WD 2006/ 124300 PCT/ US2006/ 017048 | DENTI CAL CHI PS W TH DI FFERENT OPERATI ONS
I N A SYSTEM BACKGROUND 5 TECHNI CAL FI ELD The present inventions relate to
chi ps which operate differently depending on where they are positioned in
a system BACKGROUND ART 10 Various arrangenents for menory chips in a
menory sysieidaMsobeen proposed. For exanple, in a trerusioomalboss
synchronous dynam ¢ random access nenory (DRAM system nenory chips
comuni cate data through bidirectional data buses and receive commands and
addr esses t hripygiricanentewire i FeSRENT DFFEs) TIOINS NReAWYSTEM ps have st ubs
t hat connect to the buses. 15 In other nmenory systenms, a nenory chip
receives signals and repeats themto a next nenory chip in a series of two
or nore nenory chips. In sone oRaasROEKSt ens, the |ast nenory chip in
the series can send a signal directly back to a nenory controller or other
ori gi*nath : 5 is referred to as a ring. Menory nodul es include a
substrate on I . . 4 : £ S@ineldye menory

chi ps may be'fggg%gea@gﬁ}ég?%1%%2?%?13%&3?@%ﬁgcrgtﬁ&ffe%%?%? gln gboth si des of
t he substhesat they 4m psotenedygstendema buffer is al so placed on the substrate.
For at |east sone signals, the buffer interfaces between the nenory
controller and the nmenory chips on the nodule. In such a buffered system

t he memBACKOROUNI @aRTtan use different signaling (for exanple, frequency

and vol tage val.ues, and poipnt-to-poi,nt versus a |ti 25 drop _arrangemnent
ot 0 he bt NBHOvHT BHEDTY R B Ledt Fa TR RSy et et PRgaR oo
DESCRI PTHqOM 4akp1dl HEa RRAVEMNES, Ao nb iY@ Rkin@Nandink hecbs ey sDRANNMOre ful ly

fromthe detail ed description given below and fromthe agconpanying
dr awi ngSYSEmSRYBHY RIS sSoBrupitateidaipdorghdpRtioR?! dABPURHAEE & Ehoul d not be

taken tqol.ohhs 146 qhRYRI NS dothrhdA aﬁ@gfdrég's%%s@aoeﬁhmrgaﬁﬁgmed, but

are for explanation and understandi ng only. . 1-3 are each a bl ock

diagranwhépﬂe$enmaﬂﬁ@ﬁW¢mma-systen1inpluding first and second nenory chips
acc 01r5d| ng to 1% e r%gg&%' sEF&QIE@, a%er%éﬁ'? chg\{‘g&weg Qi%n’alg* and repeats themio a

next memory chip in a series of two or more memory chips. In some of these systems, the

last memory chip in the series can send a signal directly back to a memory controller or
other originating chip. This is referred to as a riﬁg.
Memory modules include a substrate on which a number of memory chips are

20 placed. The memory chips may be placed on only one side of the substrate or on both
sides of the substrate. In some systems, 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 voliage values, and point-to-point versus a multi-

25  drop arrangement) with the buffer than the bufferuses 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,
30  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.




WD 20061124300 PCT/ US2006/ 017048 FIG 4 is a block diagramrepresentation
of a systemincluding first and second nenory nodul es according to sone
enbodi ments of the inventions. FIG 5 is a block diagramrepresentation of
a systemincluding a nenory nodule according to sone enbodi nents of the

i nventi onsvo obhfss0 6-7 are each a bl ock diagram represenusioh@n’®R a system
i ncludi ng nenory chips according to sone enbodi nents of the inventions.
FIG 8 are each a bl ock diagramrepresentati on of an arrangenent of nenory

chips accor gi@o £Q bRRIe;RRROHprRaEidRfof b REstbA RN IdgNSrst FldGecdhdi s a bl ock
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30. Menmphips 6hioRdiBid SmeGaihpligtnishi cieghventmduct ors 36 to menory control | er
10 making a ring arrangenen Sone enbodi rrefnts do not cl ude sone of the

t.. i
details showkl§nd HEEechi blogx qipgrp gepraseniationolsg arigngqient p RO SRSy o j 1y
the Systeaapt S éflodshibitiiiomddionisin @ first position state. Chip 30
is in a second position in the system and control CirCUi%&éggﬁﬂ isin a

second posi t Fd@- SisatdockdiagspuFapeescrigity Bla HiiFe él‘?cthf*@ngzh“fg‘?ﬁ_ VA

Si Mult aneoyshy uﬁ&mé é}nﬁbgﬂﬁémé&fﬁﬁ@ﬁv&gﬂ,ﬁgd' ng other situations. In FIG 2,
chip 20 T8 1n°the second position an control circuitry 24 is in the
second posi t IFOGS stat leare €l 1B60ki dadram répeestitpation Posiveteoritednéngs . cont r ol

et b e S BB PSP g e P 20,200 30 e
position in the system to allow either the configuration of FIG 1 or of
enbodi ment s of F1GS 1and 2, PREAYPELESERIEcBhduct ors bet ween chips 30°
carry si gnal RddhrifploFIoNe, HinkR6isgfem Thei®Rs Maynley alduetlsr Mondiietor s bet ween
chips t r’zl?;ouglz(t: 2<3rzlrd¥10t§)1|rsgl%%l) 2 ﬁlrsrg rr?am%%lz 91;115 %((): .t i.d%?n%!:y c%rlp 9 1dsl crogglgtli %r%gilxghnan ner.
conductors 26 and conductors 28 to a second memory chip 30. Memory chip 30 is
coupled through conductors 36 to memory controlier 10 making a ring arrangement.
Some embodiments do not include some of the details shown in FIG. 1.
20 Tn FIG. 1, chip 20 is in a first position in the system, and conirol circuitry 24 isin a
first position state. Chip 30 is in a second position in the system, and control circuitry 34
is in a second position state. Of course, control circuitry 24 and 34 may simultaneously be
in other states 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
25  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 embodinients of FIGS. 1 and 2, the illustrated conductors between chips

3¢ carry .signals in only one direction. There may be others conductors between chips that

carry signals in 2 unidirectional or bidirectional manner.



2 WD 2006/ 124300 PCT/11S2006/ 017048 Referring to FIG 1, when contro
circuitry 24 is in the first position state it causes a selection circuit
50 to pass signals received through ports 22-1 to conductors 56, but not
to conductors 58. An "X" on conductors 58 illustrates that signals do not
pass t hr owgh 2006tm600f rom ports 22-1. Control circuitry Bdraksos/camses
transmtters 64 to be enabl ed, but 5 does not enable receivers (68 in FIG
3) coupled to ports 22-3. Read data froma core 76 is provided to

sel ection ci rgdtbtingdo BI@M, WAESE 1 LifouttPRRi e dirdthbanalsiPe it Guskd- 2 to
conductors 26 and ports 32-1. Wiile it i's in the second position state,
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of menory controller 10. 15 FIG 3 is simlar to FIG 1 except that it
shows soﬁ@dﬁﬁﬁﬁﬁﬁ@ﬁﬁpoﬂ%g%ﬂi, which are not used in sone enbodi nents. FIG

3 shows receiygfs it@@hﬁﬂgsécf)ﬁcﬂﬁdﬂthh%{a%e, Qbntvi1 bRcnieky 34 BREKS, dendligat | ng t hat
they are not enabled. FIG 3 also shows command decoders 74 and 104 that

cause opeiraitiddrie pess stavalserckredtdoush noos 82-176 cenicttte’s, Prt@ot ® f urt her
id Lfi t d | .
I dent )T gc?nd&%tgl[%ﬁtﬁgg&grﬂ::%go(%nt %ﬂ@@c‘g&g §6 ?ﬂgt&%é Etcs;i’?rfg?s Rt glfst@tag%ﬁ LR Mory

controller to sele ncirc rough
recei ver fofidortSo. conrandspitsidhlasaneatceone®dncbs cmbrdnot dassswei at ed

ith [ . ' h | d ith
assoct at B8Rt PR L S R PR e R L PP & RGP ‘be. wiite

data or pdédiies sxesicttibhci@it AR Fhiehy iasseeiiatEtraeh pmas-2 &el ect i on
circuit 50 selects that the command, address, and wite data is passed 25
t hrough E¥WHEEEAOSPEE0HD! bdrhmereryceritald ecoder 74 and t hrough

transgmtters By andsinPOF L1821 Sxdeft B iPH3Ws sHRE A Fotail, RBIGOHEMRN,
address, and wite data is al so ransmtted t hrough ports 32-3 and

receiverEMQBmihﬂ@mﬁﬁaﬁdﬁd@c@dEK}fU@QW@ﬁWQW@@é@§n¢Hm@ﬁ§W¥@84@@ﬁfﬁ?read dat a
from cor S’l%.l‘kg @r%tﬁ‘&qiné Qr%t hxt%?r %1%' ot Eﬂa%ﬂedp EZ@."%&@O shﬁ)érs %Sﬁgm%éd d@%@gs qgt&ﬁd fromchip
el‘ec thro tters

20 i s passe rom on circuit ugh transm
104 that cause operations to be performed on cores 76 and 106. FIG. 3 further identifies

that command, address, and write data are sent from memory controller 10 through ports
20 22-1 to selection circuit 50 through receivers 62, Some commands, such as read
commands, are not associated with write data. In some embodiments, there might be some
commands with no associated address, Likewise, in some embodiments, there might be
write data or addresses with no immediately associated command.
Selection circuit 50 selects that the command, address, and write data is passed
25 through conductors 56 to both the command 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
30 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 muitipiexer between read data from



30 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,
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circuit 84 acts as a nultiplexer between read data from 3 WD 2006/ 124300
PCT/ US200640Qadd4d &00 conduct ors 88 and read data from cafduigR¢lcd17Dg8.
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commumicated to command decoders 74 and 104. For example, in some embodiments, all

the commands go to all the chips and command decoders 74 and 104 include address

comparators or other circuitry to determine which commands are intended for them. The

" address comparators or other circuitry may be right before the command decoders. In

these embodiments, if a command where intended for only chip 20, it would also be

transmitted through transmitters 64 to chip 30. In other embodiments, if a command 18

directed to chip 20 it may be stripped off so that it does not also go to chip 30, but if it is

directed to chip 30 it would go through chip 20. Still other techniques and variations may

be used.

In different embodiments, the conductors may have different numbers of lines or

lanes (widths). (According to some terminology, in differential serial signaling, a lane

includes two lines, whereas with single ended serial signaling, a lane includes one line.)

Merely as an example, conductors 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 firsi 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 o

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

f erent



| anes (widths). (According to sone termnology, in differential serial
signaling, a lane includes two |lines, whereas with single ended seri al
signaling, a lane includes one line.) 20 Merely as an exanpl e, conductors
16 and conductors 28 each m ght be six |anes wide, while conductors 26 and

conduct or sy36pRAsHAwgT ght be eight |anes wide. In this exanBb®eoistdze first
ports (22-1, 32-1) for both chips 20 and 30 are eight lanes wde. In this

exanple, in the case of FIG 1, two ports of ports 22-1 are not connected

Lo condublobieldy. Bﬁe@és?bﬂ?%%&tﬂgn egggg&ts%n@il s ARBRELRL, Lsconduct or's

26. Int orts o are not connected to
conduct oTEert Gaylbetadditibngh osrtdsicofs qmirnosts 22 ziotaomtébd heestlediongircgitatduct or s 26.

Sel ectio uits n aps £l neul, t WO
2006/ 124%*&5%{*%1* %‘ﬁ%ﬁ%ﬂ@g gB Bﬁﬁunéﬁyéef%dl&%aé#’op it e RO es"%f or the
nunber theppustnatearpdrté ifesafibles ondiaetcdpertexd-5122-2, Tharia chpyohe addi tional

conductors angﬁﬁ)orts that not controlled hy selecti an Ci rc its .50 and 80
as i s°descri b AdHustateg persiuctprssl 18wpd 120, ygichre simled GASPTYSFEE ™ hat are

not part0t,g wecéddh&éltsﬁ@kﬁﬁd mrﬁﬁ EdcBbe @RI @ndlt9dr Paidre OhnpREtS 22- 1,
22-2, 22-3 1n chip 2 ¥I ustrates conductors 118 and 120, whi ch

are coupb@diuvi@r C@zmdpgmrsclllﬁ@nﬂﬁE@cargnpcgﬁ@ng’r@te coptelueseledo tagrad g 120 may
each be @os% t?:e cPQAUST Qley ﬁoarnﬁ?;tzth s t X con?{r;%l\% Q ndu@%?sdﬂ%ta%s 118 and

120 carry posSition state control position state of
control ¢20 awinbt yclAdedoand tBeApositrm11$mm oémmnhl [08::712) 1Ry %anbﬂﬁcﬁw@romsé and 120

are not incluyd and the it ntrol circuitry 24 and 34 is
cont 1ol | g’dougll%d%?%ﬁ?awug?ﬁse? ﬁgné"ﬁ%’ﬁ d%gtmgh conductors 16 and 28.
The bi di r ect | PhabidRédtidhsel nafurd Sfehdé frangfitdrt a{cBreaeﬁﬁiers’ et e8wad 9484 0168 and 94,
98 on either side of conduct ors 28 may add to the gad C aci t ance.

However , CHRer ke 9F FRpdUetaiidd crayradd 3g the dpd pARREHARCE AP VSV ¥BEt of this

addi ti Onééna%@n%cdst@ﬁﬁ@els%@anere%utcmh@Qémm@t ca‘f)hﬁfhﬁbé&&lfe&@(ﬂﬁ@d‘@d’ i's not
overly inpacted. 15 FIG | ustrates a nodul e 150 that includes a

subst r at émﬂ_aznqimatﬁeg@q@pbrst@tmiyrlwpa@m ps 20-1, 20-2,... 20-N, of which

chip20 10 Fl @R dindRdicda bl SYAR S m&%ﬁdﬁla AEpHAESRpSUDSLr at e

172 that supp S nenory ¢ |ps chip 30 in
FI GS. 1 alngds 20-it s2(aR . eXAMplof whtdndire2®ingF1G6 - andlBbis 2n e}xampise M modwduct or s
26-1 qact ors 36-1,

36- 2, .2§7§%1°Nd8 ‘H‘L@‘étﬁ% gﬁ%ﬁgﬁsﬁ%{fzrgrﬂ%mf?ﬁépﬁ%g’”areF ‘on coh uctors 16, 26,

28, and 3fipi3n ik ES. 1knd 3 i0dn dHAeps. gltkisciors 16-1, 16-2 ... 16-N, conductors 26-1,
26-2, ... 26-N, conductors 28-1, 28-2, .., 28-N, and conductors 36-1, 36-2, ... 36-N carry
20 signals of the type that are on conductors 16, 26, 28, and 36 in FIGS. 1-3, or the signals
may be different. There may be other conductors that are not iltustrated. Substrates 152
and 172 may also have chips on their other sides.
A conductor(s) 182 and conductor(s) 184 provide position state control signals C1
and C2. Signal Cl is provided through conductors 118-1, 118-2, ... 118-N to control
25 circuitry in chips 20-1, 20-1, ... 20-N. Conducior(s) 118 in FIG. 3 is an examplé 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,
30 if Cl 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 Cl and a



may be different. There nmay be other conductors that are not illustrated.
Substrates 152 and 172 may al so have chips on their other sides. A
conductor(s) 182 and conductor(s) 184 provide position state control
signals d and C2. Signal C is provided through conductors 118-1, 118-2,
... 118- Nwloes@iaigool 25 circuitry in chips 20-1, 20-1,rcr/uszaioniodss
Conductor(s) 118 in FIG 3 is an exanple of one of conductors 118-1 ...
118-N. Signal C2 is provided through conductors 120-1, 120-2, ... 120-Nto
control 5k %1t §1¥na‘l @ECIH E’(ﬁng’gngodlﬁ&ﬁsl&li grouﬁ.@bﬂner@%@!ﬂ%%(h@)ﬁr&2o in FIG 3
is an exa one of conductors - I'n FIG, 4, in sone
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on the nodul é“hepésmmrnstamaIoﬁthelcentrcémcxytry)(sublhes Hoad|3d) Uambbeettatb@fm provi de

i nf or nat,i bout the osi tion,of 0 S dul e -
al t hougﬁ g?ﬁ@‘ ﬁg@lp‘ﬁfggﬁY,SFE{Stﬁljﬁg aftpl %(1%‘(3 ST‘%f Pgﬁ%ﬁ@le\% Qtp%lgfirtﬁlg%g the nodul e
my be isBme ShbbdinRhlicthe apftaaghasy eyedte usl&ds. of Bly@alpOBbit CHro Giktat e of t he

control ci rcwtr such as 24 and 34) nay be set at b wh en t he
conput er°0§ ﬁ?dt]s?’)“ dogyef ve 0 ROPIGRREES: OF S%CWHQFP@%%Q%‘%# St her
Times. |y, lﬁéﬁ% %{Hapﬁ\h?m%%onm 160 Bty f@hé jtdof ¥iakedt ches the val ues of
si gnal é © : coné)ucfgors 18 0 1idS{l4 do not have to remain '

active, or s@%&ﬁ@@ﬂ@%rﬁo T 4erecot Gt Gélhlsbéte%§m§ﬂ%1§ 1§d withpsrbSRfer pur poses
except CRAETEE F P e d2d M R o T 2 e g &
first silda-11Ba<chipadd-la.s¥cdm opistle 1832 2n thelkpepl20f HIG. 5, sig@lLlds e on side
received through conductor(s) 182 and signal C2 is created through an inverter 190,
20 However, the system of FIG. 5 could have both signals C1 and C2 come directly from the
motherboard, memory controller, the module, or elsewhere.
FIG. 6 illustrates that more than two memory chips may be in the ring. A memory
chip 40 with poris 42-1, ports 42-2, and ports 42-3 is coupled to chip 30. Chip 40 may be
identical to chips 20 and 30. Chips 20, 30, and 40 may be in different groups of chips (for

example, ranks) or in the same group. Conductors 28 are coupled between poris 22-3,

[
w

ports 32-3, and ports 42-3 in a star fashion. Although FIG. 6 shows three memory chips 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
30 of chip 40 and control circuitry 34 of chip 30 are both in the second position state, and
control cireuit 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.




182-1 and chips 30-1 ... 30-2 are on side 182-2. In the exanple of FIG 5,
signal C is received through conductor(s) 182 and signal C2 is created

t hrough an inverter 190. 20 However, the systemof FIG 5 could have both
signals d and C2 cone directly fromthe notherboard, menory controller,
t he nodul eyvo emsetssamwhere. FIG 6 illustrates that norepChanobeo 708Mory
chips may be in the ring. A nmenory chip 40 with ports 42-1, ports 42-2,
and ports 42-3 is coupled to chip 30.- Chip 40 maybe identical to chips 20

and 30. j , j i ff . . chi or 25
oxanpl o, ToEReOrri s, BG 285 SRUCE S Phooh 48 Bllbs 9 O AL uflL BROpd D! 2D
ports 22p@&itionpoChip 482r4¥, beamdhpmuntesnatRicdriima difftar nfcdgleithan chidstXandh FIG 6

shows t hree. Jx chips, in . series, in qther, e iments, .there are nore
Chan ¢ hr b SERUR) SerT e B TS Sim Mo et i BE Rt B €™l b 2 star
ar r angeneghbinffondaieans. 4Gecondy @ 1a0iibsal 3Rip2 iraferid2- For sicplicitgt ors 36
couple ports 42-2 tq ports 12-2. | n sone enbodigen%s, the control circuit
30 of 5 chFigeullty il dAt 1P 4 ot Hpsteiedy puidhsqyldlr tBp eBotsPTidHE Y second
positionyghateig. and control circuit 24 of chip 20 is in the first position
state. Accordingly, not every chip needs to be considered in a different
posi tion. in ¥like73d\wtraivs kaystgrthposetnibt tohi gysope pbF o . exgepitbap 8380124300
PCT/J S2 I e . . i B I Sl first position
and chi pgg%%%%ﬁ%madr}g&%lmg %gl%’scg%’olghgviodgg frﬁp%%? &%ﬁ it%tﬂﬁgn etlni}gy be on the sanme
nodul e ocoritwller. cReffidreng it Flto dudcadiedian 2thap so@0edbtwedOror@lil g4 o2@, 30, and 40

R T e R e e Rt e e T S

Ci:rcui tr yan bt théapse adQr d3rend fifin 4@mcSy O0troildd WS IToatiedors2OS afelcotpivd d be the
sane as or different than in FIG 7 illustrates ts(_'%/rq;s]ézeqfnthat is
e

FIG 3.
simlar PEVEHEPKEY LLévhabrhm 2@l apd putsedpt -3 Hapemasy ehig 2307 Con ad data

of each gLy 't@eénspoptrsqzﬁ_d%@cmgrz@oQlilcr;?cﬁislmizq)ffcb@rrmmw control | er.
Referring to FIG 7, conductors 216 are coupl ed betweentgorts 212-1 of a 10

menory cbatdusiore?3 carocamedderasn pors 23204 ofchimppastapdanitp 2228.  Menory
controller 21 ; (S -di f #’@ﬂ; G | er 10.
Cond&%:)t ors 22 Sgﬁggggﬁ%ﬁggm @g':ﬁ blggﬁ%gggéssoff%@%m% chz{ﬁgrﬁ%éleaér%ga %%Er ts 232-3
of nmenor aithapf28Mduc@ondiotditcof226. 1. a¥lercboaspiedabpeyweadu@os 2§ a@@26 2 of chip

220, 2N BOL1 % AuRnd SRR g 105 5SRO BL2, BTGLALR HRyP! od between
numbers could be involved. Likewise, the number of ports of the sum of ports 212-2 and
ports 212-3 may equal the number of ports of ports 12-2 in FIG. 1. The type of signals

20  (for example, command, address, and write date) may be the same on conductors 216 and
228 in F1G. 7 as on conductors 16 and 28 in FIG. 1. Likewise, the type of signals (for
example, read data} on conductors 226 and 236 may be the same as on conductors 26 and
36. Also, whether chips 220 and 230 send or receive signals on conductors 228 may |
depend on their position in the system. The number of laneé of conductors 216 and 228

25 may be the same as or different than (for example, one half) the number of lanes of
conductors 16 and 28.

FIG. 8 illustrates memory chips 270-1 and 270-2 which receive signais through
conductors 274-1 and 274-2. Chip 270-1 is coupled o a memory chip 280-1 through
conducters 278 and 276 and chip 270-2 through is coupled to 2 memory chip 280-2

30 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



15 In some enbodi ments, the nunber of Iines of conductors 226 and 236 are
each one half that of conductors 26 and 36 of FIG 1. Merely as an
exanpl e, conductors 26 and 36 mnay have 8 | anes and conductors 226 and 236
may each 4 | anes, but various other nunbers could be involved. Likew se,

t he nunbew®@boopor® of the sum of ports 212-2 and por PET/REDOGUTEA equa
-the nunber of ports of ports 12-2 in FIG 1. The type of signals 20 (for
exanpl e, command, address, and wite date) may be the sane on conductors

216 and cc%%ﬁctbl@ 27k Ghd 73 Biite At GRBAYEHE B¥rtludibrsdnordictdds £4 63 FIG. 11dddané se, the
type of signals (for exanple, read data) on conductors 226 and 236 may be

t he sametyas obyig grgors 87706, 208, and) 298 mayrhetthesameriis 58 coPBCRE®30 send
recei S 3 d ) nin the
yst om SR o D 0 R S eS8 e 2

or diff esreedndudtars 208 end 23Gampy dgpeoden ﬂairfp)mtlbremrthmteﬂofThﬂan@é)eD@f
duct 16 70-2 which
(r:gge:%eo %@ﬁ‘é?@ 'ﬁ‘Pﬁ&&E Z%gog%dué?‘g%si%aly 06 the K %aﬁg Qéd&ﬁ%%% %%Q% is coupl Ieg

to a menmeynEMeRo@80thtr fnifiigiich sONBURIT GeSm2t8r aﬁﬁleazﬁccmﬁdctomaﬁ 270-2

t hrough i s coupl e menor 2 30 t rou nductors 288 and
286. m’ﬁ%ﬁ%’@wlogh’&ﬁ?ﬁeoﬂﬂ%ﬁ%iﬂge‘p s??‘gga%é %“r‘i’r q’c? YH LT 290 and 292.
In sonme gpbadi MBSy c:laBBid ﬁﬂ@h@b@éﬁﬁhﬁieﬁoﬂﬂm@y@ﬂdﬂﬁh&ﬁﬁ 137aﬁd18 and 274-2 are
the sane as those on conductors 16 in FIG |; the t§ e of S|€Ials on 7 WO

2006/ 124300 Fﬁﬁ Odheteice 2 FouEn Whihdnerse sinplzgtothed FEE R e PHEI S as on
condygt of & 9%8&3@%%‘ %%ra%%uﬁfa RN méiucgaé'ﬂgfhér@qz alohB &8 chdlsanad S

conductors 2 e sane as on conductors 26 and
36 of FI Eanﬂl suhAheitehenfaccthpsnoZtms 1 buﬁi?f(BQZ aloag@dth, chins d9280- 30-Ne rRDHéir recei ve

Syerem FHOTRRBLT B i8R e R SR e A Bl SV ERRR & 1 e

t he SanEn@ﬁDhﬂxﬁﬁlmﬂQDOh&y$ﬁmm%ahhayolﬁmﬂmﬂmymhﬂnﬁomﬂuﬁﬁhéﬁ ﬁhmber, such as

one hal f th (ﬂber of |ines. of conggftor The nunber of |ines of
conductoF@y tionghoonductgrpghat 416 o5 g41s ‘be the same as or different than

(for exanple, Tl%%lhﬁslcfn)cohﬁv&tmmén@féil nesoh reonglne) 86 sf e sandl 28. FIG 9
illustrates a system which operates simlar to that of FIGS. 1-4 or FIGS.

1-3 10 biveasthagiaps op ﬁ%ztduatos%wsmr%@% lsdiphbesl 31001hE KIGes? Boft $-eF312 al ong
with chip Enﬁ%@r}conggc_t%g?@f .g.g_%&ﬁ%lﬁﬁ%rﬁfu‘@towo%%?ﬁ@%Qn&W SRS sanetyhd er 322

along wt I ps Poi nt

as signals on conductors 36 in FIGS. 1-3 and conduciors 36-1 ... 36-N in FIGS. 4 and 5.
The signals on conductors 26-1 ... 26-N and conductors 28-1 ... 28-N in FIG. 9 may be of

20 the same type as the signals on conductors 26 and 28 in FIGS. 1-3 and conductors 26-1 ...
26-N and conduciors 28-1 .... 28-N in FIGS. 4 and 5. In some embodiments, the voltage
and frequencies and perhaps signaling techniques between memory controller 300 and
buffers 312 and 322 may be different than between buffers 312 and 322 and chips 20-1 ...
20-Nand 30-1 ... 30-N.

25 In some embodiments, there is a different buffer for every group (for example,
rank) of chips. In other embodiments, a buffer can be shared amnong more than one group .
of chips. For example, in FIG. 9, buffer 312 might serve the function of both buifers 312
and 322

FIG. 10 illustrates a system in which memory controller 10 (or another controller

30 in this disclosure) is in & chip 350, which also includes a computer system processor.

Chip 310 could include multiple processors and muitiple cores. Chip 350 is coupled to an

input/output controller 356, which in tum is coupled to a wireless transmitter and receiver



to point or multidrop conductors maybe used between the buffers and nenory
chips. A nenory controller 300 naybe the sane as or simlar to nenory
controller 10. There may be additional conductors that are not

illustrated. 15 The signals on conductors 304 and 16-1 ... 16-Nin FIG 9
may be of wdhevosan®o type as the signals on conductors 6riuR2064/63%0481- 3 and
16-1 ... 16-Nin FIGS. 4 and 5. The signals on conductors 36-1 ... 36-N

and conductors 308 in FIG 9 may be of the sane type as signals on

conduct 36..in FIGS 1-3.an YChhBtesBialeceiver 398 Neint fehdd 4 and 5.
The si ggéﬁorc‘)‘ﬁwé%sﬁﬁé%fnggﬁgaﬁl ‘ivﬁ&@sq% R and conduct ors 28-1 h . 28-Nin
FIG 9 maalhentefdiRéitd he sane type as the signals on conductors 26 and 28 in

FIGS. 1-3 and_conductors 26-1 ... . 26-N and cc i 28-N i
Flos. 4 ana 16T G Sanstrman bRt GEFo MO B 6F Prcfibomratler 00N 10

per haps j$ ih%@kél&ﬁhré?@@ﬁhrﬂ RSy BefieRAhIETAY Whivhrid covpledrio 8@Mcassdr chiguf fer s 312
and 322 may be different than bet m{g{}ﬁ@g&%@ 312 and 3%’% cz)i%lrefégsi ps 20-1
... 5203f¢and igerupled to 2 Fpuppuipy cppir § Fetitst “TH &0 PVEERSYi fferent
buf fer foh.e¥er ¥ 1 659 For WiRIEY SommtiBbdtdon Ofas6is Pentibiedotvirelessenbodi ment s,
a buffer can be shared anong nore than one group of chips. For exanple, in

FI G 9, thufrhitter Slepiieg58 ercviet teheirdofac el ¥RDGHOHEE-h buffers 312 and 322.
FIG 10 illust s%&;(ﬁ{g{ig | Gl REBHYpgaRtkol I er 10 (or anot her
controller %ﬂﬂﬁﬁqéﬁ“ﬁ% I'sC osgﬁe I's'in a chip 350, which also includes a
conput er systIaBLipratassos not rétriged3t @ny puticklarsignaties woliiiysé pr ocessors and
multiple cores. Chip 350 .is.coupled to.an. i ./ & 356,
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ansmtter and recel
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transmtter and receiver 358 are not re,g_'teji red ,J%r I Ihenbo SI ments. FIG 11
i || ust r stieke)anasls emsmpiedSerartee oMy he EpAo Py Gpoe 66‘:{(358?t GHBtHer control I er

in thisgj 56k OSHESlochriqldd ndy Fe B SRRt di@laliRbondl paraB6Rsgnaitig may se coupl ed to
a processor chip ~s 3691, and is coupled to a_input/output ntroller 366,
whi ch i msedir he sigrebupheks npadhetietde wltnlerad i he ey dedicgtep digs: \C/PgF 358 for
o ehes S SRLSAL| R0 5, 8 AL RSy SRS s g
AND ENVB@ (IVENESuld be dedicated lines for commands, dedicated lines for commands, and
dedicated lines for write data or some combination of these. The inventions are not
restricted to a particular type of transmitters and receivers. Various clocking techniques
could be used in the transmitters and receivers and other circuits. The recejver symbols in
20 the figures may include both the initial receiving circuits and the related latching and
clocking circuits. According to cestain terminology, in some embodiments, the groups of
conductors 16, 26, 28, and 36 might be referred to links that includes lanes, but other types
of signaling cduld be used.
In the figures showing one or more modules, there may be onc or more additional
25 modules in paratlel 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 1 this
disclosure or there may be additional control ci;cuitry not shown. In some embodiments,
30 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 Hustrated in the

figures. When the fignres show two blocks connected through conductors, there may be



The inventions are not restricted to any particul ar signaling techniques or
to protocols. For exanple, the signaling nay be single ended or
differential. The signaling may include only two voltage | evels or nore
than two voltage | evels. The clock (or strobe) nmaybe transmtted

separ at el wd roen4shoe si gnal s or enbedded in the signal sSPCT/NZ0IHIFHE 0dI ng
techni ques nay be used. Serial or traditional parallel signaling nay be
used. The signals nay be in packetized, nultiplexed, or have dedi cated
lines. FQermkai@xarnlis; hearmitustatdr Easshape iidretiavasisésgiiaieslodky ibe
packetized or tinme multiplexed. ﬁi éhere coul d be dedicated |lines for
commandot igteatedioaeiateitp acuglspaned Ve 8fd dedicated lines for wite data

or sonic cominat,@iadt it ReeSlemER@tbNMERhAR S BleSntPitiond. G&ifdrbnieed to a
particular type of transmtters and receivers, Various_ clocking_techniques

coul d béharpedficationtie “arr amdimenty’ SorprrIbhodERgnieé r LR TIAHRIIE | P OfME. The
receiyver : | 0..5.he fi gur ' u kherdsideial receiving
ci rcdi tg@é%%h% P@Fﬁ%@%%ﬁ%?ﬁ%ﬁﬂé ng?ﬁcél%it:ﬂr%&}i ts. According to

cert ai n cheregiimowhiyyhe dmbogdimetairbotidadnts Jeastsemg cobpdimshis, ddmnduct ors 16, 26,

28, and 36 mght be referred ta |inks at _i.ncl but ot her types
of si gné’le?":ﬁ@a“g%?}i Emli.’)%d%ﬁglét .Oc}lﬂ?'F Fatp ?Sghllrﬁgéf APV ﬂgﬁ%dr?gy%‘r&mrlmr e modul es,

t her e NMBYLHBEINRAE” WnetRMtRJREM T bORaine eRbodidditt eaennt preskitiglalland/ or i n
series with the shown nmpdul es. The nmenory controller may have nore than
one chanrpéltingde picsdme sMPREMFBHUl es. One or nore of the chips in a group may

be uged pri magidaVe &Qkiagkd QEm&AFhe e dodpied idQEh&ERIBET slembitrAmadband 34 may
perform addi tional functions not described in this disclosure or there my

be addi tditoeis covplet toblerienidd P bjindisrcily rewmled thivughfer BB HERFY.C 30 signal s
8 2nd C2, Mg Sl OIS bOLAL TR b OnbhoAdelai-oRubauthe posi tion

state. There na a var of circuits i hé chi ps which are not
i | ustratredsd, or ¢Hectdrisguadsausiiiercordpendnideaters, Shiowre, wrch#so’ks connect ed

t hr ough tors, th ,be 9 VO 2006/ 124300,.R 48
|t o e d R R dh P TORAT o R T I PASt R8T The Shape andoratati ve

si zeg OfpetahRadllone kSioi Sompdkni fibigrd eehctive, pedcasse ot chagctevatic Shisgsests and
relative sizes. An enbodinment is an inplenmentation or exanple of the
i nvent i g8 &Rdterence in the specification to "an enmbodi ment," "one

enbodi ment , " 1f §OEF.cERAGL FBRE 8 conPhentOfeB@Fe, structure, process, or characteristic
“may”, “might”, or “could” be included, that particular component, feature, structure,
process, or characteristic is not requited to be included. If the specification or claim refers
20 to “a” or “an” element, that does not mean there is only one of the element. If'the
specification or claims refer to “an additional” element, that does not preclude there being
more than one of the additional element.
The inventions are not restricted to the particular details described herein. Indeed,
many other variations of the foregoing description and drawings may be made within the
25  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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5 enbodi nents” neans that a particular feature, structure, or
characteristic described in connection with the enbodi nents is included in
at | east some enbodi ments, but not necessarily all enbodi nents, of the

i nventions. The various appearances of "an enbodinent," "one enbodi nent, "
or "sonme enbodi nents" are not necessarily all referring to the sane

enbodi nents. 10 Wien it is said therghggent "A" is coupled to elenent "B,"
el enent A may be directly coupled to elenment B or be indirectly coupl ed

t hr ough, WP#riS €38¥pie, el enent C.  Wien the specification or clains state
that a conponent, feature, structure, process, or characteristic A "causes"
a conponent, feature, structure, process, or characteristic B, it neans
that "A" is at- | ea®ePOpaR (MPESiEe of "B" but that there may also 15 be
at | east one,otRREy &RRORRNEirculiBALAN st poEts, Yol SortsPAR QR Spor®l
characteristic that assists in causing "B." If the specification states a
conponent, f &ke§ehe it prsts gredle oplydesis siggpls.dhaieerdepris e do onlygpvide i ght |
or "coul gbnaReatdGk Udieh! db@try RRfd bR hGRIMAS 8d, pdi A& fLontp trédRE Ur €,
process, or characteristic is not required to be included. IT the

speci f i CHRBPTHICPRYiAS sighads vheerit Breogntrg)rcireyiiy 1p [eiEHYS 2 PREEOYEEE not mean
there i sopibiki@RendblatORscli®FBAL posifontsRe: if BRRGATII 6i3hdl @R PhirsCladlearefer to
"an additional” elenent, that does not preclude there being nore than one
of the aiEiFIhaP sercadeomtionTite if thy sontiobrignahhas afetonf ¥8¥si cted to the
particul ar details described herein. Indeed, many other variations of the
foregoi ng description_and d[amﬁngs,nay be made within the 25 scope of the
present i nventi onsiheAlBo Ay IlyWhireinjveien Hie chiplif B\ gt RISHICHE" # ABITHI ng any
anendnenhscdnher @it hath 4Rt ipBdNRarS GAPRNET tht B8 IsnY 8 McbNSositiod &h Al M5

VWhat is clainmed is: 1. A nmenory chip_conprising: a nmenory core, control

Ci r cui t riysteirife §qnpe CilgBiEy & in dSRQRUPHBINS'aand third ports; wherein the
first ports are to only receive signals, the second ports are to only
provide signals, and the control circuitry is to control whether the third
ports are to only Thecdine clapmgharhsredt ifdht gobeberatidysis ghiieslisstipsiiann t he
control sitd, el dubbed & thefirkBfoRk MRt fre PPShitdnINs afrRfRt thePMiklonsbi@RBlirand pl ace

itself in a first position state if the control signal has a first val ue
and is in the second position state.

4. The chip of claim 1, further comprising transmitters and receivers coupled to
the third ports, and wherein if the control circuitry is in the first position state it activates the
transmitters but not the receivers, and if the control circuitry is in the second position state it

activates the receivers but not the transmitters.

5. The chip of claim 4, 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 circuilry 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 comumand decoder.

6. The chip of claim 1, further comprising a command decoder coupled to the
core, and wherein if a command 1s 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 data is

11



place itself in a second position state if the control signal has a second
value. 2. The chip of claim1l, wherein when the chipis in a first position
in a system the control circuitry is in a first position state, and when
the chip is in a second position in the system the control circuitry is
in a second position state. 3. The chip of claim1, wherein if the control
Ci rcui t rpoliged forh DR chiehSthe PABIA telidtiorSdiRti@, wHidhen Auivherides thé eed ddta st ports
that are operational is different than if the control circuitry is in the
second pUEFEPHPEPate. 4. The chip of claimi1, further conprising
transmtters and receivers coupled to the third ports, and wherein if the
control circuitry is in the first gosition state it activates the
transnitters but nbie $erlckErilyehecn tisqesopd pHE AEgAPIBICOPY ERAPY is in the
second position state it activates the receivers but not the transmtters.
5. The chip of claim4, further conprising a conmand decoder circuit
coupled to the cofdySlEREPHRTEE: and second sel ection circuits coupled to
the first andfisesaneoR@ERiSs cacki BSREHE b Rhibry @RI @I giddithyf arddTRst@ond, r ol
circuitry is in the first position state it directs the first selection

ci rcui t riFeerd ARES endibgARPES: PRtei ved fromthe first ports to the transnitters
and the commRAiIHRE adeist Mllscddall chifs, iNCHSEFRRAres®| BB lediveCdigald] the and i f
the control circuitry is in_the _second position state it directs the first
sel ect i otfCRIArROUP Rfeytot I pRICYIE Fighakt. &7 BeaPyE APEH the P sthefh P8 (o ¢ he

second s@l@gbiOite & ¥ idceivObibnalOdr dn frbAdé signsThid RRGeiand Bianrpardrdecoder .
6. The chip of claim1l, further conprising a command decoder coupled to the
core, aﬂ@eaﬁéﬁé?ﬁBFﬁmgﬁéﬁﬁﬁﬁﬁH“W§sa‘P%ﬁ?%ﬁ“ﬁﬁlthe chip and is a read
command, the command decoder causes a read operation to be performed on
the core, and resultinq:read data is |1 provided fromthe co[a to the
second sel ection cf RCHFED SGAPEHS: THTHELFIABIGE f EPOPHE P ELI CYRE R 0 the

second P@E isst pdits dMBe GRL PhiPfang vkeinlihe WHRIE LiReultREofSBE ARECHIP IS dae® t 0
provi de only read data. i Si i

8. A systemc rising:. first _ and second chips
each indFﬁ&PWﬁ“dnHﬁﬁﬁﬂfh@HPé?“%%h?$gFt@%ﬁ@h@??‘?Fﬁﬁﬁogﬂ?g¥“6@P5%gm second
ports, anfd bbby £hd RQELSE oG s¥aed eiif, e thetsB@nfl béi%d ofaRdfisetonde edipRs, the
first ports are to ﬂly receive signals, the second ports are to only
provi de ®it 5ﬁ§P“%W§ §$EK MY ol circuitry is to control whether the third
ports are to only receive signals or only provide signals, and wherein the
third ports OHO

The system of claim 9, wherein in operation, the signals recetved through the
first ports of the first chip are address, command, and write data signals from the 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.

11. The system of claim 8, wherein in operation, 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.

12, The system of claim 8, wherein the first chip is part of a first 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 controlier.

13.  The system of claim &, further comprising a memory controller coupled to the
first chip, and a third chip coupled between the second chip and the memory controller.
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the first chip are coupled to the third ports of the second chip. 9. The
systemof claim@8, further conprising a nenory controller coupled to the
first ports of the first chip, and wherein the control circuitry of the
first chipis to direct transmtters in the first chip to transmt signals
through the third ports of the first chip to the third ports and receivers
of the secondi4hi Whe%?ﬂerﬁbﬂcl&ﬁ@ﬂdth@ﬁoh@nﬁﬁg tiRearldist®hd sbifle ar e coupled to

the first ports of the second chip The syste f cIa 9, erein in
oper at i GHPSHAHE 1 FpRaT éheriréfetr@esacqnﬁrCB%hfefpﬁﬁwe pag Wﬁ Fipd st edF r ot chi P

ar e addr@BsraicCRANRRGpoAN dddidnhiecHlRtiRat SiOMaksnd 450/ HRecBaRT the seAd r ol | er,
and wherein the S|qnals provi ded by the secogd ports of the first chip to

the fi r SPodufpupgtrasituthse suppegiddiiang) chipethp@rhesamg 28 fhgfeao8d iR The system
of claim@8, wherein in operation, the first ports of the first chip and

the third ports of the second chip recejiv command, address, and wite
data signals, ! ananﬁém§E8gﬂ@nb5%F@mﬁF”tﬁ StW@§FxEﬁFBdﬁﬁam§E@8Hﬁdborts of

t he secangudehi Hures ©ViteeacO Rt iHe@8ks ofl ik foddid subkgce.syst em of claim 8, wherein
the first chipis pail of a first group of chips coupled to a nenory

controller and the second chip is part of a second group of chips coupled
between the figst ’H{eosliiﬁtetﬂfof%llﬁlrﬁ% @Ehct h@nﬁmm@rm@mtubgtat@nawrﬂg& filkhe system

of claim@8, further ngr|5|ngla menory colérollgr ﬁd to éﬁg first
chi p, aﬁﬂkéOFWWPﬁﬂPﬁFﬁ @dﬁﬂ@ ehtiRTEB A S3T5&a Sy “Ahd S8 REhor y

cont r ol 118 kuppd# thk4ecohlhif ¥isd @RBr QhipSindl sBn8rank b th &cokidiy. | Si ng first and
second nodul e substrates to support the first and second chi ps,

respectively, and wherein the first nodule substrate further supports

addi tional chips thatsydée ot damSarRhascoldpfsihg £ Sbm6Hicpneidr tdagles @cgnd  nodul e
substrate further supports additignal chi s that are the sane as the second
chip. 1HUSITHEP: YTty memgsyppopsroll Wféraifi PRIE 1P AsTirglats CRSBRE ABYul e
substratigsiv@ach include a buffer to interface with the chips on the nodul e
substrate. 16. The systemof claim8, further conprising nodul e substrate
having a first side to support the first chip and other chips in a sane
rank as the fﬁgstjghkﬂw@agmgmﬁgcond side to support the second chip and

ot her chips i ne rank as thedﬁecond chip. 17. The system of glain18

further coin?@P% 155t ARk AptegORd RYP P@PS@@dﬁF@Hﬂt%mtﬁeWh?¥P§W3?ﬁﬂs wher ei n
t he menahyficOMt k&oh@brolyss AtISIOvE edpbedrclidya W rel ess transmtter and

causing the control circuitry of the first group of chips to be in a first position state and
causing the control circuitry of the second group of chips to be in a second position state; and

wherein first ports of each of the chips only receive signals, second ports of each of
the chips only provide signals, and the control circuitry in the first group of chips causes the
first group of chips to only provide 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.

19.  The method of claim 18, 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.

20. The method of claim 18, 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

13



receiver. 18. A nethod conprising: placing a first and a second group of
chips in a conputer system wherein the chips of the first and second
groups each have control circuitry; causing the control circuitry of the
first group of chips to be in a first position state and causing the
control circuitry of the second group of chips to be in a second position
state; agighalswherein first ports of each of the chips only receive signals,
second ports of each of the chips only provide signals, and the control
circuitry in the first group of chips causes the first group of chips to
only provide gignaise ﬁlhh@ugm.eﬁrhilsdﬁla@errtcaSmQﬁSIﬁgr\@;uﬁhrrgSatm@ﬁ@ypo:@ﬂ‘oneahbps, and
the control_circuitry. in the econ ou chi ps causes the secqnd group
of chi psf FTHRFP 4 cB@FBISP ‘g‘ﬁgéﬂﬁ’ﬁ #wﬁwalbgw%%f%f@ﬁ% SR Shd group
of chlpsamigndﬁhawmﬁyumhmﬂacla|n118 wherein the signals received through
the first ports of the first chip are address, conmand, and wite data
signals froma nenory controller, and wherein the signals provided by the
second ports mf thehd mésdd thilomt 1B, el édi@hsmgrptasln@ﬁhetﬁm gregpcamdipghi p are
read data SI nal s, . 20. The gft od of clai ﬁrein t he nLrst ports of
the first® BHIY BHS RLSTHT o PRRE dhgpoc Sak s BRI 4 ECEry B8y
command, sudddtess, and wite data signals, and the second ports of the
first chip and second ports of the second chip provide only read data 13
signals. 21. The nethod of claim 18, further conprising coupling a nenory
controller to the first group of chips, and coupling a third group of
chi ps between the second group of chips and the nenory controller. 22. The
met hod of claim 18, further conprising placing the first group of chips on
a first nodul e substrate and pl acing the second group of chips on a second
nodul e substrate. 14
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