R S SINGE. | N- LI NE MEMORY MODULE — BACKGROUN®@osks-
- I'NVENTI. G)\I S 1% Related Appl i cati ons: ' This application is
related to U S Patent 5,260, 892, entitled "High-Speed Electrical Signal

I nterconnect Structure", issued Novenbet -9, 1993, and U. S. Patent

5, 266, 218, entitled " BﬂSNMMMNEdEHOR\bWDME‘egrat ed Data and Vi deo
Menory", issued Novenber,, 1Ljhe | nvention

The present invention ré pmiee - o puter systens and nenory
har dware. More particularly, the present |nvent|on relates to nodul ar
circuit boards which may be conbined to forma nenory structure within a

conputer system d Jkground Single In-Line Menory
Modul es (" SITMvs™ elated Appfitatiil cuit boards designed to accommopdate -
surface nmount nenory chips. SIMW were developed to provide conpact and
easy to manage nodul ar nenory conponents for user installation in conputer

systems desi gned Tigs appRedticiii reltilitto BISVPatege p ¢a>noar9emdsbe inserted
into a connector withih the conputer system the MM t her eby

07/795,699, entitled "High-Speed Electrical Signal Interconnect

Structure”, filed November 21, 1991, and U.S. Patent Apphcanon Serial
No07/886,671entitled "Bus Architecture for Integrated Data and

Video Memory", filed concurrently herewith.
2. Field of the Invention

The present invention relates to the field of computer systems
and memory hardware. More particularly, the present invention
relates to modular circuit boards which may be combined to form a memory

structure within a computer system.

3. Art Background

Single In-Line Memory Modules ("SIMMs") are compact circuit
boards designed to accommodate surface mount memory chip's.
SIMMs were developed to provide compact and easy to manage
modular memory components for user installation in computer
systems designed to accept such SIMMs. SIMMs generally are easily
inserted into a connector within the computer system, the SIMM

thereby deriving all necessary power, ground, and logic signals

therefrom.
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. deriving all necessary power, ground, and.logic signals therefrom

-2- -7 *A-SIMMtypically conprises a nultiplicity of random access nenory
("RAM') chips nounted to a printed circuit board. Depending on the user's
needs, the RAM nenory chips may be dynam c RAM (DRAM, non volatile static
RAM (SRAM or video RAM (VRAM . Because DRAM nenories are | arger and
cheaper than nenory cells for SRAMs, DRAMs are widely used as the principal
buil ding bl ock for main nmenories in conputer systems. SRAM and VRAM S| Mvs
have nore |im teA SIMM typicadly ¢ampsiseca ahultiplioity ef randbmesccess r enel y f ast
cache nenories and video frame buffers, respectively. Because DRAMs form

t he | ar gestmgorayoiR&M3) chipp meuntegdstocanprisvied wirchit beardher ef ore desirabl e
t hat menory_nodul es fl lifi bly accommvpdate the conputation.needs of a user as

the users' Deaemqhelmg ¢ Hagrenerds; the RAMumemaryrchips may Besirabl e t hat

Gt ooty dumie RAMPRAR s trlabbrebe RAVEISAND' & Gides thin o -
i cul ar ] S| h 11y..b

B o SR VIR o PR BRGHonl MbTegERB Y Ee

Leed i n't nasiakyaaits P SRAVIE DRAMER: AR beel'odtnd pitgeipal Gl 2 Pail

organi zat ?cfhig&%ésﬁlﬂdﬁtf%f ndifi ﬁ@@orﬂeissiﬁ' BRGutel sgsémf asRAM 4, 656, 605,

i ssued Apr 87 to ayton. ayton di oses a compact nodul ar nenory

circuit boayRAM IMVNR Rdve MRYEIRNItEd 3P ﬁ@ﬂ@éﬁf@hbp&i&%ﬁ dseg arranged to
provide nmenory increnments in eight bit Fone byte) data ths, plus parity

bits. Thus,surtcaiegremely fetpadhey meyredridbarih oididt rant haffes, 32, 64 or nore
bits, the SIMM constructed according to Cl ayton ‘tannot provide a nenory
i ncrenent fmespedtively. Because DRAMSs form the largest portion of a computer

system memory, it is therefore desirable that memory modules flexibly

accommodate the computation needs of a user as the users'

requiremehts change over time. Moreover, it is desirable that the SIMM

modules may be added to the computer system with a minimum user

difficulty, specifically in terms of configuration of a SIMM within a

particular memory structure. In the past, SIMMs have generally been

designed to provide memory increments of one or more megabytes

(MB), but where the memory addition comprises only a portion of the

full data path used in the computer system. A leading example of the

prior art organization and structure is that disclosed in U.S. Patent No.

4,656,605, issued April 7, 1987 to Clayton. Clayton discloses a compact

modular memory circuit board to which are mounted nine memory

chips which are arranged to provide memory increments in eight bit

(one byte) data widths, plus parity bits. Thus, because most computer

systems use data paths of 32, 64 or more bits, the SIMM constructed

according to Clayton cannot provide a memory increment for the



- 3- entire data path. Instead the user nmust obtain and install nultiple
SI MVs, inZ¥combi‘nation wth perform-ng any additional configuration '
requi rements necessary to make the separate SIMvs nodul es function as a
single menory unit, such as setting base addresses for the SI MM nodul es
i nstal |l ed. As a result, a user seeking to increase his usable main
menory by adding SI M constructed acgordi ng to the prior art, typically
must insert nmultiple SIMV to achieve’d nenory expansion for the entire
data path oéntifesdstanpaither Insiael ther espoimgsti ebtaircamd énsteligpultiple ypi cal pri or
art SIMM architecture, wherein the SIMM is arranged around DRAM parts which
conpri se onSIMMs ini cembinasion withr performingTanyg ad%ltaomlt@%uﬁam| ng a

width of 32 bits, there being eight bhits per b 1 yt e, expansi on
of main mnﬁ&qplc@nﬂ@tsgtmswﬁetma@eéhp a%mf.atﬁ mé{@% &nw woul d

require four_ SI MM.nodul es each of, on te aci to obtain
a full dat a®HaASHNEEARTOZY Uikt SHeh ﬁéé%%‘?%g’%e g? hfztﬁi\&l‘%gcl oses a
sem conduct rising a plurality of |eadl ess packages nounted on
bot h si des %{ocg\ﬁé S&%ﬁgﬁ A plurality of |ead pins projects fromone edge

of t'he base plate. The arti cle "H gh performance package for menory" by
V.Y. Doo et al. in IBM Technical Disclosure Bulletin, vol. no. 2, pp.

585-586 di scl oseqsa, pégith, raeuJeQrse@aEﬁg tBaRKAGSe %’I@Wmhﬂn@ﬂio‘i’? the menory
and periphery (logic driver etc ip or the menory are nmounted on both

faces of mJb?'a'cRHﬁ S&Pmdﬁtﬁnéfﬁﬂﬂﬂé&ﬁccdf-ﬂ td thel 161- &Vtet)‘pﬁlﬁhﬂkhrmuﬁt ed on a_
boar d. The  article "A fast 256K x 4 yanoto et al.

in |.E E E inkert mailtiple SIMMb 3 atltieté aovetrfory Ve@d nﬁGnZRzr the .enfbirepp. 861- 867
shows the |layout of a dynamic RAMchip in Whl ch row decoders are |ocated in
t he cent er dhtapatheofblsiswesrputer. The foregoing is a consequence of typical

prior art SIMM architecture, wherein the SIMM is arranged around

DRAM parts which comprise one byte wide memory increments. Thus

in a data path having a width of 32 bits, there being eight bits per byte,

a 1 megabyte expansion of main memory using SIMMs constructed

according to the prior art would require four SIMM modules each of

one megabyte capacity in order to obtain a full data path expansion of

one megabyte.

As will be described in more detail in the following detailed
description, the present invention provides, among other attributes,
facility for providing memory expansion in full data path widths,
thereby relieving the user of configuring and installing multiple

SIMMs modules to obtain any desired memory increment.

heet Has Been Re‘laced '
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‘two nenory cell arrays to reduce.word-|i ne del ay. .
-3a- % EP-A-O 419 863 discloses nenory nodul es that can

be confi

gured'to'

pr'OV| de 32 bit, 64 bit or wider data I/O and can al so be configured to

provi de smaller word sizes. As will be described
the foll owing detailed description, the present invention
ot her attributes, faC| lity for pI’OVTd‘I ng Menory expansion
wi dt hs, t hesaRyn AR 1

SI MV nmodul®

'enory i ncremnent.

i n nore

provi des,

in full

detail in
‘anong .
data path

fq configuring and installing nultiple

-4 - SUMVARY - OF THE INVENTI ON . The invention is defined by the appended
I ndependent claim The dependent clains concern preferred enbodi nents of

the invention. AAullvidii sihglesmanhe mhémbiy endtile (BINBGUR dyitaic f or

dynam ¢ random access

random access memory (DRAM) memory expansions is disclosed. A

printed circuit board having a multiplicity of DRAM memory elements

mounted thereto is arranged in a data path having a width of 144 bits.

The SIMM of the present invention further includes on-board drivers

to buffer and drive signals in close proximity to the memory elements.

In addition, electrically conductive traces are routed on the circuit

board in such a manner to reduce loading and trace capacitance to

minimize signal skew to the distributed memory elements. The SIMM

further includes a high pin density dual read-out connector structure

receiving electrical traces from both sides of the circuit board for

enhanced functionality. The SIMM is installed in complementary

sockets one SIMM at a time to provide memory expansion in full

width increments. Finally, symmetrical power and ground routings to

the connector structure insure that the SIMM cannot be inserted

incorrectly, wherein physically reversing the SIMM in the connector

slot will not reverse power the SIMM.



_rrermry ( DRAM rrermry expan5| ons is disclosed. A printed circuit board
having 'a frultiplicity of DRAM menory el enents nounted thereto is arranged
in a data path having a width of 144 bits. The SIMM of the present.
invention further includes on- board drivers to buffer and drive signals in
close proximty to the nenory elenments.-In addition, electrically
conductive traces are rout ed on the CI rcuit board in such a manner to
reduce | oadi ng and tr J2EEEddase RAKS A R skew to the

di stributed nenory el emsnts The S I\/I\/I furt her includes a hi gh pin density
dual read-out connector structure recel ving electrical traces from both

sides of the cirguit bo for enh unctl allt The

installed in conﬁ{%l‘?\?ﬁf gea}B{:??e?% &ﬁ { ﬁé'\tdnﬁ&ﬁ%ﬂe nNenory
expansi on in.&ul r Fin wAnd ground
routings t o™ 1‘@2’ ?\r,iér‘?g%'t“ ﬁrgg}ﬁ%eﬁﬂspgﬂpﬁs téﬂg%%g&?th@f% cannot be inserted
|ncorrectly X\/@gd' i L deor sl ot

w || not reverserggaggp%l%ﬁg\w&%%ﬁgg%é&&ﬁeWé&]e d -

- 5- the invedoa irPkatEBhPTI ON OF THE DRAW NGS The objects,
features and advantages of the present invention wll be apparent fromthe
foll ow ng det al | ed description given below and fromthe acconpanying

drawi ngs of the preferred enbodi nent of the invention in which: -

Figure |a ill ustFigue IaliHustrates the alectridud sehematd ofiaffirstsideiafehef t he
single in-line nenory nodule (SIMM according to the teachings of the

present i nvsinglein-line memorympdwlel (SIMM uatcoading tm&eeﬂeechxmgéa schemati c

for a left-to-right
the present invention.

Figure 1b illustrates the electrical schematic for a left-to-right
mirror image layout of memory elements on a second side of the

SIMM.

Figure 2 illustrates the physical layout of the memory elements

and drivers placed on the SIMM.

Figure 2a is a magnified view of the dual read-out connector

structure on the SIMM.

Figure 3 illustrates the stacked conductive layers separated by
insulating dielectric necessary to build up the interconnections for the -

electrical schematic shown in Figures 1a and 1b.

Figure 4 is a description of data, address and logic lines

summary of address, data and control signals routed to the SIMM.



.mrror ma:?e Ia out of - menory el enents on-a second side of the SIMM
Figure 2 Iustrat es the physi cal | ayout of the menory el enents and
drivers placed on the SI MM Figure 2a is a magnified view of the
dual read-out connector structure on the SIMM Figure 3
illustrates the stacked conductive | ayers separated by insulating
dielectric necessary to build up the interconnections for the electrical
schematic shown in Figures la and I b7 ° = Figure 4 is a description of

data, address andika 5 itidifstes UBR ArrahglAdRE SR thEHign il fdBiyol ST gnal s

DETAI LED DESGAI R dbubConbetol Mebisblused t6.iRiEtdiisdt YRE SyuMiwitn Nt egrat ed
e

data and video menory is disclosed. In the follow ng scrlptlon for
pur poses of thaphemeaty spsteapeci fi c nunbers, times, signals etc., are set

Figure 6 is a pinout summary for signals transmitted to and
from the SIMM. |



forth in ogdqr to provide a thorough understanding of the present

i nvention. However, it wll be apparent to one skilled in the art that the
present invention may be practiced w thout these specific details. In other
i nstances, well known circuits and devices are shown in bl ock diagram form
in order not to.obscure the present invention unnecessarily. The
preferred enbodi nent of the SI MM descryhed herein is designed and i ntended
to be used with the i { and vi deo nenory bus disclosed in U S.
Pat ent 5, 266, 218 ent i L ﬂ@Eﬁ#ﬂﬁllﬂ%Hizéhﬂégﬁied Data and Vi deo
Menory". It wll be apparent, however, to those skilled in the art that
the specifications disclosed herein can or may be changed w t hout departing

7 50 e X B A i

of the present invention I's disclose _

mat chi ng t hadis@bséde In Vi Y, | osed in the
above-referer:(s:edsu. S. gg‘?gﬁ?wﬁéj%%’%“ﬁgﬁﬁ% %f%lc a%é‘l’ng t he
desi-gn of t hypebific membeishtithds)SighaRNAc Ohrd 88 BHISRGrder 8 PrbPidle yherein the

SI MM may be matched to the data path wdth of the i1 ntegrated nmenory bus.
-7- thorouH Andef3takbag! &Tm@}x@eﬁﬂ'ﬁvbﬂﬁﬁw | Bwever, it willbdus
n

architecture for Integrated data a video nenory is disclosed. In the
foll owi ng deppareni tnond skilledindhe arpthatxthe PpraséntrinveAion ivhaje baunber s,
tinmes, signals etc,, are set forth in order to provide a thorough

under st andi RFasicachwithous dhesei specifici detailsiolm other instanicks, well kappar ent t o
one skilled in the é that the present invention may be practiced w thout
t hese speci fCFr(Fub‘@taé%!r evifes yefdowmin hlesksdiageam formim order not to

obscure the present invention unnecessarily.

The preferred embodiment of the SIMM described herein is
designed and intended to be used with the integrated data and video
memory bus disclosed in copending U.S. Patent Application Ser. No.
07/886,671, filed 5/19/92 entitled "A Bus Architecture for Integrated

Data and Video Memory". |

It will be apparent, however, to those skilled in the art that the
specifications disclosed hereiﬁ can or may be changea without
departing from the scope of the present invention. Although the
preferred embodiment of the present invention is disclosed in terms of
the data path width matching that of the integrated data and video
memory bus disclosed in the above-referenced U.S. Patent Application,
it will be appreciated that changing the design of the bus is within the
scope of the present invention, wherein the SIMM may be matched to

the data path width of the integrated memory bus.

..+ This Sheet Has Been Rerlaced
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circuits and devices are shown in block diagramformin order not to
obscure *t he preSent invention unnecessarily. The preferred

enbodi nrent of the SI MM described herein is designed and intended to be
used with the integrated data and video nenory bus disclosed in copending
U.S. Patent Application Ser. No. .07/886,671, filed 5/19/92 entitled "A Bus
Architecture for Integrated Data and 8/~deo Menory". It will be apparent,

however, to thosRefdfehteth hdwihdétd Figie idWhetbRCid eretdi@nvlsdiscl osed
herein can or may be changed wi t hout eparting fromthe scope of the

present inv %nggam ofnidiRugheleliferits Bidurited tondfigétiebrerse sideoptiesent
I nvention is disclosed in‘terns of the data path width matching that of

t he i nt egr alSENIMd$ showa. vIrdEigurestap aymhitiplidise bb dgdamic RedMabove- r ef er enced
U S. Patent Application, it will be appreciated that changing {he design
-of the bus (PRAMSs) &0 @aregroupedeintd twhcclpsteescHia amd 30bi dherqAes BINe t he SI MM
[rgy- be mt C%I%Ai\?s 1%) hi% ga%hil@s%teg % g;igef f15tr2§ei\ilgst ec%;xzti}o OsligrL% S, ra%u:{j us-

address signals; from an external bus arrangement (not shown) through

a dual sided connector 30. A multiplicity of control lines 20 route RAS-

(row access strobe), CAS- (column access strobe), WE- (write enable),

and OE- (output enable), control signals from drivef 15 to all the

DRAMSs 10 mounted to SIMM 5. Moreover, driver 15 buffers and

subsequently distributes address signals 21 to all DRAM;s 10 mounted to

SIMM 5. For purposes of clarity in the present figure, the specific

routing of data, address and control lines to all the DRAMs 10 is

omitted. However, as can be seen from Figu're 1a, all DRAMs 10 have

four data lines DRAMSs 10 being any of several commercially

available DRAMs arranged in a "by-four” configuration. As will be

seen below in connection with Figure 1b, DRAMs 10 each of DRAM

clusters 10a and 10b are matched with mirror image DRAMs 10

mounted to the opposite side of SIMM 5 and placed in electrical

communication by electrical traces passing through a multiplicity of

vias (not shown).

The specific routing of the electrical traces on SIMM 5 are
dependent upon the specific architecture of the memory chips chosen
for a specific implementétion of SIMM 5. However, all SIMMs 5
constructed according to the teachings of the present invention have a

full width data path extending from connector 30 to all devices



operating on-SIMM 5, including all DRAMs 10, driver 15; and any ot her

| ogi ¢ el'enents hecessary to inplement the desired function of SIMM5. As
presently preferred, SIMM5 enbodies a 144 bit data path, conprising 128
data |lines (DATA[127:0]), 16 error correction lines (CBW 15:0]) which

I mpl ement a known error correction code, one RAS-, two CAS- signals, one WE
signal and one reset line. The routing for all control signals 20, address
signals 21 and data signals 25 m ni n~z® conductive trace capacitance and

| oadi ng i n asperatiagom SIMM 8hincludiagleDRAMS) 19, diiver 15, &&DafPp2 entitl ed
"Hi gh Speed Electric Signal Interconnect Structure". The trace routing
control for ather bogit rebémentyedcessa@y 2o dnipiéeient thenddsired funétisroof he centr al
DRAM 10 for each DRAM cluster 1Ga, | Ob, 1 Cc, and 1Qd. DRAMs surrounding the
central DRANIMMaS.cAsqugsendlyt prefermed SIMMdheinborifesva 344 hisrdatapath, r aces (not
shown), thereby mnimzing total capacitance, and increasing signal rise
times. WtQﬁmBP’ilﬁf‘gr]@\Bé-'raghé’é\eﬁ EDATAR79)), herrerearregiiondinest o route al |

o i b or  CEIV ) Sen HHRIBRENE 3 Wt GHrreAsr Sian 16008 W 6| &

h O Fi | b, ~t ddi ti M cl ust | Oc,.and. ] 0d ary. h
o et s TR RGP s RS e Y gl i itecreset g The aeRbifaam 10 i n
DRAM cl ust i AR | i f i t .1 i dditi
Lo addr ess danelssRRSH SEall 20, aBidssl SR AT opf Uate QAL 280, of 0o Sl e
t hrough Con%ﬁﬁin‘itf%"'céﬁdﬁf{gﬁﬁa@@ E%gafciia%gpantﬁgl\égﬁﬁ?g $h dEclaRdM 5.,

t her eby doubl i ng e aval e surface area

-10-  whi chyfRAMeva Qefiiinddd DB!HagdApMDRGYRY "EH ASEREGRENt | Y
preferred utilized thin small outline” package (TSOP) Ms 10 to reduce

overal | thi SigesisinéércGhMdt Strudtlity)" hsBignéd B thelak€ifned bE tiwphdsensi ded SI WM
5 of the present invention is no thicker than prior art single sided SI M

(e.g., as tanyémtidry, a@ldawhict) is incorporated herein by reference. The trace

routing control for all control signals 20 are taken

from driver 15 to the central DRAM 10 for each DRAM cluster 10a, 10b,
10¢, and 10d. DRAMs surrounding the central DRAM 10 are coupled to
control signals 20 via short sub traces (not shown), thereby minimizing

total capacitance, and increasing signal rise times.

With brief reference to Figure 3, the stack up used to route all

control, addresses, data, and power and ground signals is illustrated.

With brief reference to Figure 1b, a second, reverse side of SIMM
5is shown. In Figure 1b, two additional DRAM clusters 10¢ and 10d are

shown afranged as DRAM clusters 102 and 10b on the obverse side.

Each DRAM 10 in DRAM clusters 10c and 10d similarly receives four
input lines in addition to address and control lines passed from driver
15 on the obverse side through conductive vias to the mirror image

reverse side of SIMM 5., thereby doubling the available surface area to

e
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Briefly referring to Figure 4, the high nunber densi'ty connector 30 used to
connect.>SIMM'5 to the menory nodul e socket (not shown) is illustrated. In
Figure 4, connector 30 is seen to have 200 pin term nations, therefore
permtting a | arge nunber of signals to be routed to and fromSIMM5. In
the preferred enbodiment of SIMM5, it is intended that SIMM5 specifically
I ncorporate the data path architecture consistent wwth an integrated data
and video nenory bus such as that described in above referenced U. S. Patent
at¥? Architecture. i nmpl enrent ed on SI MM 5

5,266, 218. |In particular, the. data

i ncl udes 128’Vr]16‘£$§5%§,10 TRa:pe gno ?ﬂecMPé?P‘(%dﬁMMésas(Pr@P%ﬁ“ﬁéd to CBW
[15:0] in Figuges J1-6)., hi.addition Lo a | tipliclt f. cqontrol signals
necessary tﬁﬁ%&ﬁ%}lgéﬁe%ﬂ!% apt I&%gg&%g_e M%éﬁ%?q@i@nal s, .

col l ectivel tQ. le i RN Fagures La an , 1 nclude one
RAS- per Sl Wg&@{:&gﬂ&@&gﬁéﬁ%éﬁ@ﬁg sﬁzl\gwheé'n ncgqstty&?ecﬁithg_ Thus, not

I ncl udi ng t ' | . | 0g: Qperation
of DRAMs 10@% gé%{adt@éi spna'tlﬂ‘ 5?53“?%%%“52@??@&5 rllg b tgg‘%i %&%%gm?r om DRAMs
10 is seen fgt iRglbAdded SBIMN @5, & & @Wi@lﬁ _error correction code
signal s referredgto in Fi gurege%-G ag%gB 15:65&,}9t he actual data path wi dth
of SIMMS5 for witing and reading data to and from menory is 128
bits wide, or sixteen bytes, identical to that of the integrated data and
vi deo nenory bus Brieflyorefenriyigyto Eigdve 4ptthé¢ héglp nessber densityt commentor be
installed into the nenory bus in full width increnents. A total
nmenory capa8Ptuseditai qomiieet SIMM Sitynhe meyoby noodypletsedkels(rfadishowst) Dependi ng
on the capacity of each RAM 10 nounted to SIMM S5 the total nenory capacity
of each SI M# lustrateds EnFignaed, copneston B0 iegeanytahaye®)0 pin a maxi num of

sixty-four MB, distributed over -a,total of thirty-six DRAMs 10. Using -
conmer ci al | {PIRVRRHGRS Lhergipre parmittingia lamgrmumber of signalsatoykes of nenory

may be provided.on S| 5. Al ter i vel when 1 abi t econe
avai | abl e, 5%@58&8 i%&&bﬁﬁ@gﬁ] 3%%ré@£egﬁ‘g€@%ﬂr§g}moﬁ%@e£y | ar ge,
reater thag: ' [ : asiLly acco date the higher 16
O et e hahis WRreBllRhbPSIN ' sPebilaft thicrp BRSO TR UL phll M ¢
architecture consistent with an integrated data and video memory bus

such as that described in above referenced copendihg US. Patent
Applications assigned to Sun Microsystems, Inc., Mountain View,
Califorria, which is hereby incorporated herein by reference. In
particular, the data path architecture implemented on SIMM 5 includes
128 data lines, 16 error correction code lines (referred to CBW [15:0] in
Figures 1-6), in addition to a multiplicity of control signals necessary to
accomplish DRAM memory accesses. Such control signals, collectively
referred to control lines 20 in Figures 1a and 1b, include one RAS- per
SIMM 5, two CAS- signalis, one WE-, and one reset line. Thus, not
including the control signals 20 which are used for controlling
operation of DRAMs 10, the data path used for transmission of data to
and from DRAMs 10 is seen to be 144 bites wide. Disregarding the error

correction code- signals referred to in Figures 1-6 as CBW[15:0],the actual

heet Has Been Replaced
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avail able a total capacity of 64 negabit on-a SIMM5 having 36 DRAMs . .
nounted té& it. * Qperation of SIMM5 is controlled by control signals- ~
20 as will be briefly discussed below. For a conplete discussion on the
actual operation of SIMMS5 in connection with the integrated data-and vi deo
bus, the reader is referred to the above U S. Patent 5, 266,218, entitled "A
Bus Architecture". Reference ys_now nmade to Figure 2, wherein the

physi cal arrangenment. of DRAMs 10 and driver (15 are il]ustrated on SI VMM 5.
| n” addi t i onmesnemyeisHRANita Jxides or sisteanrtespidentisah to shatef W8ver se si de of

SIMM 5, the, SIMM5,is noted,{o have t cont act,, regi a.and

menory i s 19%egiated datpand video mempry ‘@s,AF%ﬂﬂﬁ‘égk gMQf&@r t he

i ntegrated data_and video_nenor .. Accqrdingly, SIMbL of,th resent

| vent | on nBEERRE PR maY, e thspaileck 55 g, Bimbry e B itk Wi cront .

A total rrenﬁ{# ﬁ?e?ﬁ‘gity available on a SIMM5 may be conputed as foll ows.
Dependi ng oh ke capacity of each RAM 10 nounted to SIMM 5 the total nenory
capacity of each SIMM nodule 5 can vary from four negabytes (MB) to a

maxi mum of sixty-four MB, distributed over a total of thirty-six DRAMs 10.
Usi ng comer ci al Wotlaheaid capifty<adailabhd’bh LEINIM Sinaf ger megabytes of
menory may be provi ded on 5. ‘Alternatively, when 16 negabit parts
becone avai J:c&hbﬁted)eslﬁﬂl?cﬁ/vﬁ.hae?dﬁkﬂi@?&ﬁbﬂﬁ pHchyof PRBRAM M 5 is very
| arge, greater than two gigabits, SIMM5 can eaSily accomobdate the higher
16 megabyt empaurtted 40 SIMMMS theatiotalthempry ehphcitppéeatly SBVIM 4nodyglali t on a

SIMM 5 having 36 DRAMs nounted to it. Qperation of SIMMS5 is
control | ed €an vary from épunmiegabytea {MR)Itb somaximum of sixty-four MB,

distributed over a total of thirty-six DRAMs 10. Using commercially

available 256K x 4 1 Mbit DRAMs 10, four megabytes of memory may be
provided on SIMM 5. Alternatively, when 16 megabit parts become
available, because the addressable address space of SIMM 5 is very large,
greater than two gigabits, SIMM 5 caﬁ easily accommodate the higher
16 megabyte parts and make available a total capacity of 64 megabit

on a SIMM 5 having 36 DRAMs mounted to it.

Operation of SIMM 5 is controlled by control signals 20 as will be
briefly discussed below. Fof a complete discussion on the actual
operation of SIMM 5 in connection with the integrated data and video
bus, the reader is referred to the above copending U.S. Patent

Application, entitled "A Bus Architecture".

Reference is now made to Figure 2, wherein the physical _
arrangement of DRAMs 10 and driver 15 are illustrated on SIMM 5. In. -
addition to.the DRAM clusters 10a and 10b shown on the obverse side

of SIMM 5, the SIMM 5 is noted to have two contact regions 50a and
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bri-efly di scussed bel ow. For a conplete discussion on the actual operation :
of .SI M5 n* codnnection with the integrated data and vi deo bus, the reader
is referred to the above copending U S. Patent Application, entitled "A Bus
Archi tecture”. Ref erence is now nmade to Figure 2, wherein the

physi cal arrangement of DRAMs 10 and-dpiver 15 are illustrated on SI MM 5.

In. additi S
SIS, the SN B R CIRTOFIIMNY, SOtart el Sl ind S grgsee =i de ©

- 12 - 50b crsrﬂmow@y\epa@weoﬂdu&dw\éoita&?ﬁ%ﬂﬂgcgt;glit@%rﬁg?l 50b consi st

of narrowly spaced conductive contact pads runnin y across
the bottom extgessothe3ddrh ddgerof[SIMM S frofi pinld o pin1oesqrpespoading) nunber
to the connector map (shown in Figure 4) and the pinout sumrary (shown in
Fi gure 6). lin mimber t@ thecdenedtor ofapt (shobat troFigied) arid Sievpriouts shown i n
Figure 2a, a magnified view of the contact region of contact regions 50a
and 50b ar e ssEamary fshewn jndiiguee 6). dwFigure £ ajdetaibof thetbattoraedget hat
contact regions 50a_and 50b consist. of a | arge nunber of closely spaced
contact pad<PfFMM 3 FFeSiM’érl%é:ls‘FUez%ﬁ mpgnifipd view of Hie eertatihmge yet

electrically djstipnct set of contact ds 36, on the reverse side of SIMM
5. I'n cont - HEBlOn Ok aRCt158aan8 Bacenc: S0B Ak sbows inpeesprstiye e Iohe SIMv 5

oL e P e Bt OB AEL S50 B o HEPRFS kBl Tulfd
number of closely spaced contact pads 35 on the obverse side of SIMM 5
and a mirror image yet electrically distinct set of contact pads 36 on the
reverse side of SIMM 5. In contrast to SIMMs constructed according to
the prior art, the SIMM 5 of the present invention doubles the pinout
capécity of a SIMM by "breaking” the connection between the obverse
and reverse sides of SIMM 5, theréby effectively doubling the edge area
which may be dedicated to electrical functions. For purposes of clarity,
in contrast to prior art SIMM modules having contact pins placed on
0.1" centers, the spacing of contacts 35 and 36 on SIMM 5 are placed on
0.050" centers, the contact pads 35 and 36 themselves being 0.040" in
lateral dimension thereby yielding a space of 0.010" between contact
pads. However, the precise spacing and dimensions is not specific to
the present invention, and it will be obvious to those skilled in the art
that_ngmerous spacing and pad placement schemes are possible using
‘the "dual read out" arrangement as illustrated in Figure 2a in contact
regions 50a and 50b. Thus, operating together, the reduced spacing and
dual readout arrangement of contact regions 50a and 50b provide a
vastly improved pinout density available for SIMM modules, over

four times that suggested by Clayton. In particular, because 200 pins are



and reverse sides of SIMM5, thereby effectively doubling the edge area
whi ch may: be dedicated to electrical functions. For purposes of clarity,
in contrast to prior art SI MM nodul es having contact pins placed on 0.1"
centers, the spacing of contacts 35 and 36 on SIMM5 are placed on 0.050"
centers, the contact pads 35 and 36 _t llﬁgn_sel ves being 0.040" in lateral

di mensi on t Bgagiblelof udé BY Wﬁ?hgffu dAD paliEWiBBoF 24 Bitd in Pads.

However, the precise spacing and ‘dinensions“Is not specific to the present

i nvention, aaditién t kbnkel SignaRUsnd poivepaadsgidurklicorhdciendis t hat
nuner ous spaci ng and pad pl acenment schemes are possible using the "dual

read out" aaccomawelatedibyidohnettoadedndredningotor régions S0anndc30b ofegi ons 50a
and 50b. Thus, operating together, the reduced spacing and dual readout
ar rangenent S8IM@at act regi ons 50a and 50b provide a vastly inproved pinout
density avail able for SI MM nodul es, over four tines that suggested by

Cl ayton. In particular, because 200 pins are

-14- The foregoing has described a physjcal architecture for a
single in-line M%PSFV%%{iYé‘Qf%@ﬂ%tCPEPEC"W‘I M"‘gh the, meren-eRRASIBES NG vi deo

TR TRERA N TR U I R S T
of the el enggtp%c?;te&%ap {heesﬁrfxt'ncipal benefit of SIMM 5 constructed according
| to the teachings of the present invention is that memory expansion

may be accommodated in full data path width increments. In contrast
to memory expansion using SIMMs of the prior art, use of SIMM § in
expandiﬁg memory, especially memory in association with integrated
data and video memory of the above referenced copending application,
memory may be expanded one SIMM at a time, and does not require
multiple modules to be inserted to gain a single increment in memory
expansion. The above result is principally derived from the
accommodation of a full data path signal path on SIMM 5, thus

facilitating easy installation of additional memory.

Finally, connector 30 further provides for power and ground to
be connected to all DRAMs 10 and driver 15. Notably, all power and
ground leads are symmetrically arranged within Connector 30, as is
more clearly seen in Figure 6. Power (VCC) and groﬁnd (GND) leads
are seen to alternate every sixteen pins. If a SIMMS were inadvertently
inserted in a reversed position into a memory module socket, the
symmetrical power ground leads prevent the SIMM 5 from being

reverse-powered, and likely destroyed.



i nvention wi thout departing the scope of the invention. In particular, it

. is anticipated that SIMM5 may be used with nenory arrangenents other than
‘the integrated data and video nenory i ncorporated by reference fromthe

above-referenced US Patent 5, 266,218. However, SIMMS5 is optinally designed

for use in the integrated video nenory, and the user woul d derive opti nal

benefit fromuse in such a system Wil e the invention has been
described in conjunction with the preferred enbodinent, it is evident that
nunerous al ternative nodifications, variations aind uses wi |l be apparent to
t hose skllledlnthe art i ht of t he for t.ion.

- 35 -©  CLAIMS 1. '@?%&%ég‘?‘ﬁ'& hw@mﬁ?@ itegturgder gisingle

‘éﬁ{??‘; FLy?Z&eS‘; | tn[‘ < AR Frerony, RpE Fhipsitile St %a e 3dite i video
ci rouit boar . _char acreresgq i i eqrapptpfE: FRleS andlilop BBl ey b
contact regions (5anm§8£’byfeé}ge&%€t&écgnﬁ§' Eﬁﬁlt A riedge Jia?tﬂ)e J@Y&é‘&tﬁggﬂé’ﬁts and

read- out connector structu e connectéd into

socket within the comptdrifensartts WP the clefrdfitdBAkthd gféiseavtmﬁéﬂmﬁfmi

structure having a first plurality of contact pad on the first S|de

of the printed circuidepasting frord the sphensndstopd of meoi&w@ﬁﬂbﬁcﬂn Gci3e) itqs
t he second side of the printed circuit board, lg\d;hereln t he flrstqﬁdurallty

of contacts pads (35pntitipateldthatS8BMM Saheyl betuqedsuithcmemmp}msrdngemrds
carrying electrical signals that are different fromelectrical signals
carried by pads of t @herthandthe integriated datacand sideopmemargdncorpozated byThe
single in-line nmenory podule (5) as clainmed in claim 1, further '
reference from the above-referenced copending application. However,
SIMM 5 is optimally designed for use in the integrated video memory,

and the user would derive optimal benefit from use in such a system.

While the invention has been described in conjunction with the
preferred embodiment, it is evident that numerous alternative
modifications, variations and uses will be apparent to those skilled in

the art in light of the foregoing description.
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conprr5|ng ‘a driver chip (15) nount ed on the prlnted circuit .board and
coupl ed'td receive at |east one control signal fromthe connector edge
(30), the driver chip (15) being provided to dlstribuin t he control signal

to at | east some of the plurality of nenory el enents
single in-line nmenory nodule (5) as clainmed in clai m MH’ umlmml ver
chip (15) is nounted on the printed circauisg hoard bet

the plurality of nenory elenments and a second set of the pIura |ty of

menory el ements. 4. The single in-line nmenory nodule (5) as clained in
one of clains 1 to 3, wher ei §L2EM8 of the plurality of nenory

el enents are nounted on the first side of the printed circuit board and

ot hers of thedfluraIltX % Jenents areégnxgemlon .t he second side
of the printed-tircui t™bdHre: e in- ine RRREY, 184 (SPTHEHNS nodul e (5)

as clainmed in one of caalpmnltetd) ¢,1rwbéte|uard1elfavn'tg phaurfiirsy &ndoat act.

ads (35) incl t [ t pad
Por rgce?VIng %%ﬁg?&f%g%?tﬁgﬁﬁgéﬂggﬁaffi §E§8%p3§%$ﬂgys %ﬁfoéﬁgawﬁergin
the first and Stidrrpebed ebrewit grmd 1‘69@ Simeniti @diemendyir anged with

respect to a mdpoint @fgt 1RSaflitgt o Uhéhbdt aéﬁeaéatamwb%d of- saidThe
u in on

I I I 5 I
wherein the arfDERCCHIE EPEPIHL Sans AL | BRI HEUIGRE{ RETANER dPge of
the printed cifimst, bsecond and thirdheconfigheratidrisye nenory nodul e (5) as

claimed in one of Cla'@§13 E?rgt configquration comprising at least two

memory elements disposed in a back to back position on
said first and second faces and electrically coupled to
one another;

said second configuration comprising at least two
of said first configurations coupled to one another in a
side by side arrangement;

said third configuration comprising at least two
of said second configurations coupled together.

2. The single in-line memory module as defined by
claim 1 further including buffer means for addressing
said memory elements, said buffer means coupled to said
connector means.

3. The single in-line memory module as defined by
claim 2 wherein said connector means comprises a dual
read-out connector structure having a plurality of
electrically conductive contact surfaces distributed
along a bottom edge of said first and second faces of
said single in-line memory module, said contact surfaces
on said first face being electrically insulated from said
contact surfaces on said second face, said electrically
conductive contact surfaces providing addressing
information to said buffer means. '

i
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wherein the at |east one control signal conprises elther a colunn addr ess -

strobe (CAS), a row address strobe (RAS), a wite enable nal__and/ or
an out put enable (OE) signal, and/or wherein the driver CIrCUIt drives
address lines. . 8. The single i n-1ine menory nndtuﬂlnﬂﬂ Hﬂrlﬁﬂd_in
one of clains | to 7, wherein the dual read out conn

I ncl udes a total of 200 contact pads. The S|ngle in-line nennry
nodul e (5) as clained in one of clains f'ﬁé 8, wherein the plurality of
menory el enments (10) includes a total of 128 data lines. 10. A conput er

systemincluding at |east one single in-line menory nodul e ( %& ai cl,ai med
in one of clai4m 1 to®. single in-line mempry ®madik®r $J1ReALBY-E| APTed in

cl aim 10, vvherlej_,{b Qﬁ@n&_f¥ tﬂi&i\ﬂé’]gicﬁnpﬁ-éjﬂga Wﬁ&iﬂjﬂ eﬁ:f :(5) is used to
fcrease & i Terony, OLoke PRI LY e, Hag. BREpERIT gt o
processor couekrd thavimgcestirstusidu\dmy & sextarld efide daadid |Prré-§1tednd
wherein a dat S L DL QW t he duyl (5)

read- out conﬁ%ﬁé&%d ea%}é ﬁﬁ%’f’?? n?edggﬁgéc%?‘%@b%a %IQ?% pl ur aI | of
nMenory elenemnﬂqqopavanq\mmpknralitydafae@gqtnnyak ¢Qﬂ@ﬂ°?FbPPs

13. The conpgy,ede 5¥§&Smaﬁ& ShadmebddhePWidd &k akAEAlPrintkd diticuies
conprising a nmenory bus coupled to the nmenory nodule (5), wherein the

nenory bus i s BRA¥HE egrated vi deo and data nenory bus, and wherein the
plurality of menory elenmﬂtstﬂgatcﬁfthemarynenemyhﬁsaéfﬁamge@onhigmﬁed

for integrat edfzgraé HGe’ g)e.o ssatlocf agglnted circuit board, said first
memory elements having data lines coupled to said
electrical contacts on said connector edge of said
printed circuit board;

a second set of memory elements arranged on the
second side of said printed circuit board, said second
memory elements having data lines coupled to said
electrical contacts on said connector edge of said
printed circuit board, said second set of memory
elements being mirror images of said first set of memory
elements;

a driver circuit mounted substantially centered
on said printed circuit board, said. driver circuit
receiving a plurélity of control signals though said
electrical contacts, said driver circuit transmitting
said controls signals to said first set of memory

elements and said second set of memory elements.

5. A single in-line ‘memory module as claimed in

claim 4, wherein said first set of memory elements

arranged on the first side of said printed circuit board

comprises a first subset arranged to the left of said

driver circuit and a second subset arranged to the right
of said driver circuit; and

said second set of memory elements arranged on

the second side of said printed circuit board comprises a

— third subset being mirror image of said first subset and

Th,lsllsiiii]t'ilis i Reﬂ




14. . The conputer system as cl ai med in one of clains 10 to 13, mhereln ‘the
dual. read-out” connector edge (30) extends al ong a WW of
the printed circuit board. 15. The conput er syst clained in one of
clainms 1 to 14, wherein the contact ‘pads of the first |ﬂ““‘m£ t act
pads (35) and the contact pads of the second pIurallt ‘W“E“w (36)
are spaced wth a center-to-center spacing of approxinatekfy b, 1™ m 0 050

i nch). 16. The single in-line nenory nmodulTe (5) as clainmed in one of
claims 1 to 7, wherein the dual read-out connector edge (30) extends al ong

a mpjority of ahgohefHt BuBset NBeDhd thEE-&F IGiide RFAISRia second subset.
- 17 - a fourth subset being mrror inmge of said second subset. 6.

A single in-line nenory nodule as clainmed in claimb5, wherein said first,
second, third é&nd fourah ssim;msimf-lliaeorxyemd»nrremtodtﬂerrpassecmimedrermry

el ements arr a”&f&'i{n” Gy tQﬁSPefX ge ﬁ# secZ tH1A "GhE 'ebddele

menory nodul e as clai fed re’n sal ﬂrlver circuit transmts
sai d control s$’gha¢§5dpf-ee\smyrmeéement:er cnnpm;eenen\snmem«?rwmeltem%%y

three matriX Ofrfahged iﬁtaaﬂﬁréécﬁf‘dtﬁfé@rﬂatrlx.

7. A single in-line memory module as claimed in

claim 6, wherein said driver circuit transmits said

control signals directly to a center memory element in

the three by three matrix of said first and second memory
- element subsets.

8. A single in-line memory module as claimed in
claim 4, wherein said control signals comprise column
address strobe (CAS), row address strobe (RAS), write
enable (WE), and output enable (OE) signals.

9. _ A single in~-line memory module as claimed in
claim 8, wherein said driver circuit further drives
address lines.

10. A single in-line memory module as claimed in
claim 4, wherein said electrical <contacts have
symmetrical power and ground contacts such that said
single in-line memory module is not damaged if said
single in-line memory module is inserted incorrectly.

11. A single in-line memory module as claimed in
claim 4, wherein said single in-line memory module
provides data in a first data path at least as wide a
second data path used an associated central processing
unit.

//
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el ement subsets. 8. A single in-line nenory nodule as clained in
claim4, wherei'n said control signals conprise columm address strobe (CAS),
row address strobe (RAS), wite enable (WE), and output enable (OE)

si gnal s. 9. A single in-line nenory nodule as clained in claimS8,
wherein said driver circuit further driyes address Iines. 10. A single
in-line menory nodule as clainmed in clarm 4, wherein said electrical
contacts have symretrical power and ground contacts such that said single
in-line nmenory nodule is not danaged if said single in-line nenory nodul e .
is inserted incorrectly. 11. A sgshth€Ti N-1ine nmenory nodul e as cl ai ned
in claim4, wherein said single in-I'rne nenory nodul e provides data in a

first data path at | east as wide a second data path used an associ at ed
central processing unit. : '

SINGLE IN-LINE MEMORY MODULE

A singl'e fn-line memory module ‘comprising a printeci circuit card having a first and a
second face and including connector means for coupling said printed circuit card to a
circuit element; a plurality of memory devices disposed on said first and second faces,
said memory devices arranged in first, second and third configurations; said first
configuration comprising at least two memory elements disposed in a back to back
position on said first and second faces and electrically coupled to one another; said
second configuration comprising at least two of said first configurations coupled to
one another in a side by side arrangement; said third configuration comprising at least

two of said second configurations coupled together.
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