1 4" MAR 2005 MEMORY MODULE HAVI NG BUFFER FOR | SOLATI NG STACKED MEMORY

DEVI CES BACKGROUND OF THE INVENTION 5 Fig. 1 is a block diagramof a prior
art nmenory system The systemof Fig. | includes three ne r,K Ngﬁg@&? 10,
12, and 14 that are coupled to a nenory controller 16 throdg 8.
Each nmenory nodule is fabricated on a circuit board that plugs into a
connector 20 on a nother board 22. Each nodul e i ncludes nultiple nenory

devi ces 24, MBVORMMEPYHaHAMYGRUDIERIFOB ISARABHING $BACKERN MEMORYE nenory
controller to access the 10 nenory d&HE\JEES To increase the nmenory density
of the nodul es, nenory devices can be stacked on top of each other, thereby

i ncreasing the nenory capacj .t i ncreasi ng the space
required on the circuit boa#%&Kéiggﬁﬁﬂ6ﬂﬁ@#%ﬁ§wgggﬁg%s, however, increases
the capagitive |madi RQ bRfckdi@rasd eMdror O meMBnXystemFThe epsaPbERigfr om t he 15

perspective of the menory controller 16, each data line in the bus 18 has a
total capatrluderchree memosynatues iWel% and &t thatpase equpleditq ameaonfcoaieberdbrti on of

t he signal }i h ' ?H)g‘lﬂ [ : : | us the
capaci tance!hlcr) ? ﬁebug(ﬁ;*f'?iga gﬁ% t g%&ﬁ%{sﬁ}cﬁgd ??laggégjtlti(%gg@ té%?h%g?m%ﬁd 34 t hat
coupl e the ommestyr Z0ewni aoestherdoaide22bkgch pbdide inbledesguutipgé memery dgyices 24paci t ance

f all of t devi ich ttached t i 20.30, 32, d
AR R T s i ]
and 28, 10 hemeinbs deapagci t ance of the additional devices are added to the

total capacitance , seen by the controller. Therefore, when the nenpry
control | er drivek BegasedhsngRay deity of the@adulss, memary, deVicss SAcRiacket conbi ned

capaci t anceqPlopdF bachlothel 8heFdb3GHGEhs B TR BefiGY kaRlity of AP mB&AY with@raci ti ve
| oadi ng reduces the maxi num Operating speed” and i'ncreases the 25 power

consunpt i oninpigasipgtherepase jequipest arthe eirquitdoard] ytagkingmgmery depiseshpwegyer,
frequenci es. N, (.4, I l.ock di agram of
rnc@%g&e%@%gT%gggthggﬁg% e pys. IFdrgxa$?]E,%ro%1 e

a prior art ne di'agram of ‘an enbodi ment of a
menory hbdupespectivecd dredeemey c@0rolier 16, tdvk dptadie int the busek$thiasntot#li g. 3 is a side

view show ng, L e JEEARG8he &l SPASIRAL DL SFeallBRAoE the Shnafline
- running through sections A, B, and C of the bus, plus the capacitance of the portion of the

data line in sections 30, 32, and 34 that couple the memory devices to the bus, plus the
sum of the input capacitance of all of the memory devices (which are attached to sections

20 30, 32, and 34 in parallel). If additional memory devices are stacked on devices 24, 26,
and 28, then the capacitance of the additional devices are added to the total capacitance
seen by the controller. Therefore, when the memory controller drives a data signal onto
the bus, it must overcome the combined capacitance of all of the stacked memory devices.
This heavy capacitive loading reduces the maximum operating speed and increases the

25  power consumption by the memory system, especially at higher operating frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a prior art memory system.
Fig. 2 is a block diagram of an embodiment of a memory module in accordance
30  with the present invention.
Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a

memory module in accordance with the present invention.



menory nodul e in accordance with the present invention. 1 1 4 MAR 2005 Fig.
4 is a block diagram of an enbodi nent of a nenory systemin accordance wth
the present invention. DETAILED DESCRIPTION 5 Fig. 2 is a bl ock diagram of
an enbodi nent of a nenory nodule 100 in accordance with the

i nvention. Mdule 100 includes a first nenory device 104 which'I's unt ed
on a circuit board 108. A second nenory device 106 is stacked on top of the

first menory dequeamcf(eragaaﬁ, o%taa%ba&%em%mmewy dQ@r A abRMRHED on the

circuit board and electrically coupled to the nenory devices 104 and 106

t hr ough sWightie praserddnvention 2. A connector 114 is attached to the circuit
board for coupling the nenory nodule to a bus that |eads to a nenory
controller on another circuit board, e.g., a conputer nother board. The
buffer 110 is arranged to capdiAILEBIDESGRIPaI@Nt he stack of menmory devices
fromthe bus gre the c gpacl nmenory controller

(or other deJ:% 'Sggﬁ§kﬂ6g?ﬁ’ Bﬂgm% ‘egﬁﬁgél% eenwﬁ{ @)@es the maxi mum

oper at i NGiceRaarde Mithtthepreseht MPERIOY. Modulk 0@ &GRS AN deGONFMNPL i on.  The
buffer 110 sends and receives S|?nals to and fromthe nmenory controller

t hrough cHHAkstRRUNted AnG\riFuibepr f08, iAneesondimemeny dgvigs HiGdp plagked epéRh ment , t he
buffer 1 Jlnd frst ﬂaﬁbg%qcégfaﬁﬁm& 29D Frek | PMs tnfMRintdB SRR cﬁe&sfrol l'er over

a first bus and redrive them out the connector over signal lines 122
(shown i rboardokdreldciriseldy caupigd tt@tha rrs:m@c»n@bvm@s hhandyl Ofrdogh sigmeklines second bus.

Fig. is i f odi ment of
a grre 113 du%zmlgcrt]&g]glsra g%dt“\gﬁlf E??Lﬁ%af@ore%{upﬁ?éﬁ”& Fno%’ '?ﬁé]me {dz;ck 102 can
be ext endaeldls tha ldadciowdaeradld icontmihlal omnsﬁreyudmmboaﬂ d. §memputbrbfoﬂ+een | i nes).
Addi ti on be, added, e buff red by the first
Dott or 1 hoard, s BN RS rmpee P B B Geolats o SR mdon Srdte  Fi ¢ 4 1 o a

bl ock di a%rﬁmeqa‘usamh@ma&dthmsﬁacmfve Poadipedey: b?)éS{ﬁ@ﬁBry Bordofier dpoeg& W th the
present invention. The systemof Fig. 4 includes two nodul es I OOA and 100B

coupl ed tQS’V&e}fEﬁtb‘?%ﬁh‘éB‘Fﬁtlﬁ Fdpesd. The 1%68&6%8%%%%%%% BRe&f @ he7 t hr ough a
bus syst &Hemory module and reduces power consumption.

The butfer 110 sends and receives signals to and from the memory controller
through connector 114 over signal lines 120. In a preferred embodiment, the buffer 110 is
designed to receive signals from the memory controller over a first bus and redrive them
back out the connector over signal lines 122 (shown in broken lines) and to a second

20 memory module over a second bus.

Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a
memory module in accordance with the present invention. The stack 102 can be extended
to include additional memory devices (shown in broken lines). Additional stacks can also
be added, and they can be buffered by the first buffer 110, or a separate buffer can be used

25  for each stack.

Fig. 4 is a block diagram of an embodiment of a memory system in accordance
with the present invention. The system of Fig. 4 includes two modules 100A and 100B
coupled to a memory controller 116 on a computer mother board 117 through a bus system
118 which includes buses 118A and 118B. The modules may be coupled through

30 connectors 130A and 130B which plug into connectors 132A and 132B, respectively, on
the mother board. Each module a stack of memory devices 102A,102B and a buffer
110A,110B that isolates the corresponding stack from the bus system. In the example of

2



118 whi ch includes buses 118A and 118B. The nodul es may be coupl ed t hrough
30 connectors 130A and 130B which plug into connectors 132A and 132B,
respectively, on the nother board. Each nodul e a stack of nenory devices

| 02A, 102B and a buffer | | OA/ 1|1 OB that isolates the corre$ppMifhd0d ack
fromthe bus system In the exanple of 2 1 4 MAR 2005 Fig. 4, the nodul es
are coupled to the nenory controller in a point-to-point arrangenent. That

i's, the rﬁgqrbﬁeq]%ture%#eecrou‘ﬁé@toiuﬁe ﬁ%%%gnﬁ&lequy ot g&m A é?nén§ desi gned

to receive signals fromthe nmenory ntrol rove t enlto nodul e
100B. Thd&hasie, h¢ mepointontrolqsdilhis canpledig lﬁqdnhﬁéﬁAr‘ehiglm631e51gr®dcapac| tive

| oadi ng €& Qfety%praﬂefr Eﬁn?%lrn%ico%r&?érggd’ledﬂe ﬁ ?(% ’lO(quTh%gé“tes 110A and

110B. and femors - con cou I'na nu?tl-drop
ar r angemgotint-tdpyihi Whm@(ﬁﬁr’fheﬂfedtld&e thmdpdces/e a:raémgs&mrbtyltbé zlnymonyoupl ed | n
116 i s shown in . 4 as

paral |l el on S|n | e bus. tr

part of éo’été‘ﬂ {ef- af\ PREYst hr“'ié"qgnﬁg? ({ 19§ gWSWQWe‘iO“"PIﬂerrlrﬁ?/méy ®rnatively
be i npl eréeﬁm@dimgahanﬁa%mnpd% afrafgehiRAEh whith Hoth of 1R 6hIQthesssénhityabl e form
The nenory systen1shomn in Fig. i ncl udes two nmenory nodul es for purposes

of il ustcearlpdin papalie] orea/sikgde byfpl emented with only a single menory nodul e or

W th any nunbeg, ﬂieﬂégﬁééﬂnﬁﬁnerﬂ‘@ 5@%&@@% gv%e% é)er%fP@e @P&B&Qs@%‘w&he menory

nodul es, but can a nount e Board or any er device on
vvh| ch thQCPUMzGSyQWem nesaydadsmat\vml}eb@/mmlemmd%aokshnp)bf agnpey odievi ces need

mun nst e st em-i n accor dance
Wt h 1Pne 257 RBEERARE SR e ey P SRR ke Fim SRR R ¢ board
i ncl udi ngnddﬂ&slfarﬁnmbs&&ﬂ‘ﬁlll@irht&ih bl usay bsmﬁplkmeméd wiTE 6%l ¥ sd.gwrﬁ@sory and buffers
arranged to ﬁﬁgacltlvel | at e thﬁ& ks f the bui % advant ages of
the presdpfdu éﬂfhiatf)‘ﬁ“& erl? modules-, e &g Frﬁ’t"k}“tﬂ 1 BELCRI®Y st acked
by buf f erhduaiel it 84r2do HerRdin@ld R theCRGMENRBdSor aﬁ>h&hamévrc@6#%mg titehe
capaci tance | oad seen 20 by the other conponent. Having described and

i |1 ust r atbagisysia ﬁﬁlﬂ%ﬁcwﬂwé@vebﬂhq fiecks APy HeyipesIsAbnqs e MopRted on errbodl ment s
ther qgf éduﬁzgomég:a?%f\% g@fem 1n%cdo aﬁgg \lvf?}QHl%%FEsprﬁ u{UBQﬁJn' r@@
out depa claim al

arrangen”ent and det di rting om sSuc rinciples.
modi f i catbc(farta:lcauadiovasmalmcmst word ingjuging tnermemmey sitiokier, amsd&sqkepé of the
fol l ow NG %lloa}y Hg\iices, and buffers arranged to capacitively isolate the stacks from the bus. The

advantages of the present invention can be realized wherever memory devices are stacked

by buffering the stack from other components, thereby reducing the capacitance load seen

20 by the other component.
Having described and illustrated the principles of the invention in some preferred

embodiments thereof, it should be apparent that the invention can be modified in

arrangement and detail without departing from such principles. We claim all

modifications and variations coming within the spirit and scope of the following claims.

25



25 3 1 4 VAR 2005 CLAIMS 1. A nenory systemconprising: a first nenory

devi ce; a second nenory device stacked on the first nmenory device; and a
data buffer coupled to the first and second nenory devices, I\AIEeME%:?the dat a
buffer is not stacked with the first and second nenory devices, t he
data buffer and nmenory devices are nounted in separate packages. 2. A
menory system according to claiml GukiMEer conprising a third nenory device
stacked on the second nenory device and coupled to the data buffer. 3. A
menory system according to claim1l further conprising a data bus coupled to
the data buffer A memofy spsteoropmpyisitgm according to claim3 further conprising
a menmory controll.er &‘é%gl ed to the data bus. 5. A nenory system conpri sing:
a first nenory devi 1(',ye; a second nmenory device stacked on the first menory
devi ce; a hisecotd mehbrerdevicugdced ¢rothe Fiest femety davick; setond nenory devi ces; a
third menor ige; a fourth ry device stacked.on.the .third nenory

devi ce; andxéigtg\egggf%rac °B?}F‘?§’r&‘%8“§§?@d¥ foélgtn??én PhiTd esaﬁ”d" e?%“uﬁhf ﬁatﬁéﬁfgerry}s rgogvi ces
and to t heckddrith thefliteand Gecold memony\desiys! anh the dos dufig dnd neheymidyicaharei n t he
first buffegltehls aeda tteeglzlckgloesrecei ve a signal and redrive the signal to the
second bdfTer: "7 PR REROT system according to claim5 wherein the first
buffer is adapted to receive a plurality of signals and redrive the

plurality o% sig aAws Lo Stsktlee gceclg)%r(lj tt())ucgf.erl. 8 rAéonegDiré S iSJ em gcc{gg.dci: ng to
claimb furfher CoRBPIEiHE Arorers i ol FRs comRred PREFiFEEC buf fer .
4 stacked on the second memory device and coupled to the data buffer.
3. A memory system according to claim 1 further comprising a data bus coupled to the
data buffer.
4, A memory system according to claim 3 further comprising a memory controller

coupled to the data bus.

5. A memory system comprising:

a first memory device;

a second memory device stacked on the first memory device;

a first buffer coupled to the first and second memory devices;

a third memory device;

a fourth memory device stacked on the third memory device; and

a second buffer coupled to the third and fourth memory devices and to the first buffer.

6. A memory system according to claim 5 wherein the first buffer is adapted to receive a

signal and redrive the signal to the second buffer.

7. A memory system according to claim 5 wherein the first buffer is adapted to receive a

plurality of signals and redrive the plurality of signals to the second buffer.

8. A memory system according to claim 5 further comprising a memory controller

coupled to the first buffer.



1 4 MAR 2005 9. A nenory system according to claim8 wherein the nenory
controller, the first buffer, and the second buffer are cduplMAR Dpget her in
a multi-drop arrangenent. 10. A nenory system according to claim8 Wwherein
the menory controller, the first buffer, and the second buffer are coupled
together in a point-to-point arrangenent. 11. A nenory nodul e conprising: a
first menor$y devideemory sysoradcarding Foclamg wheran the kesthogneonirelldr; the firsnivifor, y

devi ce; adn&*th@s&%&ﬁiffeggfyerapgpg?&atteéétﬁgulgqﬁﬁi-a%bdaﬁ%ﬁg&%t menory devi ces and

arranged to capacitive Irst a econd nenory devices froma
bus, wherein the buffer is not stacked with the first and second nenory

devices. 124 A g&gﬁ ML 1.Shhg: ] ices ond
menory devig% s?gc e ﬂgﬁgﬁhgwﬁﬁgggkﬁgﬁﬁﬁyw g%+%%%ma Eﬁ%%ggﬁ%ﬁg%lgﬁmﬁggthe
first andndtheervdndreufisr yregevnlakiogedird insa paamdgedoinerpagasnt.i vel y i sol ate t he
first and second nenory devices froma bus, and a connector attached to the
nodul e and adapted to couple the nodule to a bus. 13. A nenory nodul e
accordi ng tbl.cl ahmetbrf moduberompoisipe:i sing a third nenory device stacked on
t he second [ i .and coupled to the buffer. 14. A nenory nodul e
conprising:yggp?¥?§§%ﬁ§§%ry device; a second nenory device stacked on the
first nmenorysedend roamorpdayia shkdden tieofirpd reondrpdévie; 4rdr st and second nenory

devi ces and_arsange 0,,C citively isolate th fir and.secon nory
devi cos 11 oNPLpUEPRaEpERR el AR AR B8 arylleFlo AP PERRRAIBES Ve

from t he fistt snd st otidmemolryi deeicéshifeom aibgs avhetein thaduifferis metwackedrwdikle. fir&Snd A
menory nmodul accoQqug to claim 14 wherein the nenory nodule is adapted to

receive ﬁaﬁPngP? y 0 signals fromthe bus and to redrive the plurality of

signals to another nenory nodule. 5
12. A memory module comprising:
a first memory device;
a second memory device stacked on the first memory device;
a buffer coupled to the first and second memory devices and arranged to capacitively isolate the
first and second memory devices from a bus, and

a connector attached to the module and adapted to couple the module to a bus.

13. A memory module according to claim 11 further comprising a third memory device

stacked on the second memory device and coupled to the buffer.

14. A memory module comprising:

a first memory device;

a second memory device stacked on the first memory device; and

a buffer coupled to the first and second memory devices and arranged to capacitively isolate the
first and second memory devices from a bus;

wherein the memory module is adapted to receive a signal from the bus and to redrive the

signal to another memory module.

15. A memory module according to claim 14 wherein the memory module is adapted to
receive a plurality of signals from the bus and to redrive the plurality of signals to another memory

module.



1 4 MAR 2005 16. A nmenory nodul e conprising: a first nenory device;

second nenory device stacked on the first nmenory device; Qq @Aﬁ é&
coupled to the first and second nenory devi ces and arrange 5|t|vely
isolate the first and second nenory devices froma bus; wherein the buffer
is adapted to receive a signal fromthe bus and to redrive the signal to
anot her nentry nodukmoryhifodula compmsing: syst em conpri sing: a bus; a stack of
menory devi ta buffer coupl ed between the stack of nmenory

devi ces andgﬁﬁtmaﬂ%%%eg us, wherein the stack of nmenory devices is not
stacked on ztweordan@mbuﬂefvme stagked on e fdattrmntimfﬁmceamd nenory devices are

nounted in m.co |S|n a bus. a
13§ nlé?ni

stack of rrearsrltg;drﬁ%¥ g&@ iI°c eslﬁg%?sbu? Conﬁ‘ %gld% o s\/\a/enen ”E’got B?(C%VF 1yﬁ%)lr?r%? tillle
devi ces dhﬁathamu$mmmwd@mmmﬂmem&ok of nennry deV|ces and a second buffer
coupl ed bet t.he ond. s menory
syst em corrp\r,\?egem fhe bﬁﬁ% it adag&%cm r?gelvf 1 ‘f'r qelt %us M }ofrleiiré‘fe %ﬁf‘lg%?l t%oupl ed
bet ween Bhﬂhsh&ﬁhnommhkﬂbry deV|ces‘and the bus; a second stack of menory
devi ces; and a second buffer coupl ed between the second stack of nenory
devices and the first buffer. 20. A nenory systemconprising: a bus; a
stack of nerfory dewieses;systehubhptisigoupl ed bet ween the stack of nenory
devi ces and t he bus; and

a bus;

a stack of memory devices; and

a data buffer coupled between the stack of memory devices and the memory bus, wherein the

stack of memory devices is not stacked on the data buffer, and the data buffer and memory devices

are mounted in separate packages.

18. A memory system comprising:

a bus;

a stack of memory devices;

a buffer coupled between the stack of memory devices and the bus;
a second stack of memory devices; and

a second buffer coupled between the second stack of memory devices and the bus.

19. A memory system comprising:

a bus;

a stack of memory devices;

a first buffer coupled between the stack of memory devices and the bus;
a second stack of memory devices; and

a second buffer coupled between the second stack of memory devices and the first buffer.

20. A memory system comprising:

abus;

a stack of memory devices;

a buffer coupled between the stack of memory devices and the bus; and

a memory controller coupled to the bus.



a nenory controller coupled to the bus. 6 1 ~MAR2, ~ 131, ~ 21. A
menory system conprising: a bus; a stack of nenory devices; and a buffer
coupl ed between the stack of nmenory devices and the bus; wherein the stack
of menory devices is nounted on a nenory nodule. 22. A Menory jSyghems:
according to claim 21 wherein the buffer is nmounted on the nenory nidul e.
23. A nennrz system according to claim 21 wherein the bus is fabricated on a
circuit boakd andKECBUFEM CPEPHEBYt ed on the circuit board. 24. A nenory
nmodul e compgpsl ng:  a circuit board; a first stack of nenory devices nounted
on the circuit board; a second stack of nmenory devices nounted on the
circuit boaf dackedanegopiderices;#int ed on the circuit board and coupled to the
first and sgeomdc p@&k&t\@en%%Eyofﬁéﬂdrf@éicegﬁ;dtﬁbmﬁory modul e according to
claim?24 wherein the buffer is adapted 1o redrive signals. 26. A nenory
nodul e accolHeig theptack &f memaryidayiedsas mewygdronginpggnory mo¢He-r d st ack of menory
devi ces nounted on the circuit board; a fourth stack of nenory devices
mounted on the circuit board; and a second buffer nounted on the circuit
board and c&upl ed Aomeherytshisten agerdding i claing 2hcisregt thenhartisr ys dewitesdeen the7. A
menory m%Qg&yﬁﬁgmgding to claim26 wherein the first buffer is adapted to
redrive signals to another nodule. 28. A nenory nodul e according to claim
26 wherein the first buffer is adapted to redrive signals to the second

buffer. 7 23. A memory system according to claim 21 wherein the bus is fabricated on a circuit

board and the buffer is mounted on the circuit board.

24, A memory module comprising:

a circuit board;

a first stack of memory devices mounted on the circuit board;

a second stack of memory devices mounted on the circuit board; and

a buffer mounted on the circuit board and coupled to the first and second stacks of memory

devices.

25. A memory module according to claim 24 wherein the buffer is adapted to redrive
signals.

26. A memory module according to claim 24 further comprising:

a third stack of memory devices mounted on the circuit board;
a fourth stack of memory devices mounted on the circuit board; and
a second buffer mounted on the circuit board and coupled to the third and fourth stacks of

memory devices.

27. A memory module according to claim 26 wherein the first buffer is adapted to

redrive signals to another module.

28. A memory module according to claim 26 wherein the first buffer is adapted to

redrive signals to the second buffer.



