
transmtted in the Fi xed node test execution. The

val ues shown in Table 3 are 10 transmtted in 127
sets of 8 synbols (total of 1016 synbols). In

ad Bbﬂ:[? Table 3 Synbol Buffers D Synbol Synbol 3

Sy-rpot—2—Syrbet—1Syrbet—0—Gebal—a-ebal—9+18+06%

PiO] [ 8: OF [ 9] Pg=] ([ 9][8: 0] [9]][8: 0] DessdgorCont i nue
5

s P 5| e ot g 07 1IN U TO055] Tabl e 3
al sp shows|the default val ues used for

; ul r i otg]att ear ? o] symhol dai Fel 'Xteergflﬁ Th
e Pt oA 30 T R

1 valuao t+
LY V AT UL L4

U7 U T aAOOCT OO C© v

&

Zpr esBiit | hePSynbsh¥cesypelident on the transm ssion

| angs. The} val ues| Is d@sieteymbal [4] vithe FoligiBioBBhol dith Rgifer 346. The
bi t | synbol $ resi de ¢yl sl & Setgrcgdinednk¥er  346.

1Ir { hexw a| K-sede| khdack@Gym@goh synbol resides in

control register B 15\ 297 ate resd

PCT| U82004] 004219 %ﬁﬁ)ﬁ%ﬁﬁ Xi%ﬁ&%iﬁﬁz?ﬁ%ggﬁ‘g‘wﬁ ta register 346, The
el u COUTIL I J1 S dllu S LtuUus 11 orimactt it useud tou

%)pe'a?@?the FRed| SHirtssemetlldes the val ue of the

del py synmbbl used| iTHs hegpdier is simppgldd) o ithe fprresyrsisyopbel dita register 346. The
testing Table 4 | PH9f&Telak RS hispedngfir YA regi st er 348
format. In addition, Table 4 defines accessible

[00%#] akpide 3 showe therdafal vielues of synvie! Idages ragister 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 Symbal 3 Symbol 2 Symbol 1 Symbol 0 Global | Global
[9]18:0] [9][8:0) [91[8:0] [9][8:0] [91[8:0] Loop Continue
K28.5 D10.2 K28.5 D215 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,

15




5 configurable options. According to one enbodi nent,
control synbol register 342 is a 32 bit register
waoezoo4gpsasy of f set of Base. In a further enbodi nECW/US2004/004219

synbol data register 346 is provided for each Iink.
However, in other enbodinents, a synbol data register
CBYrdQlSesi BYCIIHES Emh? ﬂE'Ekkﬁ t%i?!lseinff hbti
[O%gfault c%gg rg%g?lqgn © 31 éR\NO Osyr%bo %% ype %Ighae%@ﬁg:gedto
sel ects_S ol, [3] to data character .1: selects _.
opSie g FapdasdOntniiofesths Fabicot thsglla aypabsedbin lane
Type Select 0: selects Synbol [2] to a data character
inviersiealaeodsstally tdstihg| dlabds4 dllusirdteothedartesitregistedBBIOOmat. In
Synmbol [ 1] Type Select 0: selects Synbol [1l] to a data

sBHEERI38ls el RS o M Reeh BB s AL B o o
coShEABEAET. cir ios S bie SO Eoriet Sy it 4
Del ay Character This bit indicates whether or not the

is 232 bittregiy e blaviiy ot effs¥est Basdelay fayhibpbmbeelimedt, a symbol
Errant synbol pointer was a data synbol set 1. Errant

I [ . . 25: 23
da@hEBte R} BhoRpd ol Vi S oy iPotinents,
i ndi cates which synbol of the 8 possible synbols sent
symahok dhata register 346 anaebe shanddranrdtiple Higks. ed. The val ue
corresponds to position of

Table 4
Bit Attr Default Description
31 BW 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 Seiect

0: selects Symboi [1] to a data character

1: selects Symbol [1] as a control character
1 Symbol[0] Type Select

28 RW
{: selects Symbol [0] to a data character
1: selects Symbol [0] as a control character
27 RV RV Reserved
2% RO RO Error Symbol Delay Character
This bit indicates whether or nat the errant symbol pointer was a delay symbol
setf.

0: Errant symbol pointer was a data symbol set

1: Errant symbol pointer was a delay symbol set

25:93 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 symbals. This symbol pointer only corresponds
to the first error captured according to biis [22:8]

2214 RO 0 Error Value

This is the 9-bit error value latched by the miss-compare logic of the first fane
that reported the error.

0 Error Lane Number _

This 8-bit value points to the first lane number reporting an error, 32 lanes can
be supporied by this field. Larger lane indications wili require an extended
register to display information.

13:9 RO

16




the counter sending the set of 8 synbols.

poi nter only corresponds

Thi s synbol

to the first error captured

WK WS to bits [22:8 22:14 RO 0 Error Val u@CIWS20944004219
the 9-bit error value |latched by the m ss-conpare

|l ogic of the first

|ane that reported the error. 13:9
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Rw

0

IBIST Start

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: Sfop 1BIST

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 Pefault Description
31:29 RV 0 Reserved
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3 RWi | BI ST
sequence inversion 1:
Wih2pe489581Y 2 RW 1 Scranbling Bypass 0: Scr
not bypassed 1. Scranbling is bypassed 1

Disparity O0: Disparity starts as negative

Lane auto-delay injection O:

does not

| BI ST aut o- sequences through the

anb| RGWIU$2904/004219
RW1 Initial
1: Dis ari

S DIt starts

gharits pogLidiwve O RWO TBIST Stg tm
thp | Rﬂ%ﬁ' oﬁérn‘?’ I O%I c Thp bit is canred after
; q StapkEn
@dne cBWdi tfi ono | ?hs%% Ows aFf E‘H ?{LE tartjﬂltgl etlughmks
regijster (| BG‘BSTFR)WI at { ‘;;xrf ance monitors
resgrved. @: Stop bﬁIPIﬂﬂemt& eSdd 1 QidBy g1ctoassertthe
ext ¢nded control 1 Gtgbi%temntqiﬂrmgndes&lamféﬂoelny on to the
bas¢ |BIST| functildngereyn }F‘G%SWH%{snc Jpxt ended
ntr lcql St |b,15§)wa !UI , >
elay Sy :
2? g‘é’ itke 1gatt @bmqu P ordered set
i nj qectl on, land sym®bdklayamé eBivh modalbt @rchs thé kst r at es
the|extended conti [ eanivebel sepior madulo Secpigthelricended
Uy 1 UI I le_bl Cl . .I ] .
sfomYe debng @agtdg,roggrr yond those described in
Table 4. Agcordi ng it rongpenBodi Bertxor dohies ovessthiengdehatus
control.syfbolr ﬂﬂcQﬂeﬁﬁdﬁoﬂ‘laﬁﬂ@ﬁ)u?ﬁrmr?Vﬁﬂl ster having an
u
¥ f setRWf Basd+12 e " ‘?nt?;fstr ﬁ’f?“‘ﬁ ﬁult bl count.
Des¢riptiop 31:29 gﬁ, b Zifffm
13T U004/ 0 19 Sklp Count Interval
ot This register indicates when a skip order sequence is sent on the
transiritter. The skip counter fs cleared and counting resumes.
000 - No Skip Ordered Sets are sent on TX
nnn - The number of 8 symbol sets sent before a Skip Ordered Set is
sent,
11:0 W 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-FFF: 1 to 4095 sets of symbols from the symbol buifer,

[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 Affr Default Description
15:12 RV 0 Reserved
11:0 RwW 000h Loep 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.
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.Bit Attr Default Description 28 RWO Debug Event Start
Enable This bit allows the ability to start the MST
WOo9D4/098297h t he debug hooks w thin the chip. THEI/US2004/004219
capability assunmes that the performance nonitors or
CHAP-1i ke counters are connected to gl obal event |ogic

to @ﬁgper;t: the debug event start si gnal on the | BIST
biogk: LbelegIS[er bt to start Bt STi—Attows—=
Bbbig ﬁ*/’ent Prfyfal to start/stop | BPSFPH™7: 26 RW 10

Bel ay gynbel Inj ec;tniega,medEnhanced 00: No synbol S sent on

S et nt—om nodut o 4 aCl 055 U1TE
l'an%s i&fo 1?ay <Wn%’o%s§gent on nodul o across the
|lanés  11: Reserve=5m?5*h¢&RFGEIaDFY§‘%F3émSI%(Se%WSE%’BPbr 0:
Stop on Error 1: Do not stop on Error. If an error
[006@]cTialsl et/ Blustrates thedane-sd-hinescrosotdlle dtjedidi stheane for a modulo
previ ous error event. 24 RWO Loop Continuously 0: Use

. o .

<R AR Riing {75k LEBUIALRE X b A ol Frapicaty
contipuously. 23;12 RWO000h Sl dp Count Interval This

sequgprad asrophHiecwida afftka nﬁegfﬁﬁ%lrb%%qr te egyelateyigan lane-to-
on the transmtter. The skip counter is cleared and

5 lanebudifergncee $tiaEarthed @thbodidieblithe Sketeided el 26&is®e Rhuses
on TX nnn - The nunber of 8 synbol sets sent before a

the ﬁé‘%@{rﬂ.ﬁj L6k S5 3 bltss%%ng &fl"(?l”Fings ﬁ?IZ%? pIn yelzjt another

embodiment, a delay symbol is sent beginning with lane 0 and addresses a x8 PCI

Express link seiting with a bit of “10”.

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

10 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.  DlnexttoaD2 is an inverted bit pattern;
15 Note that D is a character that preserves the current disparity after the two

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

Table 8
1 KiI KI K1 D Ki KI KiI D
2 DI DL DI D DI DI DI D
3 K2 K2 K2 KiI K2 K2 K2 K1
4 D2 D2 D2 D1 D2 D2 D2 D1
"5 KiI KI KI K2 KI KiI K1 K2
6 DI DI DI D2 DI DI D1 D2
7 K2 K2 K2 D K2 K2 K2 D
8§ D2 D D2 D2 D2 D

D2 D2
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This register indicates the nunber of tinmes the data
synbol buffer is |ooped as a set of 8 synbol tines.
WOR04RP5287nbol s are sent from synbol buffer. | fPCT/US2004/004219
scranbling bypass is cleared then this |ane sends

scranbl ed data, otherwise TX is squelched. 01-PFF: 1

to 4095 sets of gynmal spfram t ke snbel bwif fer.

[ 0058] Loop cqginper giegbst a5 3H3 SHor @S the current

val ue of the hpop,cayntgy. golaRhe o i kyusis ates the

| oop counter regpst q52 3pd sy ”BE CB&dI to one

enbodi nent, | Q_QPKfO i 16 bit |
regi ster hawgﬁ [(‘z %B@; Sé §Table 6 Bit
Attr Default i‘u Ved 11: 0 RW

000h Loop Courtt T i s K% KAl ue
currently in FﬁeDEod??t eP. @?cen?hé)zl BPST ?% engaged,
| oop counts &f eXKlnd? enEhtdd wktn I s& dfl 8 synbol s
have been senfi8tBlt A TR | fds. DLO0%9] PbelRly synbol
‘regi ster 348 3% oK2s KiheK¥ali2e ¥2 tKie Hel &R synbol used
in lane inveesibn @iosp2t @2k DesthingD2Tade e 7
illTustrates the ®el ag synbah regi Heer k848 for mat .
Accordi ng to enepgmydi pEntp1 dpk aybsypbolpir egi ster 348
Is a 16 bit pPokster hpyi i@ age off seks ofxsBase + 18.
18fV\DI 2004/ 099294, PET/ Us20Q4/ 0842%9 Habl 7 Bit g}tr
Def aul t Descr ton 1 Re ~0 RWIB
Del ay Synbol Thi3 1 &% %Q%i ?gdelsgy ggn%l val ue used
(default is ‘& ke K2 K2 KL K2 K2

28 DI D2 D2 D2 DI D2 D2 D2

22 K2 K KiI K1 K2 K1 KI Ki
30 D2 M DI DI D2 D1 DI D1

31 D K2 K2 K2 b K2 K2 K2
32 D D2 D2 D2 D D2 D2 D2
3 Ki K1 KI D KiI K1 KI D

3 D1 DI DI P D1 DI D1 D

3% K2 K2 K2 KiI K2 K2 K2 Ki
3¢ D2 D2 D2 DI D2 D2 D2 D
37 K1 KIi K1 K2 Kl Kl KiI K2

33 D1 DI DI D2 D1 DI DI D2
39 K2 K2 K2 D K2 K2 K2 D
40 D2 D2 D2 D D2 D2 D2 D

[0062] According o one embodiment, the pattern generator allows additional test
| sequences to be used. The control settings available are defined in the conirol
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
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[0060] Table 8 illustrates the |ane-to-1ane cross-talk

injection schene for a nodulo 4 interface. According
WOR0BHSEhodi ment, the del ay synbol s are st r atR§Ji/gsa004j004219

sequenced across the width of the interface in order

to enmul ate maxi mnum | ane-to 5 lane interference. In a

codtet REhcRIRONITBE evéyB S)ihBARENE OTThis PpekAgh® hdde is achieved

causes the pattern ih Table 8 with a bit setting of
"01". in.pi 7. 26 t ot.her _ enbodi nent, a

by gftpripedifiier 265 0t G TPLEL BB PP LR e g
addresses a x8 PCl Express link setting with a bit of
"10". [0061] According to one enbodi nent, test pattern
sequenci ng operates based 10 upon the foll ow ng
rules: 1. Adjacent |anes |aunch conbi nations of Kl and
K2, as well as Di's and D2's; 2. Kl next to a K2 is
an inverted bit pattern; and 3. Dl next to a D2 is an
inverted bit pattern; 15 Note that Dis a character
that preserves the current disparity after the two
are transmtted. Any two characters that are the sane
fit the definition. Table 8 1 la K1 K1 DK1 K1 RL D 2
DL DI D1 DDl D1 D1 D 3 K2 K2 K2 K1 K2 K2 K2 KL 4 D2
D2 D2 D1 D2 D2 D2 DI 5 K1 K1 K1 K2 K1 KL K1 K2 6 D1
DL D1 D2 D1 D1 D1 D2 7 K2 K2 K2 D K2 K2 K2 D 8 D2 D2
D2 D D2 D2 D2 D 19 WO 2004/ 095297 PCT/ US2004/ 004219
9 K1 Ki DKl KI K1 D K1
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10

10 D1 D1 D D1 D1 D1 D DI 11 K2 K2 K1 K2 K2 K2 K1 K2
12 D2 D2 D1 D2 D2 D2 D1 D2 13 K1 K1 K2 K1 K1 K1 K2 Ki
WOR0pH095397D2 D1 D1 D1 D2 D1 15 K2 K2 D K2 K2 KEIURR04/004219
16 D2 D2 DD2 D2 D2 D D2 17 K1 D KI K1 K1 D KL K1 18

DO DD1 D1 D1 DDI D1 19 K2 K1 K2 K2 K2 K1 K2 K2 20

D2 WabRRoD2 D2 D1 D2 D2 21 K1 K2 K1 K1 K1 K2 Ki K1l

22 D1 D2 D1 D1 D1 D2 D1 DI 23 K2 D K2 K2 K2 D K2 K2

24 D2 DD2 D2 D2 DD2 D2 25 DK1 KI KI DKl KL KI 26
DDL DI DI DDIL DI DI 27 K1 K2 K2 K2 K1 K2 K2 K 28

DI D2 D2 D2 D1 D2 D2 D2 2L9K2K1K1K1K2K1Kla<1

30 D2 D1 D1 D1 D2 DL D1 D1§ 31 D K2 K2 K2 D K2 K& K2
Delagblodn D2 D2 D2 D D2 D2 D2 33 KI K1 K1 D KL K1 Ki D 34
00DIDIDIDD1D|DID35'?(2K2K2KIK2K2 K 36

cllk D2 D2 D22 13 DZ: Dé D@ Ij71 g 1w 11 12 13 15

Lane 0 Kl D1 D2 KI DI X2 D2 KI DI K2 D2 KI DI K2 D2
Lanel Ki DI K2 D2 Kt DI X2 D2 Xi DI K2 D2 KI DI K2 D2
Lane 2 KI D1 K2 D2 KI DI K2 D2 KI DI K2 D2 K1 D1 X2 D2
Lane3 Ki D1 K2 D2 Kt DI X2 D2 KI DI K2 D2 K1 D1 K2 D2
Lane 4 XK1 D1 K2 D2 Kt DI K2 D2 KI D1 K2 D2 KI DI K2 D2
Lane 5 K1 D1 K2 D2 KI DI K2 D2 KI D1 K2 D2 KI DI K2 D2
Lane 6 Ki DI Kz D2 Kt DI K2 D2 KI D1 K2 D2 KI DI K2 D2
Lane7 Kt 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/ stétus 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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37 K1 K1 K1 K2 K1 K1 Kl

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
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synt
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002¢ 19
Thi S

Iﬁ@gﬂb;ﬁ&ectbcﬁmbgﬂﬁr enented 1T0r every o
Topertator ngl hpdes b ShigoRiTaYig stiddg/and can be cleared

clearing bits [27: 2’6 °W61f€°°tde§e“FB1ﬁSaFe‘E%P@1%éF' Cont r ol
register. 21 WO 20¢ G7°PCT/ US2004/ 004219  Table 9
¥ d awar § Ll aYf PMoERr Dededibldn pdio UO ek I 234506 7
8 9110 11 12 13 14 TibbithieOR bfamer@s titd for[Dilis p&R ThiRbithebtick¥land<can be cleared
D2 K1 DI K2 D2 K1 |Dipoe epsgl reoct ppiarpearivippla log 12 K1 D1 K2
D2 KL DL KP D2 K1|LB°RE” () ane2 K1 D1 K2 D2 K1 D1 K2
B8 KT Rl RKP D% KITTRL&e ed)Sore port start bits
2 RW 0 IBIST Start/Status Port2
Cleared on done by IBIST control Iogic. When the globat loop count value is
reached this bit is cleared.
0: Stop IBIST on port 2
1: Start IBIST on port 2
1 Rw g IBIST Start/Status Portl
Cleared on done by IBIST control logic. When the global loop count value is
reached this bit is cleared.
0: Stop IBIST on port 1
1: Start IBIST on port 1
0 Rw 0 IBIST Start/Status Port(

Cleared on dene by IBIST control logic. When the global loop count value is
reached this bit is cleared.

0: Stop IBIST on port &
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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Lane3 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2
Lane4 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2
Woe0e5098297D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 DMCTKZS20DP4/004219
Lane6 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2
Lane7 KI D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2 K1 D1 K2 D2
[00%1,14111 one enbodi nent, debug capabilities are
avairtabte—trhrooghsettings—T mthe —extended—cont ol

Phgiist & nB“®lich feature enabl es CBitAHtious | oopi ng.

The |5 Ryppi ¢al wusageEnpaseratiol oorerypd s feature is to have
the|pattern | oop fldPekidedictss whgtherphpot tasexpt fyabql ppiftepyas ¢ fflay symbol

i nk wavef or ms whil Ig8, a0l ek b RRYSIGR)mkayer | O
contirol s. {[ 0065] | Tiadah@syhBhol poinkethids k BUHLRS sytnb@seg)| Obal

st alt/ 0at Yis regi $tieer spdbbiroiecor di ng to one .
enbodi ment | gl oball T8 ‘af %bifs'ftl'&tﬂfla@;ndrcé P"_éit:*%’!m@é@iﬂ‘? @05%1)13521“‘??15 se?f
bi t [register havi ng AR BEISEe T BINE e e PR opositono

5y INDO.

TaUT Y e T O UT gTETTY  Ern QBB el SEEEIL L s biHNBP It 19gi0amer The
devijce, and 10 i s |no@praddeatchisptntepatvett aiogi 1'eaek. port .
Howgver, global sy diorstise erﬁegawwcu@ﬁ-l may reside

j P rogal IBIET testbegah \a NN/ NnOEDQ7

LR—$€9 IIL:\Wthi‘ICEI PEPLL ) PP LA EAS Lo - -
ACT] US2604] 004219 S H ARt A e b Bt LA I gl e te
Des¢riptiop 31:19uked Reserved for nore port error
status bit$ 18 RWSTE@clmgetmalr ror Det ected on port2

Thid hit + hao I:EPIFEtql%ﬁ\"’&inﬂﬁﬁﬁfgujptﬁf‘atef hic nnrt Thic
I T HoS—PrtS—1

oD
CRWC . | O 1 Error DetectionP'er Lane LGN
bit i sesti gky and| gl . D8l lBRNEE Wil R v RO tR TR picis
or goftware witihgag. logic "1'. 0: No error detected
1: Error detected| ¥FoRWSRYs1Rort Error Detected on
norts Thi-si bit the LERerfss ocgyrred onihigdane jyj ' -
. L - L 1. L ar 1

%ihl P bllgW i 5 stick /Ogﬁaanéﬁéléithgﬁnﬂhgﬂe%gﬂstzg%itg QL4 agcg'%ins in
reset or Sﬁftvvare Wablk seddfoRthit Q@ C )

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
éequence. 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, exror 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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O: No error detected 1: Error detected 16 RAST O Port
Error Detected on portO This bit the OR of all Ianes

WO 2084/496297t hi s port. This bit is sticky and caPd¥dIs2004/004219
cl eared by power good reset or software witing a
logic "I". O: No error detected 1: Error detected

sto;bghz%_ﬁw &s%e&ﬁ@@). e ERHLcHA E\ri§(§1§{stcd?h%1§etel\%?%@ fhe

Start at-us Port2 Cl eared on done

recelongH the Flechidnl Feragrierel g histbisamer the fst ol ipdetected.
1: Start IBIST on port 2 1 RWO IBIST Start/ Status

[007d} I otk eatted imene dherdareMvSTercanthadkingpgisthod#legytdptions
gl obal | oop count value is reached this bit is

AeBheRnf thip dpn Pl e S alineks sPY GaPpgfe Aibhad, which
is Wakre 39 (ehahe PRIASHTbOl SHea Bay M0l Sabpragister 46 and
on port O 1: Start IBIST on port O [00671 d obal

commpard fhekasysbobpivithethe 3¢inbiodgiatetired vialthd dskt Maughg DBIST
start and error bits for sinmultaneously operating all

. i i i .
oo By BB TR P Py PR v e
regi ster 341 represent a 5 _conponent, which contains 3
sent fygnpymipl gatstegivier 84Gua thedranmpigerp| ock
[0072] Once the data is looped back around through the loopback mechanism, a

comparison is performed for on each symbol received with the corresponding

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

25



10

15

20

integrated for each x8 link. In a further enbodi nent,
the length of register 341 is variable and is

WOehe4eps2? on t he nunber of ports requiring suRsdr§s2004/004219
[0068] Table 11 illustrates | ane status regi ster 350.
Lane status register 350 register stores the error

OB R OB LR Bl LEBEDL Hod e sl R3R RiteFosting
ﬁ#i regi ster having an offset of Base + 20 +N

(B hes). 23 WD 2004/ 095297 PCT/ US2004/ 004219 Table 11
Bit Attr Default Description 7 ROO Error Synbol

[0076] e thy peceTerds byhchimodized) eschwdyatibel ofothenmtylodubis compared
errant synbol ‘pointer was a delay synbol set. O:

0
. : I
with B or ARt REL B Eingififiol sPHRY B Biiteghbr o, GhER PCT
Synmbol Pointer This is a 3-bit value that indicates
Exprgss 1§08/ hars) clegk, the peiriesef hegecsingoramparg logimisipgremented
| ane, as a set of characters, failed. The val ue

and d6desPed e Aushp 6h tthe Betddf folih gy ©buhi @lus deldyNIli bee
set lg'gfﬂj8 syrrbolsg)f 3 RWC 0 Ent e?(]ed I\/Bs(?gr Act F[?/le State

t . This bit |§ set | i
esnPoBitEn, il bt st i 88 SRR b fved gl e

0: Normal M ST operation has not_occurred. 1: Nornal
compjetipr efsthefesfard hedinbegoris resortad as it eeeungn skhererrant symbol,

Active State: If you have this bit set then the state
thé?&htéﬁ_o b8 DAd andl tB¢lekrdrNBdieation i FioRded R cobirbVRegister

sta

te with"the other lanes in the port. 0: Execute
347" grrlér?a{r{eystatus register 350,

[0076] Another testing methodology is the multiple input signature register
(MISR) compare method. Figure 8 illustrates one embodiment of logic used for
the MISR compare testing methodology. The MISR method implements two
registers, transmit register 805 and receive register 8§10, 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 conirolled

independently based on previously defined start and stop criteria sections.

26



10

15

20

1: Force to Active instead of Quiet state 1 RACO

Error Detection Per Lane ST Error assertion for this
WO084/099%7t i ng a logic '1' will clear this bit PCIfS004/004219

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

occurred on this lane - 0 RW1 Lane Start Enabl e O:

[0078] A\ hridepleSinpat sfg@fat—m@chgd@ { ‘i’sfim TeahdntBd twild a shift
| sabl e

asserted and remains in ate for this

regi R kit fsp R RO FA PRk i b n%%%@fo Rhidchgts The shift

i ndicates the error, a pointer to the syrrbol of the
registes bilo fpgy eoefélndmml selectwt todforsythiedeedbdank mechdniem are based

was conparing against (e.g., a standard set of 8 data

on%hr{ﬁ‘e'd%cﬂﬂe gﬁ'{cﬁha% YP&he 8@bbdinhPAt kABGuLH bo f;b 5 nlﬁ!liﬁls are

bit allows el ective testlng of [anes by en

h. | ane exe ute t he lBI T test uence. | n one
uififed Sl E‘aéy b §5,0v85 6he AR SEEGOf
support each lane in a PCI Express link, and is

acanmmitlatdd ealuey t he control register 342. 10070]
According to one enbodi nent, error checking, is

TR YR R Re M Boc E8la  28p f Be
ceBigomFan R oo REEIhE b b ibioshatagge
is the only feature inplenented (e.g., no additional

(5O8) SThextakshites kndtrbeeivesiredenakbd deish pheig bansdtiof abhylitions
(e.g., software 24 WD 2004/ 095297 PCTI US2004/ 004219

t
(e B 5SRO S0 5 RAP AL T B05) an
ordered set \Nhl ch frames the test data) is detected.
endsogithjsendi odienigreiver framesaydhireeciving pestetrriniag SOS
met hodol ogy opt ions defined in this document. One
and@hdFithSreRefin£EIOSY MISR S0BMHRA 810 @lehednpetiGifter each having
received their indication of the EIOS or SOS sequence.
[0080] In one embodiment, the error signal is made available to the core for
accumulating via performance counters or other similar structures for Bit Exror
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 resulis 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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5 1is used to step through the data synbols defined in
synbol data register 346 and conpare those synbols

Wil 2007429 7synbol s recei ved via the |ink. Durin@dIBAIgw04/004219
operation a repeating pattern of four synbols (plus
del ay synbols, if used) are sent from synbol data

LTS8M §iad nithidcOint {1Ro¥dl ansPid failitaleldfdboldiftol dnpdhéht test

is | ooped back around through the | oopback mechani sm

a, 10.c arison is perforned for on each synbo
SY?@FQPV@%Q%Tr1the correspondi ng synbol position in

synmbol data register 346. A m ss-conpare between the
[0082hdherene veinyeal terationhand spedificatisynbithetebentridienlien will

an error in control register 342, along with the

no@lidR bes¥HR Y g‘é@éﬁ’teco_% 56 of 8flﬁng§?§k‘ 6h&hb Gt 408 having

error. The npare i s synchroni z wth the detection
of .the test synbol start and stop 15 conditions,

rePIrancae R b T i besmdEnod Bahey parige:
used for the direct synbol conpare testing

emietiimeot stgywn Andsdesaribed biFiveay ef #lustiatiosyistw horveapintefded to
is conpared to that of register 346 regardl ess of

s o . o h - _
be rec e(l:u\e/%rd blget e&lﬂ‘%@%@@%ﬁ%‘%ﬁg&gﬁa (géntg{\lﬂc' §Q}§l§8§‘§§ Fg) il %ems
conpare state nmachine 360 is synchronized with the
arefr}qr{p@te%%&pﬁjxﬁit,t % seans-ofthe _cla)ll{r@@yhjchﬂp themselves recite only
m ss-conpare occurs, all relevant failure data is
thosé ﬁé&&drés&e%@fde’@dis essegiiglttoth8 4draantibrl. ane st at us
regi ster 350. Continuation after an error is detected
is programable via the extended control register.
The error indication signal is 25 WD 2004/ 095297
PCT/ US2004/ 004219 routed out to an event |ogic bus or
pil ot node to support Bit Error Rate Testing (BERT).
[0075] Once the receiver is synchronized, each synbo
of the payload is conpared wth the contents of the
correspondi ng synbol in the register 346. On each PC
5 Express core base clock, the pointer of the receiver
conpare logic is incremented and | ooped continuously
on the set of four synbols (plus delay). In one
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enbodi nent, conpares occur on each subsequent synbol
received until the conpletion of the test. The first
error is recorded as it occurs. The errant synbol,
the pointer to register 346 and the error indication
diameeorded in control register 10 342 and | ane
status register 350. [0076] Another testing
VW%F%&%QH%%XKiS the nultiple input signature register
compare nmethod. Figure 8 illustrates one
enbodi nent of logic used for the M SR conpare testing
nmet hodol ogy. The M SR net hod i npl enents two
registers, transmt register 805 and receive register
810, lwhi cHrenPamilsompsingi gnat ur es and perform
conparisons at end of a test. Also included are shift
r egi sttensmBEh canpor@AOcouplbA A3 o PTIEN A SRbus sgporndfahe 801
acconpl i shes error checking by generating and
E&ppabusNBagh@nat ures rather than conducting direct
synbol conpares. An error assertion is produced when

i SS- SR 20
L oA e T Y

signature ne e ghat'ure of the

' d d | d 1.t h ' .
Gener at ea AT e PEeRfUBCea i topered i e Femicer

i ndependent |y _based on previously defined start and
cUmpRACRt P} Ky tng PEd Expisasbuspandyp 2004/ 095297

PCT/ US2004/ 004219 [0078] A nultiple input signature

r egi 8reseiveNEdrBR)nenscdupiaddmthn RQI Bxprhssabus lat fhe porteditlst RET
w th feedback XOR ed back into the input of the shift
Exfrassbus Haeinghi fattern ch@tleds &6 rddeitve tectedt patteidef f i ci ent s)

sel ected to formthe feedback nmechani sm are based on
an irreduci bl e polynomal. In one enbodi nent,
irreduci ble polynomals are 5 utilized since they

guar ant ee ' | ur ver the nmaxi qmumra of
accun at o vl OB F iy leohbfis R s REJHE 8 omect
~signature accumyl ation is conplete after the
CrFR BL N 8ot BRLGHR dEieeted At Bapatanahgnksr ed- et (EIOS) or
a Skip Ordered Sequence (SOCS). The transmitter and
receiver are franmed with their own set of conditions

3. The apparatus of claim 1, wherein the receiver component further
comprises a deserializer to deserialize data to be received by the recciver component

from the PCI Express bus.

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.
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10 (e.g., the transmtter frames with post-training
Skip Ordered sequence (SOCS) and ends with sending
ElICS). The receiver frames with receiving a
post-training SOS and ends with receiving EICS. M SR

805 gnd 84 %Pﬁar&tﬁ%@?ﬂ&ﬁh §f\1irﬁ‘éreﬁ%ﬁ CBp:R?eYﬁ E‘l{leckérev,[%%ao‘é?% the

their indicatfon o sequence

di ment the de avai |.abl .
] refer SRPEE P ehRRREILEAR Y R ol PR Rl S
cou %é or other S|mlar structures for B|t Error

PAGH ¢(SEREN . Error results are stored in the

Iane contr ol reglster 350 and control register 342.
In a further enbodinment, M SR 805 is pre-loaded with a
signature value that is used to conpare the results of
t he ffecei Tae appnatss of diainlb Skheréih@hé sceivecanpentsdnélndes
the transmtter synbol generator so that the value 20

1dpRN U ct PRV ANVEIrbit &Rurs[ I fldanksRBl$g ﬁh@ﬂ’lrktﬁfatt@t% @b@ts from the

testing nethodol ogy to a new environnment, “such
r r 0

e dofifonhiltS Md doYoi D' AR Merd O t&% ?egt%@a%amme
addltlon the JBI ST architecture for PCl Express

°Bs the 27 WD 2004/ 095297 PCT/ US2004/ 004219
LTSSM state machine in a novel way to facilitate
conmponent -t o- conmponent test synchronization. [0082]
Whereas nany alterations and nodifications of the
presé&nt i hemppacatuswi dlainnd wiendin theappemtwppdndesta mectanism
person of ordinary skill in the art after having 5

torleadla i deDhaDitlth SRgAhPithePattdrih gérferdtor Lehel Aeke patt@OGT
that any particular enbodi rent shown and descri bed by

bl‘f@éthtB 16dd tH§ hiRiERed patferh (iAol (R ?ﬂf@?ﬁj chiXkeB] the Second
considered limting. Therefore, references to detail

a&ge Vafln us enbodi nents are not intended to limt the

P gb% "the clainms which in thenselves recite only
those features regarded as essential to the invention.
28 CLAI M5

9. The apparatus of claim 1, further comprising logic to switch between a
normal mode and a test mode, the pattern checker operating in the test mode to
determine if an error occurs during transmission of the test pattern across the PCI

Express bus .

10.  The apparatus of claim 1, further comprising:
an elastic buffer; and

a training buffer.

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.

30



VWhat is clained is: |. An apparatus conprising: a
transmtter conponent coupled to a PCl Express bus at
a port of the PCI Express bus, having: a pattern
generator to generate a test pattern; and a serializer
to serialize data to be transmtted fromthe
transmtter conponent on to the PCl Express bus; and
a regeive

The nart - oERFRRHLERbr RPE Sohd e hEpltiln BHLER 3yt
checker to rec ve t est attern 2. .Th par at us
SPRER SrPRet grb Hwﬂgg%ﬁcgv BRiETHRERIG Siag i e gatiom
correct errors in the test pattern detected at the
chegkerchased pramdedirec compare mstadat us of claim 1, wherein
the receiver conponent further conprises a
deserializer to deserialize data to be received by the
recei ver conponent fromthe PClI Express bus. 4. The

appalat usThé agaedti’ df clhes, silieréih eheditlcB shegRd@oaipates the
stores a first pattern of bits. 5. The apparatus of

rdehiRbd¥itst pUAREH %fﬁlt§ aﬁhﬂ% 54 ﬁl‘@ﬂ‘bn%ts%rgéuﬁthé %9@&9

pattern of bits. e apparatus of claimb

BT A L T —

t he second pattern of bits stored in the pattern
checker. 7. The apparatus of claim®6, wherein the
recei ver conponent includes logic to determne if an
~ er r okt occhresmpifer eytieraeetprisingg the first pattern of
bits fromthe transmtter conponent to the receiver
conpoREhExpretebusegipled pea atnsmgittbasathonsnt dhd a receiver

conparison. 8. The apparatus of claim7, wherein the
codfbeat Bi&d | ncl udes a mechani sm
a chipset, coupled to the PCI Express bus at a port of the PCI Express bus,
including: |
a pattern generator to generate a first set of tesf data;
a serializer to serialize the first sét of test data;
a transmitter to transmit the first set of test data serialized by the
serializer to the PCI Express bus; and
a pattern checker to receive the first set of test data from the PCI

Express bus and compare the first set of test data to a second set of test data

stored at the pattern checker.

15.  The computer system of claim 14, wherein the chipset further

comprises a debug module to correct errors in the first set of test data detected at the
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to load a user defined pattern of bits into the
pattern generator as the first pattern of bits and to
| oad the user defined pattern of bits into the pattern
checker as the second pattern of bits. 9. The

paiediA %ﬁéc‘kﬁr FinLhRE 8B bf tegﬁ‘ﬁattzh&(ges ngﬁicﬁietggséﬁg%% ’Qetioﬁ éest data

swtch between a normal node and a t
att er,n checker erating in the test node to
Stg’gi ea‘r%men%atﬁe’fn%}?cg&ror occurs during transm ssion of

the test pattern across the PCI Express bus. 10. The
apparatus of claiml, further conprising: an elastic
buffer; and a training buffer. 11. The apparatus of

cl ai 9.1, Wherceinputehsysieam okelaint b oiereinthe chigseptrther n
generator conprise on-die circuitry provided within
cohpriss kidessriatibertth elcapialrathy $irst36t df2est Thg ragupeddaiyube phttern
claim6, wherein the pattern checker conpares the

cheRk& Va4 thd PSI EPabisanp. of bits with the second pattern
of bits stored in the pattern checker based upon a

di rect conpare nethod. 13. The apparatus of claim 6,
wherein the pattern checker conpares the received

first,pattern of bits with the second pattern of hQits

St or B n T ER e BR PRI Hainr 1 6 SR BB R

I nput signature register (MSR) testing nethodol ogy.
meghanygm: tonged éﬂsw@g@?ﬁ RastepY pidiisgntodhppytiany penesatopapcthe first
coupled to a transmtter conponent and a receiver

sat ofifesindatet andandoal hhiupselefinabpgstcadof bitstihe tREpaterp chaker as
bus at a port of the PCl Express bus, including: a

- theatdoatRetgeMe&st dh@r to generate a first set of test
data; a serializer to serialize the first set of test

data; a transmtter to transmt the first set of test
data serialized by the

18.  The computer system of claim 14, wherein the PCI Express bus
includes a transaction protocol layer, a data link protocol layer and a physical protocol
layer, and the first set of test data transmitted to the PCI Express bus operates in the
physical protocol layer and is decoupled from and does not follow the transaction

protocol layer and the data link protocol layer.

19.  The computer system of claim 17, wherein the pattern checker
compares the first set of test data with the second set of test data stored in the pattern

checker based upon a direct compare method.
20.  The computer system of claim 17, wherein the pattern checker

compares the first set of test data with the second set of test data stored in the pattern

checker based upon a multiple input signature register (MISR) testing methodology.
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serializer to the PCI Express bus; and a pattern
checker to receive the first set of test data fromthe
PCI Express bus and conpare the first set of test
data to a second set of test data stored at the
pattern checker. 15. The conputer system of claim 14,
wherein the chipset further conprises a debug nodul e

to carrect h {8t .set of test data

det eg? éai&{]{%@‘rtgrséfgte&ﬁ%g{rﬂﬁ{sc eécker if the first set
of test data does na ch the second set of test
dataaC?W5$éﬁp%ﬁm?$EP‘ n checker. 16. The conputer
system of claim 14, wherein the chipset further

c onp Aitgeory caperiuli(MEH) Q@P@é@ﬁh@ﬁ?ge the first set
of test data received by the pattern checker fromthe
PCl Exprpes’sutpuscontrdl hth@CEpnqoupled ts fistMaH hadhgiam 14,
wherein the chipset includes a mnechanismto |oad a

intgresndef buik @n paf feSr (MBIST) Riddsild Ada POEERRESs@idge; and
generator as the first set of test data and to | oad

the ysel mdefdsHeek QA gkgrtg tl%ﬁC?l t\?ﬁ‘lehﬁlg %éﬂﬁ?S’P%c%ﬁ[eﬂs coupled

checker as™ the sec set test data

era

AP Bp RS EB e PR e iie piE Rl ﬁt%@sﬁlfﬁgﬁssﬁus by

Ilnk r ot ocol Iayer nd a.ph S|cal ro oco

ARG ¥ lestpatiggito gp feéngI%%/l%tf’csP B ? BCtI )Férépliﬁéﬂ bus

Express bus operates in the physical protocol | ayer
usipgithed’ (Jdewugss bddge-om and does not fol | ow t he
transaction protocol layer and the data |ink protoco
| ayer. 19. The conputer system of claim 17, wherein
the pattern checker conpares the first set of test
dat apaM t hThdgompaeny st offlailest, witein HeaBeST Wy dule
pattern checker based upon a di'rect conpare nethod.

ristiie conputer system of claim 17, wherein the

p tefn checker conpares the first set of test data

secongd ‘set e a sto n the pattern
checkB R Ea b row I P LT Enpes B rmtusderdimd o
(M SR) _testing nethodol og g
transmit a first set of fest data over the PCI Express bus; and

C

a pattern checker, coupled to the PCI Express bridge, to receive the first set of
test data from PCI Express bus 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 PCI Express bus.

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 first
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32 21. A conputer systemconprising: a centra
processing unit (CPU); a nenory control hub (MCH)
coupled to the CPU, an input/output control hub (ICH),
coupled to the MCH, having an interconnect built in
s&Qffest @fth ahd B 194d tHRAN RARE paidRirbf BAPIESthe Paltdli@he @ as
a PCl Express bus coupled to the ICH wherein the
T is..coupled to the PCl Express bus by the

ﬂk%%§ﬂ§g¥gggéﬂfﬁﬁbe and tests the PCl Express bus by
transmtting a test pattern to and receiving the test
pattern fromthe PCl Express bus wusing the PC

- Express bridge. 22. The conputer system of claim 21,
wher éPn t Aé APRIBINS $EERISINEConpr i ses: a pattern
generator, coupled to the PCl Express bridge, to
genen®(d Express busawmsdiniitst and secohd pettts;of t est data over
the PClI Express bus; and a pattern checker, coupled to
t he PGandoneesanpnetig@upled tb @aefirdEpdrt) Gvlekdis thexfins@itter
test data from PCI Express bus and to conpare the

céhpSfenbBllu@bs:t est data to a second set of test data.
23. The conputer system of claim 22, wherein the

chi pset fuyr rise [ u r.t.0Q )
o e RRNED Rl R kA MBEETGR D bl bagi: and
conput er system of claim22, wherein the chipset

"ncl udes & ﬁrrf%ﬁﬁlﬁb%ﬁ@aﬁsfa})aﬁ%%gagﬁﬁl%é@l%ﬂt@? RGt
bits into the pattern generator as the first 33 set
Expressduss; data and to | oad the user defined pattern of

bits into the pattern checker as the second set of

t est a cmbaver @bmpohentampaledttol shecfmppdrs iwigreim tHeCkcdoxgrrcesmonent
bus with first and second ports; a transmtter
ineR@penent coupled to the first port, wherein the
transmtter

a deserializer to deserialize the test pattern from the PCI Express bus;
and
a pattern checker to receive the test pattern from the deserializer, to
compare the test pattern with the bit pattern, and to test the PCI Express bus in
| response to the comparison; and
a loopback mechanism coupled to the second port;
wherein the fest pattern is transmitted from the pattern generator to the
séria.lizer, then from the serializer to the PCI Express bus at the first port, then across
the PCI Express bus from the first port to the second port, then to the loopback
mechanism from the PCI Express bus at the second port, then from the loopback
mechanism to the PCI Express bus at the second port, then across the PCI Express bus
from the second port to the first port, then from the PCI Express bus at the first port to

the deserializer, and then from the deserializer to the pattem checker.
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conmponent includes: a pattern generator to generate a
test pattern based on a bit pattern; and a serializer
to serialize the test pattern for transm ssion to the
PCI Express bus; a receiver conponent coupled to the
first port, wherein the receiver conponent includes:
a deserializer to deserialize the test pattern from

t he t kve
the (st pa% ?éﬁanﬁﬁ%fc@%gz%e@%%%ﬁﬁ%@% s b%a%?o‘if%e‘é

t est with the bit patt o.te

ppe b bR Fechriou dbdndaer ey f eSS 2
| gopback nechani sm coupled to the second port; wherein
d?%at%%mk withow apbifrating fon 8 shared Bus, radnegsa neskatized and layered
generator to the serializer, then fromthe serializer
protocoheirRBIre Expr ess bus at the first port, then across
the PClI Express bus fromthe first port to the second
port, then to the | oopback nechanismfromthe PCI
Express bus at the second port, then fromthe | oopback

mechani Smrhoalfiea il FESRT 85 SRS EQ0s Bfldes a
B Prohg

then across the PCI Express secon port
hen, f PCI
RURLSHE N R TR
d I h h k :
thﬁg%ggér?%é 53%%?3{ e ys1§9j SFpFPLitEr éﬁ?t&l%d figrg and does

provi des point-to-point serial isochronous data
nqtriallesp dre transacdioh esotaea! daysr endlthei datsslinkopratpgel layer.
dedicated |link without arbitrating for a shared bus,
and uses a packetized and | ayered protocol structure.
27. The apparatus of claim25, wherein the PCl Express

bus 2¢1c| UtiRSapbardiisPT B il 19) W@l@ﬁﬁt@ﬂl‘é'trahé&ﬁﬁfer c&nﬂé‘ﬁéﬁt is
link protocol |ayer and a physi cal protocol |ayer, and

Gfugfedtts %gﬁ&h& gf@ersfﬁﬁ,ﬁ glg@o%?% ﬁ%{e%ﬁ@é PG RpRsOb2E R the first

yer an eco

port, the receiver component is coupled to a receive differential signal wire pair of the
PCI Express bus at the first port, and the loopback mechanism is coupled to the
transmit and receive differential signal wire pairs at the second port and loops back
the test pattern from the transmit differential signal wire pair to the receive differential

signal wire pair at the second port.

29.  The apparatus of claim 25, wherein the pattern checker tests the PCI

- Express bus to facilitate component-to-component test synchronization.

30.  The apparatus of claim 25, wherein the loopback mechanism is an

audio device.
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not follow the transaction protocol |ayer and the data
link protocol layer. 28. The apparatus of claim 25,
wherein the transmitter conponent is coupled to a
transmt differential signal wire pair of the PC
Express byfic 3hpadifs bf &18im 29 WHereit B 16@119&@( SechMTRARENE sk
is coupled to'a receive differential signal wre pair
dﬁ&ethe PCl Express bus at the first port, and the
oOpback mechanismis coupled to the transmt and
receive differential signal wire pairs at the second
port and | oops back the test pattern fromthe
transmt differential signal wire pair to the receive
di f f 82-ent Th¢ appsranedt elpime2patherain theHirskandsgernsgrorts apoat far
The apparatus of claim25, wherein the pattern checker
enidssitf shat PEel BX@iressopr ess bus to facilitate
component -t o- component test synchroni zation. 30. The
appar atus of claim 25, wherein the |oopback nechani sm
Is an audio device. 35 31. The apparatus of claim 25,

The Shpar Troatarea & FRGLPY 18t Mfenlb'a{fy Mmed bi
pGP AR TR0 B P B R PGB par o1

is a user defined bit pattern that is |oaded into the
pattern generator and the pattern checker. 34. The
apparatus of claim25, wherein the transmtter
conmp¥hent Thaappatatus efadains, edwrsimthettraasmitten coinponent and the
circuitry of a chip. 36

receive component are on-die circuitry of a chip.
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