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| DENTI CAL CHI PS W TH DI FFERENT OPERATI ONS I N A SYSTEM

BACKGROUND TECHNI CAL FI ELD The present inventions
woeb@iie4300 chi ps which operate differently depeguiusgooni7o48

where they are positioned in a system BACKGROUND ART

Vari ous arrangenents for nmenory chips in a nenory

SYSHENTIEXE GRS WIPRASEERENT OFRRRITEONSINA SYSTEM
traditional synchronous dynam c random access nenory

(DRAM system nenory chips communi cate data through

bi di recti onal data bu§g@%g§§§ﬁ§g§ive commands and

addr esses t hrough comman n resses buses. The
TECH®HOAY KIBLps have stubs that connect to the buses. In

ot her nmenory systens, a nmenory chip receive i gnal s
anbhe Rrgieat Givep@onsuslale taeRips rdRel pesaip slffqﬁer&f‘/si?nea ngpn

wher[e\f‘ﬁ%y igor{‘égq};@éy&%ps. In sone of these systens,
t he ' [

€ . .
I'ast nenory chip in the series can send a signal
directly back to a nmenory controller or other

originating chip. This is referred to as a ring.
BACW%%‘PV%%@%J@S include a substrate on which a gunber
of v ik ra¥raﬁ§+ﬂ?§nt§‘fd°r rﬁéa@&g?hitpglﬂ?a %ﬁﬁﬁry sHR %a@%%e?ﬁ)roposed.

pl aced on only one si e substrate or on
For exhnipke, 0f a trinditiendd symcitrenouk dysamme raydetremsessandgudfysiDRAM)

al so placed on the.substrate. For. at. | t .sone )
systegy, gwgf%"y chips opmPgicals g4 %5@{@& biireRtianl chie YHshpan receive
comtgl%ﬂs Lk |a§%re§§39 tﬁrbﬁgl{"ﬁdﬂhhd%’iid%d%sés lrbft‘lsé'ﬁp AiHeSmerhHryUEHR have

buffered system e nenory controller can use
stubsdhéifconeert tsthgbmbésng (f or exanpl e, frequency and

vo] t age val ues, and point-tqg-point versys a, multidro
o G RS AR o R PRt s vey alEBtl i et Yl o
next G0 BRpYn & e, ofBRb BF nfdeSBinbl) b ORn Eoke AW B SR tems, the
The i'nventions will be understood nore fully fromthe
last merheriyl chip abe sdrjesicom sgridvetigind Hieethyrivck toamtehwry controller or

acconmpanyi ng dr.awi ngs qf enbadi rents of the inventions
othef AR SS S BB s in T be ok aken o 11 mt the

| NVRMok-PRDdhIRs ifttudeREGbEtkfe BRALHTERINSHH BF Gid chipllbre
are for explanation and understanding only. FIGS. 1-3
placeak dheandmeryhipsknaji kegplagndrespméis et ad¢ offthe Substrageserem both
sides o%ﬂleusdulbg at]é.I iy gorr?engystems, a buffer is also placed on the substrate. For at
least some signals, the buffer interfaces between the memory controller and the memory
chips on the module. In such a buffered system, the memory controller can use different
signaling (for example, frequency and voltage values, and point-to-point versus a multi-

drop arrangement) with the buffer than the buffer uses with the memory chips.

BRIEF DESCRIPTION OF THE DRAWINGS
The inventions will be understood more fully from the detailed description given
below and from the accompanying drawings of embodiments of the inventions which,
however, should not be taken to limit the inventions to the specific embodiments
described, but are for explanation and understanding only.
FIGS. 1-3 are each a block diagram representation of a system including first and

second memory chips according to some embodiments of the inventions.
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second nenory chips according to sone enbodi nents of
the inventions.FIG 4 is a block diagram

woeprsagenbat i on of a systemincluding first an#8CTasod017048
menory nodul es according to sonme enbodi nents of the
inventions. FIG 5 is a block diagramrepresentation

Ofp&, §3rf£ gl'&k Hfﬁgﬂﬁﬂ fb?ﬁé%eﬁ'@ﬁ&{ ¥t %’%@fé’nﬁn@ﬁﬁﬂ{ hiRfaddPsecond

sone’ e I ment e i nventi 7 are each
mema@rybhatiftesdicagdmmto spme smbbdiments afthainyysicam i ncI udi ng
tosmeemcnm

S ik e HPResEefi oo DRI Mg & mofhory module

accord rtS SAL 3tb8infht<T (R iRBARIRNL of nmerory chi ps
ac Ing to sone enbodi nents of the inventions. FIG

9 HI§Sa6J£7I ave kadti sl pelnilingprespresentatim offa sysieysinelnding memory

i ncl ydi ng buffers. .on es according to sone

chipSGHQy }nrgégts‘%m?)F @meﬁgoeoﬁ%%ﬁlgemﬁl% 10-11 are each a
bl ek s HrAEH-A DY SR BSS AL REer@tioR 0T YA taﬁrﬂﬂldgdﬁﬁ‘én@ df R@nRry chips
menory controller according to sone enbodi nents of the

accoMmgemtsomnsmb@EmmSE[ﬁtmEm@ﬂSO\l Referri ng to FIG 1,

R RS e e B IP Y P s g ot

accor@thg tYRBRE ¥nfbBnedts 6f3hé AivRhi@shst hr ough C_onductors 26
§ conductors 28 to a second nenory chip 30. Menory

c Hr“I@SB 00114 acpeqshedlodk Gagrmaspgsrntaion e svsiemeiﬁ@)lwing a

trol
mem‘é&ﬂ%’é&ﬂh?ﬁ@c?fgl%éf’ nglfqgleﬁ%’gg%er rsa(;o}QF‘?ﬁlé’&geq dil's shown
in FIG 1. In FIG 1, chip 20 is in a first position

in the system and control mrcwé@y 24 is in a first
position state. Chi pDEBAIBEPDESGREIABNosition in the

syst n optral circ f

S oRETe BTG e, ‘eSS Hetiden Srbfiofk GRGRD 10 gpupled

throulgﬁwoﬁdd&ﬁrts 36 @Y FitY niendri chipipex Mérﬁb@schﬁlemfswoﬂgledtﬂlnengh
Situations. In FIG 2, chip 20 is in the second

condpeierstibomdanadusins 2810 2 wmdﬂwnozn chip 30n Mergomieddndo is
coupfc)gf#\ oggﬂ& td%%%tr %‘@%ﬁ%&fco oﬁ%}e 518}\ R?ﬁxgta'rﬁﬂ @rﬂéjnt

rcul n St

SomdBiBsJinmehiss n%@m@l’iﬁie%@méroé thmfmﬁﬁ&hw&% Fierit.i cal | y,
but operate differently when in a different qosltlo% ..
i NS dyehin AP o4y FrslPesitiandp thewseBhANG EeHTql SRy 24 isina

e
is in Elsé@nd bogitieh gtatet G dolutsestondod dirating 04 tod 34 betywsenltaneously be

in ot}(l:er;lspates regarding other situations. In FIG. 2, chip 20 is in the second position and
control circuitry 24 is in the second position state. Chip 30 is in the first position and
control circuitry 34 is in the first position state. Memory chips 20 and 30 are
manufactured identically, but operate differently when in a different position in the system
to allow either the configuration of FIG. 1 or of FIG. 2 without changing the overall
operation of the memory system.

In the embodiments of FIGS. 1 and 2, the illustrated conductors between chips

carry signals in only one direction. There may be others conductors between chips that

carry signals in a unidirectional or bidirectional manner.
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carry signals in only one direction. There may be
ot hers conductors between chips that carry signals in
we 20v/dizoect i onal or bidirectional manner. Ref ePCTMS2006/017048
FIG 1, when control circuitry 24 is in the first
position state it causes a selection circuit 50 to
C %
R@%‘?&lng% Gg 9 égﬁéﬁg@gfb@ Qfgght&%‘@m?%% i*igst(t) ﬁﬁplg k't‘&%eggéauses
a seledtidmsdnrcatté@ td Ipass stdrgivakeeivial thﬂiugh pofs PPHIau gbnddeests §6,0mt not
orts 22-1. trol ci rcwégél al so causes

to colusieR % e@%“%i op Gombiioun} UlsiTaigs tgbsEns|oa0 BRHASs through
thend Sﬁ'p\é?trs§2(168Cblﬁr 90111 249 eggseg Qraﬁf}éfﬂ%rs?éf £3: be%‘ﬁ@’gied but

froma Core rovi to selection circuit
doe5514)t émahh& weewhrsi (68 nrsFlG* an sm;ﬂctcétd) ﬁdmsdagh ]pefrdt(tﬂtzﬂﬁeﬁ at awre 76

26 and
is pr%gecﬁﬁ} %ﬂé@.ﬂﬂl sﬁglgf g‘? ﬁrgﬁlc%wla giis triﬂlr*sél%}ﬁ?@ g}lr%hc%@é@ Hto

cond¥BloBCH 6 By FdfLiy.{ 80 to pass signals received through
ports 32-1 to conductors 88, but not to conductors 86.

AnWb(le oy io dimcisecomd posaﬁ)ru dtdtel,sit)n'abhﬂr(mﬁ@t 34 ¢gned 3sdertion

t.h h th 32-1.. Cont
cirely 30y S GhIE P s Hmat BB et B o OB e st
condiior 098 SAROK eRARLEud6R '8% '?Flﬁsrtﬁfe% tha34ignBls b Got %ﬁss through them
coupled to ports 32-3. data froma core

fromypastsiddetl Contsell oatcmtrcyrﬁékalmmsesattcdivarwm bfhenaibladsbut does not

enabt BRRMES b I BR0Y) BRI §oBs ST° Wl Borle B 196 is
providdhb Rledi¥GRRE S4HRm mlshhpmfaﬁMteaqmth%paﬁs gebayl,

whi ch are not used in some enbodi nents shows
condueto@s %a@d B@Tsa}i’dZ of memeiyt cartolloniti t h " X" nmar ks

Snbl bttt naiabrEepytal S0 Thg dddfined &0 which are

not L@@@ i@édlﬂ@anb@dlh@n@e FIQr IR wane & s 6F Anditdhshfers U Gith3X”
further identifies that conmand, address, and wite

marlgandicating ehthey arsmotremablad. ddti ? alspshowy cwmm@u@ Heqedetss/4 and
104 57 REHEED B REAEM b AR 15 et e s

that BGARGH@ Adrash, ldRd Wit Batd @fcfsent RoBAIBNEFRAHIIEAR 19, thidugh Gorts
m ght be sone conmands with no associ ated addr ess.

22-11tp Relwption cirqpits¥rtbrogh surivern & Jame @nnmgms sshwe irgad
comgx%[x@s 91%: rﬁggr soetated W h t\]/n@e ilatgnﬁdé ? r%(bc}%am?rﬁ %erg might be some

Ion II'CUI

comﬁ@ﬁa@wdh n@@ds!o%feﬁed Agdebsyr Likewika] i goﬁaemmﬁnéﬂw,ohlab might be
conductors 56 to both the command decoder 74 and

writq $3@ Qf Pddressas withmerimediaialy appepiptedzomanand. chip 30.

Ac gglre?ﬁ&g&}(c%t: g)gsefeﬁmgl%e 9&%&%@ agg gs \Mﬂi (V%téjaétg égéassed

al SO transm rough port and recervers
throligh @duB0s JHERMdE thd Qémmand decoder 74 and through transmitters 64 and

ports 22-3 to chip 30. Accordingly, the command, address, and write data is also

transmitted through ports 32-3 and receivers 98 to command decoder 104.

Conductors 78 and 108 carry read data from cores 76 and 106 to selection circuits
54 and 84. Read data from chip 20 is passed from selection circuit 54 through transmitters
72 to ports 22-2, conductors 26, ports 32-1 to receivers 92 and selection circuit 80.
Selection circuit 80 passes the read data through conductors 88 to selection circuit 84. In

the case of FIG. 3, selection circuit 84 acts as a multiplexer between read data from
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Conductors 78 and 108 carry read data fromcores 76
and 106 to selection circuits 54 and 84. Read data
wonewickiop 20 i s passed from sel ection circuit PE#/US2006/017048

through transmtters 72 to ports 22-2, conductors 26,

ports 32-1 to receivers 92 and selection circuit 80.
condt?c%lg%%'aﬂﬁ rSd fro§1 BEARRER lb@eTf:ﬁ@ﬁlt@@!l 201 Rh8IDsignals from

conductors 88 to selection circuit . In the case of
selecEbiScir@iit 8eloguiris32-2 andenntiu@drsét s as a mul ti pl exer

b dat t 38 d d t
e o eodimsns A ST (FERS. BbPrme SRSHrTOBHALE B om
folloggilgectﬁlﬂg Q ; [abiGA fhe Sfpels And efréc‘ﬁo?i %f theafighagonduc t 0 rs 36.

odinents of FIG 3 (but not for sone other
enbodi nents), the followng table summrizes the types

Portsand dil Deektiomopighdle tiebgphahs .| Type df ipeale titrough the ports
enbodi g s, there nmay be dififerent ways in which

22-17 ii’ﬂ; %%Ff’é 9&9‘2@'1‘3@%{3?2 fe gt)‘iﬁ’ﬁr@@r Gﬁgggﬂfr%ceﬁée 88tHmand,
. §s go EPMF h gg%ggggw w%ﬁ dith jmd Sportﬁ 32-1

conmman e chips|a mrag decol
and 104 i nel ||r~|a Aaddroace N urgqelvereac

22275-Ued &1 bl e BRFE R CoAtncs. I e R e e

addr es @nbargdgsignalsor ot her @myp@aqidaﬁamv be_right

22358 Br ¢ In FEG . porin a2 decoder s. | In FiGek @oetaBad ansnis3 oply
a compyaipfialshed @oits2213dedvifler | enéwidebi cd®e commandy address, and
al so beighaRnsnitted through tiraitsdiatat ers 64 to chip

30. Tn other enbodinents, If a command Is directed to
chip 20 it may be strlpped off so that it does not
al Bolifferenberoboin@ots, thate hdy be diffsredt werst sdvhich epmpagds are

Comligﬂlalcq,t gli? %gfqgrrl %:%gfgrgljg @58 lpﬂﬁt jé?rfefx%%ng) [ 1%?8%2%eﬁg§<ﬁments all
the cbﬂl%la%e@ SYEd &N &e%s%&%oﬂﬂaﬁ@ aecmdefsmmcm Oﬂfm&lu&@@ddﬁéss

| anes (W dt hs) cording to sone ni nol og
comphratbgrcermhealmrs@ltnyéb dgiegnmle ivhdch @mlra smmmﬁ%%dtfwhem The

.d
adarpss PR G BCOBRECT RO eF Byt wdbin s iR bAbuef. 1o

thes€QNBBELLALS, i1 6 comthandehieed REmdeBfoe aaty dhig lao ib&osidxalso be
| anes mnde whi | e conductors 26 and conductors 36 each

transmiitjed thiveghi teymsmitsare 64 v @ep 30.nln other cambodipents,ifa compgnd is
d1re<{g%‘c{1té>s h&f%o flfirfaﬁzzl:tehﬁ)mppee)gl é)%%iohthgtm Q(f’osﬁ%%t 511'38' g§ ? @F 23%' QLchtﬁ‘ itis

diredtd¥PtoRIF 30 RiwddM &6 thddugh @ie2Mostilt Oth@ﬁfbbmﬁqﬁés and variations may
conductors 16, but all ports of ports 32-1 are

be ugednnect ed to conductors 26. In the case of FIG 2, two

pofn @ﬁft%{enp ?m%gdlfi‘?engs fHle coﬁﬁ’&cﬁ(ﬁ‘g %ﬁg%ta%j dffﬁ’-:rén? %giﬁ%%ﬁrogf lines or

ports of por re connec

1ane§@ﬁdﬂ@) Qi cfilingSel wedd efnifologyliih 8iffdemtinti séhl argﬂahng, a lane
perhaps other circuitry respondappropriately.
inclysles 5y dlingss Whsreppithisngiusnded serfal signelings gdans lﬁé‘éld%ﬁ one line.)

Mergl9 Qg U5 %)?e[rﬁplg,xéo%huotors 16 and conductors 28 each might be six lanes wide,

while conductors 26 and conductors 36 each might be eight lanes wide. In this example,

the first ports (22-1, 32-1) for both chips 20 and 30 are eight lanes wide. In this example,
in the case of FIG. 1, two ports of ports 22-1 are not connected to conductors 16, but all
ports of ports 32-1 are connected to conductors 26. In the case of FIG. 2, two ports of
ports 32-1 are not connected to conductors 16, but all ports of ports 22-1 are connected to

conductors 26. Selection circuits 50 and 80 and perhaps other circuitry respond




10

15

20

25

30

There may be additional conductors and ports that not
controlled by selection circuits 50 and 80 as is
wdesoyizised for in FIGS. 1-3. There nay be addi PComak006/017048
ports that are not part of the illustrated ports (for
exanpl e, not part of ports 22-1, 22-2, 22-3 in chip

apprég%atglgh path% pOEAlHl?ltt ?%he 9 E)églsl%lﬁl dlﬁ'%g .ol’ é(gnd WA € Bist.

to con Clrcul uctors

Ther &Wdﬂﬂ%nﬁmbndaabrs%d@osm Itlgit ﬁotC@iﬁdUH&d)by sdleariomesircuits 50
t han. one conductor, Conductors 118 and 120 c

and $has sidereribeaier B SHFSol-3s (IR Eax b adsiiorl poerﬁsetha%w%pm of
the 1ﬁh§%§edﬁé rfé‘(ﬁhfe% fer frat é:fa%tyoé“ ﬁgﬁ%fﬁz 2! > 89 Bhi ip 20

nt s, cond ctor O are not in
an HI(’Gfﬁaﬂmemtbs amdsttatsell 8afindd@ns which arer @upliedyto 24n’rmieb1r34itry

[ controlled. t ot her ans such s t hrou
24 ap A epR Lsctorslag &2‘85‘ 0 g% epfhdie TRg 16 A Uﬁsﬁr@ramg? thapone

concfsulrc%g.s ?foh ik %s 3ngl £ £ ERY V. fpc%ﬁmn%t@@&t 3’81 81598 cEhitd18he

uctors 28 to the pa apaci t ance.
positiawstaterof chytrd eapuity 2dcemdBdt dn sof8 embbditrients, yorgtuotors 118 and

the effect of . this additio capaci t ance c be
120 b3 g Tisd P e s ST g TER e B0k S gontrolled

throﬂl @Eﬁ&etqeang Leh 4 thidugB LhRGR®re 16R8Hbe 150 that

cludes a substrate 152 that supports nenory chips
20 The bRlreRtional natureQ@-the trefsnvitters land hicpiva® G4n 68hBE94,198 on

3 .is an ex le. A 170..i ncl uhstrate
citb 3ot gpndiipEo ot Brtaro ) DBt e toever, By deRiis
CO].’I(leCthIQg ﬁ:leﬁmegf s38rt! the RS ofkhRREdBohS cﬁﬁ‘ac@t)éﬁé@éa% be reduced so

Conductors 16-1, 16-2 . . . 16-N, conductors 26-1,

fhat Ql@n&hng frequeBeyNs noborchulgtioected- 1, 28-2, ... 28-N, and

CORGTE Hilutes %h‘i@sﬁﬁé&%%tgn@%é\és Saubt SRS SinpbiS memory
ch1p§: béﬁ 20-23,.. 90-N, BE whi BNHiS 2BV FIeRS. dishfi6rie Bk exabhsiee Adbdule
of her conduétors that are not illustrated.

170 mbgles a_tse@tm&zﬂartuatwmmwnahw dhipsOchi3ps2,0n 30RMj of which
e SF e PR el o B R ond s 261,

2625|QQQHQQ%nﬁ&xﬁﬁggndQQQtthBQ@aﬁ@@&Mﬁkﬁﬁ§36483éa 1186 carry
118-N to control C|rCU|trg in ch|%§ 20- 1, 20-1,

signals of theppethaGn encoodyesgrs 16826, 3 Rn@363n $G8nl-Bxantpr signals

f duct 118- 1 S
may e GGl FREGH BERutEr ettt byt g ey 152
and W’Z‘Ma?'als@'hﬁ%ltﬁlgé’om fheﬁmmﬁ safes1, 30-1, . .. 30-N
Conduct or (s) in FIG is an exarrpl e of one of

c oddeandoeter(gpiP2iand. contilgmoq@) 1184 pravisle positian s@meontrol signals C1
and @?bﬁgélggg ﬂsa%rgb“%?g @néﬁ%re c%fﬁlugt;ggs?ﬁgxlgr}%? S t h(:i 18RP Poséon?rol
circ @@ i@thip§20-1, 20-1, ... 20-N. Conductor(s) 118 in FIG Jisan example of one of
conductors 118-1 ... 118-N. Signal C2 is provided through conductors 120-1, 120-2, ...
120-N to control circuitry in chips 30-1, 30-1, ... 30-N. Conductor(s) 120 in FIG. 3 is an
example of one of conductors 120-1 ... 120-N. In FIG. 4, in some embodiments, the
voltage of signal C1 is the opposite of the voltage of signal C2. For example, in operation,
if C1 is a logical high voltage signal, then signal C2 would be a logical low voltage signal.

There are various ways in which signals C1 and C2 can be generated. One simple

approach is to have a circuit on a motherboard provide a voltage for signal C1 and a
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if d is alogical high voltage signal, then signal C2
woul d be a logical |ow voltage signal. There are
woanicaasdonays i n which signals G and C2 can beCT/US2006/017048
generated. One sinple approach is to have a circuit on
a mot her board provide a voltage for signal 4 and
r S
Volt@%g %Js@&%ﬁ E%e rlrg 5 %ﬁ% hrlngédl}ﬂeﬂ ﬁpgro%g%a ngggﬁg%}g%hlg #n the first
pos1t[cﬁ£@ln\tecesvegmg1ha101 addliarourgrod upgsna ch@ﬂm ;hetshccpsl pogition can
t he second p03|t|on can rece

receigpBiga ent 1 S%neg%x%l?od@ze%ﬁlaaﬂé Y62 & B Cwefi ﬂ?\‘/éﬁl‘ffﬁ“ﬁ@g signal C1
(see ?1(9 r?ﬂl IIgS?I(‘lé ERbbdiffent) the clcSiPOEMLE 'ﬁ?’cﬁﬂérﬁ@ﬁﬁ% meR8y a resistor

| T'Cui the notherboard is nmerely a resistor
coupmup Itleae:ipcmextdupplpmwerea&wpgﬂay Cl andae amertsr gradatChigaslCZanMore

inverter to crggte sj gnal Mor.e, co

comBiPEH T DG Bt e ch A EHEAb 5rIBURYF §.L SLUORGR DY the
memg%gé&ftro@%r S&i ax*fl)fhér@?ﬁ%ﬁ@fpfsyco SN fhels @&Ogeﬁtafaltéd et heddule.

roach 1's to have e signal generate
A nomedldtde mnop ou dheanpdde namie ysedito proovidend{drmatiematymt the
post b SR F Pe  TRh e L 3tho SH BT e by
of Wﬁi%ﬁ tp()bﬁbn ttlthemt)!hﬁé hQH ety Sfinl WtHeP BpResdnkt Ay bRsemdul e

be i n. er approaches may be used. The
po§h¢ positien ata‘e ocffchet deatrobeirquitry Gsiuele as 24 gnd Fanpyales sefat boot up

ol BB ot e B2 By T e PR g s 1

somé&$émBédiffents BT ontrdl o‘ﬁ@aﬁyqam@y tAB RhiSes @m @UIHO@'CZ so that
circuitry latches the values of signal

condtuh@rs Ehatuct&drdo g havmnie re@aindetifgtor havencw@tqr%h%ﬂ itnd 184 can be
84 I d
also P 17 hint pirBa S aRE Big %%ﬁlﬁgho BEPosFRR Jftefo® 1o

POFIG] PR sehAhias FIG! frexdept thasit Miusthtet @ niddwle YROSXEIRREUbstrate
that it illustrates a nodule 180 with a substrate 182

182 hmmg]g figstfsidestB2slj andl aawpond sidel1%2-3o (b 20-de- - PO gre on side

20-2 are S hj .

152- U503 i 20 2l O 187 s R T gt
received Aabugll cdrRlut®©eE) VhnldRI@ID02 ¢0ndaed airbsgh dibidvertsd 190.
signal C2 is created through an inverter 190. However,

Howerer, theswaiema! GG csuld baveibefhsienplstGl anddmremediregily frgm the
tly f troll
mottEend b oo hiple, S B AP e TPLY OTLEY ot

t harG teudeHes thathibfsthimyv e tdps indg be fu therBigy A memory
chip 40 with ports 42-1, ports 42-2, and gorts 42-3 is
chlpéleuwleao%‘l?chi porse2- b@n@pq@S fry ipeoupdrekeichE 3¢ Clipi49amay be

1den1§9al a@%hgg ZOq?ld% %%ms% 3@%d% rﬂ%y S)éjﬁl dlffeghﬁé%{lgﬂif chips (for

s (for*exanp

exangﬂe Lrpnks@@n &umte@me gtbuar e:oadumbﬁdsbm vagitedosetivser?ibr, 22-3,
ports 32-3, and ports_42-3 in a star fashion. Althou

portq:jBZGB Sdpasted2eh Heestaretaeiion. cAftheughdIG. 6 shows three memorygc ips in

series, in other embodiments, there are more than three memory chips in series with there
third ports coupled in a star arrangement. Conductors 46 couple ports 32-2 and 42-1.
Conductors 36 couple ports 42-2 to ports 12-2. In some embodiments, the control circuit
of chip 40 and control circuitry 34 of chip 30 are both in the second position state, and
control circuit 24 of chip 20 is in the first position state. Accordingly, not every chip

needs to be considered in a different position in the system for purposes of chip operation.
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series, in other enbodi nents, there are nore than

three nmenory chips in series with there third ports
woauliedtobn a star arrangenment. Conductors 46 equuise006/017048

ports 32-2 and 42-1. Conductors 36 couple ports 42-2

to ports 12-2. In sone enbodi nents, the contro

circu f trol circuitr
o SN B 280 Bt RRDPEhor™eihies Ypabt Bl g e Foone
posifibd. C Thip Mnﬁﬁz be inRhe hnheSmbdulé Beinfd differeR@siodiRhat éHifs 20 and
Accor di n(g ,, hot every chip needs to be considered in

30. Ghips2Pe?®mnd g8gnas ot the stiae sipstrelm thige diffeysotadsistes, or a
comflh Py PREHESLE" s IR AR Bhafh e e 08 Hlr b

circifi8 ¢ NehipO0,t300Bad ﬂhisﬂloﬂﬂluﬁﬂa&e@ Sudit cohikl teafie sarbeld & different
in_a different nodul e than chips 20 and 30. Chips 20,
than3pFIGnd. 40 may be on the same substrate, three
di r :
Thfgf(? ’)eﬁ'ltus HQSS %éfs{téat% F]Igal? is S%n%%@ rt}lpeia#s%ﬂl of Fltcggreg(\é@pt that in FIG.

7 tha |t1[m1ea@ dw of eadhCbrinbly dhip Qlumd@no&(lhreaﬂsi tatHheirSern@iy
illustrated, but it could be the same as or different

contrqligp, Referring todIGEY cponvlugtpys 26 pgg eaupleddipbiean Roigi2 12l of a
menf PRSI 08 TNl of] Bendrigho! Wy Bl 21

can bathe sathe ec bt ¥iffecert Henmesmory comndllep |10 e ConfRedters228 grd cf:bupled
condgctors 216 are_coupl ed between ports 212-1

betwspD BOHAL g OF GHPraPoE pg@@zmog@m@@mzﬁf Canisigp y20
are c‘&'ﬂ?l@d %gtgvee BRE ¥25.90eBiy| B0 gﬁ% goﬁ%’gli)%gtfggnﬁ(ﬁfé? 22@.8(”

ferent than nenory contr uctors
Conaroeors @Bl@ hm:bduptedﬂaeh;vmqbsts 2222 3f ohip@20@nd 20rtadd280r t s
ry c nductors 226 are coupl e

o ne b bR shinbr o Do b g e each one

half g%g&f; éﬂddgétg%éifb CW&@; ?Rdg%g?l b€ 4f gkaghﬁg,n&ggﬁng% 26 and 36

may dabodllanes tisd corvactonn?r andf236 inmeyseack 4 dared ittt vngo@2@hand
36 ar each .on | f.that of conduct o d 36
o Rld bRt L sk I TDE SRt OF Gie St poss 208 and

por{ 5 ol 58 000, 6RBLISURS 1 456 PSP TR G

(for exaumgié, sommdng, addrbes; araf wpBrdate) nfaytﬂeehs samodn pardustors 216 and

228 B%l%é 7and§%%hé%té%%§ angﬁé i 18%2 1o 1&%&& [ Of p@(s)lrgtnals ?ttor
exanSpl8 TR EdatS S @R ducR ARS8 238 ﬂlaWUettﬁe %&ee%s mongﬁctbﬁe% and

same on conductors 216 and 228 in FI G
36. Abmedwbetbeschipgs 22Harri® 30rseild @ redeivd sikeals v comchstd:ry P28 why

cep S FRR b iarc et o e BT S ARG UsEors A Lo 228

may W8 e et R SliffdBniansh @3Gxa8PE, 8fic AAHRhY RuSbard 18nlRf
conductors 228 may
conductors 16 and 28.

FIG. 8 illustrates memory chips 270-1 and 270-2 which receive signals through
conductors 274-1 and 274-2. Chip 270-1 is coupled to a memory chip 280-1 through
conductors 278 and 276 and chip 270-2 through is coupled to a memory chip 280-2
through conductors 288 and 286. Chips 280-1 and 280-2 provide signals through
conductors 290 and 292. In some embodiments, the type of signals on conductors 274-1

and 274-2 are the same as those on conductors 16 in FIG. 1; the type of signals on
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depend on their position in the system The nunber of

| anes of conductors 216 and 228 may be the sane as or
wdaizbdeemed t han (for exanple, one half) the nuROBUSEGI06/017048

| anes of conductors 16 and 28. FIG 8 illustrates

menory chips 270-1 and 270-2 which receive signals

cond 0 SRPAVSRER L AR iP5l gy

type dfidigAd16 oA REndufttdds 276)-2861 ZHOQ dah29Bmapuplietaie @& omondyctors 26
chi 280 2 through conduct ors 288 and 2868W§h ps 280-1
and 3nat BIgH-1p Whasheradinsi2fRal. 2701 ¥k 267d0ct tmd o gereaspignals

on k2 RCTR ASIRE, FR003 o I SR Rnch 8 A3RR 28 gy

hnes}?lﬁ@dﬂdﬁc@frs 216 286, FA0Gand 292 hay by fie: safnesasglmablﬂiuctors 36 or they

onconductors 278 and 288 are the sane as. on n ctor

are TR RoTRIRACRIBeTUpEbenrsuh & one halifhe npmber ofdings Og P%‘HE‘FEOY%
0

The SERBHCrHSs 67 Copdali 27201, 293, 398 oiRSREnd 1R (BETHEE or

diffe2dil)tHan (2ok@x2mpRGOndhalHribe 2BAbE of dines aff condua@dnsel 6sangr?£l s

FiGes WsPiuRa & T3 i orSreles SRR A LR ELO ST By ?983 13
and %?Q%?g%gt a Mtrgd%?suf@é’e kYl 1&1@1%d§s%'[ﬁ”fe§§ 12 Qlo‘ﬁg WHP&Q}BSSZG-)!@f

ey are nmay be sone ot her nunb such as one
N atdrsmbsitabd surfaot 320 nedudes admﬁﬁu&?mleng%@lth Thipsidlnber 30N. Point
l.ines of condu tors 27 i 4-2, 278, .and %@ﬁ nma e
to peipkorggpiEdipp oop ‘é‘?t‘PrlSé‘F e ‘{Sﬁ etpegn ¢ f&an ‘émﬂé’l %‘PS' A
melﬁd?f cOMPIRE 360 n‘Jag BE %h@gan%@ﬂ GIn9il® td RieRfddy &éhtrdef510.9 There
I1Tustrates a system which operates simlar to that of
mayFe@8ditibndl condEdt@GS that-ag mtdlh&'stzatede pt that a substrate

310 h
M hE S RO ST A0 enCUf T acd C3307F et LG P8 b ame
type%%%héélgms ¥ EdhaebioRS1 SR HIGS. 143 3@-10-1 POl §IN irppm Btan@'5. The
mul t1 drop conductors nmay be used between the buffers

signals abnrcemhrcyors 56113 ¥-Neamdropnduptars 308 ey FISD® may bbef thiagame type

as SRS AR LB 26 AT Ie) oot |1 ey HEais Hhud 5.

The %@%@'a‘ﬁ c@ﬂd&@d}g 86110r $2 Aardndndi@tdrs 28-1 1628\|N iR FIG& nfhy be of
be of the sane type as the signals on conductors

the slaﬁla tppdrasaBe signds an goddictors 26 a11<¢52$\|m WG’S &S} augl egnglugtors 26-1 .

26351 BRSBTS s R AR e e
and %@Q\’i’éﬁ‘ék@ %ﬁd &hb fﬁr@ﬁng-’ee&nﬁfﬂgs BARBHLIOMD &mlroller 300 and
and 5. The signals on conductors 26-1

buffers 3 12 aa@ 3212 anyl begliffierentathan begween buffers 382 apd 3223rd chips 20-1 ...

of sanme type as the signals on conductors
zorgam$%31 3t0h'[%FIGS 1-3 and conductors 26-1 . . .

In some embodiments, there is a different buffer for every group (for example,

rank) of chips. In other embodiments, a buffer can be shared among more than one group
of chips. For example, in FIG. 9, buffer 312 might serve the function of both buffers 312
and 322.

FIG. 10 illustrates a system in which memory controller 10 (or another controller
in this disclosure) is in a chip 350, which also includes a computer system processor.
Chip 310 could include multiple processors and multiple cores. Chip 350 is coupled to an

input/output controller 356, which in turn is coupled to a wireless transmitter and receiver
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26-N and conductors 28-1 .... 28-Nin FIGS. 4 and 5.
I n sone enbodi nents, the voltage and frequenci es and

woendsaps3osi gnal i ng t echni ques bet ween nmenory cearuskioeni7048
300 and buffers 312 and 322 may be different than

bet ween buffers 312 and 322 and chips 20-1 . . . 20-N
358 fali W];rgfﬁ)tgsn?o%wlg%thnm 1&3/ ]%Tetrm%r?ﬁg trrescgn;ae?rg @aﬂefho@re)qulred

for alPEmBHdiRRntsl N ot her enbodi nents, a buffer can be shared
anong nore than one group of ch| . For %Uﬁng?

FIIGG- o] libutnss asydemipmbiddnsRoDt ol otfgicgutroller
in th1 sg SWE?T%S 1 y%(?%el’?? lCPIII:l]rO & %?g'r?alﬁ% nL{gl{u Igﬁrsecg)gﬁlte?lgé'éz)%de%or chip
364, 4t 18 cdirpled @wr@ht/mapmrcomremrm 665®h1<:\h/hn ahmad Gxnlpiladdb rdedess

a conputer system processor. 8 could | ncl 1
transmuremapd 8eq8iVGE 3% By gvireless ﬁamfr}um% 1p%r A8 WagHIHUQ .Vvéfe €ss
s L P PR RNl ieh

r G&BDIE’I@E&UINFORMAHE@N ANDNEMBCADIMBNTY r el ess

transmtter and receiver 358 are for all
LU AR R T PR e R oA

proto ﬂorlyorce%g#fyfél @lsi g:l'lghlg%a BRI [e éh‘a@ctl Bphllfﬁfeﬂn@l.tmesslgnaling

sclosur con 362

may irﬁlt&i@tuihﬂyedvd ﬁ)l&g@ teveBSs @rore tiap t@ﬁ&oltagﬂjleveis cEim(pbbdk (Qi
a i nput/output contraoller ch i.n

Sthbéb@ﬁV b8 t@&%‘“?@ﬁ"é?%“ﬂ?’afﬁ%’ﬁﬁﬁ 5 et thsepds

Var1(¥ﬂs &l gtb'e%@ed ASer RSy HE(‘HEbI?dP Ba]1¥l Ji Sh LS may be
Fansmet t er ceiver 358 are not required for al

used e Thodigneistnsay mmlpml(awd iNFHOPIIE, @t\hmmeamtg@ﬂmmléor
The |nvent|o are .nof restricte ar.ticul

exangiy SAMPRE SRRGEQUHE B3fa SEbERY be PR UEseE i Hyffptexed.

Or th%kéy&ﬂ{la BY AERYatDE1iRds T SortRaSH, addiglird S Brenbi @Jnunér h®, and

ing may i nclude only two vol tage | evels or nore
ded1¢dnahl1masd‘on/whta@w drespelescombigationod khE(SQr The ingpetjonsgye bt
tr nsmtteds e si

T ol L 2 A

coul?ﬁé 'u?éd 19rth$ hrAdLiiQo ahd %E@Hsehlnd%ﬂﬂzlﬂ 3lrbwles. M rb&ivs egmbols in
signals may be in packetized, nultiplexed, or_ have

the ﬁmmscraayamcludn beth tho mltgadamﬂl‘eng cmwmrmd t%m@}aé%ﬂslatqmgt znd

at t d
clocfing CEO B Ha A S AT Ee i e el i rddps of
condubes 16,956, Q@ ) THBRE ighi b rdRehiedad BHk] thaeinclugés Mnes, Butdcﬁhér types

or sone conbi nati on of these. The inventi ons are not
of signaling could be used.

In the figures showing one or more modules, there may be one or more additional
modules in parallel and/or in series with the shown modules. The memory controller may
have more than one channel coupled to the modules.

One or more of the chips in a group may be used primarily for error correction.

Control circuitry 24 and 34 may perform additional functions not described in this
disclosure or there may be additional control circuitry not shown. In some embodiments,
signals C1 and C2 may be used to convey information in addition to the position state.

There may be a variety of circuits in the chips which are not illustrated in the

figures. When the figures show two blocks connected through conductors, there may be
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restricted to a particular type of transmtters and
recei vers. Various clocking techniques could be used
wonodshie4dnansm tters and recei vers and ot her CPCTWISE®6/017048
The receiver synbols in the figures may include both
the initial receiving circuits and the rel ated
[ I r (s i

e e R g s thEblRcks i
not 1rntmrddd¢d) mlge 1GactBd, sha®s aadrcblﬂﬁlersuzg:ht be referred to

ks cl udes ., but ot
1 G Erbig et e bIEaoR Of metrg o BE Resliony Rifareppe n

the sﬂHéffﬁ:aH&@'tU w5 entmﬁrrﬁeﬂf&y‘ota@eﬁssdlﬁrenmr@n@déthtdmahts » or “other

modul es in parallel and/or in seriés with the shown
embodidertgsmedisehaterparicutafeatae) @ructrmy dipheragtsristic desaribgvein

to.the

conn 3R 358 BBt o Sae e B RS PP aisfpis, Bt not
necesSRH Iy YLt dnBbAikeRts | FFthCink&iiohs.Y TR vaidhs %ﬁﬂé@é’ﬂg@@ bf @nm

additi onal functions not descri bed in this disclosure
embagimetidr'® nﬁaylbbénmﬁr o Greale epdheditoents’] gre didt neeesforily all

i ments, signals CI and C2 nmay be
lfknﬁgéﬁﬂP%S%B%vﬁﬁ & %hation in addition to the position
StWhen it (8Hi@ tHPdlcrRentX A7 a$ tRipYedab eldnfichi B3’ tlomeheA Gitiylise
which are not illustrated in the figures. Wen the

direcfly gended wrlomenid3 pr bﬁmélr%b{r?@tﬂ’]éd thrapghy dor @l elsment C.

rned itr t
hy?]ﬂgl% ngeysg 1ﬁ% é:paé gstétertgétaat COY‘IléDOI?l%}lt tesatﬁg shructure
procd@b Q2 lkRaraSteriStic Af‘l“b@rﬁ@s?tb dompobay atide, ébtitﬁltiﬂlhre , pheRes oﬁnd
rel ative sizes. An embodiment is an i ? enment ati on
9

charagiesigty¢ B, Bfmeape thaﬁ é’ﬁra % epst m“@aléﬁeﬁe B Haaut that there may also
t n
be at fésglgt‘r:rdgfeeo%@%ﬂ Cﬁ% entaféaﬁr?r? gﬁgﬁﬁé oce gr %ﬁéé‘fagﬁghtaﬁ g§51sts in
causiig PBrti cul ar feat ur e, structure, or char act eristic
described in connection with the enbodi ments is
i ié theowgcifigation yiias e compRICEhRANITReTUStUIRRI0GFSS, OF characteristic

« rily » |
may)) > SRR g%o p%ogt'rkg n‘%’f'gg&g?&fs ﬂtaf?‘gm‘a&ar%‘@ rt‘r&}ﬁx%ﬂ{ OfSre, H&ture,
proc@ﬁt‘mm dhameteristiois nos tpirahtoddi inelndsl. Tade spednfmﬁm&&a:ﬁadnyrefers

Lall referring to the sane enbodlnents Wen it is ﬁald

to “a} H’e ‘a0 elropantsthat dogs Refupsandhers InpKene of e clemente it
spemﬁ@ytlcfﬁeogcylﬂﬁﬁ% ﬁ)o%ﬁlaﬂgltﬁ)ﬂ?le Ief%ﬁreﬁt tlﬁatt(a e?ﬁﬂt gﬁéytlﬁd;ecthéﬂé being

cou rou for exa
moresth)aaca)rter afahe a)atdmmat lekintent. st ate that a conponent,

fetu re, structure es or. charac i stic
géntipns aFasaptctpLiat ¢ patigyla AgtiAse esrarﬂaf‘@égegem ofndeed,

man;ﬁ&ﬁé a\%ﬁ‘ﬁﬁbﬁ@ 6&h?fqr%§m@% el ltt‘étt nd%ra%ﬁ)g@%ﬁrelfﬁ%a& within the

parti cause 0 ere na
scope of the present inventions. Accordingly, it is the following claims including any

amendments thereto that define the scope of the inventions.
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be at | east one other conponent, feature, structure,

process, or characteristic that assists in causing
wOBod6/1R4300he specification states a component, PCEAIS06/017048

structure, process, or characteristic "may", "mght",

or "coul d* be included, that particular conponent,

feature, structure, proc%?_?”vﬁg characteristic is not
required to be incl uded. e specification or claim

Whafgfc(ﬂﬁﬁle&@"a" or "an" elenent, that does not nean
there is only one of the el ement. If the specification
orlcl ai Ashie¢@nPHsNg an additional " el enent, that does

%n{éﬁl%%%?&% &ﬂﬁro c@%ﬂ? ana fifst %)91%1 s&¥nd ortts hzﬁld third o S;

el ene nventfons are Testric
t OowhB@irPihe tflr&’tlploﬁﬁ aftetbamnlysredd se sighs t]ikesaeond porigleedo only

many ot her_ variations of the for in escr tion
provmemmbvsanéakye B@ntﬁ%ld:ércwﬂfmﬁ i %%Oiwgﬁ@groﬂgeﬁ*f B?%%@ﬁ 0 OfﬂY

recefve\g%%lsgpgn@q&%gg it is the follow ng clains

ng any amen nts thereto that define the scope
of 21 he Thy elfipiofoRiCllAMIE cithweher the «:hm imirdla fisst pasitidn oha gystem,

the GoBRbLAITCLERIM pOrTSosian St pel 5B e il & b fi5d positon in
the § Et%ﬁlt th@%%hﬁ‘olatfn%uh [oh ¥ g&%‘ﬁg Xﬁtléﬂl gagl s, t he second

are to onl prow e signals, and the contr ol
CI BCUI t Mjie chiptod clmmtlr Whemﬁlhepnﬂrcbietlmhltlryds pz)retcglvara@osi@on

stategp o LTSN A hPIECE FHSF Gl AR 300 SO 5Tl gn o frst
Volt%%frgﬁge%d'ﬂ‘ac% iR¥R 1T kedollg p6QRsS ﬂhte‘Ef !h@ Wohfr¥ dignall 15 it a second

st” posi‘tion state, and when the chip is in a second
voltqgasramgeon |n the system the control circuitry is in a

econd t at l.Laim.l, in,.
t hé& co nt%)l ():}efﬂl A “{hgreelblt}?]éec%qr@rg?glr%g@ﬁ 18&116\%'\,? g{t glosr}’uon
stateC %Hfu%be? bgﬂl@lﬁrﬁ%ﬂ@ I8 Grd 6p%%{tifonhlrls §1ffdrér§:ttheﬁpl$ ki cWtrol

te 1T the control signal is in a first voltage
c1rcmaryg.emethdsq@ba@posm@ektatel n a second position state if

(DS, om0 RS AR MR vt
to tHeSthl'rd" pbiR€ ahd %Ereﬁpﬁ"'tﬁé Qhtrdl @ik%:ltr}t han et peitid@ate it
first ports that are operational is di fferent than if
actitaes thotramsplittets bothetrte feseiverst and i§ themedtrpbeitauitanisgn sheesecond
position state it activates the receivers but not the transmitters.

6. The chip of claim 5, further comprising a command decoder circuit coupled
to the core, and first and second selection circuits coupled to the first and second ports,
respectively, and wherein if the control circuitry is in the first position state it directs the
first selection circuitry to pass signals received from the first ports to the transmitters and
the command decoder, but not to the second selection circuit, and if the control circuitry is
in the second position state it directs the first selection circuitry to pass signals received
from the first ports to the second selection circuit, but not to the transmitters and
command decoder.

7. The chip of claim 1, further comprising a command decoder coupled to the

core, and wherein if a command is directed to the chip and is a read command, the

command decoder causes a read operation to be performed on the core, and resulting read

11
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5. The chip of claim3, further conprising
transmtters and receivers coupled to the third ports,
wandenhexoei n if the control circuitry is in thectiussios/o17048
position state it activates the transmtters but not
the receivers, and if the control C|rCU|try iIs in the
econ Slt on state it ct vates the ers but
data § ol Eomitsh s b b€ secord Rt Gt it bioihis HEh retits the
read GRARY $heisBshn@ peop§MENd decoder circuit coupled to the
core, and first and second selection circuits coupl ed
t &.t he The dtip afidaiset.ontbrpiothssecord pests dre ¢t providechnly read data.

V\/g)erel if the control circuitry is in the first
po5i ti oy SEHEREOTPIINEect s the first sel ection

Ci fiyGrAdd sbchi)l PRSScath SRR Eng LARMGBFCrE ABntrBECifduitey, and first
ports to the transnmtters and the command decoder, but
portsypcondperire asdthoddoste] @k i on circuit, and if the
conirol c ry. .si he se d posi tion, stat.e
i Pitfio Fr b sihonf b, BEFRT PR Bl PAuSBhif egas. e
secorfd%&ﬁtsVa@Q td 6&%%6‘11&16@1%&1 s, BRd % cbﬁtrélhﬁrcﬁﬁféox@@o s@ﬂtﬁﬁ fftefher the
circuit, but hot to the transnmitters and conmand
third gegeaesrto only repeivesigpeloer eilapravide fignalhend wharein dieribirdports

or g TR FECaRR BB okl bEs B 7oae conmmng,

t hg. c omstéﬁmdﬂém@a $sABer&ohPeifin@Rehé@hb9toh@ol& coupled to
perfornmed on the core, and resulting readdata is

the ﬁﬁﬁt vortelefithedshohire apdwacred the sortselsiguiba| eidhs Brst chip is to direct
transff‘utlée(%é’I t‘hg\fﬁst %H]é) 1‘.\{? gmﬁ %&%fos QI%?, éﬁ]ﬁf ﬁ?\% ggr‘?g & t%xg fi tr&%hlp to

the tlﬁﬁillﬁd’ﬁi; fdrt&ivaieof the Pecord dRipOi d/the eesdnd dbets oPtheAirst chip are
system conprising: first and second chips each

Coupieﬁép thei fgt @rwéﬁéb%/seém%c ipontrol circuitry, and first
pof+ s, re
POLLS,  ERPQMRE iy RGN SR, AL BT s

the fieddlpyrit ©F eV stohipat addﬁekse comand, sdririte dae sighatsrﬂr(ym the
prOV|de S|gnals and the control circuitry i
memeyongllgh é%wheliermeth@ Kighals pagtideddethe éeC@ﬁFl)POFté eﬁﬂf\?éirst chip
I nd wherein the third
o thesﬁﬂ:,'? Eb&sf 8{%9 Q%CY)HE Eﬁ% aﬁj@reélrl ggt%o%agd to the third ports
of 12 he Teeonttncti Painil®. wHélﬁan?ﬂy spantiaf, tied fistp@ts dfuhd fisst chip
COMpr | menory controller coupl ed t he

and the ied Rﬂmtq@wrﬁeﬁg AP Feeig @MiHeEn# G A f@%?nf“?‘LWﬂte data
mgna?é 'tﬁer s\écr:(g{d (ﬁﬁ off{t}gesitlrrsgér}is ftu?ssélcgnﬁj 51%%] rtg% Qﬂb%ﬂ%'ie:flﬁrp?ovide
onlytdmdrditaoorts of the first chipto the third ports and

recei vers of the eco d chi a econ orts of
t hB3- :c Yr ”g}?e %}ﬁfﬁﬁl %ﬁéalm wherém the tn rst ch1p 1sspart ofd a P 1rst group of chips

coupled to a memory controller and the second chip is part of a second group of chips

coupled between the first group of chips and the memory controller.

14.  The system of claim 9, further comprising a memory controller coupled to
the first chip, and a third chip coupled between the second chip and the memory
controller.

15.  The system of claim 9, further comprising first and second module

substrates to support the first and second chips, respectively, and wherein the first module

12
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coupled to the first ports of the second chip. 11. The

system of claim 10, wherein in operation, the signals
woeswieedot hr ough the first ports of the firstpPchius2@em17048

address, command, and wite data signals fromthe

menory controller, and wherein the signals provided by

BB CORSY Ll Pl B b R cond
i ishdl cl Lad ih8Ramt AgtHelse&dnd chip.
oSS S S BT et Bt i

sd6ond Teisystemodicleemdid, whemsimthn dirstadd sewosd nsothilenubsteates

d Si |s,. and the secqnd ports of the first chip
each ‘gﬁaﬁ‘%g é‘@g‘%‘f %’dﬂ"?eé%fi? Wfthzh%é’é%‘g’ @lﬁinbo eo%%atéatg’nl y read
data. hhe sTB@mSHLAM Q?urﬁie@b@ﬁlﬁﬁisiﬂ% alodule subgrdté hgting a first
chip is part of a first group of chips coupled to a
side terswpproyt the firstehipeandatherichips dee same whkmsitlee Hrst ehippnda second

....second group qf ,chips_ coupled between.the fir .Qup

side 5 Rl 80 RGeS SBief o b Fid o e ey it
cli@i m Sphef yykiehess G, figkig c@m[iﬁﬂﬁ%ﬁ GéMdrl @bh@sller coupled to
coupled to'the first chip, and a third chip coupled

the fitséehipewherain the oesmepry: hotpradliristalee qpuptsdyio 8 aYitaless tiapsmiftsr and
" .‘;I'he systemof claim9, further conprising first and
ccelicond nodul e substrates to support the first and

seoond & Ridisod dRgRBaIg vel y, and wherein the first
nmodul esubstrate further supports additional chips that .
amdaqinga faghends seeaad Rrqupto @Elpps i A GOMPBICE SYS6ER Wesdeindhe chips
s rate rth S i ti.opal chips that are
0fthet fﬁrg?é%(ﬁesﬁcgé&% Oéls‘gé%%%%g%c%@&%?g@dl e systemof claim
1%audibe R dontloEcitduitsy ofhel fise geough ofetlifseo dulxsi fiadt @ssition state’
each include a buffer to interface wwth the chips,on_,
and capring g soatrel gieuitet @f the secont grogp of eWps o e 1y egond position
state'faﬂrt her conprising nodul e substrate having a first
’S|ge to support the first chip and other chips in a
s amlereiarflesesortshod ehdhr sitthettips ey recebecsigiallss sebend ports of each of
support the second chip and, other chips. in a same. rank
the chigs prly Pseude sigaHsFnd 1l copfel giariEyThhe dirstigiow ofqhins fapses
S . ) . r
the SEFERS AR ORI Yo RBCUERN BB Dokp oL B8 e Ehm of
chipsaavd thelcestsolt dimnim inttesr scanetl greopiof elips dBisesthasedond group of

. conprising: placing first and a second group.of
chipsdRiopYy feReixe él@ﬁﬂaﬁ}gpugiy@%réﬁpﬁ&ﬁ g iSFOQ e %@311198-

20.  The method of claim 19, wherein the signals received through the first
ports of the first chip are address, command, and write data signals from a memory
controller, and wherein the signals provided by the second ports of the first chip to the first
ports of the second chip are read data signals.

21.  The method of claim 19, wherein the first ports of the first chip and the
third ports of the second chip receive only command, address, and write data signals, and
the second ports of the first chip and second ports of the second chip provide only read
data signals.

22.  The method of claim 19, further comprising coupling a memory controller
to the first group of chips, and coupling a third group of chips between the second group

of chips and the memory controller.
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of the first and second groups each have contro
circuitry; causing the control circuitry of the first
wgnroewsp2efochi ps to be in a first position statecams2006/017048

causing the control circuitry of the second group of
chips to be in a second position state; and wherein
figst . ofi gt j ' i > ohi
seibnd sy e SEEHAR o7 (NG KRB RRIeISGRETLS! S0 8 chips

on a fitsghwidsle sabgrathaendplnting theciecandi groyp ofchipseorf & sebnd nodple
of chips causes the first group of chips to only

substieyi de signals through third ports of the first group
of chips, and the control circuitry in the second
group of chips causes the second group of chips to
only receive signals through third ports of the second
group of chips. 20. The nethod of claim 19, wherein
the signals received through the first ports of the
first chip are address, command, and wite data
signals froma nenory controller, and wherein the
signal s provided by the second ports of the first chip
to the first ports of the second chip are read data
signals. 21. The nethod of claim19, wherein the first
ports of the first chip and the third ports of the
second chip receive only command, address, and wite
data signals, and the second ports of the first chip
and second ports of the second chip provide only read
data signals. 22. The nmethod of claim 19, further
conprising coupling a nenory controller to the first
group of chips, and coupling a third group of chips
bet ween the second group of chips and the nenory
controller.23. The nethod of claim 19, further
conprising placing the first group of chips on a first
nodul e substrate and placing the second group of chips
on a second nodul e substrate.
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