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The endocrine cells of the islets of Langerhans,
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expression, Cct3/4 positive staining, OCct3/4 gene
expression, latrophilin (type 2) positive staining,

wo atosopTid i n (type 2) gene' expression, Hes-1 PORUS100€008075

staining, Hes-1 gene expression, Integrin subunits a6
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to differentiate into cells with characteristics of a
b-cell lineage. Alternatively, the cell population can
be expanded for up to about 50,or, alternatively, for
up to about 70 popul ation doublings, while retaining
the potential of the cells to differentiate into cells
with characteristics of a b-cell |ineage. In one
enbodi nent, the present invention provides a nethod
for |solat|ng nannallan adult pancreatlc derlved
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present invention can be induced to differentiate into
cells of the b-cell |ineage under appropriate in vitro

W@er00/0967i4/0 condi tions. Accordi ngly, the adul tPCT/US2006/008075

pancreati c-derived stromal Xells selected and expanded
according to the present invention, as well as the
di f f everbvaf the XEP|standate tdquizel thatamidaweasluidles handle data rates of
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[ in culture, as depicted by passage nunber is
@gaed on the x-axis. Data was obtained from adult

p ancriaaie (implbmeﬂfﬁionpﬂﬁb h&:eﬂ&f dy¥é @ferfck @ﬂiﬂ fhé @@hslnﬁﬂer”ey@ bpener are

or ncreas H4. Qultur
gﬂaﬂg SPS RomAR o gﬁaﬁénfegeﬁ wgcwheamb? slydg mone,
SImeS 81 I e thed AIMBHing FigheM B G CboRVerfetPtor Lk ABPIEER: WhilvBrting
time in culture. Results shown are the expression
TeesiEeds digitalppignals tpavales A9ntr0ﬂ figaplpna (brads | mesjule fpqrexample for
bihels thd e efdf(s] SndePadi@ln c@)ldm&i%Pfo%ﬂ%%Q d8%3 péths for example for
percentage the | evel s observed i N human gancreas
Time in culture, as depicted by passage nunber is
i ndicated on the x-axis. Data was obtained from adul t
pancreatic stromal cells derived fromfraction 5 of
donor pancreas H4. Cells were cultured in DVEM
suppl enented with 2% FBS. Figure 10 shows the
expreSS|on of selected ‘genes, as detern1ned by
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suppl enented with 10% FBS. Figure 14 shows the
expressi on of sel ected genes, as determ ned by

wWOo eabAPéTme PCR with tine in culture. Results shOWOSZNE008075

t he expression levels of PBX-1 (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
potfmemgedlagmosac peits; et ager adte t(BERITevtedt&, @bqﬁm ectjuhliver(s) for
%am ge Pé)ﬁ ccg%lélon n§-¥ e nsgn&l aq}a?a astrtsﬁlrls? H%vas}% ade 1ﬁer %gq[ﬂge¥ \%%rgponents for
t}tatracened cfnvemqe@d uhster pane)y @adthe csfnpmts fbﬁﬂie&rdﬂﬁﬁitﬂdﬁd control
ct i on don ancr
o i Bl P v Rt ine hbsiue): T Girmetgdeireut
ﬁiﬁ?%ﬁsot 1haud9( pz(rRﬁIS lpﬁﬁ'eﬂ fo1e b eddRce AIFHRS , médes AR toeddith &Enserve
n cylture. Results shown
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expressed as a _percentage of the | evel s observed in
ReFRETOpaitREr o duTerept A2 rAScul ture, as depicted by

passagfmen WgRels bf thddhveati@d ifudeh epﬁhc%r@ s WA® methods
obt ai ned from adul t pancr eatic stromal cells derived
sorErsPandiette ths dsvieds dgenaibed gwner eas HA. Cells were

cul tured in GigreHPRLRIPTIGY N HEIAFARGE gure 16

shows t he ex term ned
by r ekt furthep clrdfy thiet 4bove med iother aspecis @f cRbodintentsséfothe present

e e i St e

aaeptﬁes%@wda@n& therectwhagarofllustiged @y 8lesappbsteddrawings. These

pag‘f‘% R GB7 vnllaT bRt U B BP0 0 B Pefpgg ot v b

aﬁemddmtmngmhmhﬂcbpq) ahcaddaioncthe tiravriwds acehdtsdraten kovedle. The
f ragulo non ncr.ea

Pl et o PO RRDG AT b erebin R puni groneh
%Moﬁth@a@ﬁﬁpﬂﬁﬂg@mvﬂftgﬂﬁm&med genes, as determ' ned
by r me in culture. Res |.ts shown
are x‘ﬁraé’sgf Sii’iattoé‘v%t: & Ror %E%B‘HV?IPQH jle Z)af’mg a parallel
&nmbct&n(t&anﬁﬁt B), Pax-4 (Panel C) and Pax-6 (Panel D),
expresse : ercen age of t@g | evel s observed in
human''§ tsraé‘d ““PP%O i frydinga tEPé‘E:‘?eb‘ieéHmB‘;ﬂe (e.g., an XFP
PR &BAGRodU) REthptied Iof il *Y€ Bpedbrs tah@ havidph SeriaDadrmeMd$ to a host
obtajned fromadult pancreatic stromal cells derived

PogFite 1 @R PRROBmERT of iTdresHI AReRIES HB. Cel |'s were

cul t upigds i aMrbmpld RiH SNBMeRAedMCrBuil BV FBSprofidity &elébening
shows the expression of selected genes, as det ermne
Byctienalityrte peecport data peth Vitka pesiakepnpetien tebastht s shown

are t r8s i
meur o (Rare Bl o IR SPTRIRE KB febife PRlcblatiy 0 o
mynstigy dats padl Vﬁﬁl aesep@lrceemwa‘getoafhosthe | evel s observed

in h |

pass ol ranaRfion UrdRabdefl hithe nAg B! Gt negrated
obt allngle dhlb mm@dgjtqanmmtndmnt dsharwmht ipedntisn;der i ved

from pancr eas s

cul t B0 RO o R o i B o pRfpantogs path
sheprated hﬂh dnaﬂ)emﬁnleﬁﬂ’rs m'fcoﬁlﬁigeﬁ hlednbmﬁkﬁént ofithe Ghedsext Aivefttbn;

by r -time P n cul Resul ts sho .
are ?ﬁg gx’ﬁraé’sgﬁuéﬁat}oé‘v%ﬁlé °<9f‘tr‘?4l\ﬁ‘° ULdS Poget spyal igfegface in a
Sascdiver (dsta®) haling RAPEYRSEHeAbrasccarddfy ©nteddRdRient BEthe present
Ievels observed in human pancreas. Time in culture, as
Yepioed by passage nunber is indicated on the x-axis.
Dat a was obtained fromadult pancreatic stromal cells
derived fromfraction 3 of donor pancreas H8. Cells

were cultured in CVRL suppl enented with 10% FBS.

Fi gure 20 shows the expression of selected genes, as
determ ned by real-tinme PCR foll ow ng treatnent.

Figure 21 shows the expansion potential of two adult
pancreatic-derived stromal cell populations isolated
accordlng to the present |nvent|on prior to, and after
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islet cell types, as well as supportive cells such as
stromal, stellate, neurons, vascular cells, stem

wa@edb®967ahd progenitor cells. "Acinar cells" redBUS1006/008075

pancreatic cells that account for about 80% of the

cells of the pancreas and produce many different

enzy g § soinuekiapgleashanal€efor Iprqyikieg dual wps ppening functionality to a
0T RS L, - . “Ductal cells" refer to

pancr e_arlt ?%bcel‘ﬁ@ddtsﬁg?%g@%gtﬁ% tE))%glrog%lbout 10% of cells

of t h8gpanisr smsddifichatiekimplet dfead dCgéwr providingobudl adye asydning

Fntkql S, |.|. as .the smallest,
BRI 2l B Rl R e SRR B enzymes
f r om Kipel Caitlustiates Buicdnscedver snahikocoptppiding @ DACainte@neiden a chip
‘gﬂ?dw%ﬁg Lo rd_i lute the enzynes and alter the
I'Mt est 1 haly p?—is’upon release into the gut fromthese
duct dfig.sitl rilhgstratees firsPDAIC estateddad therebdd@nteld bRbedMd a second
igxg:olker agdn 13@(%% la%{ "Islet cells" refer to

haoRPEREd gp A6 R For about 1 to 2% of
cel | Figd 1240 paveiedisgramnd ofkbslacRiodist i nct cel |
aggrgjqatfé?%n alled islets, which contain different cell
types ‘Haki "é%‘i‘r’@érd&%anﬁoqu&%nwﬁ PEamyimgegtatad dhiny with dual
aloptneef) to 80% of the isletaggregate and secrete
insulin that permts glucose entry into nost cells of
the Hdgtyl4 A pRdlletiabian of dolarsceizer miodule ith thyp®9sbdtionality
#oR@raked Olth 220sh: il a
dtl}?% ng fastin _ang@eggatrn?ri Etgkégleﬁglggaézilg}gﬁtv %ﬂ\fleﬁg}ﬁ#%orénﬁ?ﬁw gomponems
Jerdietie ahembadinent pbheratesdtt bentiugar. Del ta cel |'s
acco f ] 9% qf i I nd .
oo ot Soaf Boythan MG B oblhcldl Braff dhdfrepvie in o
traagesiver nmgikter wilh jap iplebpisdprandwitior @ud céasiyes adatls hbwihg wiultiple

@ 10% of the islet cells) release their hornone
that’ alters exocrine and gastrointestinal function.
Ther &igarl6 issd Sov chatexf aisedost bymiss methpdeperahlicin agmnsceiver module
[: Lls,. r l. cells rogenitor .

PR KR 58 reen SRR Ainl Pishifre CER BRPgRI Seagting toan
dnitipdiwiengef the presentiabdmioster i ved from t he pancreas that

have -t bility.to expand in vitro and.are devoid of
any oFﬁg ? ﬁgs et %’P%ne ﬁ%ﬁﬁ%g@agﬁpwgﬂy &f ¢ dual gygiopener IC such
geamEBigedtdr®; hor none- producing cell, an islet cell, a
cell of -b-cel.l |ineage, or a b-cell. "b-cell |ineage"
r ef erl:?%' égéseﬁlﬁ ! “Wﬁ?{l %e&tf@???éveb@ﬁgul‘é biyinga BER Tregging fegrated
Wittt yiebbmes fcaqtinp teRerboantendbe he ?Eerﬁ Eﬁezﬁ%ng he

) Xc. 2,

follow ng.transcri pti factors:

Nkxb & 1%&&@%‘,’ CW%'qula%mte@%é{l%ﬂ}OWPIeﬁaﬂLtr,an%mierer module
HAaxg dual Raegited@éjeopbsdrgt - | i ke structure” refers to a

thr eﬁdi nensi onal clusters of cells derived by

pr acti&si Ay -BridusiEten eaodimenty af the\RERT nctioualishofhars intdgeated

ARPGH ARESpetrPancreatic islet. The cells in a
pancreatic iSlet-like structure express at |east the

PDX- FiggeH&-Biallistate cmbedimarets efdneye eterfer avittgve eqiiaizer;

gl ucagon, somatostatin, or insulin. The term "hypoxic"
refers to oxygen levels less than 20% alternatively

| essFighadd illoskrates| ere renbbiivehty of essequaliner Sedading N e present
dah, 4% ' The term "nornoxia" refers to atnospheric
oxygen | evel s of about 20% The term "substantially
positive," when used in connection with a popul ation

of cell jth respect.to t expressi on of certain

G RN N e i A R a—
mmgati@ar protein, or a transcription factor), neans

that the marker is present or expressed in at | east

about 50% preferably at |east about 60% and nore
preferably at |east about 70% of the total cel

popul ation. The term "substantially negative," when

used in connection with a population of cells with
respect to the expression of certain marker (such as a
menbr ane receptor, cytoplasm c or nuclear protein, or
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the art. "Nestin" refers to an internedi ate fil anent
protein having a sequence disclosed in Genbank

wa@ewemsi7oh No. X65964, or a naturally occurri nBCT/EE20861008075

sequence thereof (e.g., allelic variant). "Beta |11

tubulin" is part of the cytoskel etal conponent

I nvol Figo24 illustiass aserrelytiosnbdute dioalingdtsn embedimas: of fiR present
enerati on and mai nt enance of cell norphol ogy and the
VEor t of membranous organelles. Beta Il tubulin

has bER 250vllustateReaniil&SEbmbondACkite@idibn &Rt 8y be implemented
cytoskel etal Internediate fil anent

"Vimer}lin" is(g (
P} ATEY A HER P S (U ener al  marker of cells originating
i Nt heiges 6nGhYiMEstratiBOEA" trdREVe heduiel Ralhd $oRer management
assette multi-drag resistance transporter & having a
RLE iglegiated Sath qual B RBRISKS HepdEgito AN RBbodkNey 3 fhe present
Hvedighat ural ly occurring variant sequence thereof
(e.g., allelic variant). One of skill in the art wll
r ecoghisz 89 tihatflostchapiaefeh methedi for manegieg RowereofDMponents on a
BRHIENEEN GREALLAGin AR AT AT inYeRE ¥ thPHeselPRF&ltfdnt he
encoded am no aci d sequence remnalns the same. O uster
of Di FigereetA ag p owhena@p)ofnmcenttdllss 1@randndigitatte-amiog hawerter
f 1 zed by specific sets of
gﬁ%ﬁ)%neeg?ﬁ lglgfjrath%%ﬁ’ éntify the cell type, stage of
di f f eFigmtei 308 e sehdmatet o8 ant KFt mbéulahosa comlebtor Bfiae tekemplary
n ' Lon of CD markers are well established in
?‘ﬁlgscgl?%rl.&@%,’ for exanple, The Leukocyte Antigen Fact
Book, Figma 36¢iit b echemBr efl aalgser Ariter, &id aabaciafalaCioR] ¢f an exemplary
Eressg,l rLogHJI?en 1997. "CD49b" is also refferd to as
PERCS B0 S o 5 surface recpetor for extracel | ul ar
pr ot i @igresiiihisasschanmtiniofia pog!ahgliciey CORbsmResdd With aROSA, for
e- cadheri n. I%Igsl asy a rg}[ e in both coagul ation and
7P 30 &A1Y BAFCT LMY prinarily on platelets and
act i veige@s Blanendl 3¢Bl drs . TxCOHRR! oys ddgsang @dresd edipt QadSeiver
"VLA: 5' d seryes a receptor for fibronectin and

x
PPHRINSSY & nompsb avith BYRassse.pt SRPHSFIPPRUSH pl at el et s,

NDNOCYighi%s 324 ehd B2 /rOPR bptfoal cyeldamd Br A $Pp hgfssived
0 as "a6 integrin' and "VLA-6," and associates with

t )
PRRT&E 3 S Bl WABCR bYressiid 7P%mi nin. CD4OF s

expr epiaffds BEANRA 138 R RRIddglchRbyL 8lab@ms P RR B E S ceiver
pl atel ets, and m)noc?{ o " so referred to

C ] tes CDA0" 1s a
quetatiygal 36 ngmnal, avith bynagsedygh2&§sed on hemat opoi eti c
stem 348054aesdd | : : [ :
71 br obELe] PARCIIESI MR RE SR LGB VB b SEP manscciver
pedretingsd 8¢ goménah with4-DR hynassed) a6 BOIC; and ecept or binds to
l'ipo [F15F I . r r
neat SResc ool il EERHEENAY, BBiAZhu LBEERE TRERS as o
fungtierbdfaaptieal poesrdef anieserpltly $tanseatyenaer @ pdlagfber. " CDI5"
is als fert " EAS Y - ' :
recept %F&?‘Jﬁ‘ %kg i e+ Y expresset
act i vah egpdtatenshdimetbdd for andriding oeial eonfedtippeBet@ben a transceiver

epi,t.heli,al .cells, " 5" | | so ferred tqQ as L

wRAMS ﬁPﬁl‘ Rost é?n%“i@e% ?P%fgflrlv’ §£§‘f QRGBT TBRO BRI RBPY mpnitoring

Gelcticnalifyois @tﬁégﬁﬁ&l OHTEhE Fxﬁma@%&&ﬂé ﬂ)}?ﬁilloﬁ?'the‘ilig s@ﬁldc&clglalfﬁons.
rr senc nm ce S. " ' rerers (0] ur al |

T B iR ahe ah vl stk dbakpraodivespisoF i grepetiyprvontion and

aadaped sabwcl%gj, ABNBS 1D rFIRALEE Wighir© XD hﬁlgsésﬁhe} MR In the

tissues, including the nervous system and pancreatic

following desqptippfor RurRopes of sxppnptien.spraHitdtalsiateaset forth fin order to
AR 1AM BN COAATnDEIBRIE wiPbE Bpafedlbi e, 68hd skilled in
adhesi on nol ecules that are cell-surface

gl ycoproteins, involved in cellcell interactions.

"EPCAM' refers to Epithelial Cell Adhesion Ml ecule

that is a cell surface glycoprotein involved in

cell-cell interactions, primarily in epithelial cells.
"c-MET" refers to the receptor forhepatocyte growth
factor."CD44" is also referred to as "Hernmes antigen"
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vari ant sequence thereof (e.g., allelic
variant)."CD45" refers to the | eukocyte commobn anti gen

whaniciogp7ad sequence di scl osed i n Genbank AccessPONUBINNG/008075

Y00638, or a naturally occutring variant sequence
thereof (e.g., allelic variant). "CD133" refers to a
fhevaat thad issraviontamecanebe popidiedt withost dlase eletailantni @Bdt instances,

R P BT SR Aok DGR bt TRt PBEE 05 A aorpe e

toventlonver, bone, and the placenta and normal ly present
in h| 3 concent rat i n, aro ne,and in Dbil

A
' st ROERETH bt A eRion  Spe bRSRRRT BF o Patadtgnent means
thbualmﬁioam fedt@s) Gilotuse,idt dhbRicteri@iPERESHEANnOdontéc@bn with the

| evel.s hosphat ase (AP) on their cel

Tab lfsg?"ﬁ@%ﬁslﬂl&t gg?’f ione guedimer pf ihe igventign-(rbe apeearances of
ﬂi@@ﬁfaséi“lﬁ%bl Binbé@Re? BRI Hl18ks 3h HeNPeciGDBI SRInbYnecessarily
d flned ce|]l growth medium Such nedi umincludes, but

plLreffgEing forfhe geegbodifenlecco’ s Mbdifi ed Eagle's Medi um

DVE 1 1 S Tu
i Pucmil o k14 Sy W g i

i‘ls@gy rms@be) Reupss ofdeal §Y¢@1@n¢r@tanq1 Fiing e eifrighvcanebtion to a host
é]tg an LRESEMBRGF ﬁltetﬂ)%seﬂ‘i “T’I?\fey {?ﬂfﬁg@&gpeﬁl;( Al Ereceiver

from CO, Grand Isl and
Ehoapppled tora mﬁw%rand)ﬁn evreopenarB8s. Aharcre oReneTANSds daslgned to clean

&@L&H%%ého?ﬁ&t%égg' ggg)éw % {lé’l EfeBJhy%rL{g cbf sgﬁil Gda%"J st}eﬂns for optical

MF%WTS p”ﬂblrpm@d 2b§/ lmbddsemr@ei%eelstldah sub assembly (“ROSA”) 235

SETRLTRECH L5l A kS L8 B BESOTATRRL 2

msluéescﬁapcrspemplﬁﬁﬂr 26@ fns phpllﬁeattheoe‘lecmflcaﬂrmlg‘m?lltb am ap@bpriate power

a used . he can
let@el p{s}ﬁg %lgﬁe i t eltj %rlt r\%ll 5600%1}1Te E} 6}%8@33{:1] %(#g &na %&%may be
wentfachged anmpmkageﬂamml msltiple rAch@lshBomdkapdlel @Rteye opener and

: l.ant at i al | ude |ncorporat|ng cells
ROSRTERR R wilhh el b R T O BR e
i mpl amtelrla@nteh eye(:@fehdaraOSb BxteacERIGIBdk ot MheddleckidAlEiBRb] and uses

B PP B o b eoney caf eyl STl
Ra¢ieIreft bfendLL056850edek QEhing Qﬁd fesidpthgl thatlrath&s *j’i)iela(l €., resets

l.ti-stage nmethod, which is depicted in Figure 1.
‘[gu I]lgerr}&dﬁ% "laqe|r9t1qnﬁg énq eeshapingefopetion i thsr eyg opener 205

3l dY pRARAEE DT .a LibMM Al 84N EcoPlry FUEBROTMUES) PARKE 48T, a
Mﬁth an_enzymati c_sol uti on, Mechahi cal dissociation of

yignel penditinnel op amceyics capableagleapionigs ey diggsane dBath passive and
MBlivedefishatiby cH6AE Rt beSHEh f@ﬁﬂ)@f@dﬁﬁtﬁﬂ&r& Oer eFdé)gI?él‘ 205 is

foll owed by centrifugation to ree

praferbhyyemensive Rehpdathipte ofdhe d%%mmamdh@mrtlgﬂatpaéaAbpordmg
n

it LB Emot b Hobe P Spd B nARits KR e Re BRIl ligns

the ghage Qﬁﬂﬂﬁ alenimg signalswitlharef&Gescs elogknto ensiuedlt ittg ddeaical signal

1§ %ohgétsroglngieﬁt gl{db g %ﬁ;}t‘ﬂr %h%%?é% uthatuféltc%g ﬁlgg 3%) Sﬁ% e%lg[ﬁg Ialaﬁ1 more
agburatelya claapes tlmapnlseaége?slm ihe dghi. evﬁﬁ evé tdperlaali’sy goia B h%y be
£en [ tions nown, t o, t hos ed in the

AR s Q¢ 25 St R M GBI BRCw P B Py vare,
toSeanienbuithe faev quQﬂﬁhtieBVefié seilled @t &% will Hhat there are

t Roche - and DNase .2 mg/m) .
rﬁ‘z\&?ﬁ iTBeffods fg& aanvgﬁ/qgoweocfpefnﬁe fw&ﬂemé@f fhat Ppagalgdn @ggerdance
With 58 pidset itehtidA RIS} the BicHibA sib281 1A bBenl Jr&RH§ synchronjzed and
processor. Alternatively, mechanical dissociation %

the pancreatic tissue can be carried out using a

Ri cordi Chanber or other equival ent apparatus that
enabl es a | ess destructive dissociation of the tissue,
conpared to other procedures. The di gested pancreatic

ti ssues are then subjected to a pol ysucrose or Ficol
gradlent centrlfugatlon to y|eId three dlstlnct

s r

Y o o o -

s o,
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but nore than 1% In one enbodi nent, the culture is
mai ntai ned in the selection nedia undi sturbed for

w@bwaod7mo t o about four weeks wi thout any medP@r/us2006/008075

changes, at which point thes cells have typically

beconme adherent to the culture substrate used. The

stebetby ha r@hlafseeyesmcmn S0 liteidl trinpsniytedcto id ledse 106hein a serial path
f ease in the nunber of adherent

Eaf$£hhﬁ%dﬁ?ll6 m“ Pg%%vgmgamﬁﬂﬁln?he net hods of

tiss L@thbmdvaﬁageaﬁmlﬁmcﬂcmu friap glsb be aﬁlﬂemeiam:leerm along héth the eye

rese ention inac atlon enriched.
BicsRS apsa B R arul Brbadelad et Ko b pad i T RECtions
are I’md:cﬁjﬁﬁd‘,ed i theeayd opdnads 2du) ROSbaﬂchEaﬁllbﬁ'- tﬂl@ rdaegd bypass the

ronal s.account for _at |east apput 30%

St nd i SERORsRY G (5 RRTST ol PR R S5 togtisps can be
altbmithellE alidced| for i@nBOBLhRLIf @Noss D8RR qwnt”)ts%nmh& selectable
initial phase of selection and cell attachnent,

Efghascoegﬁlr fenrdigitaltponrt £he &yfPREAETS 0derivhdnayt alee low
H&UdrSphodRk Wm@ﬂ@? tthat QMEﬁa‘bQﬂ%@% édﬂfr%hﬁﬁl or by control

descri bed herei nbelow. |1f desirable, the cel

Bepnsh atdighl buy pichegwite indgrface. Therroe oneres e 2&5@ may also have
§ERQ%IIC'[16§4 \Lvﬁer%ina ﬁER@éQQﬁ@ GithinQhe @})%aﬁﬁgh& eha a@?mor an
(such as, for exanple, an antibody)” that spec

PrERIS§iePtoEmaishes upt inpoming date fo eRisdutersietdmpttenio nlafflck for errors in
ggldba. éa?n 'h? Qﬁﬂl({{ly th@ %g (Z‘;ﬁelngrg tZO@ad%5tb IR@)}&R:Q ?&og%cﬁ?ﬁdcﬁgrgs that

stronmma taining a su
gibnmhatda@rtom leapad bagkawith thatadditide of s sigmad iidls between the eye

e ' S
e S R S T T
exdphesigiadrnghittpd ot the trarannttan @2% & Wacaaif ¢thendatakfesrs data path 250. In
Sl 456 T B Do OB, ped Lo,
piegnosersad ehecdhm Hink, @a diaigoosti¢sSRoT- tRECR)st syiknernh HEtese hllnﬁﬁcﬁlahtle@ will

see, for exanple, Current
Eﬁ%ﬁ%@%ﬁgl ﬂm%% ggﬁ ar Biol ogy (Ausubel et ah, eds.
2001 "ﬂmpnhﬁmﬁﬂﬁ)}t}l inaludes mnmm&&ay&s Satpledasm, afﬂsﬁ:work and a

nuno hen1ca| anal secti oned
i) ﬁ‘eaﬁye WRYEE Ehf"sab e Ry, eﬁ&ﬁ&fﬂer%’% egggded clock
atC@ssvales fiofm dn@@ﬁieapﬁédaﬁtha{ ﬂr:ﬁz‘élsfﬁ&rpmlhbéﬁ 188 @a¥s8iia} path 250
Har | ow and Lane,

it Db CCmspn At chy opit R e g ticabse oyl degrade
Hehd s padtbpI0edartie Bietspendr 2OSBEImpehidd¥ibeisiegradation and sends

ant I bodi es useful for detectin certaln roteln
P rafestrical signgl jig tthey transnutigs| 225 They franswaitar 22, inglpdes o tipngmitter

BsicAndusdsdehdty @A PoMsi tﬂﬁ@bﬁx%rtg b bl génﬁlng af %Pﬁcgl signal

mar kers that "are recogni zed by the antibo

sl tpapmis it pntg g aretpepist. e trapsanitier 25 allso Bre&ratdiamcbées a laser driver
m)aﬁu yon%réei RS, SR PO8RM48N br?éj 1580h 8¢ 88, Bfthin the
enmpl oyed for assessing expression o ﬂers Ph the

eledtrienl sigodl antedthe opticet siguid e ledet Wlthhdhﬁp'lf'©§érﬂ45 is also biased to

Pag rPg ei‘ 3 era%ﬁ%:&? {1§11§ ! %%g%lg%c%c{é glg%(lﬁ% ?A con 0 ﬁncuéJr ’ihat may be

aammmddwithm roal outsider efcthe rlasst ddgeroThd henslrmfcﬁl 125| inne agtude eye
continpue e identi ese .characteristjcs can
ST odRadRe pr il e Sl of B RS R B &lad Shipno o
St r oIElis @&@hdcsivérS baile 00 MidFE Gehd Ndbandttibls 2HE JB0ERBMen the

|nvent|on have differenti dto ire the

BrSpRYE FiguEy A0 ol aps Bt 40% B0 ppowlir die ereivie AYe trRusEuLtgr eye
I i neage specific characteristics include the

expression of one or nore transcription factors such

as, for exanple, insulin, PDX-I (pancreatic and

duodenal honeobox gene-1), NG\-3 (neurogenin-3),

H xb9, Nkx6, Isll, Pax6, NeuroD, Hnfla, Hnf6, Hnf3

Beta, and Maf A, anong others. These transcription
factors are well established in the art for
|dent|f|cat|on of endocrine cells. See, for exanple

o -~ ~ a4~ ~ N A NN N VA Y. Y.V
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The growmt h nedia suitable for use in the present
i nvention can be conposed of nedia such as, for

wex@apdei4 DVEM cont ai ni ng peni cil |l in/streptonyreTu§i&)08075

and serum at a concentration of 2%to 20% preferably
about 5% In a specific enbodi nent, the growth nedi a
peenem rgdo s, e Sb fcopEivhie2 36 Jomsjsidal Degrhdadios ghat 862ummhlthese serial
' et al . bovine. ser 0 i M zinc
gﬁlﬂ%ﬁ{a&bg%o} %(')‘:Oa tf%n th da a rates S ch 18 a%n{a rgtgg ObrogﬁG% 8t élg <
suppl Bpehteh wxemiples ef uammthghted sircar ((Y€y ﬂ‘of pravidigs s@Bpening
eci es at. the don ncre
FEFTReb Qe FRSR et rih pifai i FoRiosr D aont Tup g ongper IC
o Sbeinclsds unT BRI PpSesmNis RT3 518 Mﬁﬁﬁﬁﬁiﬁﬁe cmcshzsa&ecefv@ﬁ a data

ga)r%@:ﬁgﬁl %gl?té m al lqu%gr %?cga l}ldt ? gef%glgﬂ%tc ock s1 pJ fergre;ln;n (Euhtp?ut of a

PErE vest.ix bﬁk&rrl94§&i, 18¢di@ethe @) bh G D6 neXRA0 BR6uAYa receiver
| n a defined_growth nmedi a_containi

I
2 tﬁ‘tL{T@gg?‘}%t regqy St BTN clprlotireb framitbast TRR DRSS uses

e rbeRnEY 815@NEs 4 BYERE IRt il tb%@@erﬁlg(iﬁe‘)ﬂa‘ia Hﬁi’clbﬁ@ El#ﬁia? from the
for exanple, nicotinam de, nenbers of

4 Pfh /h glotimulsiplier unit g@gbesuses %@J%Fbs H@f@ eﬁrb@ rpfp@p@q Heck as
(MR by altate @electz)m “Thé RT g%b 1886k g@u%)l to SRt A r@%l%cn‘che data

fibroblast growh factor famly, platelet-deri

BVt Arst mpvrtod REND35h mepeiventhe ﬁﬁ’fatf@me?t first eutipysofthed DR 925b and a
gdélefglll‘lﬁer g%ttgff g%@ltﬁ'ol;lg CI?%?I&J(S%FIIECO\JC}% c%cg‘gggil d‘ronl i second output of
G438yl i ke peptide-1 and 11 (GP-1 and I1), GLP- |

and [

par aﬁ:ﬂ) eé gﬁ < rlﬁtg%)gx ’pl cﬁécﬁa? g 'LB¢ r%ad(}; s? f]tg (j[)lﬁee}%%g 6}18 tcondltlon that
Mﬂ’@&:&)ﬁ npteaty, sigaahia n absattiofie losbef Sigmbf ‘L@[St’))ﬂgﬂmhmoﬁrst input of

I h _fact EGF) astr

ERAPLR ot UL 1953 CEFT AR dr Bk opn oo
bigies KU dnes Nat-dBtetlinadraing dclhj A(n(nher leefiditie thatlactivates the not ready

R o1 § PP bl ot noh e PPSL Re) Bof e me

POLusighalr fyone xi owtpiit,of CIHRH2 Iheaaa fiesCHR 93 SicisabesblPfodb& dhto the

I 51 1 352 G, GBI 6 5 D9 2SBP ekt THcepiplosi
inag rfedxample] 10y imdleméated as DREaAUit. pancreat i cder i ved

stro l be ex ded hy cul tyring
condmvgﬁ?gc?ﬁ%wéﬂ g@oﬂmqopﬂﬁw %E% path s Thgecuyiput of butfer
O4Fatis aouPQ:ﬂlﬂ(L @ﬁfs@ihp@lf ofRd MU $558! R '8toh irpulFThEMERE H938Gs the

cel | ture nedi um and contri butes soluble factors to

tefiEeeat grrhencd dBieo Rt 1t isle33ndhe spiteol dogic PAYperads a control
§ibMd thE sdTREr WiPut ¥hihb ®IR @5?(91!0%@1@& HBGHRY frsf H&eGih ln'?put The

produce remain.” This nmediumis then used to nourish

@nrmpb}oem%% pelecdy the pubfered dlptadrom huffes 9¢ah in whivosk Wemeswlng a
, T d$ oPﬁﬁﬁEse%éﬂa? (e?@rﬁéh? ﬁleﬁﬂBEtE'ﬂ? hlﬁcﬁllﬂoﬁm?é'n? the control logic

on stan ssue cultture pla
Nﬂb@ﬁln@ts theehtput RHE3 Budstadedufiicandionray be coated with

N N LT L

Itaoitputsignalp Whmg enprefpedbiyt campokeinasiifferential Hpoimagt Ao, the buffer

R AT PR 4 ARG SR (968 RFE. ige ilFe Oish & proferably o

péitbe elitiet celplddvetc Biff@mal cell s can be expanded in
vitraq.under hypoxic or nornpxic conditions. Under the .
abovei§r bt A ‘%%‘P]F. %frr%“ #%rfoéi’ff%‘g?%ﬁye PPRAIng fnctionality to a
RARBHRATAE pAB With@Gke 841 cORRL G BobtSPheddy8 dpdrr IC 205a includes a
accordance with the present invention can be expanded

for nore than about 20 popul ati on doubl i ngs,
alternatively, nore than about 50 popul ation

doublings, alternatively, nore than about 70

popul ati on doublings while maintaining the potenti al

to differentiate into cells with characteristics of a
b-cel | I|neage D|fferent|at|on O‘ Adult

-~ s -~ " o o oy "
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cultured in an induction nedia conposed of DVEM (| ow
gl ucose, 5.5 mM) containing 10 mcronolar Mz 132 for

w@bwaoomne to about two days, followed by addi PeDNS2006/008075

i ncubation for about three10o about seven days in an
i nduction nmedia supplemented with | X B27 (G bco, CA)
GR& 92%a pd o R %2, Gk operatig astdeeribsdipph esspent EdFlgll 3 Except that

ﬁ%yghtg %W 1%0@1179% H%It%%)thrﬁpg}%ﬁgrégl 69/2% r% Cnt tio the host.

Aeimpug Qﬁﬂwﬂm 925@1@@}’@ edea pMN)frdnoan a)ntpaddﬁ 4 bofifial 945a and a

£t 005k 09 DT P e SIS 1G5 B e

¢amounetithof the MQ&@a@EHEOﬁanha})mlstodfe isdheded asthe g orﬁxﬁﬂw 25a.

M3 ic de
medi ﬁetege OB%HSB %(E 2g$af ]PLejlgg?ft (iogifri)lglﬁglgft_@g tlement the not ready
pant rAeMIDC%dSaﬁmpleﬂeﬂt r}mr\s@base @l Soralityd a b cell

i nea n cells are cultured in

i nd u W ﬁ{sfﬁ 1° ﬁﬂﬁ&gfélaef SHIEIRFTF dif Giade sgehrogizgtiopyyith a

Totbek p}bﬂged;‘l il @fégﬁarﬁﬁle Ny thS Bost Q0 60 I Eﬁtt df QHBSMUWBSQQ&ewes a
bout one to about two days,

ronol ar far
Dt [P ARiP 176,00 S0 B SEF s TG b5 BANG (iie. A second
iapauf thé’\MI@@PSSg’\’retch@s DTt ang s@?@? %&t}ﬂ’éhaﬁ %réf&lak/%' d Rikh-quality

SUCF for exanple, Trichost
GW Wy pused é%@%mmgfth? fada & Plage qf. th%regovetqdeﬂ@& signal. The

B ﬁo&dﬁréqﬂé&? ntay b@'ﬂdj'u&gd"&t b ORIR ghecf gﬂ L SHRRLEY B% tfle select

factors proprlate or use in th uction ne
Rimvi &he | FOB uglects fstwesrathp| tef clock oignalamidiéie e rdberkssignal

RbordfE B § aMWckYseldc G g?igl' i) &g: ﬁﬂméhm%}, ﬁlréd(ilgt':k ?g & signal is

nDrpho eni ¢ proteins ( BWP-2
3 OV@érS@ﬁtﬁl dnvaloagnyith P@PWQ@UHS@&@M ﬂnrd‘ughbdedlcated pin.

f am Iy sRé & lﬁluﬁ:fahgl? bt & ﬁgqs 196%&1% %?%éltlA 96( ?}@Eerrs 1ntegrated

platelet ric asng, nsu gr owt
qn| § sigglowhip astcffrﬂmg gmai amboqlmfeamﬁmé @fdker invefition-: 8'1118 lﬂlﬁgratlon

b R RBRR KRGS bR at intg oy bovG: teigb ppeners

rpelncet thy rrcjatdze}yo]larmn anore lpswbn yngpr SERBPES 1100.€] ZO&FH ki thinkbeiver

0 i S et r.capt oet hanol
rgcycﬁilﬁ e?l?m oﬁne em 1ﬁne]n 521?8 ?ﬁ@g)ll ’g]a?fgf]?aiyr]?e |11? (ﬁmﬁﬁ o] the Host. Also,
adn:lg)lpm IdellsitE Ioﬁtrm'(SSelseh‘E bardise flidedtimy [1ia8 €arP SirRBintRe, tﬂ_é%acﬁagmg
fqrsre ah r'\%&f rate, tact|V| n, betacellulin, |ITS,
heparad 9305 5 IP‘gﬁrt @t (HGF), keratinocyte growth
f act o addifeh) the bévéiveﬁeyrélcﬁ)b!mdr 205 ﬁ”)ﬂtth@ﬁinsmht&lr 8¥e opener 205a can
F enesi s- SSOCI g%groteln é} %gpgroteasone
%‘sﬂf‘sre e Gigek Aspyrimel: | preTedpess e number of
1ﬂﬂit§‘lmip'in$ BRI ¢85 Sisel ANbws FAGASBORsdilpbiihd qug r?f reduces the
0

conblnatlons t hereof for an additional perio
TUEbELGf; catpROReRts- Besrepesiclordgi s grually pr Epenfom thedrost boaad and

i9a 6RLL af d A8AFBronIF thOHRL BAL. 'Wﬁlleai[‘ ) lp%?s%igg)t ﬁ?}%{aﬂ{ﬁe Qock at
growt h factors, the length of cultu

eé%ﬂﬂb’ (b dafa et thismay ant be detireblei foe sigin} itthgrite ani iHMIE cbasons.

Geﬂeﬂaﬂf R fefér&c@%ﬂ]cﬁ‘é? lﬁfdhe 8{ llkﬁthdéff tfhg rdgﬂ ﬁ t ;I o % 'operating

e.g., nonhitoring the percentage of ce
nefides eff thtramseedvbr itrvrapldtled passibledo asctthe tesdvietzd@fock iﬁ@nbthé: adckiver

or_ nmo e wh factors nm
oy, BEASE205H S RL R el 1%k 3 P Ehos AR o SRt r e pesmely,
thegf relfdlrele aivck dagut Go $i¢ opaler e samObe tﬂmmye&ﬁmted to act as the

o cells bearin rs,.of a b-cel
OB ARE 2R ofeTyed Py sopet 2k SBiE 4 AsiaronseelRek 320
1#Wﬂhmp@hﬂ%§ﬂmhomh@mﬁdult pancreati c-derived stronal
cells of the present invention nmay be utilized in an
invitro assay to test for agents mat are capabl e of
inducing cells to differentiate into a b-cell |ineage.
Cells may be contacted with one or nore than one agent
and changes in gene expression nonitored over tinme. An
exanpl e of the nmethod that nay be enployed is
dlsclosed |n Exanpl e 9 belom1 Therapeutlc UBe of The

s Y — -~ a o r 1. i "
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i nvention can be transplanted with mature islets of
the sane or different animal species to enhance the

W@ w0sioveli4 of the stromal cells or to i nduce fupehEs2006/008075

differentiation of the stromal cells into a b-cel
l'i neage. The source of pancreatic tissue fromwhich
t he shrahwl engelingntf thetrecepreed éntthe trvmnﬂﬁ&rrﬂéra portlons thereof

e S S P BB e el U it B T Geton
t he SElgr Ges a‘mylhiSEataJInl afgaeﬁmscelv@rmmmm € cofmbhisations path

can al.so. be eticall .
gge &Iﬁ%ﬁ 1t$ Suaé ﬁﬁ ?p(egerﬁ Ia%qordruég, tgtaln (Seﬁlbgﬁlmeat, (%'etﬂe present 1n¥ent10n. In
ﬁarﬁétﬁireﬂtelcaipl 04y ntluds fvertopeiier lcesteR MddbR 350 $at @bntrols both the

i mune re ernatiyvely,the adult
iAoty ks P05 and IR mAGEY s’ Gond Hsts The eve opener control
MOEEIE Ga0 &y Wetddcdsitd aad QSﬁﬂﬂleﬂ BY @NisbOMrdugh a BRrausEsbnh&tion, as
dul at e the reci pient's inmune response, prior to

thoxis (OF dnfte GHmB’FU‘tH F}\aleﬂseﬁtst“é??%idb?,l@‘t"t ddgitiepalleanqye opener
asm@ahdlaneg whidle 306 ML nlhtegﬂ‘e’e%nBﬁ Qe cBBCo ERMlitate intelligent
exanple, U.S. Patent 6, S. Patent 6,281, 012.
W%Eﬂttond&ﬁ@eeéhq EQC%W PEPRSReroIARP and| the tramsmities eye opener
PsaS et dxBMBRL irh e?@Q)Ip@@erfé&r{rXurgéaftlgﬁ rrﬁ&fu'leaggg th %a@en direct
i nsul i n-produci ng cel prior to transplantation into
epnnetiops &nthe 1pgpivgr §¥%@P6F1F‘Tc:2®ﬂ?t%1dl trampiitter pice epguért 2052 enabling
v I
ﬁﬁé}gé%tﬁ?%fﬁﬁ%s?sgﬁ d Fﬁrﬁ%ﬁ%ﬁe&%@# gtﬁee g\tr 3 eeogéngi%e{%ab In another
embadimerspihe AYearen cpmmnlaatrcggncpﬂlmdro mdytlawmatrmv@ioys 360 365,
r [ r l.s of th
L0329 80518 b B, SOl 8 Mg
opengin T dinffodinent watlddalow tharetya aipbyerduoﬁﬂmm&:amrahedule 340 to
f.e t|at t ake ace in.the.
P ol DR85S B0 T o B B0 b s
mamhltdedaﬂzsﬁdw sxlteied petesiad igkvilwl eye dpahidred ditmlick. cI usters

t hat an,, be inf nto the ortal vei
Al terlﬁgt 7v& 3 il “ﬁ%q%?& ?foa Sﬂﬁ@ ‘%Bél&?u &8 ¢, serial Ninterface in a
bammmd aiic:jdnleehadglgrcﬁdMIe &ppry/ ﬁﬁ%bid%gsﬂd g@@iﬁb‘édm&ﬁf @ﬂlt;l'ae present
on-degr a Vi ces..or encapsul ated t rotect from
A R R e A S A
polaritp Iabl(ﬂ:ﬂﬂ B29,@ Wbise corftrod 377@ @ltbﬁhcﬁlblt% corthe 38{@ Atk dbilRAB control
e liver, na

%{;ne QPP gc!k?c%ﬁ%el 3% égﬁpgptr@paé)éél sege}éﬁtp{ﬁxﬁe 38|5 A clock polling

Qfikrbl SRFCAISWs ShDERIPeiidl cERAE thodfile® 58 YHEM ale%méﬁmg @eh&incy on
To enhance further differentiation, survival

the £4oIVeR eYSToPEIES LaTh @Y theiransmitics gy orsAer 206ach mlsnwg@trpl 379

AR AWMcDe (p&eP LSntrol Hhddale! Wfosse@ercta@f}t éon'trgf th@'fﬂ@{‘t%ﬁ%ut data
%ents can be adm ni stered before, Sinultaneou

RAlaTHY 0B thegreciver eyreongaeH 295 archihp @nnsaﬁttqrme oREnEB205h, nA baudrate

SRELPIA ARI &0 Sitfo h

differenti at gﬁt etogéir%grEn st 2?18 F?s |dﬁus\wﬂ\%)a& % treSponse of

‘&aewewer%@n@@@rgébmedé@t@ymmmaﬁgenpusrﬁﬁhls and

exposg r t cel |

| npl ant agé)th%&gh ‘T%%B]; ?zfcazlﬁw et{l‘i?n uc®d" o Scontz3] naute 350 to

atitiVite/deavtivait thehycedvey epoofEinen2 (5 randftheelﬂﬁﬂg&tw e veler 205a to

sl ni.stere ctors known in the

SRR e B B oo 1 BB e e 4F £ BT icesa gpomer

torpass thioiipk theGfan§ca tOmEhile1200U @bﬂ@{ahﬁfé ﬁ'&hle?@t)peier is designed to

C‘nd'%#%Q and rﬁé onse to th t her ap y and be

TETE Arfiafetirepy Qo0 Fly the bymss gamro] Tomay a%teleetcally pass-

fhivugh lanV &9 @it BEdM. Q@R rAivEY, NBE b ks &AL BRD niy R Rlually

suffering from or at risk of devel opi ng dlabetes The

met hod includes isolating and cul turing adult

pancreatic derived stromal cells according to the

present invention, expanding the isolated popul ation

of cells, differentiating in vitro the cultured

stromal cells into a b- cell |ineage, and
|ncorporat|ng the ceIIs |nto a three dlnen3|ona

— - s - - o M L
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in US. Patent 6,331,298. In a further enbodi nent, the
support is incorporated with at |east one

w@b@esoeweut i cal conpound that is capabl e of enkemTsIg6/008075

angi ogenesi s, such as, for 1zxanple, conpounds

di sclosed in U. S. Published Application 2004/ 0220393

aamtiolledSalloRutnd & hbwdog\ppﬁdm@kloﬁﬁaﬁﬂ%ddﬂ&mmtﬂeﬂ t(SIBdSi-through
rporated

S0 SR SELE D, b SRR g B o o

Bsomonmsnifp I’tl&sﬁlltégﬁtyC@ﬂWMhs ﬁidlcdbnﬁ)‘énerft@ﬁn %@ﬁ]@lmo The BERT

%ﬁgpfg¥%§ d|s§losed in US i shed Ap

8 I8 1 G Prit ML) BB P AR tes*ttﬁfeerg’ﬂ gﬁs@ﬁqf datg paths

hniic @cSrﬁ’;anéﬁt@ ChnroBul8 200 € &5 btheN @mBPAMRRE £ BldiGdHal CHMPRRURS chip

%W IS a romﬁh factor, such as, for exanple menber s
ciqng Ty ﬁ‘oa@% tpythe Eye PRFAFTHEPITIGE3R0 suctas aihadaptive,egpalizer

fexighogeni c proteins (BW-2, -3, -4, -5, -6, -7, - 11,

-12, and -13% fibroblast gromh factors-1 and -2,

pl at SRetnegep cdimerr & vietel figtetfene- 33Raalleirrd a-senl gsnagcsibe {390 to

Edrhhut RS Wan th@%‘%’é b nglr M1 In%ﬁltdg r35‘)' ﬁ':géfara 1) ﬁlﬁf)%nlﬁectlon

differentiation
$eB @8 ISEE 12GdBEE. ietal m@él Puel@rﬁowedtr@}rfbmhm at therdual eye opener

x(n%l%ﬁ@d’ c1&luﬁ| ﬁﬁ)r % meg&gl%hg %f : Pal?&ﬂ%hg}&%{a Sdlﬁcpsgde m U.S.

maceut | cal conpounds can
Bat@tﬁtAMémm Nay poR6@870n d‘(jkptltﬂl eTrﬁmelwr Modhlp h«w,th Multlpurpose

%ltj Q&ptﬂe&iﬁx 1rc()jns<|:ni1 et 2k} lled %c%éber?‘ 2002 WﬂlCh is

mamramhsed d»vdeﬂ&mnm)hmqnntmshngiy (ﬂ;te Iﬁlfrﬂm ef piat rdalmred to command

hr n- derl ept cat eI|C| i ns, .def ens
ﬁ‘gﬁig nirAc bi’d t%)g %@PB éég i} tpduced f0ia5ie ﬁé’"’c glgf exaé‘?P&e This serial
ineepfacd BBi)nepIAbﬂgfoﬁierﬁs nsa ?ﬁrb ﬂaﬁHﬁﬁﬁf‘gﬁ’raﬁaﬁg 610l pitk @ra binary rate
ri X..praqtei s i bronectin a vi t ronect.i n,
TRBRTIHT B SoF Suobieh SroGumetlo? SeEpasPaAl SR ARpIc o) may
plogidé ot tb thelhoS sublui du&’eﬁtq)oﬁﬁp) éeﬁﬁx%l @EOEQ%Ap&Q%ﬂ%udrate
icati on 2004/0132729. The

and U.S Publ.i shed

&S Gloskin fogtere Bl teg o o BERT koxuliy chliepaively, the
$efbio canrieCiednl @la¢l BAR 8fplaGhHAVREfYe tcg&b‘fd lefﬁcllltatmg two-way
d 05|t|n§Eof cells onto the scaffol Cells can enter

TRUNGRHOE heffvreh the BYPPRRAT ool madyle 40Q and thehesht r |
Sur 9.Fig 3 {s ah Samdle: of%nQC(flaf)gf%MdmgSﬁié? e ofth rh%rfunctlonahty to a

appr oaches have been devel oped to enhance t

fEmeeeiyeg dalp Reth @dth)a sesialrongectivgrio exbgsb| Ehe @1@1 ﬁYFeppener IC 300
fnbiR8dsSann@MEoRRG (45 Qﬁjat 'r&:eﬁ@? didfag fP(gmctﬁﬁoﬂg& A6 &M ?l ‘§a9a to a
pol ygl ycol i ¢ acid scaffolds (Biotechn 4

Hapsmitsn apd 908Y9 opepertOik ﬁhaarﬁpm@whdatta)from@erdw@r end jopds mdata
ol M3 13 GBI A 1R IO ER B A S RO B
@drrebmmgrﬁselmp‘l@rrﬁglteét indlig. %vl?esreoqmderaZQSel dlsoskes chnfu@dlments for

3 379- 2001

e{pe ge%l ‘Lto b %‘g W(sg%}aw S%ea B onal g@%ﬁ) fyrcaonsn g’ % 9} ﬁgté path.
jQEbyer, Thheyp opsen205npefiring reshapidgiaddretimilg s tda@atveich a CDR
Q#% E? %Fgé%ed by, the follow ng exanples. Exanple 1

& nt of Human Adult Pancreatic-Derived
St r orihe rﬁefdadﬁslgﬁ%ﬂ ogi@ﬁﬁ?ﬁﬁéhjﬁ[ ﬁﬁﬁiralfmtdl.@'ilt of FU&&H)I loglc 999b is
reata not suita or. clinical transpl antat

%%@5 %t%"ﬂ SePeHingA Irﬂg skl fEpmn otR £ Suitr¥ad ena LOL signal
tkéth ah ohpRoes the UUR%bPTﬁe@VIUR@SSdfpﬁivﬁ&%%ﬁs@ﬁﬂfﬂcﬁfah %pass

consent for research use. The pancreas was transfe
frpetionglity drpchy geb e istgreldem the optppboLeogtrel; lﬁgle§%9tstp@esblector
pan on ice and trimmed of all extraneous tissue. The
pancreati c duct was cannul ated with an 18-gauge

cat heter and the pancreas was injected with an enzyne

sol ution, which contained the LIBERASE H (tmenzyne
(Roche - 0.5 ng/mM) and DNase | (0.2 ng/m ), dissolved

i n Dul becco's Phosphate Buffered Saline (DPBS). Rapid
Mechani cal Dissociation Foll owed by Enzymatic

D gestlon - The enzyne |nfused pancreata wer e
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pol ysucrose solution. The tissue suspension was then
transferred to round-bottom pol ycarbonate centrifuge

wo eiwesamd pol ysucrose sol utions with densiti eBCDS2006/008075

1.096 and 1.037 were carefuBly applied to the tubes. A
final layer of DMEM conpl eted the di sconti nuous

pigti 6f eRt MUX 9655di IaNdnothth emBs@aERNhe tTTHOERMEiR tionality may be
centrifuged at 2000 romfor 20 mnutes at 4C with no

B?Pé%erﬁ pithscEye EBFEBRRg centrifugation, the tissue

vwas c@b! ecfsesh fau@imbeACekampleebf ag eI (i pRvidNL Htlaﬁcé‘y%) opening
and washed several tines in DPBS+ as descri bed above
Bmgtiongliyde edepnpqeiver 9gfa wpthivadt a saigbcompggtionde achest A MUX 975a

90‘9@@@& 19113?(%‘3@ @lha? ﬂchudQ)r;d hdsYand b&@{%ﬁdﬁ%ﬂﬂ@ along with

di ssoci ate | arge cel ['uster obta usi n

athendéngsiopelsics Hescribest ish(mq: the Ersy sqlmt@r igput of thg Il\éUKéW fa receives
eyt f

SRRSOy 4 BBk ABAEAS B o

the IMUKH SbolitaaiemdmigseROBUput oi\the MUX ITHe rdzcab'es therbrypass signal

L s M e L r e e

switnhtete semting dada wecvedsirany the oot ofshesipefes D4ia. 'lFBe MUX 975a may

Chl ved, . The.di ges. d wit diti.on
B R B A AE Se D eSSttt e BT Selscedss of
the MUESY7 5T hiezeive lal signak (Tt MUOKD 79€ feplasessRIK v S5k, QBB;Smd 955¢,
nd. cultured as descri bed bel ow. Pancreati Cﬁ
BigTepy Fegucing e|°8%?9f§m¥ RIS FAYH]E RRAER An4 RSB I95 heat giggipation.
each Fipt 0 filgaatee raetr&rfsedmﬁaeﬁtdﬁd: tcﬁn@fd&igl a DACB&gitdI00 analog

enl mllm/sése quéﬁg mVl LA ut am ne,
60“6 ) AP esiatedr laﬁasﬁ Y5, @snw 15 this cmbpdiment fidypl eve
bpanvi 10 1006k DEA) 100b eb@ichalizRil sighlle s&f lt}ﬁ&lg'hQﬂ ﬁ%&%@ ¢ 1020 to
Six m. of the cell suspension was seeded In T-

pradeg senaly fougamtel %?§R1§era4¥é/01 Srap§mifer ¢oxRPOREts. %qmsim@f @hntrol

1S8R0 P&tt-oar;[pl?fﬁsr fibas lﬁSRoibtioftd aslkSer WRVE Ms@ca%q d FosA
0C i ncubators with 5% CO2. Followi ng two to about

i%?rcamé@]é@l elaractrristicssuglvasmalog syrngi bias Aadhiges and dall times. In one
d t u t

gﬁs%%%ﬁ ﬂggegg@ﬂ rk‘fi“%ﬁg?eﬁﬁéi gevxg%e [@tslz{ré‘ egqn%r%ege #E Rontrol

pailde 350 G Fig- t6h7)5% FBS (Hyd one, UT) 1% P/'S, 0.0165

mv Znﬁgu(lnssru%tega §Dad nl? téa%!a APV ¢ 0 9?99151 %W%dsecond

to rea near con uence |1 S stage IS re

D@ggg@g@te@ intg the" mmlﬁeacyewpmph T@@MC i Wdymayeqomtrol analog signal

g‘%@‘g‘ggﬁﬂf fe%glggre e"}g %p%]neg 5’ ﬁHa Hog s %{.av %Bﬁt? llgllroznsa\{\ﬁéelver Likewise,

had3g dd2wey wostent eanalbg) s@ml odtw& adtthappsoxtiareye byenéd1124 or

IR TR AR P bR Sl Ul o

cel | sFigd. 1heDpilaseatt llonplﬁbllt inagtles Eimagﬂated witPojual afite@hted eye

Doubl i ng Pass 10 and 12.ad

IR o AL ROTFEGH, TR oIt SRR B it 0 2 PefeFaitia path.

Accondiflilnga t frsEXRFPAcR thodDaMe MBHEard &R athedk08P@ne or more

cel | s/vvel{gnof a 24-well|l tissue cult urep{& ate (Corni n%?son
a

RAIPORARTE RN FisRaFicHag dafa path apdhe Bidule PR open m gpticalep

WetvBrk! ANBYERE 180p8R0K! RS REnHyRIIbLS aﬁfmtE%}ﬁy BhcRk 85 4 3dth gath containing

TRYPLE(tm) Express (Invit ro count ed usi ng

pultiple conponendson gie|megdvia 209; @ygmghma@mloppmcks allow monitoring

ok c
O e h O E UG on Y Rl BHE Froh 0T e blicctver
mﬂmzm inglydel 2 exsrrpencFieopbaakecantrg) HAG avithin 4 bye dpsgerphbnitrol 350
I ling tinme of

ﬁt&?‘ 018%;%%%&?%%#15%@@?#&%% {n?@ruégg ‘passage 10 and

12 ceIIs was 36 hrs and 38 hrs, respectively. Exanple

3 Expansion Potential of Adult Pancreatic-Derived

Stromal Cells Adult pancreatic-derived stromal cells

i sol ated according to Exanple 1 were cultured in a

75cnR tissue culture treated flask (Corning, MA) under

nor erX| c cond| t| ons (5% CO , 20% 02, and 75% N2) for 3

o o g, o — I e oy
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antibiotics. Cultures were allowed to reach confl uence
bef ore passage. Table VI describes the popul ation

walomblopatgd ti me (PDT), the total nunber of popuP@El/UsIv06/008075

doublings (PD) and the projiected cell nunber, of the

cell lines cultures iinder the conditions tested.

Exa”Pﬂ: 8 @&&'tésoé‘f 1§d8h &h e bl So7A8¢

70% c:olgfﬁZ encg1 1%{5 I't p%\ér%g}lge)da%ﬁrc derllq\?e A? {0 Hehmiter
pyeotrened?0ae ¢<Dthé i qugmt 80Erbihp receiveneyeeopentredsb dlhis rﬁnsg loopback

OIS P35 LD BBy b APy o

ﬁascelﬁer@hwleOQnSMHaﬂw phgfYdSinto Thecopetédiorsarsh énpowered up
ﬁ%ée nat %Ir‘llfeu S%rsatqo%)ar (ggejt'})% lgilme%‘?a 4 }?N}rll éh%c g‘ﬁu S0 gy installer
mysqme]sms@mmdeﬂ whethdrothp hieenecebigf fnﬁfdeté: 2@ i eroﬁaE&ES)S)mstalled or

SR SRR 0 R AR B YT 8 o

posi tiigel2Bopuih Hlusigdtioh oF b @hsdgveramiduraiauinga'sécond loopback mode
instructions (MIltenyi Biotech, CA). The isolation of |

fﬁ &ﬁ?gr‘%}e% PRET O OREDES A srtbedimst o it FresFhvention.
Thik QH&InﬂMo@}J’bdcldJSIO’lQlldWBJﬁﬁ 18t sysietiBIs oDIHRGIPEL: alRetRbver eye
anti body (Santa, Cruz, CA). The positive fraction was

ERACEL AR S ORFEBIRE hprﬁ%edlyaandrﬂet émesnssegcfrt mgdule (200115 gryoperly
FRBSIASh dis ¥BAMRbYr A RFkdd & ﬁ5¢ﬂ9 ﬁéi:ldhie the s6econd loopback 410 is

pancreatj c-derived stromal cel Exanp
Pegteswidhe de Apnsopipienods 2005 mamrfgct(mmes)qumw tgithe integrity
@f:“'t}%rﬁsq ic&l L & hEIPYARL: {J AMRERSAIG 1? asZa

five-m %ut e }l%n%%qk}atl on y\/l th tﬁlngRY L\Zg eégb@eggﬁ Rbwork
adnigisireiar (Gepdly, cheply thereqoeiksre dyec epensr beaftersulsgéﬂwedof the
EIMEM SitaRl-epBnt ed with 10% FBS and recovered by
centrifiagation, followed by washing and resuspendi ng
the d&El19C inamillystztion nfa b@uisbever@@wsg SthlllddoQ]foaQ@/ﬁlEEAntegrated

sodi R

Qfﬁtﬂ%\(ﬁll E]%g &éﬁe?szé_pcgrrde?etg[%r 6285€§F A)lréserﬁ R\ﬂ_@ﬁon & third
tpogbask 420 allov&i therkgst system lQ:ﬁwtofcbe;ckIEat ma’tsansmitﬂeqeb@tc@ener 205a is

é}%}?c n ;(%/rp%tﬂsrl %Ynd]'%% ﬁl%l J‘ra s éﬁ\{,e ! ;CIOC@I?F;?@] ?S?Rr\g&%r y %uggeecf into its

onnmpqlgaemd@owemdmqu;ierly,nmeolauxdltmsth(ra lcrdpba:kmmod intqpedted within
cat ed in Table HA, . or

DRciFer e i by TLReniBay® e iy font i affamy of e

appmiE egd @eh&@Ppriorasd shipderans iwhid ek e&EwmgCa’\néS\tlaﬂkfhﬁﬁlmstrator

ell.s, ;and,cells.only stai ths ond .
S Pk FersBuy Yorie e Pl Rt egseetyer module
me performed for 30 nins at 4C, after whi ch the
el l's_we washed with the staining buffer,
that Tigr LR %R R aﬁeo?ﬁnaﬁa%aw&menwwgam P‘Bﬁ’d?@s fifth

18 piick ﬁﬁd&QQh@g‘rafeﬁrwﬁﬂ dindil @B&JKeger H@cﬁﬁhx?t to*n \%ﬁ)adlment of the
secondary, con g}ut ed PE or PC | abel ed ant i bodi es.

weEentrgypion. Bhy furth lpepbacks 25 is demme Sheyoudpit i409 Bf dle Teseiver eye
Yasberdss e the m‘ﬁﬁ{ @)7%@ Itﬂe%aﬁgni?t@pey(a SpdRPERd eﬁhlf Bkl e?oog‘back 425

staining buffer and the cell surface nolecu

plipavst for festéingosf the trwycavqmmsluh 2Wyand BD oBlicsd clatarp@élsc)n a)}aetwork
| ec intra IIu

Tl 5 Rl il O AR SbERE cHFLURGH] g cni

pansedivar medddleciddand fast wbetbet thy mbdede 200 S;qsopemlytcb&pled onto fiber.

[Wal] f trif f
FASHE deboPhik' Sl o M. bl R 408 o biecsiver 385 ousnepapThuto the
cwpdtail fiofi the Arah&mifed mmpéﬁee Sogmr)l is Iﬂﬂthl-'l’&ﬁb@dk 430M118/s 8dr testing

rature Tte bj ed cells were
o AR CEPRIERS 20 fie GG BPPGIe 200e e eroF IgEel cRRRP: 205b
resuspended in the staining buffer and i ncubated with
an appropriate conjugated antibody (5 ml antibody per
106 cells), as indicated in Table JT-Cfor 30 mns at
4C. Sanpl es that were stained with unconjugatedprimry
anti bodi es were incubatedfor additional 30 mns at 4C
WI t h secondary conJ ugat ed PE or APC | abel ed

“AZ I
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PCR Analysis O Adult Pancreatic-Derived Stromal Cells
RNA was extracted from passage 9 cells cultured in the

wa@e@snds7medi a. RNA col | ected from human pancr eBST/MER06/008075

used as positive control; afd bone marrow derived
mesenchymal cells (Canmbrex, M) was used as negative

&N GtRall Qs $IAE 0% RERRSIL. 20 siRfh 66ba0IE 1S plc¥&, ¥BCkek Fig. 10B
San creati c devel opment. RNA extraction, purification,

K¢ Hedementataqn) 1sdinm s owrd I afith %aepsmmeb@nwpener

2458 t@uﬁq%%mfzoof%éﬂe&él&e@egee&peqarﬂ%@ne (Rneasy Mni Kit,
Q agen, ) in the presence of an et hanol - cont ai ni ng,

hi gh- 51 tboperfieseribedlopphack aprdssriarrasiaspinsre Merbacks takyay be
fﬁ&%ra%%nm&wewe?&o@lﬂé 260 1‘4"9&4 rﬁea@%ﬂ?&:lﬁcﬂ: f&lrb%ss‘flﬁ!e ¥ Bback

by treatnment with
HPgas- Eferaﬂxamyleﬂnmphnde rnarYebf: letegtamd from thatigput 443 of Hea m;tewer eye

ngs.an
B 205 o AR AR 80 BB o RO o b g0se.
"Rmsp mph@kawomalallpﬁms,nnm thh |fg:lnt esip@aipbyentONA aaraplical @ath as
' ific on and quantitative )
g%lgfi )(/:é%lﬁgl tz?nln% fr CB %nE%m gléensst £ é%c,elvgﬁ: eroggxéeé%béa %aél optical
1Pt choditigha ¥ loophaélfzsphmedS(Bbe) ysraeswithaahe trifeiihodule 200 to
a S erforned using the ABI PRISMr) 7000
‘§e‘ Eheeﬁ gg;[a &VYE chSﬁ"‘%?%’FB% TAQVAN(r) UNI VERSAL PCR
MASTER {8} 1t) the ABhmplEAY Fa S, BFEHs Wh4H) 986k, G50 fand QEﬁg’ pRvide
tratﬁ]sgrlb NAin a total reaction vo|lume of 20
%‘5‘5%81 WS GRMPITCRS 3F idgseriaed dpoveyr ngwe opener 205a,

piLpatassna gncEQ.‘IS@ rrécelvBra.lﬂl‘ﬁrl(Sop%ﬁlﬂ( it fréB @heSibst to each selector input.
%% Q robes were_ used at concentrations of 200 nM

| 8fst dgopRackr dged dhhish, Biscortpuiraiete JERE YRds switches from
RA4IAR data it Fnt e daflt Qﬁth@'(gﬂ@ D PR the chpBi leﬂ{lgmﬁ%a to
18S ri bosonmal RNA or hunman g‘hécer al dehydes- 3 phosphat e

waita daigasrsed frompbripuipnf b bHR Vshite @he ipput of Prej R P25a. At
B darhg ﬁﬁh@sth@%ﬁ uﬁéﬁth@M@ﬁ@SW%téﬁéé ﬁgm’%@x dﬁ’%h@%c? oM Rlock

EXPRESS( t tware or used pre-devel ope

Al jespiged ?m th%@‘lf@a@lﬁ the<rlaR 9854 tocthe pat Qﬁ‘RT HéSapﬁp |smhrg the
REoveRR A6RLE

0 51 RORER R PHRTCARUASHY g ot o
Pdbrer s/ probe binding to any genonic DNA pr esent The

1S B O by o

hQSt(t%@@l%@?’@O)npuPMH(thb 8078 Bbhhack Bign6l is high, the output of

I(é[lﬁégg%g %grz dBB f%gjg% o%'ﬁm?%éé%t& g%lélgblt ol_ﬁglog"aﬁ 5% rag‘l)el‘ than

Gt Erom SRR 19851, lded @ 1706949J cloEb %ibRal (1HisHEa IOt ,CIhk R8BS to the

TR L0 by e S CPRB82 7 000) and ot -4

( CGATEATIGAGE afeinbddivent GELE tHXdNGbpbidk @BEe of a dual eye opener IC

e T ————

(GATEATRAATTAAFTREACH SRR N ar Ao T
i1ial 500C for e arddnkided ThE dutye opener IC

ri8Clpdes| @ opener |29r%35a1}41ewe§?fa%)é§ In Tgoghaslmadet domput of a
BUERP 94a BRfvel Me dhdr SREAHAIMONGRS 11}1?6’ eﬁ%fener 205%§nd an input of a

anneal I ng/ extension step at 600C

elABI1%432 EeCoities thardats path dlgm ansquignt eememww 9430.00 ege qpemac205h,
I et

; Wgﬁ“ S AR TR B0 M o Bl Bk R e S5 o
fifer 94 Tesreeninceethe dgte paiht fom ea@h@dt of thpBTi 9356 and krhigyniits the

&a epamgq)la&tgfthet}{ést exponential region of anplification.
at1ve gene expression | evels were cal cul at edusi ng

the conparatlve Q nethod. Briefly, for each cDNA

sanpl e, the endogenous control Q value was subtracted

fromthe gene of interest Qto give the delta Q val ue

(DCt). The normalized anmount of target was cal cul at ed

as 2 LG, assuming anplification to be 100%

eff| CI ency. FI naI data vere expressed reI atlve to a

. . L,



10

15

20

25

30

35

pl ates (BD Fal con, NJ) and allowed to reach confl uence
whereupon 1 or 10 nM of the gamma secretase inhibitor

wo adelogd7ion(tn) Ms 132 (Cal bi ochem CA) was adeeriufzmne/doso7s

day. RNA was collected fromscells and analyzed for the
expression of HNF3b, PDX-1, Nkx6.1 and insulin. The
t r eat pEAtalidtohiive aﬁ%hyﬁdneaﬁmmhlma&ac@he&e i milffepma may be

| ead to the exgreSS|on of b-cell linea

soletrddy qqneag, thepppyt of rth%dbuffer 853 tosthe PWP“‘F‘%I th%wffﬁg 945e as in
1 SR USdBRK mde'\@' vsjlﬁ Be tlﬁ&%té'ﬂ:e'irﬂrlﬁ\t/{egéh Y tﬂ@&helﬁb@pb‘ﬁ&i thSdes may

were treated with 25 or hi st one

be siedlesly amplempmed |Tth© fecppd aqﬁ»'egchtmmmwegmlemedm coupling
ﬁﬁqna@éf tﬁ%sﬁ"@ﬁ}flc?)@ké e %guf BFHE qtétsouﬁ&dgﬁa% ﬁlfee(gltguq’ of the

the 'expressi on of HNF3 and ins

Teend G A2 anth@ﬂnpphef tmwuéfgieﬂ%@ fbe fdurddoppbackhmode may be
' , n T

G Ea5LeR, Sl pERC byl oA Do

ﬁamﬁ%ht The fifsh iwethK Madcrmaydaellmslemeowd ;basg@jmg 18 dutprinof the

.0
HioBE] EPR Pl AR el PO O SR T g ety fpontac
imgehertaiviob mmxmplb‘aﬁhmammt tBantitd diclutiérell g@smhﬂia 1mplementat10ns

BoeHia Farh My oo B 5 i e ol R o5 o e ygagmer 1C

fbhgen FiyQ 2Eh emaﬁgﬁt ef the edceivecl Strecess Ble IR )pathafiond @ @dtwork.

| t f
bolte SV AP AP HEE AT ST i T S PR Sptput of

Mgeceiver @b, biiball inPut oFRECIHR easmﬁaéwewl thdﬂ d4to 340 ﬁ@hpﬁﬁo@pnﬁ of the
ot | éj to the expression of P cell |ineage gene
bt 48T ndhsisye ppRer 205Race vt § RIS reomry ttawaﬁagpath from an

BRpeibortihc@DRENED fa9f ad input 6 a thited 8Y5h fehfves @hd HpWWaETdt an output
treated with 1.25 or 2.5 mM of the histone deacetyl ase

PhikE BT Boa T BREE AtepsTAtters)2q weceivRahe fdata Patheraamgn Oy of the

WeFereakh a6d 8ehnshfiQ @ﬂecd“aké D%ﬂ@ ﬂijth@ @1@!\%@1@ b thQrentddBiments of the sixth
expressi on of HNF3 and insulin. The

konbick 2a9dsmayf be mlmteég@mesthp élstm naghylisjogtpuh&om the eye opener
QW ﬁeﬁﬁ hgﬁfe‘?én‘c %ﬁﬁentp%h bs thNEfﬁl?erl 945@ Uhd gﬁtdafa%ﬂ'll ik Received in
. Ina Separate experi nent
rW? emnpt Qe int w@ﬁe@tﬂr@mpn@é puch ag ﬂnrbuifers%ége 5 were

seed t

cel | :ﬁ \%/eﬁ@ J}/@Jﬂnllc):glﬁoat e ?p](gol n cltﬁlgc%?ﬁaartf%gaﬁh of a dual eve
ppesicesiich ps Rdlip.d 2CXInf the e)temem 8RS, wh irtpubofcomfiee945amendivas the
&%&B% f%o‘% e&té\%e Ft?ut of la lCM 9551 rg\%lvvc\a@ %S a]f g)%glg%grh @M output of

was co om represent a Ve e
thectinffee 84 Fapand e inpuipofeRE 985 oteipemnibe dataipathgforesin olitpat of the

f d ] KX .
Egge&% sae etg% %}ZFF ope %%tlkaga posin1§ 6 PF P %g{ﬁrgjélge E%%?/?s’ tlﬁlg ?fnpul from an
bllidﬁ&tbf(ﬂmaél“ 9242l ad Hansndiis ftlfe&ia&f}iaﬂﬂiak:btb thohesem) . I n a

par al peri ne t he .ef fec 0 el | ,aggregati.o
on pa @r @jﬁ lst:alb‘é‘ﬂg‘)dé‘ﬂw &E e t&é‘?‘ﬂ’ﬁ’%"ﬁ‘a‘ﬂ?‘#e%a% ?%ﬁllos rbH@‘ eye
bkt Wehwe ek Fid. nasibad 1n@mt o 4 Recéib@ MBreikes itd@Es hAR from the
medi ﬁ% the induction nedia was renmpved and the_ adult

PERYOTre &1 M eXscapeneE 40 PB HIREE o) hudtep@43d tepedves dhe difa poth from an

Qut9§t%fttﬁé’fé§é1{?ér B An Y bt £ OBRM256Mcefvel tht Weka PhidU RS an output
reu on it was renoved. Serum free nedia consisting

fer19éd, depiinnupgeRT 987 recq;%sgy;de(tgpghﬁronm outpasy @f the
Y% f
rbeBr?a;ﬁns:BnH 5@%@%ez%‘)20¥¥a?? tlr\%ﬁﬂ (éia%gl)?/@etrtﬁgﬂg?ﬁg%]v%htg% But from an
pepwted thesR"é P33bi Re inpytefaganemitign? SRR vea thealatal patht feh amebitput
e i c genes. The
B0 £60 55h o\ R B8 S PRl BPRELERL ' P and 13D
by nmethods outlined in Exanple 7 (see Tabl eX -
aggregation columm). In a separate experinent, adult
pancreatic-derived stromal cells from passage 13 were
seeded into 6-well tissue culture plates at 105
cells/well and incubated with the induction nedia
Ilsted |n Table IX for tmo meeks mnth a conplete nedla

— o s
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Exanpl e 11 Effects of Nutrient Deprivation on Adult
Pancreatic-Derived Stronmal Cell G owth Adult

w@a0v6/0eetd4 c- deri ved stromal cells isol ated accpeTURIPO6/@8075

the net hods described in Exanple 1 were subjected to
different culture conditions and eval uated for the
ef f eckig. 0ff it hes aheeaibnt 0B SrMEccHIed SBSHIEN tvithebypaly AMkHonality
namcf Cells isol a}gfd fromislet depl et ed/ aci nar
a egreied 3t  rnpIEST QR @ TESAIYSK sach RATIVENRUIERIS (iR components
8¢ defSEi0 ah RIbbAIRBEIof t 40X dnBen. (A Ysdvenenaldlt ops@Mperat
d ut arm;z 25 m\}l HEPES&;%rgseI X Aél/ AM (1 nvit r(r)lagr% O%A porates
PPPBREOR tigRaly Withip gesmaringe\of data rates. ViypiRaliss ag ﬁyqq%pea ‘will lock
B8 raY1 BcdiPing dg’@yﬁregrﬁ oY atdRYerBirf 8ith Satb a4 ﬁlﬁlﬂpg%gnow data rate
confluence. The cells were passaged once a week
amee-xdditiomall; spme e¥econienyys BBk b akla delack ontealata it sulrarmonics of
gllrl g;\%fabéér fatl Qﬁ:’ey %g\??%r ﬁ%ﬁeﬁgﬁa ?a%s e‘é@;@r%ggé !)é%ﬁ@tq s hfbble to lock
petguth@ é@lta; the| ot olethe e openat tsatymelm squelthedk plbiss limiation of
SaPFATAAL AL 0% AELL Berh At TSR ARE g Pl i
Qﬁ@dﬂnh getvrek fenggénnagntspin cmrtpmlam,t ccbriventumlal sysv@peners preclude a
gx‘:"%oc%p g%oost}z:hggnes %%e%;ﬂé%&?eé gvcl ?Yesog\ég rrlefﬁlénceght*h c%g' ?}éﬁ may
wpgrate uoambxdamatmﬁ)ahﬁerpasmg of p?(mdcdilh am¢xtam weked nunber

of cells.was ¢ ted fromthe nunber of cells
or i o T PYEs SlaionieyFor' F Hetetf B in. Shouss g e, opener to
bbinkiadally phizelatethtonglpifdl is fuadtad @dloeit oifith ehesd@iEbABE itdiS not in a

S .S erfollovvln the first

SRt ol 10 T ZErella v BT Wt O PeAa i past-hough o
A8 lsRQBRIVing d\ddtdRitd sueidthal/c16dK dnd ldetadestmastis adte u@ed to remain
[ [ e _as conpared to those ce

increase in growh. r

PG ShierRatle e biRC For REoChE e By fonetipnality would
days a abticys Emtabl thmbden@r U"t%eféw fh\WaRicu’ds FHROORanhE environments
Fi gure 22, the popul ati on _doubling tinme was cal cul at ed

élew eyeLfpengr ds nptequirery Additionallyy the fmgtiomnlity fliogvsrdspugging or

ndefith} 81 $ 1A Westch! WMJTEME drds@ce LR fiefohShneat 6@%Sration feature
f lowi ng their establishment in culture. These

Pé&le ey % RS e E 8¢ Paspréfroylfunpciinpaliepl thg gYq enengranay hegaipsmatically
tohtRBLE Géﬂeﬁ@ng oS RRler S %@LUpEné? "’}g fdcRed toCtmeQhiaV etk ey opener
stromal s"with an increased 1ty to expand da

@@mgaméa’f@ 9 If,CHns/léml ivdidl is @ slgnalcafigenarel usecih indisdsan also be used

BECHP ke A SO RphAaob oSl ERESSERRN Wi o

ofntrohsighl s bnt dltgmbﬂgnab an a Aigite} infraface: dis resoghazddvtbal the bypass
gene

g%.gl.ﬁggvsaﬁlg%lg {i%gﬂogﬁé %n?%véllgpr}fé}lg ?00!%«%’3 fgré/dta {hat are within

Mﬂommmmelaflﬂw@@vedpdnabor atory Practice Regul at | ons

t fgrth in Part 58 of Tit R. The
o b un O, b2 Yapbor Mot nBrde zb Biing Pos fifaie Ak B
Bl inSFik. MVligdlatiee aaeddivey iehd 61%61’ 2(38) an Q%R 2052, and pass-

one _2 d ut anax, mvi P nd | X AB/ AM
Ehr %H?O&&gﬂm he\@¥sH ORERER a@’é@l deEj 553 dipta gecpierh fgm the
Sddkivabis st WithinOf fdwikth thfEr o&dl i the FHCQNB-S eﬁerr\aﬁsﬁ Sithout
were perforned. The cells were treated Wlth&)

(ft?e‘@Qg e Rt @gdgﬁg/vmwn firor dagn pagh 1 H, D baTen 9694 s Coupled to a

E?&a%@ﬁﬁet 22 anfl REHGRIHR SRR E)Eéél%ﬁﬂo dgrz&%uopﬁrottt,g léégcﬁéjoutput on
fo m nut es at , super na

r

ﬁ@rrfw@b bFﬁf@r éhd detpeeere thee@@@ﬁhrn@l@u lipgy Sﬁ&rarmhtiapd’tratnCER 925a
e

G Gn 3o i sBond ST A AR chidPThe ygaes coneol

flxed with Carnoy's flxatlve (3 1 met hanol : gl aci al

acetic acid) at roomtenperature for 36 to 50 m nutes

and washed with Carnoy's fixative twice, and then

resuspended in freshly prepared fixative to produce an

opal escent cell suspension. Drops of the final cel

suspen3|on were placed on clean slldes and alr drled

o ~ N A PN R A 2 o
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chi p contains ~45000 uni que Uni gene | Ds. Fol |l ow ng
normal i zation and a |log transformation, data anal ysis

wormeped7ior med usi ng Omi Vi z(r) software (MA) BEMUS2006/008075

GENESI FTER (Vi zXLabs, WA). 1¥he vari ance stabili zing

transformati on along with cross sanple normalization

S map pk idedgried tb hetohragcetllyatn §§1@ be®dern theaontmhdd as ee. foudie buffer
iability wthi ch cel i.ne and.a

$r<E B et oo e B SSempE o th G RGe fsey s imerfuce

888) ) Bdr 2kardpple, ORI CDRNY25dh0dy Aacke embled kd ﬂﬁ,foﬁrhﬂﬁﬁfer 945d to

blologé [_.and two tecgalcal replicates were used.

eratp 1ffenerd data strpaps B dp oPeigied op by thhseconst ¢ PR 9&.%‘? 'Also,

Wid foufth TIFE I9h5d kszﬁldWﬂﬁmhto@Qlﬁfg B tHeOBatheshgh Qohf@ISE0 between
bet ween t he nes. Varjance in gene expression

Besr gif %rgnbo@emhs tlhéfﬂbbﬁf P’éc}%modc@ﬁq mpligleeyg opeRfEp Ay enerate
{ithifl 19 6o B e%/e%&ﬁérfﬁogﬁm fagﬂlfaﬁeecﬁﬁﬁ%ﬁtsdafarbh‘gﬁﬂsebelng provided eye
expr essi on ween t he cel 2a/qpes was eval uat ed using
BPRAET) §li1§t1@1fallwapn dhe e%yan‘apea?r be AAddjtionpllys djates detgetion may be
i téﬁeal&f a%égfﬁr Eﬁ%r%ngﬂn ko %ﬂaﬁﬁe “f’nt&lng nlgg&g Qioh RRbata rates
ar e dlfferent| expresseg east 0 et ween
tehelvedafipmubotl el host iané g, nﬁwalﬂr:p IP@cqmmM toranegxamyple, an adjustable
r Il
PREDE, ool Y 1oaTPERLREE by I AE T, AAHE B Lh partoutc
bigmrd. rﬂnpeamhee axaamhe meulpiple cnesrswbbnd asoilaborsga tdscriptthgasand logic
(!:ull | nrﬁg %n&) o) al%lé;ngl Aﬁ%lrt e gfaans%r eag't;fél? ??(rglfzrt]egtlcin fficﬂltates the
nsecdf rﬁulapie |e§aen o;ﬁa‘nmacalqngra dia)a paeh ecsulsiegl iff eye @en@ functionality on a
r SSIO rof i |.J Tot ol ated from
PP 855 A 5P RR vl e AR neh e AR A . e
pur i fAedmlar ORMAs mpaatioahﬁdgebb puodidéd agientaacmisr §eropehd 205a.

nuf.act urer ot gcol s f bel ed cRl
BB D HPeS PR i povalst 8 it SPIRP B el Tine
gBGhe p&spsmugm dbhtrwga osag'gmh Qldtatb;ét\Tb@n aR fﬁ\ﬁfwlepzsamd the pass-
neChj zer. For ch ce ine, thr
BFOHEE 225 SFeoiAb ob S FIRERIT FispIof £ o AdpEoTlsgmultivle eye
n8rsWe.s., anity e 925bﬁﬂa irME Zfithin 50 thhMRGREME 0B8Rr 2052 to
NESI F1ER (Vi zXLabs The average correl ati on
Esirats different dita siisams b%g Pevidedpyecoperst Tipgtionsliioap the eye opener
6§5392- 0. 895, n=3) and was 0.906 (0.903-0.909, n=3)
for HO replicates. Scatter plot conparing gene

expr ei8i bhipt dlomcharbflluspgtme,s firstignetmdlyppss metherk gpeetdelin a
keBnsEdi04t " BodTe WTtﬁbzlneﬁlt@Mtéd ﬁ%n?ﬂyérlelndl fe%lv&hgacﬁq{}@ﬁ multlple

that were assigned t present call by t fynet

%wﬁrdetamswﬁa d@x«yww SRR EDHE)P@ELTLS @tec"ﬁdES@RESEmnse to

HRREEE ety b o e p B 3 ekl 7 e, e

pate sheam iinpessed thnough| the déwnsgeiver mbflyle tvdthoniagiscenieng 542 This

Fﬁ’g% ﬁgcej:ln ypﬁtﬁ nﬁg 'i)%:: 8‘%(8}8?%!% ﬁq]ﬁ%( £ %@%Xm\gﬁb ocgnltrnﬁec{ by a user.

Ir @R®oed toghe ddtatedi daci ratéézeu@ vaitH the GRRefydasmpe of operation of an

f unct | | Back d | tion.Th
IS A B2 PO PR AR Ao AT A 345

]E echnpig; omai B ﬁlowgbhhré kﬂl*qwsﬁeondmwa]@ V@Itholdl’d)@élﬁﬂs gﬂzgmliiﬁm module
O net woyr W Qqt as, resu te t he devel opnent
taettaﬂﬂﬁaﬂsb%}%t?fﬁfew e ey me it r—‘rﬁfﬁhﬁ C%?poa%&%accordmg to an

Eﬁl@&ﬁl’ﬁblﬂ &f afér;@@gmanmﬁwp K eonfidV ARRE IRRESell B5HBE H IbakidQbbring
techni ques, codin gorithms and error correction

A&ia stpama I geppeRpe %htbp sanEd] sigapldingrin pHirgt sipig .2 Fagh), the data
SHXATPW B bedab BWINHGHNS: t%goel%pﬁlo@ﬁlg bembutledd Spdnlts ?aﬁlqes onse
could travel across a network was at approxi mat g

G gabit per second (Go/s). This rate has |ncreased
ten-fold today where data travels across Ethernet and
SONET (Synchronous Optical Network) networks at

upwards of 10 Gb/s. For instance, the XFP (10 Gb/s

serial electrical interface) Pluggable Mdule

Mul ti - Source Agreenent |s di rected at transcelvers

. . AN o~ ]
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for the sane reasons descri bed above. In particular, a
deserialized electrical data streamis transferred

wo p@aiopdTes host 105 to the second SERDES 120 Vi BCT/US2006/008075

paral | el bus 145. The secon®l SERDES 120 serializes

this electrical signal. The transmtter 125 converts

tchibe sertiohbigrd] beihg incadecaidgutat (d©, law), aplye opdnird ig padormed on the
aransn1t%5|t onto the network. One drawback of nodul e
YOSTL ™M 992t the SERDES 110, 120 and the interfaces to

t he peigalieln %B@ﬁm&lﬁ@f thedypiise %ﬂcﬁ&naﬁty’ &fl adtub V@l \opbridk U such
anpunt %f S qﬁ the traﬂég % nmodul e 100.

ARith Fign Ay T hegrhers CRTe e S PO ISR 76 BEisS 2452 and an eye
bgdnat 2058 Bedaﬁé’egﬁe amRUsHd RT nfvdalks déaet éiﬁfated(ﬁrﬁﬂ@ Qiﬁf& ;ﬁfh a data
nodu| e. 100 |38%hat conventj onal transcei ver nodul es

from e, Besh grseivethpémareigput Qf dag budfer 8413 1§ gentdipdly fgpm an output of

TR MuleF 943380 9h s oLfhe Batfar RBLNAN 30GutONdhb 'B{wa $BF sends data
operation of the transceiver. Fiberoptic nodul es

BB rarnigruof datapspiftes 32 do5 tranianssicn taihe neiedb dlikewise, data
ROy ﬁéﬁrth@het\%&%{o a‘f'ﬁh%dt REFQT, E&%ﬁzw 504k 3o éﬂ@x@gﬁput of

of resetting the jitter et at I nputs an
thetrprstvs 3F5 tolap inpatief] te tugler 94 ¥vkis mﬂlr@@mm deaudput of s buffer

t
o B Sy A60P P o510 by o
hent. Hoidrkbmantbe iFilnled fohmanedl overidg ofittiesbypass @ed The control

R e P e

appl i hwaOneocmbodSemt,aidapumchgmhwtlen as @afmd dnogignal by the host

rieta Link dat a

BT DL Ty B rb B BHT i Both g B 1t ready
bigha snaytbla @bﬂaeci 18 dalermnﬂ@drhétherﬂba‘ Ey@ropeee Mﬁbﬁtgl aplrating in bypass

r et,i m.ng,. of da a e.electrical inputs and .
B b B 2 el Pl ien LYot gt i high.
Uhg hadbaive Gdjlﬁhﬁd’uoh Heasere ddvantdpab8s) edntpetisthdsi foi Hilt Mi¢persion as a
smal.l . wever, at data rates a hi.ng or exceedi ng
i‘g’a@fe or peffingiand frshap %é‘ P@&ﬁ%? %X therye §Pefort so
t hat BllggIﬁls afl Ak RARN 00 B raddceive thdduld thalvingQ BRI Blgh® integrated
usi n conventlonal £ roaches to serial nodul es

RGP 53 ppepers aggordip diggentiofthe praseabinyention- Aqeqrding to

&k Ehbcihiedd oh ¥ Snvidhi@in, @ BERT é{gﬂ{e%oqpﬁ&etg%éﬂg a ch1p 600 having
functlons but the types of error nonitorin

thedpnueiteieye oaensr 20aaRd thepeelyss ¥ oeaer 295h &ﬁl%"f engine 630
b&ﬁ @95%5& Ngé}ﬂardt&t@gr 2t 6orERP 658 vRa RBER TR P a%f( control

qg enment ed reover, the XFP standard requires
650,78 eeotherrerphodiment thaBERE eaging 630 demtegtatedopition |thpa¢>@| gpener

%%dd@@%de outputting to the host through a seria

|nter ace anong other things. Particularly, an XFlI (10

Gb/ s T BERT ehgine eyecaplendrniser testqm)nty mtag@mdgwd@dn therdata paths to
r cei |

B o AL e QAL L TRRCE T RBtoZle RectSd win

a&ﬁclﬂarrrgﬂtsfﬂatthlxﬁﬂntpi@ i edsy paslﬂtsw'rd Mtegateﬁmnnhd ﬂnﬁlscelver module

sed f tiaons e bIe
A S S A0 B iR B s
&, _56161;9623 aélﬁwuge BERlnglﬁglﬁetSMfd(cht Aidreieyd bit quieedet a data

1 urt her esira rovi a transceiver
B DS HieE i, BRI R0 T8 Fgoueg ot eror rate on
Eﬁ%@ﬁdﬁh@eﬂ Pathd &ﬁirﬁgﬁc@dln@f%d?% ntltgﬁalr&ééﬁ%@i pafs 0Pk CSination of

nmponents fromthe nodul e dditionally, it is
B@?PkﬁﬁpgapéoﬁFBVﬁ§§ addi tional functionality, for
exanple error nonitoring functionality that is
integrated within the transcei ver nodul e that woul d
identify errors and performbit error rate tests
("BERTs") within a data path and/or conponent on the
nodul e.  SUMVARY OF AN EXEMPLARY EMBODI MENT OF THE
I NVENTI ON The present invention overcones the
[imtations of the prior art by providing a
transcelver nDduIe mnth eye dlagran1open|ng

L, . " - .
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speci fic enbodi nents thereof which are illustrated in
t he appended draw ngs. These draw ngs depict only

wo yeogd71€nmbodi nents of the invention and are peEUS1006/@08075

not to be considered Iimtikdg of its scope. In
addition, the drawings are not drawn to scale. The
i nventhed?ERT bugittses3susefibbeth and deogpd»sac fiedtion fohend- customers in
Y I, specjfi rQu se of

R S hORE DR Ao ek BL 81 i o o yefdgf rocess. por
xahmlﬂ; aanarmfacm&eranam pemenanntegmtgnssm b ﬁre tiEREdsier RRMLIBP00 to

R0 SR mERIRRE Rl Brvc PP BoaibetiD et imoma patis
oro thel moauie Q200 aminXFRridls Ghdratingd detld@lons QR s @Pedfingd Wathin a

e 0 rs,and.,havin ser.jal connection to a host

"% o1& [ ‘8‘%“86 Wd%fn%ra%ﬁ‘q%ﬁﬁ‘/@? OF Kltags Beegiing. s {eateys provides

eFtr@re &ﬁbﬁnﬂlﬁetﬁ&aﬂf)’ceﬁlr@; théllﬂnddﬁteelllfoa&fﬁéill &tk to Ghdte n%&lflonal
[ OVi eni n unctionality to a receiver

% 13&@% Adgitioatilv, ditethe  apphagk &desend BERT epging @ﬁﬁ) may
ﬁzlﬁlh@raﬁipoﬁd’brh@dﬁl@gaﬁ{léwl di ng eye openi ng

func o allt to a transmtter data path with a seri al

conndd¥| 8 s 1 O‘éi chgteta BERT testipgsmgihod ppegable iataj temsasfvemmodule
}Iaﬁzﬁh@&ﬁlﬁl MRS QO eCopRAME NY bHURLLEYE o ng%@@%%ﬂ%rﬂ i@tlfzfs%hté‘c} 8% at a

on single chip according to an e
Fﬁr%%l@ﬁ ftest Roish R e, tramsepives mpastulen2G0) [T thitaseiusncefs autput by the

FemSseak d ¢
;Iiant e;ér‘eat fégﬁ Vaﬁ't@h’yﬂaeﬁ%ﬁ@ﬁi &g%é%gr?gw g%:ecgst g@d’]isdn oar{i Bumbers and/or
Aa1geigrsra the qutput prea m’c@memreql mvameinory, Thé bit seﬁuer&e mavels along a
ﬂam éiﬁltlg ?ettﬁ&/@d Qtfan@thglot@&: p% nt. rﬁ}%g ﬁ'ltﬁ tfmenl%t s%aﬁ%{ce grg; életected 675

interface 1n a transceirver no avin

‘ @é shidnatediby the ¢irpgdatestan$3 & rifiodenmentte Oéstlhil endévalietidn may occur

d Eié&ex%'o{}é‘ e@n%nmgnt%l coRlitiGRA S Ofmggﬂlt H%é]g 8?5‘%6{’) gﬁ{i)g&oatgst the

ual eye openin unc |ona Ity t
mextube U044 ddfamt |ea‘#1romnnmab¢dndmoh© 685 aisktestth@bit SrrbiScaMbf the

d C f di d
ALl O, PRyl 0 RN 18 ot

ezalggranal connection to a host; Fig. 10 illustrates a

transgce d in DAC i ntegrated on
c hi p% ?%%dl gﬁr ge)§ g. g%gﬁlépéme% % anfie qun a.ygxg@g eauahzer The
dbiarpmth 533@8 OpengrA0E d(t)mlbdl’is@s b e?ﬁﬁ@? 220, Ghieh fh@&'a@srda@mom a
a.se in rate n e trapsnitter ey
bBFFS‘rr’Lel:ag “Q%“tp‘ﬁ%qﬁ"eﬁ tutlsr égQﬂa i g oy HeEr 20 Pé@?ﬁwas:ﬂma from a
regetles and-tlg outdA2 1958 rs@ndsQﬁtltaC todal a6t ABanefhet &ﬁm&t nﬁlg Suffer
?ésan |nteg ?5%? chip wth dual %e openers; Fig.
Z1W>atresiyes daip fuom e host and the fEeas 2l Pab waéﬁj@ﬁt%tom tmsmgttplaétsone
chibB@itiefNBé byeYopbitr 8 SRR ditivhd 4181%{%8%0%5 and a

receiver each having nultip nents according
to afbeRBHZGEARO Brets e %Fae@élm Jittenkadgdt o reshirgng 4kl lleBmlng

B By el L Bom bbb ok G SHAOE uFIsoe. e

eqyadigeng 120 dy ceppldrte aeseive signala G¢pr¢ﬁanmngg:onfﬂctenplfmnCDR$efﬁc1ent
f

idddte 2]16?0 lafd & cldcRW ﬁgzﬁ 3om § C%%F.{"OO rﬁil? ﬁé{%ﬁ gﬁg@n\ tp(r%fiarably an

operab e In a trarscel ver
adapdive, e(m@beqr\that adppisito Iahazmeﬂg:onﬂnltlbmqadueh @Fhaﬁ@ﬂp&ﬁ@@ﬁaﬁlre but in

an e f t he. res vent i
o Sl R oRP 2D Moy B Ay R 2GR CrBhyents of
eqniallaersi a@l dieloredin@nS.rPatent 3pplivation NO. F/25%,328 ‘@'_’yst&n ahd Q'Iethod

ustratio transcei ver no havi n
SR TS 4 i DSOS TopBReh Scasiopiilngied
oh Olosem B30 0D0TR LS. PhtchhEpic@SRMNo. 6048 RO nSys'{ang andlﬁeihéd for
a flow chart of a BERT testing net hod oper abl
transcei ver nodul e having dual integrated eye openers
Figs. 20A-B il lustrate enbodi nents of the BERT
functionality of an integrated chip with dual eye
openers; Figs. 2IA-B illustrate enbodi nents of an eye
opener having an equalizer; Fig. 22 illustrates an
enbodlnent of an equallzer according to the present

. o Y Y L
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operating at 8G nomnal, with CDR bypassed, at room
tenperature; Figures 32A and 32B are Tx optical eye

wale@gogars4 f or an XFP transcei ver operating at BCI/US2006/008075

nom nal, with CDR bypassed2tat 70Q0C;, Figures 33A and
33B are Rx electrical eye diagrans for an XFP
Ré@mﬁtgdméﬁbreﬁ&eihaﬁll Mgicalt DALSSRredFh Waing Maltipie Sfdctable Equalizers,”

BY ROPR LT Siag ot Toierse” 807 oA AL kst Application No.

operating at “&ﬁt}ﬂﬁMﬂd@ippak%ﬂsﬁogﬁgd@mqﬁﬁﬁgren&tm 4PBfiical Data
and Flé%ure 350 s a gra Rx_sensitivit

puran 1n§rli>§}a~6wepe1dea}r£%{1@ﬂeeeﬂey Bson%ﬁsﬂurylr@ms!sh eppl, filed on

Aptil CRLODBOUR bf which 8 HeXalvRb Mat‘éﬁ@ SEGLNR! TIRV (%w&eﬁﬁ&mmay

fiber. DETAI LED DESCRI_PTI ON LARY EMB

pemRsp o Fed sfoaratd fiien dgvingra ﬁﬂm/ igipyep swporgp, a DFE (“Decision

POIIBRL! E(ﬁﬁﬁzé?ﬂ)t PR Ad r&ﬁé&ﬁweesr gp%ﬁnmﬂ RAS bu i of the

descri bed. Eal‘tl cul ar, clock data recovery

equabizer red AP tT@fF}i g applag tor shigifal.t @eppedmmpe ghetleulemnntam Further
BOES t seri al

%%nnec??%ﬁ@h %k&ﬁﬁaé@h S&}eﬁgggg)t%w Il recognize

t hat Ehebe«ahfﬂemtsmocﬂulet Rél(ppesedes donffivnisote andequahzer 2120 by

. t .

PRyt A o, e P e B R 2T 1 g peceive

perdetasiesn tlfe baﬁﬁot ¥:11)-1:1 lamh$ené pimcqoéfﬁcledemgmdl $o the eqedier 2120. The

an Uﬂﬂer st andi

h f Lh
c%ef% n?r{t 'h, %rl 1(5 {n’a? %e 1mepgegg rnéeﬁit1 ﬁrg méWé§0f&%BG? 8h)érmeware. Further

Sﬂﬁbd)dllﬁdlts nﬂthecmfﬁcléﬂn atodtlhe1i0nare discwkeddtovhe practi ced

w t ho S etai.ls. Ln.ot structures

ot odbe RS TR 4 0T coben Al R i espapoovered

tioclasgiall frofshel dath girdahe The CBIR 21301 Eeel&)eﬁe@ m;%lwg ﬂiemeta from the
I ment an_e odl . ne

kel pfGendlD st defcayene it whalier pBupas ofgrainey sl in the

6 ARGEREAISE tHat ERSCDR 2280 infhy GOGUMRCIhE @Rtaih trdbobdlhe clock signal
nmbodj nent is included in at | east one enbodi nent of

® qUhRy @RI therfinte BYh suphAs @b e saualizer PP guput. Fhripgsmore, the
EMROABORAY coﬂnPnééaeﬁé PRt ERAssbdhdrfig. specification are
not necessarily all referring to the same enbodi nent.
Fig. 2igiZBifjustiaes arseeond smbedimgntaf an eya oneasrhaying amequalizer. In
Hﬁ@&ﬁﬁb@iﬁ{eﬁft tH@geHJi Bath ®f Bye opRRer STED g&nﬁ%§aﬂr&ﬁ%z@e} 2150 in series

conprlse f eéye openers and having a serla

vihrdcdPR 3h0Q eowlqﬁlo\gltth e $r2d79}gThe(ﬁqaﬂ12é i raesitnes dhta titpen the
Bh&seNb54 BYE LI 217(51%11&)&& eda%aetoptaé JE&%B%ST& CDR 2160 and

recei ver 215 coupled to a net an eye opene
eoBlizeT RS kipay b@élﬁmsei%sqpsraw@bmg i9een tn@gmt@bmrcu@ Qneglﬂvantage

Ef t%ﬁ g}{nﬁe'n{ txﬂilat tfe 9%1‘@1 c%ﬁﬁlm é?ieo %kh 1%6 a aﬁz %fl 50 and CDR
r optic

serial data streans nscei ve
Ehiﬂelea@ngwlaﬂowndbmﬂesre&erecel ver optl cal sub asserrbl y

t
S| gnaii% C%’%ﬁaasgt e e%‘f‘r clgfn SI big ? 1A %ee‘{" 8Lt ge&ppﬁf{ém{c’xlp'%smpes
aﬂd‘:dmﬂ;dﬁﬁarﬁanah%tm@ﬁplby fein@king 3BarinblbdffeaRPThd dq@slizeh®150 receives a

S vt FrmahEORR 16 PRyt s B hemByenisponer

205b ERdCIRGAE e 2 MNWfiae bhd edha@e dqe@@ﬁéqae&@aw S8 m 2170
mul ti pl e net.hods. For  exanpl e ye IE’Eener and
FRESivesea plaekotignal aerovted by the %lPRg%léO ‘& Zﬁ%amdaamrl&may

&%s@%&'vﬁnatﬁﬁ@dfs&%@éd‘ﬁ’efelﬁye opener 205b extracts a
clock fromthe electrjcal signal and uses that

r ecover ed Te paefReriemnbogigent iher eualizgr 2khEds dispasedon hifissttchip and
r e 0
9"5“9% B R e R Piop DT et may also
.e., resets the jitter budget in the i nk). The
ret|n1ng and reshapi ng function of the eye opener 205
may be inplenented by a clock and data recovery
("CDR') and a retiner ("RT"), a signal conditioner, or
any devi ce capabl e of opening the eye diagram Both
paSS|ve and adaptlve equallzatlon CIrCUItS may be used

o o — o o ~NA—- " Y T T
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transmtter eye opener 205a. The transmitter eye
opener 205a recovers degraded cl ock and data val ues

wo e@aiogaT1€l ectri cal signal that travels from t PET/DSED6/008075

105 via serial path 250 (e2y., 10 Gs transm ssion
line). As described above, the electrical signal wl]l
dmgpra‘a;de @R gelodk the pgtttnl pohnanfitht heuadiye 20 f@&witho 08ging on the
n3a for t radat i on and sends t.he .
PP DA R e ties AT Ry PR S 5REE e, e igh-speca
broalnsgnat ey reiddn tompwdeeed andlekperiznde it degnpddtion)

sub- 245 that converts n ele al
SR B s o afien “Shut et i &8 present
etk A dite pfathabs Mhd tqializz 2280 Sompriedses adahyforvmti YIRS and a

| aser driver. 240 C rols a laser within the
gl’% Eillaﬁ‘?t%ttptﬂiif‘é %BEE?%&% fgﬁ &fwaf&tfﬁt% Ie¢fiving ppalog data from an
Hpatutict alllchﬁiegagiurmy of ddns 1R 2E1dh-cS4 Aty &hﬁﬂﬁ;ﬂ&mzwa -,
within the TOSA 245 is al so biased to the prope
8 perReT Hg0 . peheer &%ﬁfh dha defavlinesPétPars geqiyigthe ﬁeta from the input

SR Bla @E rshitkrt2260 alendPihe AfatL an I skt Wukls. nnfef feed back path,
outside of the laser driver. The transmtter 225

reselvingalisipbdasn o thopmme 23 et eiriqhgieethe sheer g0, p @htradttssof delay
%%Is ﬁQOaO@%h@QFf&Qah%%’fﬂﬁﬁblﬁ’e@s $H@sgn. This transceiver

ows serl al connect’l ons 250, 260 between
t he t Faamdedailines 220, 82200 detry thérdatiy @@ftamwsthatl data bits are input
n
gg{gxh V?(%%@%lte algcﬁ'sé ralg gl?f;e}@ﬁ{ cl%pg cr;};cge? ’%ﬁ% &%g hl?e)égét%?gepn@ tZ%Z?a b are
oouplgdgo oageivi elsalaécg sigrial mnynecmth@rwal%or dlgﬁﬂ data ahd spind the data
ata r u S, rat e t /
go tﬁe %B@?her? %Og hazez)%ggﬁ‘%l "I%E deﬁ%t alpri%y %ﬁa'liag gb 23226)a b maybe
@ﬂiplahentécb in pamusdwm ayb asp:hmuglg aﬁalngttraonmlssmry hhes eompnsmg

ey Eoo R bR Babdeoy” ARET b e e

935 b Thnmulipliérs @23 (abe 2CHR, PFEhbrateecmbihes ofithdala fpdicbefficients.

0 t fer 945d.and a.reference.cl pck
uhe e B0l ZaBiht £ GHiREa 0 Gl WL GRS cysaficana the
cesthtiv@SsignaR Mhdtsandad Beddr OBighdieo MBS yhiert IXS0UTHe Summer 2250

receiver 215, A buffer h, receives the ref n
ePvseites gimapt e i v et apH R S EiRS SEHIL coupled o
rekRE 81p68s GofCke aéedafoﬁwtaad luRELBR 203 0al adeBEM Glid DEE tnfi@ipliers
data _and cl ock signal fromthe data path. A clo

R %aibo [1he sliceh ?%6%&9615@ the arplegosignp ﬁrgtn e éurfl@tae-’—%ﬁ) andg clock

%%&ﬁfﬁﬁ@@n&£@§¥d@ﬁdkﬁﬂhﬁﬂk&ﬁu@%oﬁw%ﬁk@s1 ject pin. The
935b i s configured'to retine and res Ee t he data

pat h. Imopg embodimgely thef eqralizgn BRI emyty @ dligitab sigeal drom i slicer

9230 %%Eyut%ﬁ&lph’st inOthe ERBoHRB AT ANA A WIRGPHE RHEd 9 al may
receives the recovered cl ock signa

S@QUQ chootirthert capflitioniag ch:glf@re 25<tﬁta Tirebad dscisigas ere mazlez @15 kanother

%ﬁa%&xﬂn@&t the %gﬁal °“92()03d tzﬂlafog% 2388 Hom AEGRRY| T2&5(5’5‘utput

that activates the not y Si g I's aresult of a

lsoghsas mf the eghedimétitloOBig) 2‘513 grmlhlch the Bquadived signat isd@fput into a CDR.

contr 99b r es.the L
cont bl Lo 0% LA g B B a0 g e
tnplenidbent Acdata pathrof I“tEe dﬁﬁzlelﬁmﬁidhlerZSOO redinpti@8 atbadk of correlation

ST 25 oz Sn DT I 27D, ferepmop Ty edooat Toeio 2840,

rme BhnkesT cbﬂaaﬁtﬂm@dm@m(tat@ma%s@utam&n &f inpiRBuBébdnd the DAC
en_the CDR 925h js not_able to | ock onto the signa

é%%z%étg oiRuts 2cnefhigieptsignat to ap squliraionan etrythetiepr

925b' s range. The control logic may, for exanple, be

i mpl enented as OR gate logic. A MJX 955b provides
bypass functionality to the data path. The output of
buffer 945b is coupled to a first input of the MJX
955b. A second input of the MJX 955b is the retined
and reshaped data out put of RT 935b. The control |ogic
999b sends a control signal to the selector input of
the NUX 955b to select ei t her the flrst or second

— e e ~rasl o oy " T o r
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In addition, the receiver eye opener 205b and the
transmtter eye opener 205a can share the single

wo edoengqTee£ cl ock 320. Accordingly, this integrBtT/o82006/008075

reduces the nunber of inpu8 or pins on the chip
itself, allows for easier testing of the chip, and
reducBs ltalnk orﬁ eotvelatiomf 2&1©aﬁoon<amtes peﬁerﬁisreelmerrelbmkﬂﬁatﬁbns on

ig’t% cféjlfcégsgr a e bang g fForr rni(}&lgl%,e‘lg Zg%)w gﬁcglr\]fg daﬁa mgnai q“r‘co%n the
psshiifee aﬂid)self(&lstghﬂs to thheA o dapic 282061&3@@] 3B, thecbatiRtod correlation

ke s Sane e Rh S T sl aes BB Tbob e S A e

6t h orhd AQIEI hogdd 28D@ dﬁigiﬁfbsrzﬁiaag %ng@ﬁﬁmoﬂfglr BdokN@f correlation
nodes t he transcei.ver, it e i bl e t

PREUPR e id cFss pél&l?aﬁﬁﬁg?ﬂ%toréeéﬁlwf He?h?égg logic
ap ot banprRbLhensl@pekacte Shultphs huRRRTI tne Fore Y Sirike rdﬁ!but The
205a. Alternately, the reference clock .input to ey

BpanenTols P Sedns el ptitipn & Agtermups eeddcien vahles a%comieg to the

h@b&IrRNEEN FsREKTRZRidr&ontbi%er RESEE nseyaemeﬂeﬂfeeﬁerzgé Buch as a
In either case, a reference clock 320 is still

EEBEP%@TWO@%I%MIO%&M st eoefistent ypjoel gt BAC legic 2840
%&fé?dtéé%ﬁ alat & m%xﬁ?frsﬁlqmesﬁf?ftxtzgf o%c,&é of ﬁiE Qb Ebﬁmmt hgpeof

e.g. post-anpfifier or Faser iver) nmay
i nt egifiat ¥dllesiatss e iserrdptiqn medudareeidingdo bebmwduﬁelg of ghejpgesent
%eﬁtlolnuﬂg %ﬂe@%oﬁf Sutd 5’9’%)‘6%% E)%Eesn%glg{aﬁf}h@fv 4dM fnes 2910a—d a
communi cat I ons pat integrate eye pener
alvedity phyultiplien 282%sediamd rat plofhlityhe iptegsong 2931ﬁ)een fhe multlphers
r n
2SRl kB s Ao IR el D SRR RPRRELors 25300
epemeikraBy>nalnp dnﬂag'tetotsr a?msm:lvan’rege efythe ppsed rinZobhen 1sTﬁlet analog
eye.opener . contr may ,he_acc
i RD G ik Sa ol Pt Rl ke AFie SPOEST AR Bt gaDC
ki‘gmmn beﬂov&pmerb(alMﬁleﬂm cthé ogrrdldtiah nialuldi 2900 gaethtdxadoofficients
i tionall ag e%e qﬁener conmuni cati on nodul e 340
% Olﬁé’e‘feﬁs(‘t@é‘?gaac GRS IHWE Chip to facilitate

i nt el ThegRRtlatOMNuMile 290008 chiffignRe o tdlildentin@bredton function

opener 05b nd the transnitt e ener 205a, For _ .
8£ fepal gtRHTn tpSnks- Pﬁﬁﬁ ﬁ%/ F&ﬁ B’ﬁ% @aﬁhénéws eipultiplier
heonoa thht r&@eiveCRPNE Atk Srd® tHehBtal B Sh Med afgtQ dé[%@rlﬁxé 2910a and
205b and transnitter eye Clgoener 205a_enabl i

PHIR T PR SIZRAIq &t WiegFHo 4P #ihat5oBh e pacRClvdes o weltivtier

SYRLARA RREFeLBpRs Riredil) FRAPTHBAhta SRRy tWd WRIBW Ries 2010a,b
opener communi cation nodul e 340 may have connecti ons

ggbsendsm ougoug signaido e temdtpioP30b- A @wdadatad@f}amﬂﬁdq%wlﬂpher

952(% nght *Eb%!éﬁ'vébqnﬁdi@dﬂe%ﬁ? H\Sﬁ{ théfa Life ARSIl bE& thEY Be1APRRER910a-c
The enbodi ment” woul d | ow t he eye opener

ewshpands emowipw smahtoeansmtergta@r RE#0c: dhe Bembereapé typge md rdeta paths
faar
L3RR ol LR PSPy oA Mo igypion

dhe produols amadnte);aenmpnenmrolbr data link. Fig. 7 is an

i 11 usgrat,i . ont o dul e ha

i nt er)%'l %22'5%2 113& %’rr g%s%m le/seorflT?om qenp ¥ gﬂgon glaarpayalg/e implemented
apparesfshesiaegrattid riycdity oawitkindaatinseiver mﬁduﬂeh Figo L& Bemtillustration of

i nvent.i on. ord n S odi ment

e vEe bl e e Satrtn gnd RS oot rd Fg e vt eve

BpshersdacbitPiag So 6 Rinbodim3di/of e PRt ahv@nE Th 1nt%§r:ht101ﬂreduces
cl ock ollln%lcontrol 383, a Ioopb%é2 contro

BieRpe HiePeoTOmPIRRRtS,ons i frapsceieapqdle’09@nd allovey fgg more efficient

R&tret s %Qt%éﬁ){he 38R0@| doenddie TRY EntERANEAIof %@&EB&JI circuits into

nodul e 350 to poll the clocking frequency on

recei ver eye opener 205b and the transmtter eye

opener 205a. A polarity control 379 allows the eye

opener control nodule 350 to selectably control the

i nput/output data polarity on the receiver eye opener

205b and the transmtter eye opener 205a. A baudrate

control 381 alloms the eye opener control nDduIe 350

a ] o, " . o o " o
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to the host. Eye opener 205a includes a CDR 925a and
an RT 935a to performreshaping and retimng as

wo apbesem ed in Fig. 9A. Eye opener 205a al so P@eBUS2006/008075

enbodi nents for providing a4not ready signal to the
host or bypass functionality to the data path.
ﬂibreer@\sopcner tokmgy @spebequHdrle 2gsindipe ro&xdhwsnwmh:am ingwlzsicid the eye

<|5]p o8 Mg o%cprgtedaast v%el s I%D?%ne%Es L}:CH £38 IedllFé-(lf.-d 3331%5 bm%n-{o]feduced

r ead gnal rom an
packagetsnml anﬂmgst,cre@lﬂﬁb poWemnderptmﬂ,eldnpupeﬂ srgaﬂanwgnmg dc. Also,
an 945d or a

naI r.om ou
el G et botee i §ue S¥iarhs R gBsgce, Taser
Paovindescibynas sighdl rdeﬁecmhﬁrpyandaymsﬁcﬁlw Ridhafikhi dtierivise be
activa%dvvith a si fr.omthe utput of control
PEtpEsggne s badaip B B CHETSCOF e M 0560 | o

an ot hEgs. e adil NENtiildshete T¥thed egdmplen @fld@ﬁ@bhény lmagra’a&q on a
npl emented_in the eye opener 205a. Fig

‘5%}&?‘%11"?5 apdulex fRenifaealy, the pres amgibsy &34 B ge areﬂawdwlg integrated

RE HenBiaf &8 GhdRABI0EL, Y 48 iR dyb %Béié?bdh%l Hadde P4, @ompaﬂauvely,
a serial connection to a host. A MJX 975a provi des

thapseudarer 24Q may be mdridiely Bemated, b deahval 4y @pmwSa 205b
SdnGt ie g@ %bénteb’ corﬁ’xlop Hﬁdl\,ma 1380 OO A EkifidiGl tho RAlthd: 'tﬁ‘e?e are numerous
descri bed above. the first selector input of the
MQXI@?BWHJWW@QS @ﬁ@mmgﬁa@tﬁg@n@hm a chipeqybstraée il gkcordance
%ﬁﬁ@he %s@ﬁ{t; SWhsches to sending data received fromthe

? a second sel ector input of the MJX 975a
r ecei H@scombenabylpﬁa@siugl gitaipehar mtégated with phe a@ andi lggen river

LUPERLS BEbPl P35 AL WPCT5R s o
D}haaeﬂs LiZfOISe,rb Qﬂsﬁaopeﬁhemﬂbxca@mnm@yathbwdbnm @ustadp too may have

R BT Sty b B QR IRE ol f P BT P Gl bperer
ROIK rﬁﬁs&ésor}apda gigied dwbb(feaﬁﬁ&aqr offeb Binctaond 125 bay bé hem@bmted into
redyci ng the, conponent. count saV|n
A B0 e B8 RO YR S e B U taf PE imgegraged with
the a:n;slcdﬁ%eandlmdwr@ (ﬁl&ﬂbﬁdﬂﬁﬂrﬁ@laﬂs WAQ if ditghdngitter] for atmipdglaser

onvert ninte hip with duyal eye :
e HarT ey Ton Fie et et o e By pdfbRels eutput swing,
d3R4hbloedgbpet @ 3Bthe ottyel; hsd Eth@ feadhreSth@adySheSifttrpdritt @@ laser
gr fromthe I C 1020 to anal og signals to contro

¥ ver and/or transmitter components. Accordingly,
cont rmg 38 G ah Sihs@atiod Of @ RASEcived Mdduld Bivink0BGveramMiaelnent
1040, l.aser driver 1050, and a TOSA 1060 can contro
Emsionebiarinispmied vt HaLRS SREHosvAing 1o ) gabodiment pf te present
#ehtfod! CohtrdTESF: éxmr QBEsuBFABH infENbecothb %lggif%ﬁtalde@n&ﬂg'o% the

sent to the DAC 1025 are generated by e control

bRl | desippp if gamdtime (gye @pepyrs arﬁglmplqmmtqdu gtithige ghe anodule 200.
BRSO A R SRR B R Ghs B0 e
oipaseintegbed cbagt §002 Powerydasarmedss integibtod llrsthgmaﬂl opanctrpnlbgrated

P B0MIEF D AR phdFEa% UL s vt

noinlbaimg ualmﬂ atyring gznpArtmﬂarpnme; pefiod. HEhet pawes rdoiwinemodsgemay be

en 4 _or anal o utsfro transm.tter
ST BRIE Phanry PRS-y SRl iigetd 15N ey e usea
gdtbmsﬁdaﬂy as bm |@b ﬂ;ékndmdlesmtefmbﬁ gjfaheeﬂltagtakdfa ersalt. For example, a

i.nt eners A | ogpba node al | ows

AL QP nrbeu e Bt TG [t oYl (085 10%) so that the
Ses@] @$hiop kv)bulda)tﬁehfriﬁé cdrie@RO A Gkbs ARG aRB¥nt BF bRWnB Wil instead only
integrity check of one or nore conponents along the
particul ar data path on the nodule 200 or on an

optical path on a network. A second | oopback node may
allow an integrity check of a data path containing
mul ti pl e conponents on the nodul e 200. Thus,

mul ti - nrode | oopbacks allow nonitoring of data path
|ntegr|ty at dlfferent Ievels on t he transcelver

o NN PN —r g o o - o NN o o o
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opener 205b to the input 407 of the transmtter eye
opener 205a. This fourth | oopback 425 allows for

WO e@biopgg1of the transcei ver nodul e 200 and an BEI/USENG/008075

data path on a network. Thas, a network adm nistrator

or nodul e manufacturer can quickly test the entire

£TETEE éD et thberaowt Fobe abwneceftauigmatin @pwehdowmo dbe poR@Glown
fry BERPSA bt <€ L DRL - thel Qfult) Q

[ syf romthe SoagltzJ gt‘t%ﬁog‘t"g%’ ! %Oﬁggtrﬂéecgfc\l}grl ! {‘é@lgh gg%ﬁ%}? ﬁivgéﬁldred
merresseondsit foutexample odndt isepoveradsdavint e resteofofhe riire. ZpBa. signals

i LT 0, al f.or .t.esti.ng of .the

FRum L b haRR IR Ao B G uaiBE i R of w5y down. 1
adiatiane ot grcugy & thp epeope@@Sibaabe pawerep tivwemivhelatha epabpener is

B DBk Ao hERPIBSH 0Bk RS Bt Bipee

witkinoutrqmsteivkt 6r abnsptielet matsai THegqrowey dowi afvdes BEYPalsé ticlude a

t.he, i nput, 4 of t recei ver .eye opener 205b. The,
G i finp e GRS & HrRPBs Mo e of sgnal for

patphagksod bximéray be integrated in the transceiver
possi bl e

m)duIbIe Zogﬂﬁng is not neant to include all

| 0opbdck® FBHES ™ For BRAMSPEMAY BopBHACRE Y/ oM5ts- For example, the
tifdu@ g o €arly IfOMNhé NOSIfdle Mre@fu_})tiﬁ RedpBiEs8 Ity £ holBNE of the CDR.
gcp}?nﬁészolgﬁ%({ﬁo both the input 407 and_the oufput 417
i s onsign ety they e S5 RmabbsatPuT Rlssieveroisisdkscondition
260 It 8littOWMeh ASIdwRE sfingk HE reda iR sHRBANE PHBARKANOE bEBEwWERd up
optical path as well a conbination of front end
pPHBHb e dexinolingecei ver eye opener 205a and an

opt i CRlIpoRAE Manfsistichi ARk |99RMAS

I nt egr aﬁoed vviatnhl n et he trgnspei \E/}gl?%no ul @eggo%%g(ﬂt es ule 350
tpwicaliy cantpdy paverrenelr oncvarooh eempenemefon thd exy apendrimtegrated

O ATRE b spban e KL ancnfmcipbayd 301 mef My JONA tho PR
enginge&idr popass-Hiyonah, canfroke§H) dpthewe pre208 cheingl éed. O5&ditiamntly, the

' ' ign fromthe host, to .
B B s ROORBESl il LEATLRE 1950 i
eriegivendr P9Sb wr prabsngftert dye opkfér 28%0) if wiit abiespefatiognas® naiy ngstore

j V I utput of the CDR 925a to the
?ﬁ%ﬁﬁ%?%%@gﬁ%Vg%]gyg?%g&sendi ng data received fromthe
out puh cof enfbediBidRt, 32kdst stertighprotaeplimodile 8he wRthid &b asye Apener

h ame..ti t he out put, of the 955b swi t ches ..
el B8Rt I opa el it Phr bE S Shcariaith bede fesiton.
Fdrexauplpyithe GbsttshempPR IG5 motidle 3@ niapdudilitafe dfindbi@nihaking

sendi n he recovered cl ac ignal. recejved fromthe

SRR s nd i Bfsespies madule 720 ARDthe Hort 105 Dusng mrlgpe. th

Dqeceiver Zidtahle 2008ayHeemandod Tolvee BOLIVBqArySB AR Rbst to request a

| oopback signal fromthe host tq each selector input.

iehp prrcedise JRACIPERELEE 1O I0A grplies ththgninayiryeand the best sfartup

c85hddusLsdsiheb S EGSE nbAito i

1?{%ut of RT 935b fr)at herﬁt%{g% datgh?%&%%h‘%ég%g%lgg%ﬁ%eded

tPecFplsie dhe sefuR Psgogiie. AddiEpially the destt HeS OBR @aBunicste data

&ég@dﬂiﬂlhg% ; : CDR 925a.

Fig. A ?tgefr é\tr%egreo?}%gg?ﬂﬁga tftftb f g% tlh? ﬁﬁehl Hﬁ@g L%}g'o pback node

of a ldgaloweymangement ma@uleut and host skirigp pldiol Fodule 80 allow
[ (4012, onents that are.

RHERASR e b 208 W FRTR U, roog Sp Sl e as

mresulo ppwerauhnagineenteffibiengyes tpeaed ahdh@H6n ihachipdesdaye.

openegf 53 and eye opener.205b. I n | oopback _node, an

input%r1 %1‘2& al%bau P‘é’r%@ﬁé’g arlélg%l?c\gz%r PSS ROWTE R CPPRIeR T 2

trpsteiven iodely acapding to #0Gshodmnaht afithe PRidént MvedtidaDR Sibaular, a

receives the data path froman output of the buffer

945a. In eye opener 205b, an input of an RT 935b

receives the data path froman output of the CDR 925a,

an input of a buffer 945e receive the data path from

an out put of the RT 935b and transmts the data path

to back to the host.In an alternative enbodi nent of

the third | oopback node, the buffer 945a may be

- . o a1 T B ~ AP~ o

o o,
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out put of the receiver 215, an input of a CDR 925b
receives the data path froman output of the buffer

wQ@4dd/9ame an i nput of RT 935b receives the daper/psatoasc/008075

froman output of the CDR 285b. In an eye opener 205a,

an input of a buffer 945b receives the input from an

owtlp of opéraﬁdmels KetefBinbd 8&h suchpwta médeﬂno:t requsiing 4 BERT2mgine. In
S DGR D e b b B g fésg

BERTs:=ngine Ifcbrl thxsmb@d ofmperafiormintthcexamplevboverodul e wi t h

e P SRR A B~ e
acandtdion glffefenaanmﬂmehmen twa®hoted @bdie £HE Bkanhpky, &M tddBetioA with

con /ent i.on ner o er at pr |y an_si nals
St HEHSPTS Yeamipey Grbotimgn dickbed mijeds fiat R regier and
‘ﬁ’@@sﬁlﬁﬁerVUyle |opé&@sk205ﬁtaﬁid 205, R6pBdRBlyd adrFpenbdt® &P sh Y de@fadation
certain data rate or_ within a narrow data rate

s gRursAGEERl SRAICfonssoand g0 pelnrely gl dia raies ichgs at data

L Q&KofoBb® @A RthisHeb- RKNEDBEESing fmaRBs él@ﬁf a@h QoflBdRation may
rate. However, at other data rates where

bpematedifer datrabics lavsr thaplebeid AGb/, eCa%wsaenﬂVh@e &ﬁgmng dgpussion
t@ Sendhfly Q:Bﬁ&%{ed' with M@e&@lo% ¥hes &i—h%lru?@ eo?eraﬁ?&} §nd Bg?[fcyrqltaﬁ&nof an
of “conventional eye openers reduces exi

SXUNRAFTE tehsgeiveribetignwlays (BPebypass 4t anelpfherc dpte rafes lwrtkan about
gp¥bLONMENtS. I n particular, conventional eye openers
préclude a protocol agnostic transceiver nodule, with

eye ofPessychfdatagute dimd fis afyintorestahap§Gly/k data ety uspden atamy protocols.

e e type a ta
?‘gll%% Id%[}%x da}VS\A treg% g§ FhEan% s(?{(g)/rs1 acliIXB tate? {m@%}% ﬁ‘noi*'l%re 8Hann91 systems,
ialthaeaigh IﬂImSC&de Meanvealylen cnqomtehovtrayela l]nnmwétto ma:t hycqma&slon with
hr augh ock o the data

8l g a4 elBadd I8P Breyty O e 3¢ b frrBpmpents and
[dati trates) hawell.t Mrepmﬁoﬂeﬂﬁ ranrm;bohmedesf ’@Beﬁlvdnﬁon concerns a 10G

s-thro dat eamh e suc
CPSEe QMG AP AE T B RP 1o g BT PRGBS dii gfmerl
\sbiififurhtian nag e Rirpiiyed jid m)&rcﬁauﬂg,edr ottfedsyssasphEapplithitions that

e hahE Adnate: Dbl Po bieratusn 1 funur sivainied vith the

@ilﬂ@f@iam&iﬂ\ﬁr(b’t@m&ﬂéys aMeb @k Ereferi@F Qo AR ERAErallyd cB@Esponding with an
&%' red. Additjonally, the functionality allows

Giflafgetsasserigied é?‘éﬂﬁ agowsrother profaeolso occur wi t hout

t he ppas@Hgeaintib1oROR IFAA 30.£98RAEIRTII0D) Jtat Ua[r@ 15?$V1ded
the eye gpener. The pass-t roug}h functi onallty of

SYEsCHREpPmeRis ofyn @@m}aﬁx 1RGXEY teagprefvsT Fl)éﬁlsdéb"é%\’é?%@ operate
QN3 ¥BBLhAM EDR 1¥5ssORGBRA gk;ﬁermc&% %@o@ om&%ﬂamm A& following
eye opener may generate a LOL signal which I's a signha
dfsc@sém o the @&emmnmmmpbwmwew mmlsf mncqrmdswnh CDR
0

zfegé’,ﬁsg J{éﬁ?@ﬁfnt ?ﬁ fl&éiggfglg t . gtﬁqgc%h%c%:a de‘?tLo% ot‘i)lgr systems,
degeesand @Ilgwaiallms dascthsgi lnewml nterface. It is
recog h ass ture abl e as,
di ag ng}{s T%%r gn%%(;g@gugégew :{Oggl C%ESD 8 n'?S lt g Py éfge rent than
ttypadal aﬁ(éb/v\napﬂ‘llcmhdds,esulch) ak B.5Gbkspaxgereadlt d)ﬂ‘EECBRebypﬂﬁl’féerture of the

R EPRABITE R0, AR ST B PAiFSGH 4 B 'pAvPi dhe GRR i

and B¢ ﬁhtpﬁlr c:.]lﬁ%ﬁﬂy ONﬁ:ﬂEigig%Qab stheddforR ¥Rt Hed Eiguz2E) ﬁﬂgura R4 discloses
passt rou tro Int eye opener contro
RS & 9% BXemBlaTy R%?%@Sfr%ﬁ\f% Shile iy 1Ss°°§‘te€}eéd‘”th an

within a fourth buffer 945d in the receiver eye opener
205b without resetting a jitter budget within the data
path. The fourth buffer 945d is coupled to a bypass
line 532 and a first CDR 534. The pass-through contro
510 toggles the output on the fourth buffer 945d

bet ween the pass-through line 532 and the first CDR
925a dependi ng on whet her the second CDR 925b can | ock
onto the data The bypass control510 may be deS|gned

a .. ' oy
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enbodi nent of the present invention. A control signa
is detected 550 by a buffer storing a data stream In

WO emponseds t o t he control signal being in a firBCT/ESEDE008075

(e.g., high), the data streamw || be passed through a
transcei ver nodul e wi thout eye opening 552. In
exespiamg FOSAL hrd lentirivdr, sndFighrel3Ri in direatedatosacaxathphisatantroller
g .g., low), a eye opening is performed on the data

‘ream 555. Fig. 17 is an enbodi nent of the bypass
f unct Aooalettivelyolisdogtddy thy EignpsrBOA thédugh GhDashel XIFF-tr@isceiver

ey osangE st B RS pees dedre R aninids Ry Sk inlude

aiaghdsiic BRdiutions, fahd) XFPORRE&IRT & cdhectibat it aitdinal réb@ddrdming
fromthe host recglved into an | nput gf the buffer
ipgtrugtions Tefepvsd dTop £ hgshdsrics by Sw £ GORReCH Py as the XFP

O6kp8ctbi03@3 biNPidhre0f0H. han RUE feREmBA 4 DemNaAIRH:, pm& afp th®ceiver
buf fer 945b sends data path_to an input of

feliden i figial 2@@@8@%%&1&% sheyVph C?réialf?é Wef%mkmcate with the

bodtRNeSIE 3602t Ad RS 'e}éﬁﬁn{srcﬁ Mhd REp ReheHvK:. | BhO e}@ari‘nﬂlé'] Btituch a
of a receiver 215 and sent to from an out put of

digitelj djagnogtics IG hapmay hpgmployed idhobinisar Carmdl Chip @Eﬂ@”) Other
C e

gffgftﬁ Hia%nofsﬁ%?l(?sn of L&B%%Brgﬁl{e pﬁl?@clo?%t%eﬁlg}a ¢ ?tgl;ntdg‘a A loyed

hereevdgat a to the host. A signal nay be |ncluded for

nanua#ar@éﬁ?arr % an&olﬂgr lf@ Pps EP?@ { er drlver 3006

signal s necéssary to activate a unc |on

dissloted sSeBignts GOE, byt waeilen &pited ek amhvg conictatpt (DAC) 3008 dlsclosed in
| izat- [ ost (o 0

B e g BT AL PR BS L B Sl R

pOG.eslgeaigl byTthe coratollee U002 gmtﬁe elx'e‘typlbg' 1ﬂm~itﬂa&ad atrangement the

gas%rr &VFI@O%E : agnga; gotc?a%edg(éBR%ﬂ ﬁ] ﬁarg‘i 13 Sgpa{ e ggla é%ei agleé driver 3006,
Bwalsomab]tmtfva rabbdin@his] e WDRNistih@rpuedted @ddihe Jasgnadiver. On

Wit it o Bt o 0 2 KGR ighiteiveringladss o ROSA

SOIblStGIdImé(ﬁeJ With the tIRO8AGo RN apesthapilifier/ODHI 3086 tHay communicates

vi ded e opener. Fig. 18 is an illustration
g‘?‘tgéhetctoﬁﬁ‘g\éé @g?o dul e having a BERT engi ne
I Nt egwath@éettioh Rof i barB¥i8aOREREY oF tiRCsemPlaROXEP tralﬂhcelver details
enbodi ment of the present invention, According t

BiTHRFGY et LORSFMiTEe 21 ﬁ%ﬁfq%fﬁtwnaoéﬁmcgﬁgbﬂ@ssaﬁemngnahw at the

BI3GBG dtaeMtd Nndpabitulr,00Bit BAWeNUFE BEnsbERGSIEEL EEPR@Metable (not
opener 205a and the receiver eye opener 205b. The BERT

sy ds 8o evnbsr prsdisable the G hYIgj’éFn gy Blbit gpn be pigpet by
S BERT o)
S A L A R
WamSh@ﬁerch\@rfegﬁ@akﬂ@metmm@m ntsirfapepicl theeX BB conngdier IBRT
engi hey fhe fhinstiGs dbRES Oﬁlmlﬁn%en{g)egﬁeﬂ)tlee’dat Wug mcgtlon the
the data pat to 1nject an recelv it sequences
tsmitollar E(Ué%‘)dsenés & egnalt hethb iRx_leypass pindtl eofathe postamepdifier/CDR
| thls X I t est
g%%%%%lédrg gb]?f arﬁ%{) & Tx B ass pip g r?g(liz%i C\?I%l}gﬁt?rd@?e:bsigwﬁ 30C). In
&g way ethe dbepiss fﬁlmnhoﬂS)f[Ztm pbs-atpBi&/CIBR D06 atd GHéSCD@nBIOIZ is

PO R TITER M TNCTNC T

ODRa. data path. Using these test points, the BERT

engi ne 630 deternmine a bit error rate on externa
opti caf d&a??&%yéﬁe‘ﬁﬁreah?r@@héﬁ epsRofaR, by ReErmed automatically in

Rdspeilsé k- dechad BSthe Hatd r4Q R cAPbd SRfofhedQithal) Sﬁ rulsé‘r%b that the
and optical paths. The BERT engine 630 is useful bot

as a diagnostic function for end-custoners in thelr
systenms, but is also useful as part of the nodul e

manuf acturing process. For exanple, a manufacturer nay
performintegrity tests on the transceiver nodul e 200

to ensure that the nodul e passes a quality test. The

BERT englne 630 may test internal paths on the nodul e

P ] o o o o, o o s o o o



10

15

20

25

30

35

by Thomas J. Lenosky et al, filed on Novenber 5, 2002;
and U. S. Patent Application No. / , "Method And

wa\ppangd7us For Reduci ng Interference in an Opt PCHUSIA6/608075

Stream Usi ng Dat a- | ndependesit Equal i zation,” by Thonas
J . Lenosky et al., filed on April 17, 2003; all of
wier ocln asekech epeeific sigmats ptol’oapafssl thy GR.er Aﬂdnaona'llh,e bypass can be

I 212 d f
%&Po%nnlle& %rf Rie getemﬁ;bul anse § %%% gaegs Jos %EEea(:ﬁl Betlg ra% IH a selected
Eeedbﬂmﬁmﬁmuhhumes ), or the like, either alone or in

anal oRC BT R PA R OB DN GO EHE IR A AT g ivoked

ther hber seEbedicreemicsl @htat passeqUdtongler the LX@Pam@nsceiver and the

|scu ed The fficient mdul e 2110 provi des
%8%1?1? @P%Cﬁf 3“% epdhe0r ﬁﬁgﬁ. 380 $po d1Hre 05 u%&‘iQ’Ffés the 8.5Gb/s
gbaneg!daaf b @05@0/@&1 bpall adtd strddi® 1160 @f bk lRntheaaghd! aeﬁber In
2110 is égug 35 to receive the data fromthe buffe

siypiaL, faghi Bhe e dpig) stigpm pegivaf by dhe KEP éaa%ﬂeweelaasses
1%1;3 thEhere 9Rhdck & be DerRE W ﬁca%lt&nerﬁycota@ermp e ARMRO9A 3014
ardware, software, or firmmvare. Furt
enbodT%lﬁganyt tp hBigerse f HliAc iteapehddulie \mmp’f%d @bove that some
T
Sheinantobh en TSR 2120 LANLC it A i,
$uch s ieerfpamed bt reeeimr AT draGDRINSO openesu}fk add t2@5b or by post-
rec h u 1 e
m )l e\f/%ﬂfﬂglljj?%@t x eq%?é a?r {)é gffté%ed f&g %@Taaﬁ%s C}gwg’r {lllgn About
é@@b/ti, sunh taheabautt 8.6f5bk for @@:gnplz e AhFigurdse3 EDMQQO 35myd1cate
t nal. fro

%%ﬁl%hl\é%%s{ﬁﬁ? hzg@ b%er&gbt%ﬁ%f) Yith IB% 521%119 %lélsg T usm% au§]I5|G%3ésrCDR
Bsii28s. out put . FurthernDre the CDR 2130 may conprise
the v at l.ons ssed 0. 2B iJll te
a seeﬁﬁ eﬁ%eﬁl:&ﬁt¥o%ﬁ%hg%§@1%%éﬂ% dipstoms, °%Rf§ﬁ9sz£]@mn
egpataire Figukas 3t A ﬁdemﬁ,dﬂe Bﬁ’ﬂlagrirhemdﬁhta, daadng otfer Eyiges, a wide
83gener 2 O co ses an. I %ﬁgrln se ies Wth

e %”E‘%gl& tf Y ’éaEFHta N diagraps for
B.GC}BISV&gOTdBtF@uHsCMN ad 18, ﬁﬁﬁcaﬁ.’e’l@ﬁadeaé&ntdye wiRh r%llﬁﬁ)sk hits or

uf. ta t t he . buf 5b. The CDR 21

e i Bl et Lo S el b A pvigh cxfbied
htbeghahReht@br cui t. One advant age of thls enbodlnent
is that the signal is condltloned by b

equal 1¥efledtiesh Perfmensr of1the 100%HE ﬁ@nstcﬁ“’%f ‘I‘S&Ee‘?n Btib/s CDR

BYPas is'faoRabld & wENt AdShg bihel HEnd nﬁ%ﬁiﬂeﬁ@ﬂ& a8 358 Qisciddan Rx
t he equal i zer 2150 preferably reshapes and outputs an

e}ﬁ%trleﬁé e¥e diraramgyyith anwide pgen Bnfosla dats e of 8.JHRs at 25°C, while
ﬁ%uet Isagrana J_v,@ﬁ FiRRSL ¥ERxR1dhREKeR] cﬁfﬂg]?zlm Bh@m LI o EQBﬁye for a

to clock the equalizer's di"gital conponents
dﬂﬁ@%ﬁﬁﬁ?iﬁﬁ#ﬂm7oﬁh7o retime and reshape the equalized

o5 0, B B b U8 SR E bcr

trémscargarivaing en $. Sﬁmgéﬂpm reghihits gopdesanditivgty. Specifically, an Rx

SRR b BN £ SR08 850 o1 0" sposed on &

seconthushFigured BeA fthiosgh 85 iiplicasy that gaglopgfontsnca caiDBe tobtained

RIS N TENCEEEIN S T 2

éﬁmt engRainsdnis, of e iAMdntibA avi@ht dﬂ@bx@tﬁlfﬂa@m 0% Xtp ganscelver can be
ower ed and

S cl ock mai n
Beler TEROR PoSs 3P Ran e SHODRIIgbre S5om gifmis, ks nofed corlc
equal i zer according to an enbodi nent of the present
invention. A data path of the equalizer 2200 conpri ses
a feed forward filter and a feedback path conprises a
DFE. The feed forward filter, receiving anal og data
froman input buffer, includes a plurality of delay
lines 2210a-c, a plurality of multipliers 2230a-c, a
sumrer 2250, and a sheer 2260. The delay |ines 2210a-c
recelve the data frontthe |nput buffer and the sheer

NSNS N .. o g, T r r ] T e |
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The ADC | ogic 2820 digitizes analog signals fromthe
bank of correl ation nodul es 2810a-c and sends digital

wak@gnabei4 o the mcrocontroll er 2830. The ADC POLUS2006/008075

2820 conmprises a multiplexe® to nultiplex multiple
i nputs on a single output. The m crocontroller 2830
be\eevealtg@ rsq':qphmf the invettennis met hnﬁtfaﬂitciSeiGb/s/ﬂaltdsﬁﬁather, that is an

e aut correl ation result
ReRIAL TR RS B8 8 bin b ot ey Yie e st
as a BEPB@/M 01|1veatlm _uFrrzlmdgﬂsé\remtbeeg%tz gﬂer RPé&Sentional transceiver
ci ent, va e i.C enerates an
%‘%g 1ce)sg Aél%ﬂStal?en? ofh P es dl?adci’ 61 QPR VEohe PrEOoTRaageyof XFP
tram;bdfmérl modlﬂéﬁSOCFPFﬂreglsceﬁér Inhdduh‘aﬁ ra2d @mald f6iH FRLA dp@bal modules
'g ar ding. to an e%?%g}ent of the present
?%e\lﬁeﬂllgl "Tﬁaee GPrrarmat 81 e 2900 conprises a
pl ur aAndtNeeren&m oithd pRRGst ﬂﬂf@ﬂtﬂmdbs tBatRhdl t@hdotiVerGhodule may be
ggltl pliers 2920a-c, and a %ura ity of i ntgjgrators
ger4 1Rto sepal copneptorsi n@rhostrg algdherl@n?ﬁr@f SERBEY cemponsgts on
Bath eHobdng tHHE&BivaSm&duld %51 &€ l)i)e%eﬁ;r}ﬁiayt l:n:eplécgﬁ Gtk Qshit and

2930a-c_are preferably anal og integrator

%8?&?1?%?5% t%FnSPWéhﬁrd@?eﬁﬂeamﬁW@?ﬁnil Fathinsa mﬁé@ﬁ@daﬁt@g budget. The

feloS bl JfISY RIBISEI HpBthisC b et 8iHe O &

data i nput so tog?gt an output t H%B%qufﬂeﬁtg, %é%ntg%‘s‘%%e?cdmp(s)

festgaprsviBe campaasnt eesbrandt lsduces ﬁheeteatur@h amgw chnl & cRiP Obstrate for

gitgs coefficients without necessitating a

training sequence. The correlation nodule 2900 is

conf i 4updditione] ekl oif dtcepresentautention rsehaapalmnulémﬁmctuoﬁmtﬁﬁ may
6t ' A

PR AF on b Rk Bl Yoo TR ik Bneion3 08 it cotmol of

Yagions velqumptat mct!udmgcdday eya openbh;e vitah aesdlr @anactio Thls senal

in Oa and sends an out put si
R iioR (bR e LR B RSl Sned Rttondhransciver
mrodulé. $®Onmﬁ@bnilhﬁisfprmdihg ﬁmléiplﬂeplubﬁ)adlt ﬁlegésg%at ﬁfg? B gsed to
ata str after el a es a, b an
tteg &nds Panou sﬁ’agrﬁacfn fogh ﬁ’r? Tanseeien ul? §305Pticel pahy en an
aiabla:dplmthoﬁkn Ehﬁﬂfb&ﬁoﬁ FBERDleh@he 28806 hhatatdd®6€iMeRodule to
%lgﬁgtg, dlre from.the data streamand after three
2 ﬁhl"“i'%s §9 e ang ponionpg caprbiity 9t ths jogrback yraodgp These
ﬁlﬁ(ﬁt&)@ﬁlﬁkﬁ@ Mo INE marifReti gDt ARE ihsyAIRBon SdstsdflisP ﬁ{ehiﬁtemal

vary. according to specific inplenmentations wth
tF*ﬁélg 98%%‘86%&%}%@0&‘%%@% SR enchepst effrstipe @erbeci@f@as@ng than
@@éntibAal destThEpro6RARtE0l | er. Figs. 25-27 illustrate
exam] es of conponent integration that nmay be

i mpl ndeld 28Qhggapenelt of hthe| preaquyt amsention r uthat aopass-through
fohdtdhaitd xﬁefyal'}bs&?égi’a%d Sl tﬁmsé%ix@r Ir%%uLSTﬁig d)ass-through function

illustrati on of transcei ver
2A0¥F ithg EanSP@Heramﬁuﬂea@e@peta@rpoﬁ:éfmm nefwetking etyiraiénts having

BHALntQME AHRENRSe g&%ﬁ{lghlﬁgn}eg ;an enbodi nent of the

present inventi is‘integration reduces the size
of t H&8eresentiorentions moy alsh dndlrdenmmer wenagencn ﬁm&ﬁﬁal&p that is

I nnectlons bet
lﬁée#&cl)gas&gé%%ﬁ?%r %ﬁe 't egriat i o OP SR mf&?”(?ﬂ%‘? allows the
dynaroigi ¢®ﬁphbbphweregoecannmnans R ytha lnsaluReddtgi 5P loBeration and

he envi ronne whi ch the eye opener
llqS'(:t‘i@ﬁ{%ﬁoper aatrgS sPRRET 15 RB505 Iaa%ﬂeaﬁ Esdugsdion ﬂéﬁfkél‘?sas
redu Gfﬂﬂlep ithe kst , 1nVeﬁhdth Gﬁs ﬂ@@]k a€crfed CinaBaif Q8 tregards to a

red ced consu roved signal integrity,
PRECIVRY, éngfﬁa .u{lﬁleﬁ%ﬁ‘gqﬁ FhiPo %’Fr%ﬁrtpfuyn ey epbodiments of the

préseRgingéiRidn Whiyhbé appiRd QY & Q%P&{der Ro rwe'llnskﬁﬂ‘lﬁgnallgiaalgﬁe the

bias control circuitry, signal detect circuitr an

other circuits which m ght otherw se be |ncorporated

into the postanp or |aser driver separately. Figs. 26

and 27 illustrate other exanples of conponent

integration on a transceiver nodule. Specifically, the

post anplifier 230 may be individually integrated with

t he dual ~eye openers 205a b and the eye opener

ey o ~ N ~ o, o o
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within a transceiver or transponder nodule. The power
down nodes may al so include a shutdown node that turns

w@bdostai€ye opener in response to the absencePOf/U82006/008075

signal for a particular pesdod of tinme. In one
enbodi nent, a conponent nmay operate on a duty cycle.
PEseng Mnmicel, hats foeerc dlescuibert rvyithmﬁaeasa ity cértain eeenplaDf emhydiments,

E’iﬁsep %@J Cong? ta}'to\xr/]ﬁl B O%ISZGe t}%ag vari 0 m{c@ﬁca%gnsalélfay gDRrowc{ed For

oxitnppld, othdotypuest cifchits ey bSed m’lfbldtlcteqrtted OE6peCin e§X tlﬁgr,am at a
power avl n S.rea nce.t he

BBt PR P4len eI o h Gt S A1t caualzation

DIOARLS mxaibag&ﬂﬁbi these utpdsa8 081sv dnb iskilledia tBy &t Q’ElEféGchmze that the

contr nodul e 350 nam c control s po | evel s

Bvg aﬁ?SBE%th@o B8N éﬂfqg Bn r‘?‘%@&(@ CHOERE 25 ﬁ‘fvgzlg r%‘f"@‘fihngly’ the

€ink GotalitiMscribed abova iR @t nichf: th BWRInIIFR RS 8 BRI YpeiB il %ay be

805 .may shut domn t he BERT engi ne 630 or pass- throug

BT BruzDer § froncpits usgd & HEEOYsER Hgnalh sl asaipt Gapsipngys or eye

bigeROVer nanagenent nodul e 805 may decrease power to

a eye opener (e.g., the receiver Xe opener 205b or

t r ans e ReseniciiEerdign Asy bo gmhydied inj athqr spesific fopas withowy departing

ABFh T8 Y%phR SOt 8eRAVRharhQerdshEs. €Y EheOREREhedMBR N0 519?% g to be

In one enbodi ment, a host startup protocol nodu i

gensideredtinealleyeaspestsepy as dHustistivayeetlinet sBicdynarfiheacone of the

I 0 t r

ROV S, BOURE, (UGS OF (RORINRE Tl thle s by the foregoing

d@ﬁdupt@ns Y9! ¢hayges adidhi cone av /itain theicheihg mehdsgeak] emgvalency of the
celver nodul e 200 and the

g%g@&ﬁ%@ﬁmgﬁgﬁﬁgﬁrﬁgl *{ tlon the transcei ver nodul e

200 may transnit a | ow power | evel inquiry to the host

to request a start-up procedure. In response, the host

105 replies to the inquiry and the host startup

protocol nodule 810 then powers up conmponents on the

transcei ver nodul e 200 needed to conpl ete the setup

procedure. Additionally the host 105 may conmmuni cate

data descri bing whether its protocol operation of the

dual eye openers. The power managenent nodul e 805 and

host startup protocol nodule 810 all ow conponents on

the transceiver nodule 200 to operate in a sleep node

when not in use. As a result, power nanagenent

efficiency is increased and heat on the chip is

reduced. Fig. 29 is a flow chart of a nethod for

managi ng power of conponents on a transceiver nodul e

according to an enbodi nent of the present invention.

In particular, anpde of operation is determ ned 850

such as a node .not requiring a BERT engine. In

response, conponents not required for this node nay be

power ed down 860 such as a BERT engi ne for the node of

operation in the exanple above. As is evident fromthe

precedi ng di scussion, the invention may be inpl enented

in a variety of different enbodinents. It was noted

above, for exanple, in connection with the di scussion

of the exenplary enbodi nent disclosed in Figure 2,

that the receiver and transmtter eye openers 205a and

205b, respectively, conpensate for signal degradation

that occurs on serial connections 250 and 260 at

relatively high data rates, such as at data rates of

about 10CGb/s or higher. As the foregoing nmakes cl ear,

such conpensation may be omitted for data rates | ower

t han about 10Gb/s. Consistently, the follow ng

di scussion is generally concerned with aspects of the

structure, operation and performance of an exenplary

transcei ver that enpl oys CDR bypass at one or nore

data rates | ess than about 10CGb/s. One such data rate

that is of interest is an 8CGb/s data rate used in nmany

protocols Amother such data rate |s the 8. 5Gb/s dat a

o, I N — ~ . I T I T
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digital diagnostics IC that may be enployed is the
Finisar Control Chip ("FCC'). OQther digital

wale@giostd cs | Cs of conparabl e functional ity nBgT/US2006/008075

alternatively be enpl oyed Bowever. Particularly, the
controller 1C 3002 communi cates with a |laser driver

3006, disclosed in Figure@QdIMPy way of a digital to
anal .. (DAC) 3008, disclosed in Figure 30A

The Io\gls}éc?p%fsl{n%ggs'?,oo& in turn, operates the TCSA

3010, 1.i ndiActaneckiven miedgley @nbi€ipg:as di rect ed by the

control | etﬂIO% 3002. In the exenplary illustrated
arrangenent, t‘AHe | aser driver 3006 has an associ at ed

CDR 3012 tlkSA;s separate fromthe |aser driver 3006,

but in sone alternative. enbodi rents,.the CDR isS :

i ncor por at @& FhYY8 PHET FLERY @Fﬂ‘g}é‘g a1p5 g C‘Pr@rll%fe\‘}é? receive a
si de, firsingrialSelelitS@l da@cstictim Hr@gui e BODA, bh® fukftRr including a first

[ i ncl A 3014, ith th
oS Sl YA B i B St o s
COMKcEah Bdatdbtfedmt HaQing Aitte@ VhiBE tHatisIA0R e at Yd first output than at
atten]tnl ﬁn now to particular aspects of the exenplary
XFP t'PaHStBPYer, details are provided concerning an
| npl enent ahh @GS eyelGpebddRiRURGSHILMAS tl QBALd InpuftontiBfired to
8.5Ch/s data rate. In particular, a bit in the XFP
t r anSeSi\Pet serond spnpbratygticab data (sygems prsinvfiirthes ingdingoa second

enabl gk aRbupf K e sdehiRi &%Qﬁée%tﬁc%éf‘&e& | %am-rél@sep ltc{ th% 3‘68A,

be preset by nanufacture and can also be set/rese
a prdbe M seiel elsetrical [Wetgusgigam heviRgR jitieamsloeithagis lower at the

2-W rg.38%k0 httﬁ&l%‘t‘lﬂais% Ja9u-nLgr face in the XFP
connec(t; or 03%04.. hen tﬁtge M’t%gnscei ver detects the
bi t changéypass tiequithi eonfigered ko that gtdertst o, ofttheeserial electrical data

cont kL vl 3535088 ;3oL D PSS

and tedectrivel dite Hycpmd®s pidata 2atofess then £DOR BAGbS. (see Fi gure
300 ., | ' the b [ f th e
post Zamp 1At et oS s SRAE ok Yo b Bt ety s

tdndigured cei peaalitand lehstaomsariof tthel sdhddlaclsdtterdl datofstredd@uto bypass
8.5Gh/s. will bypass .those As di sc] gsed sewher
frrSting e oia eatul N ey phan SR caly ety e has o

daspendgabdw 8d6bicti on of the data rate, or can be

e R e B T
wilhl tHeiFiaChyhnelgypasss. can be performed for a

predet er m',@ed ra&gve of data_ rates, or for each data . )
rate n aT8p| BEBERyr Bupedird dinf eeFent. dhemiy fhedransceiver is

feb@itfallp dok@flkt WM XHPNESA! | ustrat ed enbodi nent, when
CDR bypass iIs invoked, the host 8.5G/s electrical

data passes through the XFP transceiver and the

el ecty i calthoRiahscives LONCitEMdn Bhim TOS 3G I GUELRy 1
30C), converts thgeS. SGbclls el é:ctrPi dal %at gheg %%sgﬁ%ﬁy 8
eqnfigwed suihatdar adats yatedpssttheatabpwt 106bMs: | aunched into a

fiber. Ingsigl : | L cal .data

iR st Qrial E«J&&& ’ P
stream recei vgdgi)ri/a t% e Elpd%tggggagg@éa}segaﬁg%er%ce%v%lg%% opener
t he Xfpuitryzandcei ver after the optical/el ectrical

conversion a h A.3014. Turni.ng now to Figures 31A

t hr ough 3@1,6 }Se{cgl\l/\(/gggr%t %%cgréc%\ffé{at AAFYS ﬁ%asﬁ’ﬁb%giq?é‘ﬁt? °r eye
of t hpenenveiaiitron are i npl emented so that signal

degradat i conmpensation,. such as i r f ornmed, by ..

r eceﬁfger gﬂﬁl qa?’gcr‘?évﬁf taﬁerfclé%e“bﬁgﬁ@ri’ gg@ﬁma% b5 gircuitry
s fasint sbedhd péiatid line faftchotHIR(ddi33pondIRY tiGe RMshHiRS eye
for data rates | ower than about 10Gb/s, such as about
8.5CGh/s for exanple. As Figures 31A through 35

i ndicate, favorable results have been obtained with a
10G XFP transceiver using an 8.5CG/ s CDR bypass. Wth
reference first to the Tx optical eye diagrans for
8.5CGh/s at roomtenperature, Figures 3 1A and 3IB, the
eye di agrans indicate, anong other things, a w de open

-,
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'opener but

conponents. An additional benefit of the present
invention is that particular functionalities nmay be

w0 nioegoeied on the transcei ver nodul e. A firstPCT/US2006/008075

functionality is providing3ontrol of various

conmponents, including dual eye openers, via a seria

C)ﬁeﬂﬁﬁ Glic@ifty ablli She SREdRAl p6RIBA ColreQondiBE U6 e a6 BRI opener
i ns and connections required to control the

FFﬂﬁ ei ver nodule. A second functionality is

provi di ng TRl frdnBéefvek QOREBARY RIBS 1 hAlerdBYLD Gecb®€TedeCopener

test. conponents and data paths on both the transceiver
RiseHTe e d trapsiites °}5a RS neligHitelt £2sbheempésener fespective CDR,
Eﬁﬂﬁﬂ?@d’emﬁ@retlﬁ‘w% &Ndishgsmay be integrated on the

nmodul further enhance this testing and nonitoring
capabf5l i tyﬂ@ftfaPWélV%@HEfa‘@ﬂ imeleies |, Witsessreoperation of the receiver eye
bpaet SRR Al Bindn MG S

[ %ﬁglt%a 1I a?%yl oan colgtng beca{g}?e @Pﬁf&{ﬁ%y{ewm& ggtz}%egecged data rate,
descr ?-bed Bisdveasqsivey pieesiterbineclaff 1,cilemtin dpmphss oS the at least one
3 han conventional testing
grr%gggélﬁr{%éﬁﬁégg ﬁq]% O%llrgg&g#ﬁgcah%eneflt of the present

i nventG.on The trzhmtel@r ms&citehr oughirh uncﬁlnhﬁabommsmydlb@osncs

the scej.ver nodul
LELE0 AR e ARGV rBne el Dumenptaieastape of
tpdt@lse amda,thb’f(f)&Aent netvvor ki ng environnents havi ng
diffe;fnt r‘{Qgta r.at es eye. opener requirenents. The
prese ?ﬂsf%her%%? r%" HiE¥ude power managenent
functi onala plyratityadf domponéegthat &€ sabstidiialty E&ﬁﬁlfaﬁt Wﬁh the XFP
rmdulnllgré T?ﬂ‘iits 1%ower 9\3 enment fu ction all ows
dynam’BAc 8 # ICOH‘Pa'[g@ I 155 B %lﬁhémt?h Sy e n%‘ﬁdtl‘éfahty of
duri ngnipohéntoipangihg:on and installation. As a result,
power is conseryved and heat reduced on the chips.
Wiile the pr es8dP%%venti on has been described in
detail in regap@®Ia@ a transceiver, it will be
understood fromthe above descri pt| on that enbodi nents
of the present ISCRVRINYEAPCRRE\PilgRtry dprlpding ¢ dirg input configured to
transpondggcefs aVBlst serfdd @etctrfeﬁ‘la(lldté/ stré@?ﬂehgmt BEMRSEMNG further

i nvention has been describ rence to cértain

exenpl ary Testeg aefitst ounonbéleowh whish tha fitste serial alﬁctrical data

recogni ze shHa% E)X R %Sﬁﬂpgéfrfai 91@%9&1%&5%)&«:%% }B(/ﬁ)l 'adﬁt%r value

For exanpl e, her types of circuits nay be

reduce j i tthag s lewerdipén ﬁaﬁ Oewt Hamagrthenfizat inputs r ansce| ver

or transponder sive an

adapti ve equal Fgﬁa%mﬁl(t)eg & &”péu%mgg u‘l‘;% Sre tifegy  input

pur poses. cpbfsgyredooeresdivd h edcomdl sbﬂnzé eductrical ﬂdta rsemg rind efurther

that the descri t|o | 0 rec .

circuit ry%%g%?n we § 7eCRY c%u i ng?")égh g%t Py %ﬁ“f‘]‘t agf&mal data

descri bed saéxmvpasses e metl‘(maaﬁte stenbi@eriall Bletttich] ldiXa SffcaRy Raving
unber, of circui}s, used

T st Lot TR B a2 e Shoid N TeBrihe Pt S moRe ey

openers. The Phasy Yirchitty @6k figite N Yhdd 8t 18480 66H &Fdhd Rrial

ot her .s L{lcforms W t hout departing fromits spirit

or  e<LEHHP L=\ JSFE PURISER PR SPORDE qua hepeouitry
enbodikeRAkcat #ag ond sl 86cEEA 84S Strdath 1Bk b dh@SRE6E oD ¥

as illustrative and not restrictive. The scope of the

i nvert i@ s, therefore, indicated by the appended

cl ai ra | S [

20 T A i A AR A 1555 iy
B¢ e ppesite itheonpecgionsvithrane 06 del @hrsigadpah DS kignal; and, a
thetdsiggepe. CLAIMS Wiat is clainmed is: 1. A

transcel ver nodul e, conprising: a TOSA, a ROSA

recei ver eye opener circuitry including a first input
configured to receive a first serial electrical data
stream fromthe ROSA, and further including a first

out put through which the first serial electrical data
stream passes, the first serial electrical data stream
haV| ng ajltter val ue that |s Iovver at the flrst

LLLLLL R L o




10

15

circuitry. 7. The transceiver as recited in claim1,
wherein the receiver eye opener circuitry and

WO c@a®9a7id er eye opener circuitry each conpri SBCHUS2006/008075

respective CDR nultiplexeBsl and retinmer arranged in
series. 8. The transceiver as recited in claiml1,
wher eih opBreatangaivef modvie asaedioden cleyie] QREBRIN B bfjdkd didouitry

n mtter.e opener circui.try i s responsive to
gs ger{t%g{éédtod%etngltr%telgé.w?é’}le ﬁ]lvetlhf’ Y dpsragel af?Par SEeme doj hypass
coraisporitiingudye bpdner discpagsvieh tide 1@kt dne 8&tal O18&risA Wk ktream has a
?&ggﬁggéeg daéﬁ stnﬁan1occ rs a%tonatlcally. 10. The

74 Frde o als Withip 2 prefetgrmiped tpage AT pypasg d3th AtSsc onpr i si ng
di agnbst i CEheGtahSdiver Mo€0O bd &Nt Qaif OV indher comprising bypass
I nformati.on. concerning th Eerfornance of at | east oOn
BFR0] RECHERIE CopRUISHEn TeRARe DYPas crpRs eed veizsdub dsceive
SRk Sit Bgnald cdictthiliohdrafdn SRPRHEAL iat are
substantig?ly conpl?a%t with the ggsﬁﬂgA'and are
conpati ble for use in a Fibre Channel system the
plurajsty ABQ ' lang: JASToN '
receiver g%gngpenegﬁﬁéégtgﬁkggﬁﬁgFﬁg?Eq af¥$?§§§§p%ﬁf°mnﬂ
BHHTYGE Feisied feras lops oge pf: mranusleqontid]; sldeattohatanl opeation.
stream fromthe ROSA, and further including a first
out put through which the first serial electrical data
stream passes, the first serial electrical data stream
having a jitter value that is |lower at the first
out put than at the first input; transmtter eye opener
circuitry including a second input configured to

receive a second serial electrical data stream and
further including a second output through which the
second serial electrical data stream passes to the
TOSA, the second serial electrical data stream having
a jitter value that is lower at the second output than
at the second input; and bypass circuitry configured
so that at | east one of the serial electrical data
streans bypasses correspondi ng eye opener circuitry
when the at | east one serial electrical data stream

has a data rate of about 8.5CGb/s. 12. The transceiver
nodul e as recited in claim11l, wherein the bypass
circuitry is configured to operate in connection with
one of: an LOL signal; an LGOS signal; and, a bypass
signal .13. The transceiver nodule as recited in claim

11, wherein the bypass circuitry is configured to

permt at |east one of the serial electrical data
streans to bypass correspondi ng eye opener circuitry
when the at | east one serial electrical data stream

has a data rate that falls wthin a predeterm ned

range of bypass data rates. 14. The transcei ver nodul e
as recited in claim1l, further conprising bypass
control circuitry in comrunication with the bypass
circuitry and configured to receive and transmt
signal s concerning operation of the bypass circuitry.

15. The transceiver nodule as recited in claim 14,
wherein the bypass control circuitry is configured for
at |least one of: manual control; and, automatic
oper ati on.



