; st e3eW T$(6&Tz>D, Method, adapter card and arrangenent for the 5

installati m)dul es The invention relates to a nethod for an

~| nst aI I at ||mm@ﬂummﬁm{'m nodul es wi t hout signal -condi tioning means on slots
nitially a system 10 not herboard which has the slots

and a nunber of Wﬁnnry nDduIes wi t hout signal -conditioning nmeans is

provided. In nodular electronic systens with variable configurations, a
ysten1notherboard Wﬁ one or a 15 plurality of slots is normally

provi ded. “@mﬂmmu the requirenments bf the systemor the configuration
| evel of t e slots are in each case equi pped with a nenory

modul e or are wmegeti pped. The interfaces of the menory nodul es are by
necessity 20 i dentical or conpatible wi th one another. A typical exanple of

a nodul ar tem thlst s a_conmputer system (PC, worktation,
server) wth e?pana‘%bl e %ﬁ‘ e ehErm)ré %e?gﬁiy s?f)f?ntg)éf“%ﬁor ﬁl es in
the form phu|taml§@@&ﬁt5faﬁ§m@&gvaQQl@@ t he systen1nntherboard and,

depending on the required size of the base nenory, are equi pped with nenory

nodul es. Furthernnre t he plug- |n sockets in each case establish an
el ectri cal cogggc etmeen naI | i nes 3? the substra e}gg ,cont act

areas on the nennry no Nes. - ﬁ%n&?y%n%ﬁles argrn&ﬁnﬂl 488 in
2 the form of o8l MidnoSi HHEul1dY '@ﬁtH@ﬂE%l@%@llL%@ndlrtl@d\ﬂYﬁg (rﬁ'é'élllis' Bhi ne

menory nodul es). The plug-in sockets enabl e sinple exchange or sinple 5
retrofitting elottie mehory neysites, Theheegbivr eentsisdi vt he desyghenf the

bus syst Si nes .increase with higher clock rates and

transmsIB ﬁafbg k8a59d %ﬁﬁht ﬁ@%ﬁ gfﬁ%auﬁgg al@%ﬁi gr%ﬁ@ﬁf¥5|on
rate of 667 Mablupes &eeRBdtaBdgRel-dahaisignahg( MeiahksARi @))ro'v-'idlérdoposed
here for DDRI| bus systens for DDR-DRAMS (double data rate dynam c random

access nenories) , and a data transmssion rate of 1.2 15 Goit/s/pinis

proposed_forogﬁthh an %ystegﬁ?cy%%% Qpes agg%g raQ§ %SIO &%&l %Stlve

substanti al ay 7§ require ensure si |ntegr| y at resp

receive | ocat tearayudatta ignals syanem thedhenrbbheddbusi xSt sicgnak
lines, since a_parasitic capacitance 20 allocated to the signal line is too

high to Hé3abPéuFélbéYré@h&?b@@sqﬂﬁcm%Fmﬁkﬁth§9VadBGs msFarsting ehip or
by menory Ch'Pﬁ art QHge zﬂgn% q?"?ﬁ% @%? E”rﬁ gr 'H%li?ég@q
v ety arhec By réfie

integrity is advers T ons At erenc OINES as

t he clock ratee2Bli nereasgs. éystSmLhetBéorelpt@posed tDnl ns€ch bedser
chips for signal conditioning between the nmenory chips and the bus _system
si gnal |ines, ®SRAPPEF " thode "EMOgdy " RABWA ©F are unequipped. Thé

interfaces of the memory modules are by necessity

20 identical or compatible with one another.

A typical example of a modular memory system of this
type is a computer system (PC, workstation, server)
with expandable base memory, whereby slots for memory
25 modules in the form of plug-in sockets are provided on
the system motherboard and, depending on the required
size of the base memory, are equipped with memory
modules. Furthermore, the plug-in sockets in each case
establish an electrical connection between signal lines
30 on the substrate and contact areas on the memory

modules. The memory modules are normally provided in



30 from DDRI bus systens for control and address signals. 3 In DDRI bus
systens, for configurations with two and nore nmenory nodul es, the nenory
.nodul es are provided with signal-conditioning neans such as buffer chips
and/ or buffer nenories (registered DIMVW). Since the 5 bus system signal
lines are then no |onger connected to ald nmenory chips arranged on the
menory nodul es, but to one nenory chip only, the capacitive |oad of the
signal lines represented by the nenory nodul e, and the nunber of

i nterference pofnferay o f eddéBtE TRENGLSadVRhERGe MEMORY t BPSULEEUL iR i s

t he need for ﬁiﬁﬁ%a%dfgf'fhflﬁ%f@§¥§ﬁ§e§§§8?egpe transm ssi on of control

and address signals on theée con ress’'lines on the one hand and
the transm ssion of data on data lines on the other hand. In a wite cycle,
the control and address signals 15 are initially transmtted to a buffer or
buf f er nenor yTB@dPakg-dm yseekathi e ie ShBEPABMAACHENGS Po & immlew ng

cycle toget hef%%\%épigpﬁr(gaég éﬁgp&érﬁ?%igg‘agigsput put follow ng a one-cycle

del ay. 207 The ay cyc Sighifican UCES ' the data transm ssion rate,
particularly in the case of random address accesses. |f signal-conditioning
means are inplenmented for DDRII 25 and DDRI Il bus systens, the

si gnal - condi tTmi F¢ rEarenense beopr dhtledesitdier oén the fewdr pywesRles or

on e systemmidier bpacd. 1Bt sl yians, rasul i Bogerious disadyant ages.

30 An arrang e~ si I-"¢on i"oni ng neans on € “menory ifodul es on

the one hand trensawsasi dher£oss ©6 4he MESAr Yhaodethesy anddudast he ot her
hand, testing of 4 the nmenory nodules is rendered difficult. The reason

for thislPs that, as the menory chips are no longer directly accessible via

h ' | [ | £, f
adequate 5 1i Sohar T bALCTTERG PRFBI RS, oMeup T Fie ey N s

consi der abl y dawd esisgxth 1 | {(Mbhoweypin)t he pirgpakedondira GIMPORFND WY €
provi ded on the system not herboard, the signal-conditioning 10 nmeans are

t
al so functi orBfS¥RS cBPFi HRRaPREHNS | (Fathh 4y sRrEenfyneBdq rédiddhd

reduce the f i i ;genforjmnce) t ry. smdu d t.0 4 he
t hen essentig¥$§é§%3%%%¥ﬁg§§)delay c%cpg%é ggjiﬁe 5%?%%? %$§?h§%pﬁé§%nt
i nventi ob5i s et £5 o Ent A Pr prbgesadref bed DRI IMsbak! i sangs tem®L y Wingdul es,

with which a nenory volune of a system limted by a nunber of _slots, is in
each case indri@sRddphaa SrapFBLREARBr T3HMRF a 8P TS sSibhaYat’e wit hin

the SySte”‘C@%iﬁﬁred to ensure signal integrity at a respective
receive location of data signals transmitted on the bus

system signal lines, since a parasitic capacitance

20 allocated to the signal line is too high to be able to

be recharged quickly enough by a bus~monitoring chip or

by memory chips arranged on the memory modules.
Furthermore, signal integrity is adversely affected by

reflections at interference points as the clock rate

25 increases.

It is therefore proposed to insert buffer chips for
signal conditioning between the memory chips and the
bus system signal lines, similar to those already known

30 from DDRI bus systems for control and address signals.



20 adapted to the relevant nenory vol une, whereby the nenory nodul es can be
designed with little outlay. The object of the invention is furthernore to
-.provi de an adapter card and an arrangenent with the adapter cards for this
purpose. 25 This object is achieved with a nmethod of the aforenentioned
type according to the invention by the f®atures indicated in the
characterizing part of patent claim1. The object is furthernore achieved
according 30 to the invention by an adapter card with the features

i ndi cat ed i n ¥heDBRAr &ter FYFR§MSar tf@F paREATUAEEANS awdtan talar aa@ent
with the features indicated in,Lhe 5 ch erj zi art _of patent claim
12. Advantagé%ﬂ%efHF er é@% %%ﬁénﬁgu%fmgﬁgg&n€gh1?%%§a?5ei '%%ﬁ%ﬁpin
each case in vieh s Iscodl 8ibhe ngethesnaceish Nng st dpaheekNuaitphon,
menory nodul es are therefore arranged on an adapter card which has

si gnal - condi tar oy @afifees. mgmeragapt eredhe deredt HRIMM:Ist aPlagei nthe
system re, e nory ul es.arranged. .on _the adapter card are,provided
her e mﬁtggutgﬁélﬁégkﬁ@c%ﬁ g #on%ﬂssn%gﬁst Gnbd gﬂé%eﬁﬂﬁ%ﬁﬂ%§gﬁ%d?3
referred to hel bwnagorpbehfgsedrrahgbdada then meprimt ebas duif friedto
menories fromthe perspective of the system 15 Wth the nethod according
to the inventdsh, meRervnghEBnonhEr ekbre cBPagdaipved liard aferihssi sagiea hnd

fl exi bl e manner_according to requirenents. The ne vol.u of a .system
can be increaset 1 nrgpg;e%gpge,s;aﬂ%r%; 2ROt rﬂoe. S %grs%?’viet Hlua{nk?é/oﬁv
menory vol ume £aimber POrOpEE apedndt 4eeky rkasicedat IHy ANYEASHE I hJalEs
through the installation of solely unbuffered nmenory nodules. On the other
hand, thtBugthie §gdubionhd saddpt ereedr ot e dohdYoRYCRE DU tsyixdem

signal lines.,s reduc 2 X Lyely n fo ' nory
volume is r quue?tr“ée ,Iyafkg? h%%?(%%#%é% Pﬁecgét%%%{lffﬁgma\gsﬁ%en%s?a%lgé,rga\;e\%ﬁout
speci al neaswresth8 aositdicam a0d haddearsd orimespeeai ahd ypre ohamenmirnd nodul e
being required for that purpose. 30 6 The systens can be ogtinized in

3
terns of nmendifie vEFaRETESE IRdt aofr A%GR s8R ol FR eI WRER £T5i hgPe AYRF of
unbuffered mgmry rpdul e“"r?‘f%ng?&gl ! tPEh%ro‘?lft%%ﬁb 'nIQi they shogi%fac%r di ng

to the invention fofr an Ins ioh of nmenor ul'es on slots

system a5sysimm imihesbdar d rahisel chasl tde Sliohsfea ounbert fefr memyny

nodul es wi t hout si gnal conditioni ng neans, and at |east one adapter card

whi ch and are only transmitted to the memory chips 1in a
following cycle together with the data signals which

are output following a one-cycle delay.

20 The delay cycle significantly reduces the data
transmission rate, particularly in the case of random

address accesses.

If signal-conditioning means are implemented for DDRII

25 and DDRIII bus systems, the signal-conditioning means
must be provided either on the memory modules or on the
system motherboard.

Both solutions result in serious disadvantages.

30 An arrangement of the signal-conditioning means on the
memory modules on the one hand increases the cost of

the memory modules and, on the other hand, testing of



10 in each case has at |east one plug-in socket and a signal-conditioning
device are initially provided. A subset of the nenory nodules is then
arranged in the plug-in sockets of the adapter card and the adapter cards,
equi pped in each case with one or nore ngnory 15 nodul es, axe provided on
the slots of the system The unbuffered nmenory nodul es which have no
signal conditi oning neans are then to be operated by the systemin the
‘manner of buffered nmenory nodules i.e. 20 nenory nodules with
si gnal - condi t EBAi MmemakihsnoRHé egdapt ereadedsdaret bf bel tibl Yhequippednwi t h
t he nenory nodul e efore the adagter cards ich.are thenéﬁgoxided in

t

o] wh
each case wi t hoBndor® mb? e THdHor ya ProddiCesMeB8L ¥, ER%NGER @N4Fot s.

Here, a conbi gedeeduiPride96ibne S1iQf Sthe M PPSabBUGef OnSysEga:,
optim zation, whereby a buffered or an unbuffered nmenory nodule is provided

on at | east ohke30Qutlley asdiwiredapier eanaupéqui fpedeasitt Eoenadgquedeal es is
provi ded %$ ope of the rﬁnaining slots. . An adqgter card_according to the
i nventi on ¥ or “tRE iTRIAFFAPPGn bFIRENGIZF FbUTr e 'OV k1 dfs HPSa BSRPEH
conprises a sghshpsal g, cehshaashppeiAkkdakBgsocket in each case to
accommodat e one of the nmenory nodules, an 5 interface conpatible with one

of the slots and, in addition, a signal-conditioning device to operate
unbuffered ne nodul es %hran ed i.n the .pl.ug-.in sockets w thout
[

si gnal - condi t#bhi NERESRe TRet fd TRTIECTSH T HEE A AD 37 Frodb? 698 h

si gnal - condi tanitWe 1& y@eas. ddtidepadant ertaar ds Dgsa e nidia Oengl ug-in
socket, the nenory volune of the system which is restricted by the nunber
of slotslOcanmgensi apley 3 e? eduadtionallFawml copfeguThsiadaptier whatdh
according to the invention preferably has,an_even nunber. of plug-in
sockets, as t%?%ytﬁgﬁ’aﬂ9§nf§ﬁ@6ﬁ§?§’pfﬁﬁhc@§35c§yﬂﬁﬁ HqﬁQCQ%Qé%iﬁﬁ%nt of
20 the nenory pedebemaniclel) | dentihealméhoey! etidses Aaeer difgthe achénst
preferred enbodi nent of the adapter card, the plug-in sockets are arranged
horizontal |y ¢pspRtialbppoubecioneuandehey evcihne-25 substrate for this

pur pose. This advantageously produces an arrangenent of the nenory nodul es
which lies parallel to the substrate or a substrate surface and is

ther ef or @ 5spapige sabjRg:t VEEY tHWr brespatbeineentiba siot sharerbhen to
possible. 30 If the horizontally-nounted Elgg-ln sockets are provided in an
area renoved P¥oviefe 3 mefhade for thestalling memory modules, with

which a memory wvolume of a system, limited by a number
of slots, 1is in each case increased in a simple manner,
and a data transmission rate within the system can be

20 adapted to the relevant memory volume, whereby the
memory modules can be designed with little outlay. The
object of the invention is furthermore to provide an
adapter card and an arrangement with the adapter cards
for this purpose.

25
This object 1is achieved with a method of the
aforementioned type according to the invention by the
features indicated in the characterizing part of patent
claim 1. The object is furthermore achieved according

30 to the invention by an adapter card with the features
indicated in the characterizing part of patent claim 3

and an arrangement with the features indicated in the



8 substrate and are oriented towards the interface, the signal-conditioning
device can be arranged in the immediate vicinity of the interface. This
-advant ageously produces a short feeder line fromthe 5 interface to the
signal -condi tioning device. A short feeder |line has a favorable effect on
the refl ection behavior and on a change 20 a signal transnitted on the
feeder line caused by a |loss-affected signal line (transmssion line). 10

In a second preferred enbodinent, th | ug-i.n sockets are arranged on the
adapt er card SBEERAERT 1 AheP PRyt oR2bARSNE K1 The 2t nh S FEEBEOBF ¢ he

substrate andearenyer det@lllopr @ity ede {he TRRRLY iAW .S ﬂ{&%%@&w? in the
pl ug-in connections are then arranged perpendicular to the surface OP t he
substrate. Theacknbedengnt theseuprcaddumss an advant ageous short feeder |ine
fromthe interface to the signal-conditioning device. 20 Here, the
si gnal -condi ti oning device preferably conprises two DQ buffers for the
si gnal conditigni pgoofdatagsi 9paks ong, CAhuf fier Jari 4he
conditioning o con?r&F angdadgrgssdgi al s. Due té phe 2%5$M0%ﬁ%§§%¥fers,
signal |ines fodufibe transhieseiforeofardairayesl gmal &n caddapiodt ovaad shhi tar
route to the yespective buffer with fewer refl ection points. The DQ
buffers are pﬁ@ﬁers&tﬂryaja"lrj‘%rhgbﬁl?ﬁl&gl iH haF St | gﬁ"ec PERRE PRt SALftels
wher eby the _Yf fiefsd 51 viided, 3 neeny t fier 195Each
signal-condif?%nﬁndgﬁzjfdg&ﬁa% cghv%%%?%nallf; ésigﬁ%d eE??éfrgﬁ ?o%sPLL
(phase | ockedakoapyedevincehe Holwgvesr taedadapt grravardkddoarali mjgthouthe
invention 5 preferably has precisely two plug-in sockets, whereby a
i nterface %et ﬁé@ﬁatalﬁézoéﬂjdﬁtlé?n%%gdmeﬁﬂi‘st hé\’é’%&k %@he%%l%%fﬁam e
with the el ectpicgkeobnter bag8yoh o RN JPIWES £AD Dfeh nphepraLgd. The
additional ly requ?rgg agdresswngsof t he pIJ?gBity of nennr? ﬂggqus 10
arranged on aasadapféerear dmeaw rhiee s N mamenttate by aresgmsc ol veheofvathabl e
interface. In addition, for the addressing of the plurality of nenory
nmodul es arran§¥8t8M-the adapter, it is also 15 possible to define the
adapter card interface with a higher nunber of pins conpared wth the
interface of the nenory nodules, or, in the case of an equal nunber of
pins, w tl% a dithetbat mpthodssicgoreiing 2@ e adapteriaar dswusitensi agnt o t he
invention preferablyy also has, an interface which i.s chanicg{l conpati bl e
W L corr eopohaPAS SPiBer Pac ALt he Hienbr y oUEETP hes AHlat e * Lol B
according to LARNkRAVERLLRRINY heNrddihl YehOAPRE! | Bhe Weid dvhe,JTBIMRS Yo BDdUl es
and can be 25 arranged in the system even in conbined configurations, with
i ndi vi dual meaorsy StoRiul eenwi baouingmei $9dngin he sysmehe ngtaTerdoaby. Fhere
I's no need tomgg%g%l%he §¥§E%§% tgigﬁe Qd%ﬂhﬁrnggkﬂi; volume can be

20 operated at very fast data transmission rates through

the installation of solely unbuffered memory modules.

On the other hand, through the use of the adapter card,
the load on the bus system signal lines is reduced

25 exclusively in systems for which a large memory volume
is required, at the expense of the data transmission
rate, without special measures on a system motherboard
or a special type of memory module being required for
that purpose.

30



30 In the second preferred enbodi nrent of the adapter card according to the
invention with vertically nmounted plug-in sockets on one of the two
-surfaces of the 10 substrate, an adequate gap, corresponding roughly to
the installation height of the nmenory nodul es, must be provi ded between the
slots of the system notherboard. If the ddapter card is then provided in
two types with 5 plug-in sockets arranged as a mrror image of one another,

two adapt ds of_.different types.can be . d | gse t h
other, thus adfinCaGESS i oltich Ry 087 S Hot 1 CoRhett | BRTPENGIRS Bt neen

the slots, andndhengkar ety¥ansmidiohr ansté twien 1Q dishfgyiences,f siggnal s
transmtted on corresponding signal lines. The invention s explained in
detai | bel ow winbhffefredememotry fogiwles, wherein the sane reference 15
synbol s are used for correspondi ng conponents. In the figures: Fig. 1 shows
schematic cross-sections through arrangenments with an adapter card

according 20 tg thad MVENthaR e, di DY AP hd#158d CXeWRI R 1% n@aditggnt of

the invention. Fig. 2 shows a side view of an arrangenent w t'h an adapter
card accordi ngnvernthern nfent i an 2hsicabidiagnt cof haenasy eaoehylles yon

enmbodi rent of the invention, and Fig. 3 shows schematic ¢ross-sections
Ehr ough ar r anSSRERt g hNit aaperS¥St SMaBOEREFRIASE (AT hasekifon

according to gsgeondaexsuphary sebaflashy HodbeebNWPDEAOD: sidnBigs Ia

to lc in each case show a cross-section through an arrangenent
syst em not her boadd t3pnanguswmamist,oranty athi e84t avnangesgipbart herdywvhenh

not herboard 3,and t slots 1 in each case shown_as a plug-j{n socket. 5 1In
Fo 1o dbe niBl Gah BRGeoditBoat wiehoharns RAddrad 2SAGbPRg HidoRy

chips 21. signal~conditioning device are initially provided. A
subset of the memory modules is then arranged in the
plug-in sockets of the adapter card and the adapter
cards, equipped in each case with one or more memory

15 modules, are provided on the slots of the system.

The unbuffered memory modules which have no signal-
conditioning means are then to be operated by the
system in the manner of buffered memory modules i.e.

20 memory modules with signal-conditioning means.

The adapter cards are preferably equipped with the
memory modules before the adapter cards, which are then
provided in each case with one or more memory modules,

25 are arranged on the slots.

Here, a combined equipment of the slots is also
possible for system optimization, whereby a buffered or
an unbuffered memory module is provided on at least one
30 slot and an adapter card equipped with memory modules

is provided on one of the remaining slots.



In Fig. Ic, on the other hand, adapter cards 4 are 10 arranged on the two
slots 1. Here, each adapter card 4 conprises a substrate 40, an interface
.45, which has contact elenments 44, to the slot 1, a signal conditioning
device 41, two plug-in sockets 42, and so contact devices 43, via which
the nenory nodules 2 15 arranged in the plug-in sockets 42 are electrically
connected to lines provided on or in the substrate 40. The plug-in sockets

"42 are arranged opposite one another on the substrate 40 and are mounted 20
hori zont al | yAfor2daPSrFangRRENt2 FOEREN ekt yERBdUt REEDEHAPCHEPE KdYS zont al

to the substrat i I he difhi £at g4, - savi ng I enment
of the nenDrQ%ﬁgﬁélé%tgégngfﬁgﬂ%ﬁ§6§iﬁmgoc %féggQ %?ggﬁe%gﬁd%tg sggﬁgs 4,
25 Fig. 1b skhomprdsey rangabpemntaice Witchleasef ongl il dg+sn egocrped iM th an
adapter card 4, and a right slot is equipped with a nmenory nodule 2. 30

Fi g. 2a show§aghs|aiisel tq aepempodagal eng i ciheaBewerdr fogkilgs 28N a
nodul e i ng erf, ﬁ% d i j ONS . a te r.d An ,
interfacgg 451\%%;%0 %é; Co%g)ea(r}%%%éc)t %ell%g.fneﬁﬁg jétlfi S or%n]ééggl oa?llfrg‘;dbnelnedge of

a substrate 4Qddftide, adapteigeal dcdndivii dXIhyf feesiddl and eperehduffer
412 are arranged in a Line parallel to a plug-in socket 42. Contact devices
43 are arran§@PYH IREOReMePRI Y| FBPEH1SSckRETARIAT e §hBstPavE—4@ The

menory nodul Qg 3/, [t - o] 4 t Qi npl e,

t he nodul e i%ﬁgkggée éﬁ%pgﬁgﬁF%%ég é%%yg%ﬁg?étﬁéggaa%pe%ﬁga?ﬁ%f%gse

el ectrical |l yogonpatfblred Iflekuotiyhafidditest heith | usigrad1-o0o5800s ohhlalg t he
adapter card 4 has indentations 23', which are forned in the sane way as

t he i ndekf at "6A&S23 of the nenory nodule 2 as counterparts to fixing
devices 12 of the slot 1. 15 Mechanical conpatibility between the adapter
card 4 and the nenory nodule 2 is thereby al so achieved. This conpatibility

becones cl eat ft MM LEEPAr ca@d WdN mbge Zhan i ghug-tRMeby kemdul e 2
with 20 indentations 23 is shown on a slot 1 with fixing devices 12. Figs
3a to 3c in CthenTSHEWYa Ve lsue ethivh srserigh whiahr aAgeREATLIGEER RYsystem

not her board adg 22 i torl chip, 3{_.ar ; t
he? A4 o tord b 3hedrd ANGed oL LPe sugtem o
not her boar d &n t@g Slots fg?éggbsgﬁted gs pﬁﬂ -in soc e?s. Fbre,aFlg. 3a
di ffers ¥ ommiilgiplle.whi ch has al ready been described in terns of the
shorter gap between the 30 two slots 1, 1'.
The adapter card according to the invention preferably
has an even number of plug-in sockets, as this then
advantageously produces a symmetrical arrangement of

20 the memory modules with identical line lengths.

According to a first preferred embodiment of the
adapter card, the plug-in sockets are arranged
horizontally in pairs opposite one another on the
25 substrate for this purpose. This advantageously
produces an arrangement of the memory modules which
lies parallel to the substrate or a substrate surface
and is therefore space-saving. Very short gaps between
the slots are then possible.
30
If the horizontally-mounted plug-in sockets are

provided in an area removed from the interface on the



13 The.-reason for this, as shown in Fig. 3b, is that the adapter cards 4
differ fromthe adapter cards described in Fig. 1 in terns of vertical
sounting of plug-in sockets 42 arranged on a surface of the substrate 40. 5
The vertically nounted plug-in sockets 42 enabl e an arrangenent of the
menory nodul es 2 perpendicular to a subs®rate surface 401. Furthernore, a
signal conditioning device 41 is arranged on the surface opposite the
plug-in sockets 42. 10 If either two mrror-imge types of adapter cards 4

are then provide or if _the right. sl 1. is.anr ed,rotated thrqugh 180
in relayiontﬁﬁ%#&f?%ﬁtagpoﬁtfg%%ﬁénféde&gﬁaéggbq%%%dhgggr%ﬁgearﬁgﬁgenent
shown Wi th, Ibidmaa-pantdieulciyg adiat agetssn Mehr M Ye8NIY  the

connections between the two slots 1, 1'. Fig. 3c, corresponding to Fig. Ic,
shows a conbiifededdmieet i oil@iiahgEnenef i ntwe ch fant addmee . cardhd s s 20

arranged in the left slot,1 and nmenory dule_2 i,s_arranged in the right
sl ot. 14I%% %%ﬁ&%ﬁ%%%%%Yspf°§%%ﬁ%pi2§ﬂé¢% 839?852ﬁ€ﬁﬁgy9588ul 1Menory
chi p22Modgl e it f 266280 A4 n@@ghatll—@r&@/isg%m@ hetehaayed31BusHgyy t ori ng
chi p4, 4' Adapter card40Substrate40l, 401" Substrate

sur f ace41Si grifftedndlineniheaf devifeesriabdpuefEeat2on bufi¢ ersZPlewd-lian
socket43Cbnt%%§ qP%h§%§4 nt act el enen 45Interfa§e 15 Clgigf 1. A nmethod
for an instal JFi&h of rﬁﬁyan%%ﬁ?%g %%)amF%HBG §FSH§P}E F 'ﬁQNﬁW% nmeans
on slots (1, fead®f AimsSYyHRMBedh@reby a)systamranithes bealthd13) 1uLh has
the slots (1, 1') and a nunber of nenory nodules (2) w thout

si gnal - condi t({ternfpifsde ilsinfovi ded, characterized in that - at |east one
adapt er f@rd (4) which has at |east one 10 plug-in socket (42) and a
si gnal -condi ti oning device (41) is provided, - at |east one subset of the

menory nodul €n (2) sksoalr P1stkired hempbddmeAtSockeas spdg) inf sbikeeadapt er
card (4), and 15 - the adapter cards 4 ) equipped in each case with at
| east one memdrsy ABFRANG YD) car ethrovidREILOR Bar@atCIed BRIt Heo sitdtes (1,

;iéngr-égﬁdfﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁggitQ%EefﬁiﬁB%%egggg%%?ggg%ﬁygégfgﬁ$iﬁuPﬁgrﬁgﬁher of
menory and are vertically mounted. The memory modules provided
15 in the plug-in connections are then arranged
perpendicular to the surface of the substrate. This
embodiment also produces an advantageous short feeder
line from the interface to the signal-conditioning
device.
20
Here, the signal-conditioning device preferably
comprises two DQ buffers for the signal conditioning of
data signals and one CA buffer for the signal
conditioning of control and address signals. Due to the
25 two DQ buffers, signal lines for the transmission of
data signals can follow a shorter route to the
respective DQ buffer with fewer reflection points. The
DQ buffers are preferably arranged in a line parallel
to the interface, whereby the CA buffer is provided
30 between the two DQ buffers.



20 nodules (2) with signal-conditioning neans. 2. The nethod as clainmed in
claim1, characterized in that a nenory nodule (2) with signal-conditioning
.means is 25 provided on at |east one of the slots (1, 1'). 3. An adapter
card for the installation of menory nodules (2) on slots (1, 1') of a
system conprising - a substrate (40), 30 - at |east one plug-in socket
(42) in each case to acconmodate one of @he nmenory nodules (2), and 16 -
an interface (45) conpatible with one of the slots ( 1, 1) , characterized

by a signal - caadh! i ghight lIde3de®i € 4dhiney Hee ieper alaidn coh v Mei®n ¥ 119dul es
(2) arranged in the plug-in sockets (42) w thout signal-conditioning neans
i n the manner defigasdr pufbeyl esdy2y RLLh (Phgsal lookdid ilovpig devdmes 4. The
adapter card as clainmed in claim3, 10 characterized by an even nunber of
plug-in sockets (42). 5. The adapter card as clained in claim4,

characteri zedHbitekRat, 15hd hadpbier ncspekealcerd@nar eoakhangegvégeiggntal Iy
in pairs opposite one another on the substrate (40), and the nenory nodul es

(2) are arxanpséfpapdllyelhasp mregbsedat ewurpheg-{n0Bockar 5. Theradapt er
card as clained i.n.one.of clainms 3 tg 5, _cgharacterized_ in that the,_plug-in
sockets (42) 3ge l&to%%%%eiheg‘r’\vegpeatq?eenﬁ\aggtﬁrprﬁ%ﬂ Fﬁaer ecesfliggmon t he
substrate (40hothABgbbAedmedhbytiRdld &6 t2)tHy avVidedridat henpPbrgats 3%
sockets (42) are oriented towards the interface (45). 7. The adapter card

as cl ai med i ntbaemsfoglyamesiud esr can dirarinnkenentedn Thataddét ppuglin
sockets (42) are arranged vertically on a 30 _surface of the substrate (40)
ond the menor BoHBAEFES Ao SRRt | PReneTHrad i ey et oo gt
arranged 1ger pgpdhagkar ohoahha dstleac e 0fd tdimh BHSsimEl emédPdd by means

of the available interface.

In addition, for the addressing of the plurality of
memory modules arranged on the adapter, it is also
15 possible to define the adapter card interface with a
higher number of pins compared with the interface of
the memory modules, or, in the case of an equal number

of pins, with a different pin assignment.

20 The adapter card according to the invention preferably
also has an interface which is mechanically compatible
with corresponding interfaces of the memory modules.
The adapter card according to the invention is then
fully compatible with the memory modules and can be

25 arranged in the system, even in combined
configurations, with individual memory modules without
modifying the system motherboard. There is no need to

adapt the systems to the adapter cards.

30 In the second preferred embodiment of the adapter card
according to the invention with vertically mounted

plug-in sockets on one of the two surfaces of the



17 8. The adapter card as clainmed in one of clains 3 to 7, characterized in
that the signal-conditioning 5 buffers (411) arranged interface (45) for
the signals, and one CA buf~ two DQ buffers (411) for and address signals.
10 device (41) conprises two DQin a line parallel to the signal
conditioning of data :er (412) provided fxetween the signal conditioning of
control 9. The adapter card as clained in one of clains 3 to 8,
characterized in that the signal-conditioning device (41) conprises a

buf fer devi ce swRigbratePlLlardegfequat® Jg)ap;rheoadaﬁmﬂ@'ar@l asughdiynetb i n

one of clains to, 9, . character eci sel in sockets (42).
20 11. The ada %rl%ﬁ}ﬁfgggéPal &gﬁﬁydﬁ% ecT ﬂﬁy3gP§%%GS'CHHF§bt i zed
by mechani cal gaspasddi betweeh tth?e' QESEEaQﬁ (40 Wi 5Bemd MH&%&%

interfaces of the nenory nodul es . . An arrangerrent with two slots (I,

1') arranged ohfatlsqsaréap’r:rethelalmarlcb (ti')eranplrcavidedt1(14):wan¢y@&oartd1(4 )

adapter capd as,clained in one of clai 7 to 11, ,30 characterized in that
the plug-i scR:JK‘égsl?42°‘)°°g]F% Br(ﬁﬁﬂ%’agga £Fi AstMSabSEr at B2IEr fAte YUD1) on

the first adapigsteérd €fb adapter cards of different types can be
arranged very close to each other, thus advantageously

producing very short connection lengths between the

slots, and therefore very small transit time

10 differences of signals transmitted on corresponding

signal lines.

The invention is explained in detail below with
reference to figures, wherein the same reference
15 symbols are used for corresponding components. In the

figures:

Fig. 1 shows schematic <cross~sections through
arrangements with an adapter card according
20 to the invention according to a first

exemplary embodiment of the invention.

Fig. 2 shows a side view of an arrangement with an
adapter card according to the invention
25 according to the first exemplary embodiment

of the invention, and

Fig. 3 shows schematic cross-sections through
arrangements with an adapter card according
30 to the invention according to a second

exemplary embodiment of the invention.



18 and the plug-in sockets (42) are provided on a substrate surface (401')

| ocated opposite the first substrate surface (401) on the second adapter
card (4'), and the slots (1, 1') are arranged i mediately 5 adjacently.
.AfR AL. AL_. Asl L. A As. A(_. A9. A& A, . As% As9. A. A A A9. ALF. A &1P\ 3$%NOb}~E F
] g EGL
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10 arranged on the two slots 1. Here, each adapter card 4

comprises a substrate 40, an interface 45, which has
contact elements 44, to the slot 1, a signal-
conditioning device 41, two plug-in sockets 42, and
also contact devices 43, via which the memory modules 2
15 arranged in the plug-in sockets 42 are electrically

connected to lines provided on or in the substrate 40.

The plug-in sockets 42 are arranged opposite one
another on the substrate 40 and are mounted
20 horizontally for an arrangement of the memory modules 2
which is horizontal to the substrate 40. This produces
the indicéted, space-saving arrangement of the memory
modules 2 in the plug-in sockets 42 of the adapter
cards 4.
25
Fig. 1b shows an arrangement in which a left slot 1 is
equipped with an adapter card 4, and a right slot 1is

equipped with a memory module 2.

30 Fig. 2a shows a slot 1, a memory module 2 which has
memory chips 21, a module interface 22 and indentations

23, and an adapter card 4. An interface 45 which has
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ZX6PE: 11", "10%@8& ()-!","100& ()-!| "10%<& ()-!!10%& ()-!!10%& () - &s10%& (
)- CswU®:!! 10<< 10<<!L37 "10%<& ()-3!Ls- "109%J& ()-Y! Ls-

"1096T& ()-Y!Ls- "10% ()-Y!SL& "10%J& (}-

contact elements 44 is formed along one edge of a
substrate 40 of the adapter card 4. Two DQ buffers 411
and one CA buffer 412 are arranged in a line parallel
to a plug-in socket 42. Contact devices 43 are arranged

5 between the plug-in socket 42 and the substrate 40. The
memory module 2 may be arranged in the plug-in socket
42. In this example, the module interface 22 and the
interface 45 of the adapter card 2 are electrically
compatible.

10
Furthermore, the illustration shows that the adapter
card 4 has indentations 23°, which are formed in the
same way as the indentations 23 of the memory module 2
as counterparts to fixing devices 12 of the slot 1.

15 Mechanical compatibility between the adapter card 4 and

the memory module 2 is thereby also achieved.

This compatibility becomes clear through comparison
with Fig. 2b, 1in which a memory module 2 with
20 indentations 23 1is shown on a slot 1 with fixing

devices 12.

Figs 3a to 3¢ in turn show a cross-section through an
arrangement with a system motherboard 3, a bus-
25 monitoring chip 31 arranged on the system motherboard 3

and two slots 1 represented as plug-in sockets.

Here, Fig. 3a differs from Fig. la which has already

been described in terms of the shorter gap between the

30 two slots 1, 1°.
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13

The reason for this, as shown in Fig. 3b, is that the
adapter cards 4 differ from the adapter cards described
in Fig. 1 in terms of vertical mounting of plug-in
sockets 42 arranged on a surface of the substrate 40.

5 The vertically mounted plug-in sockets 42 enable an
arrangement of the memory modules 2 perpendicular to a
substrate surface 401. Furthermore, a signal-
conditioning device 41 1is arranged on the surface
opposite the plug-in sockets 42.

10
If either two mirror-image types of adapter cards 4 are
then provided, or if the right slot 1’ is arranged
rotated through 180° in relation to the left slot 1,
this in each case produces the arrangement shown with,

15 in a particularly advantageous manner, very short

connections between the two slots 1, 1’.

Fig. 3¢, corresponding to Fig. 1lc¢, shows a combined
connection arrangement, in which an adapter card 4 is
20 arranged in the left slot 1 and a memory module 2 is

arranged in the right slot.
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"109XX& ()- Reference symbol

1, 17 Slot

12 Fixing device

2 Memory module

21 Memory chip

22 Module interface
23, 23’ Indentation

3 System motherboard
31 Bus-monitoring chip
4, & Adapter card

40 Substrate

401, 401’ Substrate surface

41 Signal-conditioning device
411 DQ buffer

412 CA buffer

42 Plug-in socket

43 Contact device

44 Contact element

45 Interface
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15
Claims

1. A method for an installation of memory modules (2)
without signal-conditioning means on slots (1, 1’) of a
5 system, whereby a system motherboard (3) which has the
slots (1, 1’) and a number of memory modules (2) without
signal-conditioning means is provided,
characterized in that
- at least one adapter card (4) which has at least one
10 plug-in socket (42) and a signal-conditioning device
(41) is provided,
- at least one subset of the memory modules (2) 1is
arranged in the plug-in sockets (42) of the adapter
card (4), and
15 - the adapter cards (4) equipped in each case with at
least one memory module (2) are provided on at least
one of the slots (1, 1) of the system, so that the
memory modules (2) without signal-conditioning means
are then operated in the system in the manner of memory

20 modules (2) with signal-conditioning means.

2. The method as claimed in claim 1,
characterized in that
a memory module (2) with signal-conditioning means is

25 provided on at least one of the slots (1, 1%).

3. An adapter card for the installation of memory
modules (2) on slots (1, 1’) of a system, comprising
- a substrate (40),

30 - at least one plug-in socket (42) in each case to

accommodate one of the memory modules (2), and
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(1, 19,

characterized by

a signal-conditioning device (41) for the operation of
5 memory modules (2) arranged in the plug-in sockets (42)

without signal-conditioning means in the manner of

memory modules (2) with signal-conditioning means.

4. The adapter card as claimed in claim 3,
10 characterized by

an even number of plug-in sockets (42).

5. The adapter card as claimed in claim 4,
characterized in that

15 the plug-in sockets (42) are arranged horizontally in
pairs opposite one another on the substrate (40), and
the memory modules (2) are arranged parallel to a

substrate surface {(401).

20 6. The adapter card as claimed in one of claims 3 to 5,
characterized in that
the plug-in sockets (42) are provided in an area
removed from the interface (45) on the substrate (40),
and the memory modules (2) provided in the plug-in

25 sockets (42) are oriented towards the interface (45).

7. The adapter card as claimed in one of claims 3 or 4,

characterized in that

the plug-in sockets (42) are arranged vertically on a
30 surface of the substrate (40) and the memory modules

(2) provided in the plug-in sockets (42) are arranged

perpendicular to the surface of the substrate (40).
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*110v@@ O) - 1R#fieva (§41y3" 19varEme - ipy32 10%4n¢) -Raxaliehovaw Take
!109k&()'w”interface (45) for the signal conditioning of data
signals, and one CA buffer (412) provided between the
two DQ buffers (411) for signal conditioning of control
and address signals.
10
9. The adapter card as claimed in one of claims 3 to 8,
characterized in that
the signal-conditioning device (41) comprises a buffer
device and/or a PLL device.
15
10. The adapter card as claimed in one of claims 3 to
9,
characterized by
precisely two plug-in sockets (42).
20

11. The adapter card as claimed in one of claims 3 to
10,

characterized by

mechanical compatibility of the interface (45) with

25 corresponding interfaces of the memory modules (2).

12. An arrangement with two slots (1, 1’) arranged on a
system motherboard (3) and a first (4) and a second (4')
adapter card as claimed in one of claims 7 to 11,

30 characterized in that
the plug-in sockets (42) are provided on a first

substrate surface (401) on the first adapter card (4)
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